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Abstract 

Melting of ice stuck on seven in-lined cooling cylinders placed horizontally in a water flowing 

duct is investigated by means of a numerical analysis on the PHOENICS Code. The numerical 

results are validated compared with the experiment of an ice sphere melting. Parameters for 

calculations are inlet temperature, inlet velocity and clearance between the cylinders. The most 

concern of the melting is a finding of a curious behavior that is the melting in small inlet velocity 

on the long clearance between the cylinders. © 2015 Springer-Verlag Berlin Heidelberg 
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antifreezing mechanical ventilation system 
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Abstract 

To investigate the effect of ventilation tube inside diameter on thermal performance of food 

refrigerated warehouse floor ant freezing mechanical ventilation system, a steady three-

dimensional mathematical model of heat transfer is set up in this study. The calculation 

conditions of the heat transfer model are defined according to the reasonable simplification and 

heat transfer process. The temperature fields of this system are simulated and calculated by CFD 

software PHOENICS under different tube inside diameters, 250 or 300 mm. The results show 

that the effect of ventilation tube inside diameter is greater on thermal performance of food 

refrigerated warehouse floor antifreezing mechanical ventilation system. The proper tube inside 

diameter is pointed to be 250 mm for the food refrigerated warehouse floor with 1.5 m tube 

spacing. © Maxwell Scientific Organization, 2015. 
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Abstract 

The steady state and transient characteristics of a molten salt natural circulation loop (NCL) are 



obtained by 3D CFD simulations. The working fluid is a mixture of NaNO<inf>3</inf> and 

KNO<inf>3</inf> in 60:40 ratio. Simulation is performed using PHOENICS CFD software. The 

computational domain is discretized by a body fitted grid generated using in-built mesh 

generator. The CFD model includes primary side. Primary side fluid is subjected to heat addition 

in heater section, heat loss to ambient (in piping connecting heater and cooler) and to secondary 

side (in cooler section). Reynolds Averaged Navier Stokes equations are solved along with the 

standard k-ε turbulence model. Validation of the model is done by comparing the computed 

steady state Reynolds number with that predicted by various correlations proposed previously. 

Transient simulations were carried out to study the flow initiations transients for different heater 

powers and different configurations. Similarly the ''power raising" transient is computed and 

compared with in-house experimental data. It is found that, using detailed information obtained 

from 3D transient CFD simulations, it is possible to understand the physics of oscillatory flow 

patterns obtained in the loop under certain conditions. © Carl Hanser Verlag, München. 
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Abstract 

Natural convection heat transfer from horizontal rod bundles in Nxm × Nym arrays (Nxm, Nym 

= 5-9) in liquid sodium was numerically analyzed for three types of the bundle geometry (in-line 

rows, staggered rows I and II). The unsteady laminar two-dimensional basic equations for natural 

convection heat transfer caused by a step heat flux were numerically solved until the solution 

reaches a steady state. The PHOENICS code was used for the calculation considering the 

temperature dependence of thermophysical properties concerned. The surface heat fluxes for each 

cylinder were equally given for a modified Rayleigh number, Rf, ranging from 0.0637 to 63.1 (q 

= 1×104 to 7×106 W/m2). Sx/D and Sy/D for the rod bundle, which are the ratios of the distance 

between center axes on the abscissa and the ordinate to the rod diameter, respectively, were 

ranged from 1.6 to 2.5 on each bundle geometry. The spatial distribution of Nusselt numbers, Nu, 

on horizontal rods of a bundle was clarified. The average value of Nusselt number, Nuav, for 

three types of bundle geometry with various values of Sx/D and Sy/D were calculated to examine 

the effect of the array size, S/D and Rf on heat transfer. The bundle geometry for the higher Nuav 

value under the condition of Sx/D×Sy/D = 4 was examined by changing the ratio of Sx/Sy. A 

correlation for Nuav for the three types of bundle geometry above mentioned including the 

effects of Sx/D and Sy/D was developed. The correlation can describe the theoretical values of 

Nuav for the three types of bundle geometry in Nxm × Nym arrays (Nxm, Nym = 5-9) for Sx/D 

and Sy/D ranging from 1.6 to 2.5 within 10% difference. © 2014 Atomic Energy Society of 

Japan. 
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Abstract 

In order to improve the ambient humidity in refuge chamber, affecting factors of humidity in 

refuge chamber were all analyzed and studied, and PHOENICS software was adopted to simulate 

changing process of humidity in refuge chamber under different conditions of ventilation. Results 

show that humidity in refuge chamber can reach 100% within one hour with no ventilation; when 

air supplying rate is 0.3 m3/min per person in summer, humidity in refuge chamber maintains at 

about 80% and people feel cool, which is indicated by two comfort indexes: PMV and PPD; 

however, when air supplying rate is 0.3 m 3/min per person in winter, humidity in refuge 

chamber maintains at around 73% and people feel comfortable. A conclusion is finally drawn that 

ventilation condition has certain influence on humidity in refuge chamber. The research result is 

beneficial for optimizing design of environmental condition in refuge chamber. © 2014 Taylor 

&amp; Francis Group. 
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Abstract 

A one-dimensional numerical finite volume model is presented to simulate pyrite oxidation and 

reactive transportation of the oxidation products in a pyritic, carbonate-rich, coal waste pile. The 

proposed model incorporates the shrinking core concept for describing pyrite oxidation, pyrite 

surface area reduction, oxygen diffusion, and transport of the oxidation products through the 

waste pile. The model governing equations were solved using the PHOENICS computational 

fluid dynamics model. The accuracy of the model was verified with field data. Pyrite oxidation 

was more intense at shallower depths where oxygen decreased almost linearly from the pile 

surface to an approximate depth of 2 m. The lowest pH, 3.5, was predicted at a depth of 0.5 m. 

The waste pile has high neutralisation potential due to buffering by carbonate minerals. The 

maximum concentration of SO<inf>4</inf> 2-, 31.6 mol/m3, was predicted at an approximate 

depth of 4 m and to remain constant throughout the rest of waste profile. Simulation of a scenario 

with a cap shows that iron and sulphate was removed from the upper parts of the pile; their peak 

concentrations shifted downward due to dilution. Oxygen source removal limited iron and 

sulphate production. These results will be useful for developing an appropriate remediation 

scheme. © 2014 Springer-Verlag Berlin Heidelberg. 
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(2014) Journal of Hydrology and Hydromechanics, 62 (3), pp. 234-244.  

 

Abstract 

The flow of a mixture of liquid and solid particles at medium and high volume fraction through 

an expansion in a rectangular duct is considered. In order to improve the modelling of the 

phenomenon with respect to a previous investigation (Messa and Malavasi, 2013), use is made of 

a two-fluid model specifically derived for dense flows that we developed and implemented in the 

PHOENICS code via user-defined subroutines. Due to the lack of experimental data, the two-

fluid model was validated in the horizontal pipe case, reporting good agreement with 

measurements from different authors for fully-suspended flows. A 3D system is simulated in 

order to account for the effect of side walls. A wider range of the parameters characterizing the 

mixture (particle size, particle density, and delivered solid volume fraction) is considered. A 

parametric analysis is performed to investigate the role played by the key physical mechanisms 

on the development of the two-phase flow for different compositions of the mixture. The main 

focuses are the distribution of the particles in the system and the pressure recovery © 2014. 
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Abstract 

In this paper the biological adsorption of copper and manganese ions from acid mine drainage at 

Sarcheshme porphyry copper mine by using Phanerochaete Chrysosporium fungus was done. So, 

firstly the experimental studies were done at batch and continuous systems. Secondly, a 

numerical finite volume model has been developed using PHOENICS software to simulate a 

mass transport problem including non-linear adsorption process with Langmuir isotherm and 

Yoon-Nelson pseudo second order kinetics model at both systems. In the non-linear adsorption a 

good fitting is exist between numerical model and laboratory curves. Finally, the changes in the 

length at continuous system considerably increase the biological adsorption process. The results 

of model presented here can be used in designing an appropriate remediation strategy based on 

biological adsorption for treatment of acid mine drainage containing toxic metals. © 2014 AENSI 

Publisher All rights reserved. 

 

Author Keywords 



Acid mine drainage;  Biological adsorption;  Copper ions manganese ions numerical 

modeling;  Phanerochaete chrysosporium fungus 

 

 

Ibraimo, M., Annegarn, H.J., Pemberton-Pigott, C. 

Modelling of bottom-lit down-draft (BLDD) clean-burning coal stove 

(2014) Proceedings of the 22nd Conference on the Domestic Use of Energy, DUE 2014, art. 

no. 6827754, .  

 

Abstract 

The use of coal as a household fuel to meet requirements of cooking and heating in low income 

communities on the South African Highveld results high levels of indoor and ambient air 

pollution. The combustion of coal is regarded as the largest source of air pollution in Gauteng 

Province, in terms of resultant human exposure. As part of measures to combat this problem, an 

innovative clean-burning multi-use (cooking and heating) coal stove has been developed. 

Incorporating a bottom-lit down-draft (BLDD) design. However, optimising the fundamental 

design by construction and testing has been a time and resource consuming exercise. In this paper 

we report on the use of PHOENICS computational fluid dynamics (CFD) software to develop a 

model for simulating an optimal geometry for the BLDD coal stove, including heat and gas 

transfer components. We used mass, momentum and energy balances built within PHOENICS 

software, through FLAIR program (a special-purpose sub-module program of PHOENICS, 

designed to provide an air-flow and thermal-simulation facility for heating, ventilation and air 

conditioning systems), to evaluate the basic design in terms of heat distribution from fuel bed to 

exhaust pipe. As a simplifying assumption for computational efficiency, a model using 

rectangular conduits was built and validated by comparing the simulations with experimental 

performance of the stove. This article reports the initial findings of the CFD modelling, involving 

air flows and temperature profile, assuming a constant heat source located in the combustion 

chamber. Validation of the model will lead to an accelerated design cycle for reaching a design 

solution for optimised thermal (cooking) performance and reduced pollution emissions. © 2014 

The Cape Peninsula University of Technology. 
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Abstract 

A homogeneous two-phase multi-group model of drift drop plumes emerging from natural draft 

cooling towers has been developed and validated using the experimental data obtained in the 

1977 Chalk Point Dye Tracer Experiment (CPDTE). The conservation equations for mass 

fractions of water droplets having different sizes are solved in addition to the standard 



conservation equations for mixture mass, momentum, energy, water vapor mass fraction and 

turbulent quantities (turbulent kinetic energy and its dissipation rate). Extra terms are provided to 

the conservation equations for mass fractions of liquid water to account for the drift of water 

drops due to their gravitational settling. Various formulations for drift velocity and terminal 

velocity have been tested and compared. The phase change effects (condensation, evaporation, 

solidification and melting) are assumed to be negligible due to specific conditions of the 

experiment. The droplet-size distribution available at the cooling tower exit and containing the 25 

groups of drops is simplified to 11 groups. Also, the 3-group and 1-group options are considered 

for comparison. The individual drop deposition fluxes and the total deposition flux are calculated 

and compared with the experimental data available at the sensors located on the 35 arcs at 500 

and 1000 m from the cooling tower centerline. The total deposition flux is calculated as a sum of 

products of individual group mass concentrations of water drops and corresponding terminal 

velocities. The model has been incorporated into the commercial general-purpose Computational 

Fluid Dynamics (CFD) code, PHOENICS. The study has demonstrated a good agreement 

between the CFD predictions and the experimental data on the water vapor plume rise and the 

total drift deposition fluxes. In particular, the plume rise predictions agree well with experimental 

values (the errors are from 4% to 34% at different distances from the tower centerline). The 

predicted deposition fluxes are in agreement with the experimental values within a factor of 1.5, 

which is well within the industry acceptable error limits (a factor of 3). The model developed is 

recommended for analyzing the drift drop plumes under the conditions similar to CPDTE 

conditions of small Stokes numbers. It is easier to use and not less accurate than the multiphase 

Eulerian-Lagrangian CFD models used recently by various researchers for modeling CPDTE 

plume. The model has a potential to supplant or complement the latter in the computational 

analyses of gravitational phenomena in complex two-phase flows in engineering equipment and 

its environment. Copyright © 2014 by ASME. 
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Abstract 

According to the relevant evaluation indexes in Zhejiang Province, this numerical research uses 

the PHOENICS software to analyze and evaluate the indoor wind environment of a public 

building, which declare the identification of green architecture design.The research was written in 

the form of a report, hoping to provide a reference for the peer. © (2014) Trans Tech 

Publications, Switzerland. 
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Abstract 

Ancient villagers' life experiences about howtotake advantage of natural renewable energy could 

be observed in the planning and construction of villages. This study adapts PHOENICS software 

to simulate the wind environments of two most representative patterns of rural settlements. Also, 

it is used to compare the different conditions for producing wind performances while combining 

different building groups into settlement. The research will undergo analysis on those engineering 

and construction aspects of settlements, such as the width of roads and building structures. The 

research aims to take advantage of modern computer technology to learn the wisdom of 

traditional knowledge and propose the innovation and application according to research results 

while designing energy conservation strategy. © 2014 Taylor & Francis Group. 
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Abstract 

The numerical simulation of the potassium heat pipe was performed for the purpose of 

researching the heat and mass transfer mechanisms inside the heat pipe. A three-phase conjugate 

mathematical model was built for the heat pipe. And the porous medium model was used in the 

wick region. The effect of liquid flow on heat transfer performance was considered. The 

mathematical model was solved by PHOENICS3.6 to acquire the steady state operation 

parameter inside the heat pipe. The heat and mass transfer mechanisms were obtained from 

analyzing the simulation results. The simulation results are in good agreement with experiment 

data. 
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Abstract 

Upper airway collapse several areas in varying degrees, especially during sleep. It has been 

reported that the imaging results while awake do not necessarily reflect conditions during sleep, 

when tone of the upper airway dilating muscles is decreased. Then we should evaluate the upper 

airway morphology both static and dynamic manner, especially when we plan the sleep surgery. 

We have been performed 3D-CT examination as a static evaluation. Also, with DICOM data, we 



have been examined the inspiratory airflow simulation with computational fluid dynamics 

software (Phoenics). In this paper, we showed that the usefulness of the inspiratory airflow 

simulation with computational fluid dynamics software. 
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Abstract 

The ability of the Computational Fluid Dynamics (CFD) model to capture non-linear flow effects 

allows being more representative than the linear flow model at all locations across a complex site. 

Therefore, more attention is given to these models in the wind energy community and new 

software packages or CFD extensions with improved calculation cores are available on the 

market. But how much do these new models really improve the reliability of the flow modelling, 

and therefore the determination of the energy yields to be expected? A validation of CFD wind 

field modelling versus field measurement data is essential in order to improve simulation 

accuracy for long-term AEP estimations. For this presentation one site with two measurement 

masts in complex site has been simulated with CFD model and the results have been compared. 

The CFD calculations have been performed using the O.F.Wind software package based on 

OpenFoam, with Phoenics software, and with the WAsP-CFD model. The comparison of 

measured and numerically modelled data has been done in terms of mean wind speed and vertical 

wind profile, as well as, wind resource files for long-term wind speed predictions have been 

generated. The long-term wind speed on each wind turbine position results were also compared to 

the linear flow model WAsP output. 
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agricultural products 

(2013) Journal of Chemical and Pharmaceutical Research, 5 (11), pp. 403-408.  

 

Abstract 

To select the suitable thickness of heat insulating material for the bulkhead of reefer ship for 

agricultural products, a steady state three-dimensional mathematical model of bulkhead is set up 

in this paper. The calculational conditions of the heat transfer model are defined according to the 

heat transfer process and reasonable simplification. Numerical simulations are performed using 

computational fluid dynamics (CFD) software PHOENICS as the thickness of heat insulating 

material, rigid polyurethane foam, is different. The obtained temperature distributions of the 

model in each case are analyzed. The suitable thickness is pointed out according to the effect of 

the thickness of heat insulating material on heat transfer property of the bulkhead. 
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Abstract 

In this paper, a numerical simulation model for 252kV puffer circuit breaker is constructed, and a 

novel concept of transparent arc root is introduced to suppress the unwanted arc column 

contraction. The novel methods have been implemented into PHOENICS and verified 

successfully by measurement. The arcing process of N2 and SF6 in a circuit breaker is simulated 

under different conditions, and reasonable agreement between prediction and measurement for 

no-load and with-arc cases has been achieved. © 2013 IEEE. 
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Experimental and CFD study on natural circulation phenomenon in lead bismuth eutectic loop 

(2013) Procedia Engineering, 64, pp. 936-945.  

 

Abstract 

A test loop, HANS (Heavy metal Alloy Natural circulation Study loop) is installed in BARC 

(Bhabha Atomic Research Centre) for thermal hydraulic, instrumentation development and 

material compatibility related studies in Lead Bismuth Eutectic (LBE) coolant. Steady state 

natural circulation characteristics in the LBE loop were investigated at different power levels. 

Significant natural convection flow was observed in the experiments. It was found that the natural 

circulation was easily established and stabilized. It took only a few minutes to have a stable 

natural circulation at a constant power level. The natural circulation flow rate depends on the 

loop resistance and the temperature difference between the hot leg and the cold leg, as 

determined by the power level and the heat sink capacity. The heater power is varied from 

1200W to 2700W and the temperature difference found across the heater is 80°C to 165°C. The 

natural circulation in the loop is simulated in a CFD code PHOENICS. The predictions of 

PHOENICS code are found to be in good agreement with the experimental data. © 2013 The 

Authors. Published by Elsevier Ltd. 

 

Author Keywords 

CFD;  Heavy Liquid Metal;  Lead Bismuth Eutectic;  Natural circulation 



 

 

Sinha, A.K., Piccone, T.J., Miller, P.D. 

Mathematical modeling of draining of dual-strand caster tundish with unequal throughputs at 

united states steel corporation 

(2013) ASME 2013 Heat Transfer Summer Conf. Collocated with the ASME 2013 7th Int. Conf. 

on Energy Sustainability and the ASME 2013 11th Int. Conf. on Fuel Cell Science, Engineering 

and Technology, HT 2013, 3, art. no. V003T21A007, .  

 

Abstract 

Mathematical modeling of the tundish draining process was undertaken in response to the 

pouring of slag into the caster mold during draining of the dual-strand caster tundish at one of 

United States Steel Corporation's plants before a tundish change. It was observed upon dumping 

of the tundish that the tundish skull was mostly slag on one side (the strand with the slag in the 

mold) and nearly all steel on the other. The current study attempted to reproduce the tundish 

draining event via mathematical modeling using the PHOENICS computational fluid dynamics 

software. The tundish draining was modeled for the case where the throughput of one strand was 

double that of the other strand. Transient flow modeling of the draining process included solving 

for the pressure and velocities for the two-phase slag-steel flows for two cases, one with a 6-inch 

thick slag layer and one with a 2-inch slag layer. The results showed that the draining process 

was affected significantly by the thickness of the initial slag layer. The simulations also 

qualitatively predicted the tendency of the slag to accumulate on the side with the higher 

throughput during tundish draining for a dual-strand tundish containing dams on both sides of the 

pouring area in the center. Copyright © 2013 by ASME. 
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Abstract 

This paper utilizes PHOENICS to carry on the three-dimensional numerical simulation to the 

office indoors thermal environment of the summer air-conditioned room. The velocity and air 

temperature field are simulated and through using instrument an experiment text has been done to 

gain the indoor temperature and velocity .The numerical simulation results show great agreement 

with the experiment data through analyzing and comparing. It indicates that the model is correct 

and the simulation results is believable. This research shows that it can carry on the indoor 

thermal environment numerical prediction and evaluation through utilizing PHOENICS 

simulation. It provides a basis reference for the reasonably supplying of air parameters in air-

conditioning room. © 2013 The Authors. Published by Elsevier Ltd. 
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Abstract 

The article describes the importance of performance-based fire protection design and makes use 

of flair module of PHOENICS simulating the flow of fire smoke in atrium. The related 

distribution temperature pressure and concentration of smoke are worked out. With the 

development of computer simulation technology, PHOENICS will be used widely and 

performance-based fire protection technology will be constantly mature. © 2013 The Authors. 

Published by Elsevier Ltd. 
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Abstract 

In contrast to the modern urban planning, which can be done in short period in terms of the 

spatial qualified design, the traditional tribe needs longer period in terms of the villagers' sense of 

community. The selection of location, planning, and construction reveals the wisdom of the 

former people's use of the resourceful life experience. First, the paper employs PHOENICS to 

simulate the wind environments of two most representative patterns of rural settlements in the 

southern area of Southern Fujian, China. This was made to compare the different conditions 

caused by settlements of various architectural groups. Second, the engineering and construction 

aspects of settlements - such as the width of roads and building structures - will be further 

analyzed and examined as case study in attempt to discover the favorable environmental factors 

for generating winds as well as the construction dimension of the settlement, such as the road 

width and the architectural design. Finally, the paper tends to conclude with an energy 

conservation strategy applied to the construction of modern communities which has low density 

and small group buildings. © 2013 Yuan Miao and Shang-Chia Chiou. 
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Effect of ventilation tube spacing on refrigerated warehouse floor antifreezing mechanical 

ventilation system 

(2013) Journal of Chemical and Pharmaceutical Research, 5 (10), pp. 363-368.  

 

Abstract 

To investigate the effect of ventilation tube spacing on refrigerated warehouse floor antifreezing 

mechanical ventilation system, a steady three-dimensional mathematical model of heat transfer is 

built in this paper, and the calculational conditions of the heat transfer model are defined 

according to the heat transfer process and reasonable simplification. The temperature fields of 

this system are simulated and calculated by CFD software PHOENICS under different kinds of 

working conditions, such as the mechanical ventilation system isn't circulating, and the 

mechanical ventilation system is circulating with different ventilation tube spacing. The results 

show the advantages of the refrigerated warehouse floor antifreezing mechanical ventilation 

system. They also indicate the greater effect of ventilation tube spacing on thermal performance 

of this system. It is pointed that the proper tube spacing is 2.0m. 
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System 
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Abstract 

We present the results of the computational modeling of the dynamics of the processes of heat 

accumulation and extraction in the ground mass by a vertical single heat exchanger with the use 

of the PHOENICS modeling program package. The results of the calculations have been 

compared with analytical-calculation models. Good agreement between the obtained data has 

been obtained. © 2013 Springer Science+Business Media New York. 
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Abstract 



In order to solve the problems in complex terrain modeling by computational fluid 

dynamics(CFD) simulation at prophase, such as difficulty in collecting data, tedious modeling 

process, wasting times and so on. In this paper, combined various commonly digital technology, 

and the transformation between the network terrain file and CFD (PHOENICS) solid model is 

realized by using a new set of outdoor complex terrain rapid digital modeling method. Take 

mountain city -Chongqing as an object to analyses the near-surface wind environment. The 

method is directly generated by the network terrain data without any screening or simplified. The 

virtual model can be matched the actual terrain with the extreme. By using the simulation cycle 

for complex terrain, time will be greatly shortened for urban planning. © (2013) Trans Tech 

Publications, Switzerland. 
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Influence of Workstation screen for indoor mechanical ventilation 

(2013) Applied Mechanics and Materials, 405-408, pp. 2959-2963.  

 

Abstract 

This paper uses the PHOENICS software to discusses a screen set mode's influence on the indoor 

mechanical ventilation, then calculated face wind speed, air temperature, air age and PMV. And 

analyzes the comparison of data, therefore concluded a reasonable way of setting screen in the 

office building. © (2013) Trans Tech Publications, Switzerland. 
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Inter-comparison and validation of computational fluid dynamics codes in two-stage meandering 

channel flows 

(2013) Applied Mathematical Modelling, 37 (20-21), pp. 8652-8672.  

 

Abstract 

This paper presents a study in the inter-comparison and validation of three-dimensional 

computational fluid dynamics codes which are currently used in river engineering. Finite volume 

codes PHOENICS, FLUENT and SSIIM; and finite element code TELEMAC3D are considered 

in this study. The work has been carried out by competent hydraulic modellers who are users of 

the codes and not involved in their development. This paper is therefore written from the 

perspective of independent practitioners of the techniques. In all codes, the flow calculations are 

performed by solving the three-dimensional continuity and Reynolds-averaged Navier-Stokes 

equations with the k-ε turbulence model. The application of each code was carried out 



independently and this led to slightly different, but nonetheless valid, models. This is particularly 

seen in the different boundary conditions which have been applied and which arise in part from 

differences in the modelling approaches and methodology adopted by the different research 

groups and in part from the different assumptions and formulations implemented in the different 

codes. Similar finite volume meshes are used in the simulations with PHOENICS, FLUENT and 

SSIIM while in TELEMAC3D, a triangular finite element mesh is used. The ASME Journal of 

Fluids Engineering editorial policy is taken as a minimum framework for the control of numerical 

accuracy. In all cases, grid convergence is demonstrated and conventional criteria, such as Y+, 

are satisfied. A rigorous inter-comparison of the codes is performed using large-scale 

experimental data from the UK Flood Channel Facility for a two-stage meandering channel. This 

example data set shows complex hydraulic behaviour without the additional complications found 

in natural rivers. Standardised methods are used to compare each model with the available 

experimental data. Results are shown for the streamwise and transverse velocities, secondary 

flow, turbulent kinetic energy, bed shear stress and free surface elevation. They demonstrate that 

the models produce similar results overall, although there are some differences in the predicted 

flow field and greater differences in turbulent kinetic energy and bed shear stress. This study is 

seen as an essential first step in the inter-comparison of some of the computational fluid 

dynamics codes used in the field of river engineering. © 2013. 
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Basok, B.I., Belyaeva, T.G., Kuzhel, L.N., Khibina, M.A. 

Simulation of the heat accumulation and extraction processes in the heat exchanger-ground 

system 

(2013) Journal of Engineering Physics and Thermophysics, 86 (6), pp. 1355-1363.  

 

Abstract 

We present the results of the computational modeling of the dynamics of the processes of heat 

accumulation and extraction in the ground mass by a vertical single heat exchanger with the use 

of the PHOENICS modeling program package. The results of the calculations have been 

compared with analytical-calculation models. Good agreement between the obtained data has 

been obtained. © 2013 Springer Science+Business Media New York. 
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Numerical optimization of oilfield heating furnace research 

(2013) Advanced Materials Research, 805-806, pp. 1874-1877.  



 

Abstract 

In this paper, using numerical simulation tools PHOENICS for numerical simulation study is 

made on furnace gas burning in the hearth, and analyses furnace oil furnace temperature 

distribution in the flow field characteristics the internal flow field of oil field heating furnace 

hearth temperature distribution characteristics. On this basis, this paper establisheda 

mathematical model which can truly describe the chamber internal physical and chemical 

changes, selected the appropriate numerical simulation methods, plotted the actual temperature 

profile case, which can reflect the qualitative and quantitative actual situation of work.Finally 

suggestions are given, which provides the theoretical foundation for the next step and the actual 

research. © (2013) Trans Tech Publications, Switzerland. 

 

Author Keywords 

Chemical reaction flow;  Numerical calculation;  Oil field heating furnace 

 

 

Zhou, C.H., Zeng, Y.M. 

Optimization research on ventilation modes of anatomy laboratory 

(2013) Applied Mechanics and Materials, 353-354, pp. 3044-3048.  

 

Abstract 

Good indoor air quality is the basic requirement of people's production and life, so it becomes 

more and more important and urgent to improve the air quality of the anatomy 

laboratory.According to the specific characteristics of the anatomy laboratory, the paper 

simulates the distribution of the velocity field, the formaldehyde concentration field and the air 

age of five ventilation modes by using the standard k-ε two equation model. The research will get 

a more effective ventilation model by comparing the simulation results. Then the simulation 

parameters will be adjusted based on the experimental results, it shows that the measured results 

are correspondent with the re-simulated results, and the error is also within the acceptable range. 

It is further to verify that the simulation method is feasible, and the conclusions obtained on this 

basis are acceptable. © (2013) Trans Tech Publications, Switzerland. 
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Computational study of twisted-tape-induced swirl flow heat transfer and pressure drop in a 

vertical circular tube under velocities controlled 

(2013) Nuclear Engineering and Design, 263, pp. 443-455.  

 

Abstract 

The twisted-tape-induced swirl flow heat transfer due to exponentially increasing heat inputs with 

various exponential periods and twisted-tape-induced pressure drop were systematically 



measured with mass velocity G = 4120 to 13 570 kg/m2/s, inlet liquid temperature Tin = 300.13 

to 305.78 K and inlet pressure Pin = 866.52 to 945.86 kPa by an experimental water loop flow. 

Measurements were made on a 59.2 mm effective length and its three sections (upper, mid and 

lower positions), which were spot-welded four potential taps on the outer surface of a 6 mm inner 

diameter, a 69.6 mm heated length and a 0.4 mm thickness of Platinum circular test tube with the 

twisted-tape insert. The SUS304 twisted-tape of width w = 5.6 mm, thickness δT = 0.6 mm, total 

length l = 372 mm, pitch of 180 rotation H = 20.34 mm and twist ratio y = H/d = 3.39 was 

employed in this work. On the other hand, theoretical equations for k-É turbulence model in a 

circular tube of a 6 mm in diameter and a 636 mm long with the twisted-tape insert were 

numerically solved for heating of water with heated section of a 6 mm in diameter and a 70 mm 

long by using PHOENICS code under the same conditions as the experimental ones considering 

the temperature dependence of thermo-physical properties concerned. The twisted-tape of w = 

5.6 mm, δT = 0.6 mm, l = 370 mm, H = 20 mm and y = 3.33 was installed under the same 

experimental position. The surface heat flux q and the average surface temperature Ts,av on the 

circular tube with the twisted-tape of y = 3.33 obtained theoretically were compared with the 

corresponding experimental values on q versus the temperature difference between average 

heater inner surface temperature and liquid bulk mean temperature ΔT L [=Ts,av - TL, TL = (Tin 

+ Tout)/2] graph. The numerical solutions of q and ΔT L are almost in good agreement with the 

corresponding experimental values of q and ΔTL with the deviations less than 0% to +20% for 

the range of ΔTL tested here. The numerical solutions of the local surface temperature (Ts)z, 

local average liquid temperature (Tf,av)z and local liquid pressure drop ΔPz were also compared 

with the corresponding experimental data of (Ts)z, (Tf,av)z and ΔPz versus heated length L or 

distance from inlet of the test section Z graph, respectively. The numerical solutions of (Ts) z, 

(Tf,av)z and ΔPz are within ±5% difference of the corresponding experimental data on (T s)z, 

(Tf,av)z and ΔP z. The thickness of the conductive sub-layer δCSL [=(Δr)out/2] and the non-

dimensional thickness of the conductive sub-layer y+ CSL [=(fF/2) 0.5ρluδCSL/μl] for the 

turbulent heat transfer on the circular tube with the twisted-tape insert are clarified based on the 

numerical solutions at the swirl velocity usw ranging from 5.39 to 18.03 m/s. The correlations of 

δCSL and y+ CSL for twisted-tape-induced swirl flow heat transfer in a vertical circular tube are 

derived. © 2013 Elsevier B.V. All rights reserved. 
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Abstract 

This study performed a three-dimensional numerical prediction for the induced airflow patterns 

and mean age of air (MAGE) around and inside a naturally ventilated school building, while 

accounting for the wind profile effect. Various fenestrations, hallways, and shading devices on 

the windward side of building were analyzed to determine how they affected wind velocity, the 

incident angle of airflow, and MAGE distribution inside classrooms. The numerical scheme is 

based on a commercial computational fluid dynamics (CFD) code, PHOENICS. The incline of 

incoming wind was observed on higher floors that decreased the air exchange rate in the 

simulated room. The inclined airflow could be effectively deflected downward through the 



breathing zone by hallways, 1.2-m shades as overhangs, and 0.6-m louvers. Based on this 

research, an appropriate combination of external attachments on the windward side of building 

façade can be utilized to enhance ventilation in school buildings. 
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Abstract 

We propose a model including three equations with two time scales for bubble turbulent homo-

geneous deduced by reduction of second order closures in an industrial CFD code (PHOENICS 

3.5.1). The viscosity turbulence formulation introduced by this model releases a compromise 

between the description level of the turbulence structure for multiphase flows and the easiness of 

the model use in many flow cases. The Virtual Reality option of PHOENICS 3.5.1 was used for 

pre- and post-processing. Model predictions were compared to other flows to prove the univer-

sality of the model. This model not only agrees with the data trends, but also predicts the 

turbulence suppression, which has been measured for high Reynolds number bubbly air/water 

flows in pipes. © 2013 Begell House, Inc. 
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(2013) Process Safety Progress, 32 (2), pp. 207-211.  

 

Abstract 

This article summarizes the first part of a benchmark exercise comparing seven different 

commercial three dimensional codes used for dispersion modeling in the context of major 

accident risk assessments. The aim of this first stage was twofold: First, the project intended to 

better understand the potential magnitude of the variation in results for a relatively simple study 

case. The benchmark case confirmed that, just as with integral models, the use of different codes 

can cause significant variation in the dispersion results. Second, the study wanted to identify the 

key assumptions which had a predominant influence on the uncertainty of the results, with the 

intention of providing clear guidance in engineering specifications for the definition of the scope 

of work of a computational fluid dynamics dispersion study. This article summarizes the key 

drivers identified, to date, for the variation in results, and the work shows this variation can be 

reduced to an acceptable margin by clearly specifying these key assumptions. © 2013 American 

Institute of Chemical Engineers. 
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Abstract 

Personnel and facilities in refuge chamber can produce heat to increase the temperature. Too 

much heat was harmful to people's health and even lives. Consequently the temperature must be 

kept in a reasonable range. The temperature changing regulation in the refuge chamber during 

disaster avoiding period was simulated and computed by the mathematical model of 

PHONENICS. The influences of envelope structure thicknesses, wind temperature supplied into 

tunnel in different seasons and surrounding rocks added on outer surface of envelope structure on 

temperature in refuge chamber were compared and analyzed. Results show that envelope 

structure thickness only affects the temperature rising rate and difference between final 

temperatures are very small. Temperatures of wind supplied into tunnel in different seasons only 

decides initial temperature, and surrounding rocks added on outer surface of envelope structure 

only lowers the temperature a little. It is thus necessary and feasible to design proper ventilating 

and cooling facilities to keep the temperature in refuge chamber within a rational range and to 

create safe and comfortable refuges for personnel. 
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(2013) Arabian Journal of Geosciences, 6 (6), pp. 1933-1944.  

 

Abstract 

This paper presents a two-dimensional finite volume model to predict multi-species reactive 

transport processes in the saturated zone of a simulated semi-confined aquifer. A multipurpose 

commercial software called PHOENICS was used to solve model equations numerically. 

Capability of the present model was first confirmed using experimental data and the results 

obtained by a published one-dimensional finite element reactive transport model by other 

researchers taking different scenarios into consideration. The model was then expanded to a two-

dimensional case to simulate reactive transport of BTX compounds with discontinuous source in 

the saturated zone of the groundwater flow system. In addition to the physical transport 

processes, the two-dimensional model also incorporates linear and nonlinear adsorption 

isotherms, first order and Monod kinetics. The two-dimensional model considers both static and 

dynamics modes into account. The results show that considering chemical reactions during 



reactive transport of contaminants could successfully predict the contaminated zone. The results 

of such studies can be used for monitoring of contaminated areas, designing methods to control 

pollution transport, and minimize its harmful effects on aquifer systems. © 2011 Saudi Society 

for Geosciences. 
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CFD model development for gaseous reduction of iron ore fines using multilayer moving-

fluidized bed 

(2013) TMS Annual Meeting, pp. 401-409.  

 

Abstract 

A new 2D computational fluid dynamic (CFD) model was developed for the gaseous reduction of 

iron ore fines in an innovative reactor- multilayer moving-fluidized bed. The solution of the 

proposed model was performed by integration of FLUENT and PHOENICS. Numerical results of 

cold state were compared with the experimental data and the agreement between them was good. 

A hot case-gaseous reduction of iron ore fines using syngas with this reactor was simulated using 

the present CFD mode. Results indicate that under the given simulation conditions, total pressure 

drop is 90 Pa less than that under cold state though the gas supply rate is increased about 4m3 

under hot state. Gas temperature decreases from 1073 K at the bottom to 500 K at the top, 

Utilization efficiency of the gas reduction potential is about 27 %. For ore fines reduction, the 

final reduction fraction could reach 0.70 and solid temperature 900 K. 
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Safety verification of mechanical properties of reinforced concrete beam in the fire by applying 

CFD 

(2013) Advanced Materials Research, 647, pp. 802-808.  

 

Abstract 

Advanced countries have adopted performance-based protective design to evaluate safety of 

buildings for building's function of fire protection. And they have employed technology of fire 

protection engineering and quantified data of theoretical numerical model to create an even more 

flexible evaluation method for building's fire protection. Buildings suffered varied degree of 

attack from elevated temperature and thermal radiation, which leads to changes in physical, 

chemical and mechanical properties, might result in considerable damage to the buildings and 

their structure. Such damage threatens populace life. This paper uses FDS (Fire Dynamics 



Simulator) software to analyze thermal flow field of fire. The temperature boundary condition of 

simulation results are then entered in the CFD (Computer Fluid Dynamics) software PHOENICS 

to calculate internal temperature and mechanical property of the beam. This study also integrates 

related experimental literatures as auxiliary to calculate thermal transmission and strength. 

Purpose of the above is to investigate elevated temperature and reduction of mechanical property, 

as well as verify safety of structure. © (2013) Trans Tech Publications, Switzerland. 
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(2013) Advanced Materials Research, 647, pp. 809-813.  

 

Abstract 

Reinforced concrete is a common structure in buildings in Taiwan. Steel bars, concrete materials 

and the structural strength of the reinforced concrete deteriorate due to high temperature deriving 

from a fire. Therefore, it is essential to assess its structural safety and analyze whether the 

architectural structure will remain its design strength undergoing a fire. This study employs Fire 

Dynamics Simulation (FDS), fire simulation software, to construct model of thermal flow field. 

By integrating FDS with PHOENICS, thermal flow software, this study also calculates the effect 

of the fire's thermal transmission on the building, investigates the effect of the fire size and the 

mode the beam undergoing a fire on change of the structural strength, and provides quantified 

data for safety assessment for buildings which have undergone fires. © (2013) Trans Tech 

Publications, Switzerland. 
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bed 

(2013) Beijing Keji Daxue Xuebao/Journal of University of Science and Technology 

Beijing, 35 (2), pp. 169-176.  

 

Abstract 

A two-dimensional CFD model was developed for pre-reduction of iron ore fines using a Z-path 

movingfluidized bed. The proposed model was solved using an integration of PHOENICS and 

FLUENT. Simulation results of cold state including pressure drop per perforated plate, gas flow 

patterns and solid flow patterns were compared to experimental results and the agreement 

between them was good. The model was applied to predict the performance of the reactor for 

gaseous reduction of iron ore fines using purified COREX export gas as reductant. It is indicated 



that under the simulation conditions gas temperature drop is about 700 K, utilization rates of the 

gas reduction potential of CO and H2 are about 38% and 26%, respectively, and the reduction 

fraction of the ore fines reaches 75%. This means that the reactor has the advantages of excellent 

gas-solid heat transfer and high reduction potential utilization. The reactor realizes a gradient 

utilization of the heat and reduction potential of the reducing gas. 
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computer simulation building fire 

(2013) Advanced Materials Research, 601, pp. 190-195.  

 

Abstract 

More than 90% of the buildings in Taiwan use reinforced concrete (RC) structures. Before or 

after fire damage, whether the RC structure accord Performance Based Design (PBD) fire code or 

safe evaluation are important in building fire protection verification. However, obtaining fire 

thermal parameters detailed quantitative data from building fire tests or actual building fires are 

difficult. Therefore, computational fluid dynamic (CFD) integration to simulate fire scenarios has 

been widely utilized in fire protection engineering. This study utilizes Fire Dynamics Simulator 

(FDS) fire model and PHOENICS field model software to simulate fire development and beams 

inner temperature variation. The structural strength estimated using beam cross-sections 

temperature to investigate dynamic ultimate bending moment (Mu) of RC beams. This 

integration method can investigate the influence of different beam positions, fire intensity, fire 

duration and fire damage sustained (two or three faces heated) for RC beams fire protection safe 

verification. © (2013) Trans Tech Publications, Switzerland. 
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A numerical study of flow and mixing characteristics inside the chimney structure of a pool type 

research reactor 

(2013) Annals of Nuclear Energy, 51, pp. 167-180.  

 

Abstract 

Numerical studies were performed to examine the effects of flow velocities of opposing streams 

on the flow pattern and turbulent mixing characteristics in a three-dimensional chimney structure 

using CFD code PHOENICS. This chimney structure facilitates guiding of the radioactive water 

from the reactor core (i.e.; core flow) towards the side outlet nozzles and simultaneously drawing 



out water from the reactor pool through the chimney top. The radioactive water flows upward and 

has a tendency to reach to the pool top through the chimney top which is open for fuel and 

isotope handling. The chimney design allows drawing out a part of the pool water in the 

downward direction to suppress the upward flowing radioactive water jet. This downward flow 

through the chimney is compensated by providing additional core bypass flow to the pool. 

Analyses were carried out on 1:1 chimney structure and also on 1/6th scaled down chimney 

model to understand the similarity of behaviour of the model and the prototype. Mass flow rate of 

upward flowing water (i.e. core flow) is considered to be 750 kg/s and core bypass flow is varied 

from 0% to 15% that of the core flow. In the model study, mass flow rate was varied from 8.33 to 

25 kg/s and core bypass flow was considered to vary from 0% to 15%. Flow mixing pattern 

inside the chimney and the non-dimensional stagnation depth was predicted for the model and the 

prototype. It was observed that there is a good similarity in behaviour of the prototype and model. 

© 2012 Elsevier Ltd. All rights reserved. 
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Abstract 

Numerical simulation of wake losses is a fundamental step towards the optimization of the 

exploitation of the renewable wind energy potential especially in off-shore conditions or in 

coastal areas. The scientific community is quickly developing new advanced modelling 

techniques in order to improve the reliability of power losses calculation in many different kinds 

of environment; analytical models are going to be replaced by new Computational Fluid 

Dynamics (CFD) codes that seem to be more useful, especially for large offshore wind farms.In 

the present work an actuator disc model was implemented in order to simulate the wakes of a 

wind farm; this model was used within the CFD code PHOENICS (the numerical core of the 

Windsim package) working with an orthogonal Cartesian grid.The model was validated using 

real production data from a small wind farm operating in the western coastal region of Finland; 

the numerical wind speed profiles were verified using anemometer data from a mast placed near 

the turbines.The results demonstrate that, despite its simplicity, the actuator disc model can give 

very useful information when developing a wind farm in off-shore or coastal areas.This work was 

carried out within a cooperation between the Department of Industrial Engineering of the 

University of Perugia and VTT, the technical research centre of Finland. © 2012 Elsevier Ltd. 
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Abstract 

In this work, a 3D numerical simulation using a Euler-Euler-based model implemented into a 

commercial CFD code was used to simulate fluid flow and turbulence structure in a water 

physical model of an aluminum ladle equipped with an impeller for degassing treatment. The 

effect of critical process parameters such as rotor speed, gas flow rate, and the point of gas 

injection (conventional injection through the shaft vs a novel injection through the bottom of the 

ladle) on the fluid flow and vortex formation was analyzed with this model. The commercial 

CFD code PHOENICS 3.4 was used to solve all conservation equations governing the process for 

this two-phase fluid flow system. The mathematical model was reasonably well validated against 

experimentally measured liquid velocity and vortex sizes in a water physical model built 

specifically for this investigation. From the results, it was concluded that the angular speed of the 

impeller is the most important parameter in promoting better stirred baths and creating smaller 

and better distributed bubbles in the liquid. The pumping effect of the impeller is increased as the 

impeller rotation speed increases. Gas flow rate is detrimental to bath stirring and diminishes the 

pumping effect of the impeller. Finally, although the injection point was the least significant 

variable, it was found that the "novel" injection improves stirring in the ladle. © 2012 The 

Minerals, Metals & Materials Society and ASM International. 
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Abstract 

Heat transfer in horizontal concentrically insulated cylinders exposed to free convection is of 

importance in industry. However, the NuD and the surface temperature are not constant around 

the cylinder, raising the point that the use of concentric insulation may not be the best way to 

arrange the insulating layer. Thus, if an eccentric layer is used, the surface temperature should 

have a larger variation, changing the flow around the cylinder and the heat dissipation. A 

numerical analysis of the heat dissipation in horizontal isothermal eccentrically insulated 

cylinders exposed to free convection (Pr ≈ 0.715) is presented. The conduction through the 

insulating layer was solved analytically (using the bicylindrical coordinate system) and integrated 

numerically, while the free convection was solved by the PHOENICS software. The parameters 

analyzed were the ratio between the outer and inner radius of the insulating layer, the ratio 

between the insulation and air thermal conductivities, the Rayleigh number and the eccentricity 

of the insulation. An equation is suggested to calculate the total heat of an eccentric arrangement 

in terms of the total heat of the corresponding concentric arrangement and the ratio between the 



convective and conductive thermal resistances, for a given ratio of radius and eccentricity. © 

2013 by ASME. 
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(2012) Applied Mechanics and Materials, 225, pp. 55-59.  

 

Abstract 

In this paper, the effects of changing under-relaxation factors for different variables on the 

numerical solution of 2D incompressible laminar flow over a backward-facing step (BFS) are 

studied using PHOENICS commercial Computational Fluid Dynamics (CFD) software. This is 

conducted by changing under-relaxation factors for velocities and pressure during the 2D 

simulation. Ten different batches of under-relaxation factor for pressure ranging from 0.1 to 1.0 

were used while the values of under-relaxation factor for velocities were manipulated between 

0.1 and 1.0. For each batch of the computation, the error percentage of pressure and velocities 

were obtained. Based on this work, it is found that the recommended values of under-relaxation 

factor for pressure to achieve lower error percentage are between 0.6 and 0.8. Based on findings 

of the study, the appropriate values of under-relaxation factor for pressure and velocities can be 

selected to achieve the levels of error percentage permitted for computational studies. © (2012) 

Trans Tech Publications, Switzerland. 
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Abstract 

In this work a fundamental Eulerian mathematical model was developed to simulate fluid flow in 

a water physical model of an aluminum ladle equipped with impeller for degassing treatment. 

The effect of critical process parameters such as rotor speed, gas flow rate on the fluid flow and 

vortex formation was analyzed with this model. Commercial CFD code PHOENICS 3.4 was used 

to solve all conservation equations governing the process for this twophase fluid flow system. 

The mathematical model was successfully validated against experimentally measured liquid 



velocity and turbulent profiles in a physical model. From the results it was concluded that the 

angular speed of the impeller is the most important parameter promoting better stirred baths. 

Pumping effect of the impeller is increased as impeller rotation speed increases. Gas flow rate is 

detrimental on bath stirring and diminishes pumping effect of impeller. © 2012 American 

Institute of Physics. 

 

Author Keywords 

free surface;  impeller-injector;  Mathematical modeling;  mixing;  two phase flows;  vortex 

 

 

Dogan, A., Akkus, S., Baskaya, Ş. 

Numerical analysis of natural convection heat transfer from annular fins on a horizontal cylinder 

(2012) Isi Bilimi Ve Teknigi Dergisi/ Journal of Thermal Science and Technology, 32 (2), pp. 31-

41.  

 

Abstract 

In this study, natural convection heat transfer from an annular fin on a horizontal cylinder was 

numerically investigated. The aim of the study was to determine the effects of geometric 

parameters like: fin diameter, fin spacing and base-to-ambient temperature difference on the heat 

transfer performance of fin arrays, and to find optimum parameters that maximize the heat 

transfer rate. Keeping the fin thickness at 1 mm, fin diameter was varied from 35 mm to 160 mm 

and fin spacing 3.5 mm to 146 mm. Surface of the cylinder as well as the surface of each fin were 

assumed to be at a uniform temperature. Air was selected as the working fluid. The problem was 

a three-dimensional natural convection phenomenon with open boundaries and was solved with a 

cylindrical coordinate system. The equations of mass, momentum and energy were solved using 

appropriate boundary conditions by means of PHOENICS. The obtained results have shown that 

the convection heat transfer from the fins depends on fin diameter, fin spacing and base to 

ambient temperature difference. Finally, a correlation was obtained for the optimum fin spacing 

depending on Rayleigh number and fin diameter. © 2012 TIBTD Printed in Turkey. 
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Study on formation of main recirculation region over a backward-facing step flow at moderate 

range of Reynolds numbers 

(2012) Defence S and T Technical Bulletin, 5 (2), pp. 135-148.  

 

Abstract 

In flow dynamics, the prediction of reattachment length RL of the main recirculation region 

(MRR) of a backward-facing step (BFS) step flow is essential to find the effect of Reynolds 

number Re on MRR formation based on streamline-contour diagram (SCD) and their pattern 

evolution. In this study, a computational fluid dynamics (CFD) software called PHOENICS is 



used to model BFS flows and perform computations at values of Re between 100 and 3,000. The 

expansion ratio ER of the domain is 2, and two numerical schemes, which are HYBRID (HY) 

and UPWIND (UP), are applied. Based on the flow structure, the reattachment points of the 

MRRs are traced manually. The lengths of the MRRs are computed, and compared with 

experimental results and computational data from previous studies. 
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Abstract 

More than 90% of the buildings in Taiwan use reinforced concrete (RC) structures. It is crucial to 

human life and property to determine whether the RC structure is safe after fire damage. 

However, it is impossible to obtain fire thermal parameters quantitative data from actual building 

fires. Therefore, numerical simulation software that simulates fire scenarios was used to model 

fires for fire protection engineering. Beam strength decreases because of high temperature. To 

obtain precise beam temperature profiles in a building fire, this study used the fire model FDS 

and field model PHOENICS software to simulate fire development and beam inner temperature 

variation. Fire scenarios and beam surface temperatures in a room fire were analyzed by the FDS 

fire model. Beam boundary temperatures were transferred into the PHOENICS field model to 

compute the detailed temperature profile within the beam. The structural strength was estimated 

by using beam various cross-section temperatures to investigate dynamic ultimate bending 

moment of a RC beam in a room fire. Through the various simulations and calculations, this 

investigation obtained the influence of various beam positions, fire intensity, fire duration and 

fire damage sustained (whether two or three faces) by a RC beam after a building fire. © (2012) 

Trans Tech Publications, Switzerland. 
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Abstract 

In this study, using an ideal heat exchanger model, presents the temperature distribution, velocity 

and pressure profiles in a duct channel that plate-fins periodically longitudinal interrupted 

enlarged and contracted channel flow domains are analyzed. Experimental data of a former study 



were investigated results. At the beginning of this work was written that the finite difference 

computer using the FORTRAN 77 and to validate the numerical program (PHOENICS) version 

3.5 could solve the flow and heat transfer problem of interest. The source code is written in 

FORTRAN 77 and comprises a number of files and subroutines linked together. In this present 

work, the governing equations for continuity, momentum and energy conservation are solved 

using a commercial computational fluid dynamics (CFD) package code (PHOENICS software), 

version 3.5, which is based on a finite different method of solution. The differential scheme has 

been used to evaluate the temperature and velocity fields of the domain. The temperature and 

velocity field have been simulated using the modified k-ε turbulence model (KETCHEN Model). 

As well as in drawing program SIGMA-PLOT was drawn velocity graphics. 
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Abstract 

This study attempted to address the existing urban design needs and computer-aided thermal 

engineering and explore the optimal green space layout to obtain an acceptable thermal 

environment at the neighborhood scale through a series of building energy and computational 

fluid dynamics (CFD) simulations. The building-energy analysis software eQUEST and weather 

database TMY2 were adopted to analyze the electric energy consumed by air conditioners and 

the analysis results were incorporated to derive the heat dissipated from air conditioners. Then, 

the PHOENICS CFD software was used to analyze how the green space layout influences 

outdoor thermal environment based on the heat dissipated from air conditioners and the solar heat 

reemitted from the built surfaces. The results show that a green space located in the center of this 

investigated area and at the far side of the downstream of a summer monsoon is the 

recommended layout. The layouts, with green space in the center, can decrease the highest 

temperature by 0.36 °C. © 2012 by the authors. 
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Abstract 

The effects of design strategies, namely: ventilation, temperature and relative humidity are 

usually identified for the thermal comfort they provide in any enclosed space. Incidentally, the 

effectiveness of the design strategies has eluded limelight for want of empirical scientific data. 

This study aims at evaluating the effectiveness of design strategies, for passive ventilation in 

student hostels, located in the hothumid tropical environment of South Eastern Nigeria. 

Objectives were to determine the difference in effectiveness of the design strategies in the student 

hostels of the study area; also to determine if there were significant correlations, between design 

strategies and passive ventilation. Accordingly, the objectives were so hypothesized. The 

methodology included simulations performed, with the PHOENICS-VR program. Principal 

component analysis, analysis of variance and correlation techniques were also used. The results 

confirmed significant correlations between the three design strategies and passive ventilation. 

Also, their effectiveness was indexed and ranked for appropriate application. © 2012 Pushpa 

Publishing House. 

 

Author Keywords 

Design strategy;  Evaluation;  Hothumid tropical environment;  Passive ventilation;  Student 

hostels 

 

 

Ghozlani, B., Hafsia, Z., Maalel, K. 

Numerical study of flow around an oscillating diamond prism and circular cylinder at low 

Keulegan-Carpenter number 

(2012) Journal of Hydrodynamics, 24 (5), pp. 767-775.  

 

Abstract 

In order to identify the influence of shape corners on the instantaneous forces in the case of 

oscillating bodies, the simulated flow field is compared for two kinds of cross sections: diamond 

prism and circular cylinder. For these two flow configurations, the same Reynolds number and a 

Keulegan-Carpenter are considered. To compute the dynamic flow field surrounding the body, 

the Navier-Stokes transport equations in a non-inertial reference frame attached to the body are 

considered. Hence, a source term is added locally to the momentum equation to take into account 

the body acceleration. The proposed model is solved using the PHOENICS code. For the 

oscillating circular cylinder, the simulated results are in good agreement with the experimental 

data available in the litterature. After validation of this proposed model, flow field for diamond 

prism is determined. For both bodies, the process of the vortex formation is similar, with the 

formation of a recirculation zone in the near-wake containing a symmetric pair of vortices of 

equal strength and opposite rotation. The length of recirculation zone varies approximately 

linearly with time. However, the in-line force coefficient of the oscillating diamond prism is 

found to be greatest, since the recirculation zone is longer compared with that of the oscillating 

circular cylinder. © 2012 Publishing House for Journal of Hydrodynamics. 
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Abstract 

A mathematical model of reformed COG (coke oven gas) reduction of iron ore fines using the Z-

path moving-fluidized bed reactor was developed. The proposed model was solved by an 

integration of PHOENICS and FLUENT. Simulation results were compared with experiments 

results in respect of pressure drop per perforated plate and gas-solid flow pattern under cold 

condition. The agreement between them was good. The model was then applied to predict the 

performance of the reactor for gaseous reduction of iron ore fines using reformed COG. The 

simulation results show that the reactor have some deficiencies in the placement of perforated 

plates under hot condition. The top two plates need vibration to keep a stable solid flow and 

comparatively low fluidization speed. Under the simulation conditions, gas temperature drop is 

about 700K, utilization ratio of the gas reducing potential is about 35% and reduction fraction of 

the ore fines is 0. 7. It reflects that the reactor have advantages of excellent gas-solid heat transfer 

and excellent reduction potential utilization. The step utilization of reducing gas heat and 

reduction potential can realize in a compact structure of the reactor. 
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Abstract 

Modelling of the removal of synthetic dyes from aqueous solutions by adsorbents is important to 

develop an appropriate treatment plan using adsorption process. This paper presents a 

computational fluid dynamic model incorporating the Langmuir isotherm scheme and second-

order kinetic expression to describe the adsorption process. The governing equation of the model 

was numerically solved using PHOENICS software to simulate synthetic dyes adsorption from 

the aqueous system. The experimental results presented in this study and taken from the literature 

for the removal of synthetic dyes were compared with those results predicted by the numerical 

model. The predicted outputs of the model match the experimental measurements satisfactory. A 

sensitivity analysis of the major parameters that influence the percent of dye removal from 

solution phase has been carried out. Three of the main parameters taken into account were the 

kinetic rate constant, amount of dye adsorbed at equilibrium and the Langmuir isotherm constant. 



It was found that the model is most sensitive to the amount of dye adsorbed at equilibrium. This 

effect is most obvious at the early stages of the adsorption process when the rate of dye removal 

is very fast. Quantification of the reaction mechanism allows developing an appropriate 

remediation strategy based on the adsorption process. © 2012 Springer Science+Business Media 

B.V. 
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(2012) ISIJ International, 52 (7), pp. 1241-1249.  

 

Abstract 

Performance of the Z-path moving-fluidized bed reactor for gaseous reduction of iron ore fines 

was numerically investigated. The proposed mathematical model was developed by analyzing the 

gas-solid transport phenomena and chemical reactions in the reactor. The model was solved by a 

new solving approach - integration of FLUENT package (V6.3) and PHOENICS (V3.3). 

Numerical simulation results of cold state were compared with the experimental data and the 

simulation results including pressure drop per perforated plate, gas flow pattern and solid flow 

pattern agreed well with the experimental ones. The developed CFD model then conducted some 

hot state predictions of gaseous reduction of iron ore fines using reformed COG gas and purified 

COREX export gas in this reactor. Results indicate that under hot state, the performance of the 

reactor depends on the reducing gas supplied. Pressure drop per perforated plate decreases one by 

one from the bottom plate to the top plate and some improvements are needed for the perforated 

plate arrangement in the reactor. For ore fines gaseous reduction, the reactor displays a high 

utilization efficiency of gas sensible heat and gas reduction potential. The Z-path moving 

fluidized bed has the advantage that it realizes a gradient utilization of heat and reduction 

potential of the gas in iron ore fines reduction with a comparatively simple structure. In the cases 

simulated, the top two plates play a role of preheating the ore fines and the bottom three plates 

reducing the ore fines. For operation control, the reactor with three inclined perforated plates is 

reasonable and preheating ore fine may be carried out by other means. © 2012 ISIJ. 
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Abstract 

The steady-state turbulent heat transfer coefficients in a short vertical Platinum (Pt) test tube for 

the flow velocities (u = 4.11-41.07 m/s), the inlet liquid temperatures (T in = 296.47-310.04 K), 

the inlet pressures (P in = 810.40-1044.21 kPa) and the increasing heat inputs (Q 0 exp(t/τ), 

exponential periods, τ, of 6.04-23.66 s) were systematically measured by an experimental water 

loop comprised of a multistage canned-type circulation pump with high pump head. 

Measurements were made on a 59.2 mm effective length and its three sections (upper, mid and 

lower positions), which were spot-welded four potential taps on the outer surface of the Pt test 

tube of a 6 mm inner diameter, a 69.6 mm heated length and a 0.4 mm thickness. Theoretical 

equations for turbulent heat transfer in a circular tube of a 6 mm in diameter and a 636 mm long 

were numerically solved for heating of water with heated section of a 6 mm in diameter and a 70 

mm long by using PHOENICS code under the same condition as the experimental one 

considering the temperature dependence of thermo-physical properties concerned. The surface 

heat flux, q, and the average surface temperature, T s,av, on the circular tube solved theoretically 

under the flow velocities, u, of 4.11-41.07 m/s were compared with the corresponding 

experimental values on heat flux, q, versus the temperature difference between average inner 

surface temperature and liquid bulk mean temperature, ΔT L [=T s,av - T L, T L = (T in + T 

out)/2], graph. The numerical solutions of q and ΔT L are almost in good agreement with the 

corresponding experimental values of q and ΔT L with the deviations less than ±10% for the 

range of ΔT L tested here. The numerical solutions of local surface temperature, (T s) z, local 

average liquid temperature, (T f,av) z, and local liquid pressure drop, ΔP z, are within ±10% of 

the corresponding experimental data on (T s) z, (T f,av) z and ΔP z. The thickness of the thermal 

boundary layer, δ TBL [=(Δr) out/2], and the non-dimensional thickness of thermal boundary 

layer, yTBL+=( fF/2) 0.5( ρlu δVSL/ μl), for the turbulent heat transfer in a short vertical tube 

under velocities controlled are clarified based on the numerical solutions. It was confirmed in this 

study that authors' steady-state turbulent heat transfer correlation based on the experimental data 

(Hata and Noda, 2008) can not only describe the experimental data of steady-state turbulent heat 

transfer but also the numerical solutions within ±10% difference for the wide ranges of 

temperature differences between heater inner surface temperature and liquid bulk mean 

temperature (ΔT L = 5-200 K) and flow velocities (u = 4.01-41.07 m/s). © 2012 Elsevier B.V. 
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Abstract 

This work presents a numerical study on the turbulent flow of air with dispersed water droplets in 

separators of mechanical cooling towers. The averaged Navier-Stokes equations are discretised 

through a finite volume method, using the Fluent and Phoenics codes, and alternatively 

employing the turbulence models k-ε, k-ω and the Reynolds stress model, with low-Re version 



and wall enhanced treatment refinements. The results obtained are compared with numerical and 

experimental results taken from the literature. The degree of accuracy obtained with each of the 

considered models of turbulence is stated. The influence of considering whether or not the 

simulation of the turbulent dispersion of droplets is analyzed, as well as the effects of other 

relevant parameters on the collection efficiency and the coefficient of pressure drop. Focusing on 

four specific eliminators ('Belgian wave', 'H1-V', 'L-shaped' and 'Zig-zag'), the following ranges 

of parameters are outlined: 1 ≤ U e ≤ 5 m/s for the entrance velocity, 2 ≤ Dp ≤ 50 μm for the 

droplet diameter, 650 ≤ Re ≤ 8.500 for Reynolds number, and 0.05 ≤ Pi ≤ 5 for the inertial 

parameter. Results reached alternately with Fluent and Phoenics codes are compared. The best 

results correspond to the simulations performed with Fluent, using the SST k-ω turbulence 

model, with values of the dimensionless scaled distance to wall y+ in the range 0.2 to 0.5. 

Finally, correlations are presented to predict the conditions for maximum collection efficiency 

(100 %), depending on the geometric parameter of removal efficiency of each of the separators, 

which is introduced in this work. © 2011 CIMNE (Universitat Politècnica de Catalunya). 

Published by Elsevier España, S.L. All rights reserved. 

 

Author Keywords 

CFD;  Collection efficiency;  Drift eliminator;  Turbulence model 

 

 

Stephens, D., Tabib, M., Schwarz, M.P., Davis, M. 

CFD simulation of bath dynamics in the HIsmelt smelt reduction vessel for iron production 

(2012) Progress in Computational Fluid Dynamics, 12 (2-3), pp. 196-206.  

 

Abstract 

Computational Fluid Dynamics (CFD) has played a crucial role in enabling the design and scale-

up of the HIsmelt® direct iron smelting technology. An existing PHOENICS-based CFD model 

of the molten bath dynamics in the process vessel has been transferred to ANSYS-CFX to 

improve its accuracy and to enable efficient analysis on an unstructured mesh. The basic model 

involves Lagrangian particle tracking of iron ore and coal particles through two Eulerian phases 

representing metal and slag. The model incorporates reactions involving coal devolatilisation, 

coal dissolution, and ore reduction. The study shows increase in number of particles used 

improves convergence. Copyright © 2012 Inderscience Enterprises Ltd. 
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Abstract 



A comparison of three two-equation turbulence models namely the standard k-ε model, 

Renormalized Group Theory (RNG) k-ε model and the k-ω model of Wilcox for flow over three 

different types of topographies have been presented in this paper. The present work is also an 

attempt to propose best practices for simulating atmospheric boundary layer (ABL) flows over 

complex terrain. Numerical investigations are performed for three different topographies: (i) 

cosine Hill (ii) Bolund Hill and (iii) Askervein Hill. The commercial CFD solver PHOENICS and 

the wind farm design tool WindSim V-5.1.0 are used for solving the Reynolds Averaged Navier 

Stokes (RANS) equations with the turbulence closure. The profiles of velocity and turbulent 

kinetic energy obtained using the various turbulence models are compared with available 

experimental data. The numerical results clearly show the superiority of the k-ω model of Wilcox 

over the standard k-ε model and the RNG k-ε model for ABL flows. Though the velocity profiles 

obtained using all three models are alike there exists a significant variation in the turbulent 

kinetic energy profiles for the cases considered in this investigation. The models perform very 

well when the terrain orography is quite complex, except for the predictions on the leeward side 

of the Hill where the elliptic effects are more pronounced. 

 

Author Keywords 

atmospheric boundary layer flows;  Computational Fluid Dynamics;  roughness 

length;  turbulence models;  wall functions 

 

 

Alamgholilou, A., Esmaeilzadeh, E. 

Numerical investigation on effects of secondary flowinto duct for cooling of the ribs by passive 

enhancementmethod 

(2012) Journal of Enhanced Heat Transfer, 19 (3), pp. 233-248.  

 

Abstract 

A numerical investigation of hydrodynamic and forced convection heat transfer in a three-

dimensional rectangular horizontal duct was conducted. Heat sources were cross-rectangular ribs 

with small aspect ratio and uniform heat flux a under turbulent regime. The purpose of this study 

is application of a passive enhancement method to increase the rate of heat transfer from the ribs. 

The geometry and physics of the problem are similar to cooling of electronic boards. Therefore 

three rectangular ribs were established along the width of the channel with specified distance 

from each other. Between ribs some vortexes appeared, which generally acted as heat traps and 

thus reduced the heat-Transfer rate. These thermal resistances should be neutralized by applying 

heat-Transfer enhancement methods. Due to the low pressure of these areas in comparison with 

their surrounding environment, establishing holes between the ribs is an appropriate method for 

vanishing the heat traps. Actually, by applying holes between the ribs, some distortions in the 

vortex patterns are made and an enhancement in the heat transfer due to the existence of 

secondary flows are made subsequently. These phenomena occurred without any outsource 

energies. This method is classified as a passive method. Numerical simulation for the assumed 

geometry is performed by solving the governing equations in finite volume with PHOENICS 

software. The obtained simulated results indicate good agreement with experimental 

investigations reported by other researchers. In this work, the main air flow was produced in two 

cases of suction and blowing from a fan inside of the channel. A comparison between two cases 



of suction and blowing is different for pressure gradients. Different pressure gradients have been 

affected on heat transfer phenomenon. Comparisons between the plain and passive cases show 

that the performance evaluation criterion is highly dependant on the holes' geometric parameters, 

especially their numbers and arrangements. Nine different arrangements for holes with the same 

number of holes were studied comprehensively in this research. © 2012 by Begell House, Inc. 
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Abstract 

A fluoride tracer experiment was conducted to investigate mixing processes and residence times 

in a cylindrical clear water storage tank at the Stromlo Water Treatment Plant, Canberra, ACT. 

Four different modelling techniques have been used to simulate the experimental results: 

computational fluid dynamics (CFD), a single continuously stirred tank reactor (CSTR), two 

CSTRs in series, and a series/parallel combination of two CSTRs (NM). Flow of a conservative 

tracer through the tank has been simulated at the rated flow from the works using the PHOENICS 

(CFD) program. The CFD simulation agrees closely with the measured fluoride concentrations 

and requires no fitted parameters. The agreement with the experimental data for NM is 

comparable with the CFD and a little better than two CSTRs in series. The poorest agreement 

was obtained with a single CSTR model. © Institution of Engineers Australia, 2012. 
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Abstract 

Shop floor problems like strand breakout, mechanical or electrical failure in the strand or 

inadequate availability of molten steel from coming ladle sometimes lead to closing one/two 

strand in a continuous casting unit. Closing any of the outlets affects the flow distribution inside 

the tundish and so it is important to study which of the outlets should be closed to have proper 

results in terms of residence time distribution (RTD) and thermal behaviour of the tundish. The 

present study aims at finding the effect of closing one or two outlets on flow behaviour and heat 

transfer in a multistrand tundish. Navier-Stokes equation has been solved using standard K-ε 

turbulence model with the help of educational version of computational fluid dynamics software 



PHOENICS to find the steady state velocity field inside the tundish. Furthermore, tracer 

dispersion study was carried out using pulse input technique of the tracer to find the RTD curve 

of the tundish. Mixing parameters, namely ratio of actual to theoretical mean residence time and 

ratio of mixed volume to dead volume have been found out for different cases when either all the 

outlets are open or one/two outlets are closed. It was found that closing the near outlet increases 

the mixing capability of the tundish the most as compared with far or middle outlet. A larger 

recirculation zone created in the half of the tundish results in better mixing when near outlet is 

closed. Numerical code was validated against the experimental observation by performing the 

tracer dispersion study inside a multistrand tundish and reasonably good match between the 

experimental and numerical results in terms of RTD curves is observed. © 2012 Canadian 

Institute of Mining, Metallurgy and Petroleum. 
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Abstract 

Freshly laid shell eggs must be cooled quickly for controlling Salmonella Enteritidis (SE) growth. 

To fulfill a research need identified by Food Safety and Inspection Service (FSIS), a 3-D 

computational fluid dynamics (CFD) model was developed to predict the temperature of eggs 

placed on a tray (6 rows × 5 columns) under forced air cooling. The continuity, momentum, and 

energy equations were solved along with standard k - turbulence model using PHOENICS 

software. The model was validated by conducting experiments in a wind tunnel at various air 

temperatures (7-11 °C) and velocities (0.3-0.7 m/s). Root mean square error for predicting yolk 

temperatures was within 1 °C. Finally, the CFD model was integrated with a microbial growth 

model to estimate the risk of SE growth during cooling. This model can be incorporated into the 

FSIS risk assessment model for more accurate estimation of SE risk in shell eggs. © 2011 

Elsevier Ltd. All rights reserved. 

 

Author Keywords 

Computational fluid dynamics (CFD);  Egg tray;  Food safety;  Microbial 

growth;  Simulation;  Validation 

 

 

Qin, C., Zhao, L. 

The energy saving effect of natural ventilation for residential building in Guangzhou 

(2012) Applied Mechanics and Materials, 121-126, pp. 597-601.  

 

Abstract 

Natural ventilation is the most effective measure to reduce the cooling energy consumption, but it 



is quite difficult to control and quantitatively assess the natural ventilation. A method was 

developed with coupling simulation by both software of DeST-h and computational fluid 

dynamics (CFD) in typical meteorological year (TMY) in Guangzhou. First, the base room 

temperatures with different air change (ACH) rates of natural ventilated dwelling were simulated 

with DeST-h. The time period in that the indoor air temperature could meet thermal comfort 

requirement only by natural ventilation in occupied period was analyzed, in which the wind speed 

and direction in TMY was obtained for the ventilation environment simulation of rooms in 

windows and doors switching with the PHOENICS software. The actual air change rates in 

different rooms in such wind speed and direction were calculated. Also the cooling loads of 

building in the actual air change rates were simulated with intermittent air conditioning. The air 

conditioning system operated when the base room temperature was higher than 29°C. Rate of 

cooling loads reduction was calculated by comparing the result to the baseline, which were the 

cooling loads of building with 1 ACH. The actual air change rates show that the energy saving 

effect of natural ventilation was influenced by the windows and doors switching. 61∼71.37% of 

the natural ventilation potential was used in the rooms with windows and doors opened, and 

14.06∼82.54% of the natural ventilation potential was used in the rooms with windows opened 

and doors closed. The rate of cooling loads reduction in rooms and building were 0.34∼10.50% 

and 6.14% respectively. 
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Abstract 

In this paper, taking a building in Wuhan as a case, the CFD method is used to simulate the air 

flow field and temperature field of respiration double-skin facade,and by analysis, we know how 

the position and size of air inlet and air outlet can influence the thermal performance , and their 

area ratio2:3 is suggested with staggered arrangement. Meanwhile, according to the simulation 

results of the three models, we come to the conclusion that the special structures of double-skin 

facade can form natural convection heat transfer, take away the heat in channels and achieve the 

goal of energy conservation and consumption reduction. 
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Abstract 

A new numerical wave generation method is used to investigate the head-on collision of two 

solitary waves. The reflection at vertical wall of a solitary wave is also presented. The originality 

of this model, based on the Navier-Stokes equations, is the specification of an internal inlet 

velocity, defined as a source line within the computational domain for the generation of these non 

linear waves. This model was successfully implemented in the PHOENICS (Parabolic 

Hyperbolic Or Elliptic Numerical Integration Code Series) code. The collision of two counter-

propagating solitary waves is similar to the interaction of a soliton with a vertical wall. This wave 

generation method allows the saving of considerable time for this collision process since the 

counter-propagating wave is generated directly without reflection at vertical wall. For the 

collision of two solitary waves, numerical results show that the run-up phenomenon can be well 

explained, the solution of the maximum wave run-up is almost equal to experimental 

measurement. The simulated wave profiles during the collision are in good agreement with 

experimental results. For the reflection at vertical wall, the spatial profiles of the wave at fixed 

instants show that this problem is equivalent to the collision process. 
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Abstract 

There are a lot of papers about social and economic factors of low-income people who live in 

self-built housing constructions. Generally, project houses for these people come true in places 

with poor infrastructure conditions and low value. The aim of this paper is to show how the 

modifications in the projects of these houses without professional assistance can be negative for 

the natural ventilation system. By using the CFD software Phoenics 3.6, an analysis of the 

ventilation of self-built houses in the urban area of Campinas, Brazil, is carried out. Three houses 

which suffered modifications in relation to their first projects in a period of five years were 

analyzed, through simulations: in the first one, the number of rooms was increased; in the second 

one, the facade was altered and finally, the roof area was extended in the front of the house to 

create garages. For the simulation each lot was divided in cells defining a staggered mesh of 126 

cells 1m 2 each, following the standard lot size. The results show changes in the direction and 

velocity of wind flow, as well as areas with recirculation of flow originated from these changes, 

proving the necessity of previous studies to design changes that may seem insignificant in 

relation to the built area. 
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Abstract 

The problem of air pollution with gas pollutants at particular meteorological conditions is 

formulated and discussed in the paper. A mathematical model is offered for description of gas 

pollutant dispersion at calm weather. The required boundary and initial conditions for the system 

of differential equations are defined. The air pollution with sulphur dioxide, caused by an 

industrial stack, has been estimated by use of the PHOENICS software package for time periods 

of three, four and five hours. 
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Abstract 

This paper attempts to model the biosorption of copper and manganese ions from acid mine 

drainage (AMD) at Sarcheshme porphyry copper mine using Aspergillus Niger fungal. A 

numerical finite volume model has been developed using PHOENICS multi-purpose commercial 

software. The model was first calibrated using analytical equation. The contaminant transport 

model consists of advection and dispersion processes without adsorption and taking linear 

adsorption into consideration. The numerical model was then used to simulate a mass transport 

problem including non-linear adsorption process with Langmuir isotherm and Yoon-Nelson 

pseudo second order kinetics model. The results obtained from the numerical model were 

compared with the breakthrough curves of a Lab test at three different flow rates of 2, 4 and 6 

(mL/min) in a continuous reactor. In the non-linear adsorption case, there exist a good fitting 

between numerical model and laboratory breakthrough curves. The results show that the increase 

in the flow rate, increased the contact time between biomass and AMD flow in the reactor and 

accordingly biomass (adsorbent) was saturated faster in increasing flow rate; leading to increase 

the fitting between modeling and experimental breakthrough curves. A sensitivity analysis of the 

major parameters that influence the biosorption process has been carried out in this paper. It was 

found that the biosorption process is most sensitive to the maximum adsorption capacity. Its 

lower values resulted in steeper breakthrough curves and causing delays in biosorption 

mechanisms. The model is also sensitive to the reactor length. The increase in the reactor length 

considerably increases the biosorption process. The results of model presented here can be used 



in designing an appropriate remediation strategy based on adsorption process for treatment of 

AMD containing toxic metals. 
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Abstract 

A numerical simulation model for 252 kV puffer circuit breaker is constructed, by using a proven 

commercial computational fluid dynamics (CFD) package, PHOENICS. The model takes into 

account the moving parts in the circuit breaker, turbulence enhanced momentum and energy 

transport, radiation transport. The arcing process in a SF 6 puffer circuit breaker with two hollow 

contacts is simulated under different conditions, and the simulation results are verified with 

experimental results. Through simulation, the pressure, temperature and velocity in the arc 

quenching chamber can be obtained. The simulation model is also capable of predicting the 

influence of design parameters variations on breaker performance, and can thus help to reduce the 

number of short-circuit tests during the design stage. 
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Abstract 

The problem of air pollution in calm weather conditions is discussed in the paper. The plume rise 

of exhausted gases, containing a gas pollutant is investigated when the wind velocity is equal or 

close to zero. The main goal is to offer a relationship for predicting of the effective stack height 

in such a case. The factors that influence the plume behavior have been defined. A numerical 

experiment based on a PHOENICS software package simulation has been performed for data 

collection. A simple mathematical model characterized with a very good accuracy has been 

worked out for plume rise calculation. 
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Abstract 

Thermal hazard evaluation of process buildings is becoming an important component of standard 

site hazard evaluations and facility siting studies, especially with the release of the new API RP-

752 [1]. The new API RP-752 recommends that process facilities analyze thermal hazards to 

onsite buildings and assess its impact on structures and building occupants. Thermal loads on 

process and portable buildings produced by fires from process units and equipment can be 

significant, especially if the building is close to the fire source. Buildings designed to mitigate 

blast and toxic hazards can be placed closer to process equipment and unit boundaries, but could 

be exposed to thermal hazards from a potential fire in these units. Screening thermal models 

typically used in process safety (PS) applications cannot take into account detailed building 

geometries and how they affect thermal impact from fire on building occupants. The more robust 

Computational Fluid Dynamics (CFD) techniques were used in this study to assess thermal 

hazards from horizontal jet fires on a portable (target) building located downstream of the fire 

source. Jet fires were simulated and thermal radiation loads on the building were predicted using 

PHOENICS. ADINA was then used to estimate the thermal impact from these fires on the 

building occupants. Temperature rise inside the building due to the thermal loads at the building 

exterior surface were calculated. The results showed that thermal impact on the building 

decreases as the distance between the building and fire source increases. Furthermore, the results 

indicate that buildings can provide protection to occupants depending on exposure time, building 

design and insulation applied at the building walls. The results clearly show that a detailed CFD 

analysis can be effectively used to simulate jet fires, assess their thermal impact on buildings and 

help facilities comply with regulations and recommendations such as the new API RP-752. 
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Abstract 

sawdust - were used for defining the gas quantities emitted in the atmosphere. During the test, 

when applying the analyser Test-350, it was measured the concentrations of carbon monoxide 

(CO), nitrogen oxides (NOx) in the fumes, the quantity of oxygen (O2) and fume temperature in 



the measuring place. According to the performed experimental investigations (by using 

PHOENICS programme), the diffusion of carbon monoxide and nitrogen oxides concentration in 

the atmosfere from the pollution source has been modeled (the hight of the chimney was 13 

m).The results are presented in horizontal and vertical planes. The lower level concentration 

calculating was performed by applying the wavy and conical forms of atmospheric stability. The 

maxima of investigated concentrations have been found by Gauss method. The modeling data are 

compared with the results obtained by calculations. © 2011 Vilnius Gediminas Technical 

University (VGTU) Press Technika. 
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Abstract 

This paper is a preliminary report of an indoor pollution case study in a complex of apartments as 

a part of an Indoor Pollution Management Plan (IPMP). It describes the calculation by 

Computational Fluid Dynamics (CFD) techniques and presents the predicted air flow, Volatile 

Organic Compounds (VOCs) and formaldehyde contaminant distributions in an apartment 

comprised of a full-scale kitchen with open access to a living room, ventilated by an exhaust 

hood. The CFD Code PHOENICS®, which is based on solving the full 3-D Navier Stokes 

equations for turbulent flow and scalar conservation equations, was used. Major kitchen indoor 

pollution sources, VOCs and formaldehyde emitting materials and their emission characteristics 

were calculated through the use of emission factors. A typical apartment was used under case 

study and its detailed geometry was applied for the CFD model. To analyze the characteristics of 

the indoor environment, different mixing ventilation schemes (different locations of the 

cooker/oven and air inlets) were chosen as the parameters to investigate the indoor environment. 

The fields of VOCs and formaldehyde for several air inlets window positions, and ventilation 

parameters were calculated and compared. It was concluded that CFD methods can be used as a 

useful tool to assist the rational design of indoor spaces. © Taiwan Association for Aerosol 

Research. 
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Abstract 

According to the micro-climate environment outdoor of the region, wind environment outdoor 

which is under planning programming can be done analog computation using computational fluid 

mechanics PHOENICS software. A set of comprehensive prediction and assessment system 

which is mainly focused on outdoor environment composite index WBGT can be established 

combining with assessment method on wind environment outdoor of predecessors in order to 

more accurately and humanly predict and assess the wind environment outdoor, bring safe, 

comfortable and healthy outdoor environment and provide references for the assessment and 

design of green residential district. © (2011) Trans Tech Publications. 
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Abstract 

This paper presents performance characteristics of 100 mm line size cone flow elements having 

beta ratios of 0.4, 0.5, 0.6, 0.7 and 0.8. A magnetic flow meter is used as a reference standard for 

flow measurement in vertical test section. A series of experiments have been conducted using 

water at in-house Flow Calibration Facility (FCF) to cover the Reynolds number ranging from 

20,000 to 200,000. The performance characteristics of 100 mm line size cone flow elements with 

different beta values have been evaluated experimentally. It is found that the discharge 

coefficient of the cone flow element is nearly independent of the specified range of Reynolds 

number. Testing of the cone flow element in accordance with new API 5.7 is carried out at flow 

calibration facility. The testing requirements in the standard explain the conditioning effect of the 

cone flow element having gate valve disturbance upstream of the cone at various locations. The 

effect of the upstream velocity profile has been investigated by placing a gate valve upstream of 

the cone flow element at a distance of 0D and 28D and performing experiments at 25%, 50% and 

100% opening of gate valve. The value of the discharge coefficient is not affected when the cone 

is placed at a distance of 0D and for 100% opening of gate valve. The uncertainty results of the 

cone testing are discussed. For studying pressure and velocity distributions, cone elements are 

modeled using computational fluid dynamics (CFD) code PHOENICS. Pressure and velocity 

profiles for different sizes of cone elements are plotted. From the pressure profile, it can be seen 

that the pressure recovery downstream of the cone is within a distance of 3D. The velocity profile 

downstream of the cone signifies the use of flow element as a signal conditioner. For 

measurement of flow through a 100 mm line, differential pressure across the cone is measured 

using a Differential Pressure Transmitter (DPT). Experiments were repeated by replacing the 

cone element for obtaining different β values. © 2011 Elsevier Ltd. 
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Abstract 

In a multistrand, the outlet near the inlet produces short circuiting flow. This leads to the 

formation of dead zones inside the tundish, and consequently, the mean residence time decreases. 

In the present study, numerical investigation of mixing inside a delta shaped tundish with sloping 

boundaries was carried out by solving the Navier-Stokes equation and employing the standard 

turbulence model. To decrease the dead zone volume inside the tundish, the effect of closing the 

outlet near the inlet for a small amount of time and further opening it on the mixing behavior of 

the tundish was studied. The outlets near the inlet were closed for varying amount of time, and 

the transient analysis of fluid flow and the tracer dispersion study were carried out to find the 

mixing parameters of the tundish, namely, mean residence time and the ratio of mixed to dead 

volume of the tundish. An optimum closure time of the near outlet has been found, which yields 

best mixing inside the tundish. The numerical code was validated against the experimental 

observation by performing the tracer dispersion study inside a multistrand tundish and the 

reasonably good match between the experimental and numerical results in terms of residence 

time distribution (RTD) curves. The results obtained from the present study confirm the strong 

role of choosing the right time for opening and closing the outlets to get improved characteristics 

for the fluid flow and mixing behavior of the tundish. The educational version of computational 

fluid dynamics (CFD) software PHOENICS was used to solve the governing equations and 

interpret the results in different forms. © 2011 University of Science and Technology Beijing and 

Springer-Verlag Berlin Heidelberg. 
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Abstract 

With the aid of the Phoenics program package the filtration processes in the underground 

permeable collector upon injection of a liquid into it have been considered. The time dependences 

of the injected liquid velocity for a real gas-saturated aquifer have been obtained. The indices of 



using a geothermal cogenerating plant operating on gas-saturated thermal water have been 

estimated. ©2011 Springer Science+Business Media, Inc. 
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Abstract 

This work presents the specifics of the design process and results of the initial tests of a 

hydrogeneratorfor use in oceanic currents. The device is an impulse hydro-generator, which is a 

flow driven turbine with a floating vertical axis. Its design has gone from conceptualization 

(based on previous works) to the construction of models and initial function tests. The geometric 

design of the frame that houses the rotors was tested with an experimental installation. These 

tests produced thrust and lift coefficients to calibrate and characterize the flow through the hydro-

generator with numerical simulations using the PHOENICS computation tool. This tool also 

verified the optimal functioning of the frame. A second group of tests carried out in an irrigation 

canal showed the advantage of using a helical Savonius rotor withfour blades, which enables 

using relatively low velocity flow conditions. The results from the numerical model showed a 

good fit with experimental results in terms of the construction of this device being viable for 

locations with current velocities over lm/s. 
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Abstract 

To choose the suitable heat insulating material for refrigerated cargo hold shipboard of fishing 

vessel, a steady state three-dimensional mathematical model of heat transfer is developed in this 

paper. The heat-transfer model is simplified reasonably in order to facilitate analyzing and 

solving. After defining the boundary conditions of the model according to the heat-transfer 

process of the shipboard, numerical simulations with different heat insulating material are 

performed using computational fluid dynamics (CFD) software PHOENICS. The obtained 

temperature distributions of the model in each case are analyzed. The suitable one is pointed out 



according to the degree of influence of the heat insulating material on heat-transfer property of 

the shipboard. © (2011) Trans Tech Publications, Switzerland. 
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Abstract 

With the rapid economic development of our country, the speed of city construction is 

accelerated and more proposed development with super high and super large space construction 

has appeared, hence the relevant fire problems are still a challenge. It's acknowledged that 

performance-based design provides more reasonable and innovative design strategies for fire 

engineers. The CFD simulations are always executed to validate the feasibility of performance - 

based design. Current fire safety engineering design and fire engineering researches are focused 

on the fire generating and smoke migrating in the building. Seldom consideration is given on how 

the natural wind of outside the building affects the smoke migration pattern. However, it will be 

unrealistic that ignore the natural wind factor in smoke control design. Especially, it will be 

unacceptable in the natural wind smoke control design which utilizes the natural wind to exhaust 

smoke out of the building. As well as more investigations will be required in the mechanical 

smoke control design. The paper integrates the PHOENICS which is the general purpose CFD 

software with the statistic data about the natural wind from the specific area/city to analyze how 

the natural wind can impact on the fire and smoke generated in the atrium of a large space 

building, so as to provide some references for the future smoke control designs. © 2011 

Published by Elsevier Ltd. 
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Abstract 

An arc model has been applied in this paper to study the fundamental interruption environment of 

a 550 kV SF6 single-break tank circuit breaker. The full differential model takes into account of 

all important physical mechanisms and is implemented into a commercial Computational Fluid 

Dynamics (CFD) package, PHOENICS. The model takes a magneto-hydro-dynamics (MHD) 

approach and the governing equations are solved using the Finite Volume Method (FVM). 



Through the simulation, the flow velocity vector and mach number for capacitive current 

switching and short-circuit current breaking are analyzed, and flow dynamic characteristics are 

obtained. The simulation can provide helpful reference for the design of 550 kV SF6 single-break 

tank circuit breaker. Copyright © 2011 The Institute of Electronics, Information and 

Communication Engineers. 
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Abstract 

This paper presents a numerical study achieved with the CFD code Phoenics. Its aims at 

determine the influence of various parameters on backlayering characteristics and stratification. 

In this study, the fire representation and the air flow rate vary. The analyse of these variations 

influence shows that they induce a modification of backlayering length. However, the change of 

its thickness is limited. While the modification of these parameters does not induce a destruction 

of stratification, its stability became weaker in some cases. © BHR Group 2011. 
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Abstract 

An innovative method for modeling the three dimensional flow in a long river reach is presented. 

The technique involves coupling River2D, a two dimensional depth averaged hydrodynamic 

model with a three dimensional CFD model. The depth averaged flow of a river is first solved 

using River2D. Then, using the finite element grid, 3D stereolithographic files (STL) of the river 

bed and the water surface elevation (WSE) are created using a modified version of River2D and 

imported into PHOENICS, a general purpose CFD package. The bed file is used as the lower 

boundary condition and the WSE file is used as the frictionless "rigid lid". Converged results can 

be obtained in much less time relative to a 3D free-surface simulation. Results show regions of 

secondary flow needed for accurately predicting areas of general scour or sediment deposition 

and areas which are susceptible to local scour. © 2011 ASCE. 
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Abstract 

The world's largest dew and rain collecting system, comprised of ridge-and-trough modules, was 

constructed in March 2006 at Panandhro in the semi-arid area of Kutch (NW India). The main 

goals were (i) to collect dew on a scale that could be beneficial to the local population (ii) to 

determine the efficiency of this new module shape, (iii) to determine whether results obtained 

from small measurement condensers can be projected to large condensers, (iv) to apply a 

computational fluid dynamic simulation to improve the condenser set-up. Preliminary studies 

performed with four standard plane condensers of 1m2 surface area, inclined 30° from horizontal, 

identified Panandhro as a promising site. The cumulated dew water during 192days was 12.6mm 

with a maximum of 0.556mm/night. A large dew condenser (850m2 net total surface) was 

designed with 10 ridge-and-trough modules. The ridges are trapezoidal, 33m long, 0.5m wide at 

the top, 2.2m wide at the base and sloping 30° from horizontal. The depth of the troughs between 

the ridges is 0.5m. A 2.5cm thick polystyrene foam rests on the surface as insulation with a 

radiative foil on top (similar to that developed by OPUR, see www.opur.fr).Numerical 

simulations using the computational fluid dynamic software PHOENICS were performed. The 

most profitable orientation was with the condenser oriented back to the wind direction, a 

configuration that lowers the wind velocity near the foil due to the combination of free 

convection and wind recirculation flows.A comparison of water yields over one year of 

measurements between four 1m2 plane condensers and a 850m2 ridge condenser showed a 42% 

lower yield on the large condenser. The difference is attributed mainly to folds in the plastic foil 

allowing water to fill the central ridge, thus decreasing radiative cooling. The output for 2007 was 

6545L, corresponding to 7.7mm/day on average. The largest event was 251.4L/night (0.3mm). 

Such a condenser can also collect rain (and, to a lesser extent, fog). Chemical and biological 

analyses showed that dew water, once filtered and bottled, could be used for drinking after a light 

treatment to increase the pH. The price of this water could be lowered to reach 30% (dew only) or 

even 3% (dew plus rain) of the market prize. © 2011 Elsevier B.V. 
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Abstract 

Maintaining food temperatures below critical values is the important maximising the high quality 

display life of chilled foods. Air curtains are especially used in stores and retailer supermarkets as 

barrier systems to seperate inner and outer spaces from each other. For both air quality and 

energy saving, it is crucial that the air transfer between these two spaces are at minimum. 

Minimization of air transfer between inner and outer spaces, not only decreases heat transfer but 

also stabilizes the humidity balance. In this study, numerical analysis of a commercial display 

cabinet has been carried out. For this purpose PHOENICS, a computational fluid dynamics code, 

is utilized. Optimum jet system conditions for each of the one jet, two jet and there jet systems 

has been modified according to temperature change of the air, and comparisons among them have 

been made. The results indicate that, the results the both CFD analysis and experimental results 

are almost equal and refrigeration systems with three jets is required to obtain the necessary 

temperature values to keep products fresh in display cabinets, especially because they can 

distribute temperature in a homogeneous way, meaning that the temperature value is the best 

ideal system at every point in the cabinet with three jets. 
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Numerical simulation of the molten pool character in high power fiber laser welding 

(2011) China Welding (English Edition), 20 (2), pp. 22-26.  

 

Abstract 

A mathematical model was developed to describe moving laser welding by using the rotary 

Gauss body heat source model, and the effect of recoil pressure was taken into account. The 

formation of the long and narrow pool in high power fiber laser welding can be explained by the 

mathematical model (laser power: 10 kW, welding speed: 4-20 m/min). Numerical simulation 

was conducted by PHOENICS software. The results show that at high welding velocity the 

plasma accelerated the velocity of liquid metal around the keyhole which is the main reason for 

the formation of the long and narrow molten pool in high power laser welding. ©2011 Editorial 

Board of CHINA WELDING. 
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inside corrugated ribbed passage 

(2011) Journal of Heat Transfer, 133 (8), art. no. 081901, .  

 

Abstract 

Heat transfer enhancement using corrugated ribbed passages is one of the common enhancement 

techniques inside heat exchangers. The present study investigated numerically the effect of the 

corrugation rib angle of attack on the fluid flow and heat transfer characteristics inside the 

corrugated ribbed passage. The commercial computational fluid dynamics code PHOENICS 2006 

was used to perform the numerical analysis by solving the Navier-Stokes and energy equations. 

The experimental part of this study was used only to validate the numerical model, and a good 

agreement between the experimental results and the model was obtained. The flow field 

characteristics and heat transfer enhancement were numerically investigated for different 

corrugated rib angles of attack as follows: 90 deg, 105 deg, 120 deg, 135 deg, and 150 deg. The 

corrugation rib angle of attack has a great effect on the reversed flow zone, the flow 

reattachments, and the enhancement of the heat transfer coefficient through the duct. The 

recommended rib angle of attack, which gives the optimum thermohydraulic performance, is 

found to be between 135 deg and 150 deg. The value of the maximum thermohydraulic 

performance is about 3.6 for the 150 deg rib angle of attack at a Reynolds number equal to 

10,000. © 2011 American Society of Mechanical Engineers. 
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Simulation of natural circulation in a rectangular loop using CFD code PHOENICS 

(2011) Kerntechnik, 76 (2), pp. 93-97.  

 

Abstract 

Single phase natural circulation in a rectangular loop is simulated using the PHOENICS code, a 

general purpose Computational Fluid Dynamics (CFD) code. The rectangular loop, having 

different operating power levels, has been modeled with the help of the Multiple Block Fine Grid 

Embedment (MBFGE) technique. The Co-located Co-variant Method (CCM) is used to simulate 

this loop in PHOENlCS. Extensive experimental and CFD studies have been conducted on single 

phase natural circulation in a rectangular loop. The paper presents the results of three-

dimensional CFD analysis for the prediction of steady state behavior in a rectangular loop and its 

comparison with experimental data. The results of code prediction and readily available 

experimental data show good agreement. © Carl Hanser Verlag, München. 

 

 

Nguyen, A.T., Reiter, S. 

The effect of ceiling configurations on indoor air motion and ventilation flow rates 

(2011) Building and Environment, 46 (5), pp. 1211-1222.  



 

Abstract 

The purpose of this paper is to evaluate the effects of a building parameter, namely ceiling 

configuration, on indoor natural ventilation. The computational fluid dynamics (CFD) code 

Phoenics was used with the RNG k-e{open} turbulence model to study wind motion and 

ventilation flow rates inside the building. All the CFD boundary conditions were described. The 

simulation results were first validated by wind tunnel experiment results in detail, and then used 

to compare rooms with various ceiling configurations in different cases. The simulation results 

generated matched the experimental results confirming the accuracy of the RNG k-e{open} 

turbulence model to successfully predict indoor wind motion for this study. Our main results 

reveal that ceiling configurations have certain effects on indoor airflow and ventilation flow rates 

although these effects are fairly minor. © 2010 Elsevier Ltd. 
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Chiang, W.-H., Hsu, H.-H., Huang, J.-S. 

Fenestration effects on cross ventilation for a typical Taiwanese school building when applying 

wind profile 

(2011) World Academy of Science, Engineering and Technology, 76, pp. 589-594.  

 

Abstract 

Appropriate ventilation in a classroom is helpful for enhancing air exchange rate and student 

concentration. This study focuses on the effects of fenestration in a four-story school building by 

performing numerical simulation of a building when considering indoor and outdoor 

environments simultaneously. The wind profile function embedded in PHOENICS code was set 

as the inlet boundary condition in a suburban environment. Sixteen fenestration combinations 

were compared in a classroom containing thirty seats. This study evaluates mean age of air 

(AGE) and airflow pattern of a classroom on different floors. Considering both wind profile and 

fenestration effects, the airflow on higher floors is channeled toward the area near ceiling in a 

room and causes older mean age of air in the breathing zone. The results in this study serve as a 

useful guide for enhancing natural ventilation in a typical school building. 
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Fintikaki, M., Albanis, G., Papadimitriou, K., Chryssochoides, E., Katopodi, K., Doumas, P. 

Bioclimatic design of open public spaces in the historic centre of Tirana, Albania 

(2011) Sustainable Cities and Society, 1 (1), pp. 54-62.  



 

Abstract 

The aim of this paper is to study the urban micro-climatic conditions in the historic centre of 

Tirana in order to integrate the information in the rehabilitation of specific open spaces. The 

process included field measurements of the thermal characteristics in the examined area, 

bioclimatic design and use of passive cooling techniques (cool materials, green spaces, water, 

solar control & earth to air heat exchangers). Advanced simulation tools were used to evaluate 

and optimize the planed microclimatic modifications. CFD calculations with model PHOENICS 

have been applied for the simulation of the air flow and the temperature field at the concept 

design stage. The proposed design solutions included the increase of vegetation (planting of 

trees), the use of shading, as well as the use of cool materials with appropriate thermal and optical 

properties. In parallel, earth to air heat exchangers, are proposed to supply cool air during the 

summer period and preheat the ambient air during the winter. Simulations have shown that the 

use of the proposed bioclimatic measures can decrease the peak summer ambient temperatures up 

to 3 °C, while surface temperatures are decreased seriously. In parallel, the calculation of 

appropriate bioclimatic indices showed that the thermal comfort conditions were significantly 

improved with the application of interventions mainly because of the increase of shading as well 

as because of the use of construction materials with high emissivity and reflectivity values. © 

2010 Elsevier B.V. 
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(2011) International Journal of Hydrogen Energy, 36 (3), pp. 2567-2572.  

 

Abstract 

The effect of surfaces on the extent of high pressure horizontal unignited jets of hydrogen and 

methane is studied using computer fluid dynamics simulations performed with FLACS 

Hydrogen. Results for constant flow rate through a 6.35 mm diameter pressure relief Device 

(PRD) orifice from 100 barg, 250 barg, 400 barg, 550 barg and 700 barg compressed gas systems 

are presented for both horizontal hydrogen and methane jets. To quantify the effect of a 

horizontal surface on the jet, the jet exit is positioned at various heights above the ground ranging 

from 0.1 m to 10 m. Free jet simulations are performed for comparison purposes. Also, for cross-

validation purposes, a number of cases for 100 barg releases were simulated using proprietary 

models developed for hydrogen within commercial CFD software PHOENICS. It is found that 

the presence of a surface and its proximity to the jet centreline result in a pronounced increase in 

the extent of the flammable cloud compared to a free jet. © 2010 Professor T. Nejat Veziroglu. 

Published by Elsevier Ltd. All rights reserved. 
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Simulation and Environmental Impact of Energy Systems, ECOS 2011, pp. 1987-1997.  

 

Abstract 

In the construction of new facilities and projects in existing facilities objective is to incorporate 

efficient, cost-effective fire protection and life safety systems that are effective in detecting, 

extinguishing or controlling a fire event that results in improving overall building safety. The 

primary goal is to protect human life from fire and products of combustion. The secondary goals 

are to reduce the potential loss from fire. Model that is used for simulation is a single office room 

in the PHOENICS VR-Editor, with the following additional items for smoke movement 

calculation, with output of PPM, smoke density and visibility. General 3D conservation equations 

(mass, momentum and energy conservation) are solved numerically under input conditions 

specific for fire. The KE-EPSILON model has been applied. As a result of mathematical 

modelling, unsteady 3D fields of gas velocity and temperature, smoke concentration have been 

obtained and analyzed while taking into account the influence of mechanical ventilation in a 

standard office room. It was concluded that CFD modelling using PHOENICS could be applied 

systematically to investigate the dynamics of fire-spread under the influence of various internal 

indoor conditions. 
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(2011) 8th International Conference on Environmental Engineering, ICEE 2011, pp. 812-819.  

 

Abstract 

Thermal stratification phenomenon is successfully used to store and retrieve thermal energy from 

heat storages. The aim of this study is to compare two simulation models for describing thermal 

stratification in the heat storage tank used in the cogeneration (CHP) plant at any time. In this 

paper analytical and numerical analyses have been carried out to show temperature fields inside 

the heat storage. The first analytical model is done using an energy balance which is created and 

solved for each layer of the stratified heat storage. This model shows a simple onedimensional 

approach to theoretical analysis of thermal stratification. The other numerical model is 

implemented using a multi-purpose computation fluid dynamics (CFD) software PHOENICS. 

Two-dimensional transient model was created and solved numerically. The validation of 

simulated results is made successfully by the comparison against the actual data gathered from 

Hvide Sande CHP plant in Denmark. A good agreement with actual data is observed. The 

average relative discrepancy varied from 0.22 % to 5.00 % in analytical modelling and from 0.21 



% to 3.66 % in numerical simulation, when the duration of simulated processes lasts from 15 min 

to 6 hours. © Vilnius Gediminas Technical University, 2011. 
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(2011) 19th Symposium on Physics of Switching Arc 2011, FSO 2011, pp. 77-86.  

 

Abstract 

This contribution aims at a discussion of the key issues relating to visual simulation of switching 

arcs and a description of a proposed virtual environment (software platform) that serves as an 

efficient and time-saving tool for product design and optimisation. The platform is developed in 

Visual Studio C++ and currently uses a commercial Computational Fluid Dynamics (CFD) 

software package, PHOENICS, as its slave equation solver. 
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Abstract 

The mechanism of the increasing of A-TIG welding penetration is studied by using the activating 

flux we developed for stainless steel. The effect of flux on the flow and temperature fields of 

weld pool is simulated by the PHOENICS software. It shows that without flux, the fluid flow will 

be outward along the surface of the weld pool and then down, resulting in a flatter weld pool 

shape. With the flux, the oxygen, which changes the temperature dependence of surface tension 

grads from a negative value to a positive value, can cause significant changes on the weld 

penetration. Fluid flow will be inward along the surface of the weld pool toward the center and 

then down. This fluid flow pattern efficiently transfers heat to the weld root and produces a 

relatively deep and narrow weld. This change is the main cause of penetration increase. 

Moreover, arc construction can cause the weld width to become narrower and the penetration to 

become deeper, but this is not the main cause of penetration increase. The effects of flux on fluid 

flow of the weld pool surface and arc profiles were observed in conventional TIG welding and in 

A-TIG welding by using high-speed video camera. The fluid flow behavior was visualized in 

real-time scale by micro focused X-ray transmission video observation system. The result 

indicated that stronger inward fluid flow patterns leading to weld beads with narrower width and 

deeper penetration could be apparently identified in the case of A-TIG welding. The flux could 



change the direction of fluid flow in welding pool. It has a good agreement with the simulation 

results. © Higher Education Press and Springer-Verlag Berlin Heidelberg 2011. 
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Abstract 

Thermal hazard evaluation of process buildings is an important component of standard site 

hazard evaluations and facility siting studies, especially with the release of API RP-752. API RP-

752 recommends that process facilities analyze thermal hazards to onsite buildings and assess its 

impact on structures and building occupants. Computational Fluid Dynamics (CFD) techniques 

were used to assess thermal hazards from horizontal jet fires on a portable building located 

downstream of the fire source. Thermal impact on the building decreased as the distance between 

the building and fire source increased. Buildings could provide protection to occupants depending 

on exposure time, building design, and insulation applied at the building walls. A detailed CFD 

analysis can be effectively used to simulate jet fires, assess their thermal impact on buildings, and 

help facilities comply with regulations and recommendations, e.g., API RP-752. This is an 

abstract of a paper presented at the 2011 AIChE Spring Meeting & 7th Global Congress on 

Process Safety (Chicago, IL 3/13-17/2011). 
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Abstract 

Thermal loads produced by fires from process units and equipment can be significant on process 

and portable buildings, especially if the building is close to the source of fire. While some 

structures can be good for blast resistance, they might be vulnerable to thermal hazards resulting 

from different types of fire. The new API RP-752 recommendations require process facilities to 

analyze thermal hazard to onsite buildings and assess its impact on those structures and personnel 

working in them. Computational Fluid Dynamics (CFD) techniques were used to assess thermal 



hazard resulting from horizontal jet fires and their impact on a portable building located 

downstream of the fire source. The results clearly show that the detailed CFD analysis can be 

effectively used to simulate jet fires, assess their thermal impact on portable buildings onsite, and 

help facilities comply with regulations and recommendations, irrespective of the geographic 

location, such as the new API RP-752 for USA. As expected, thermal impact increases as the 

distance between the fire source and building shortens. BakerRisk has a comprehensive test 

program in place to validate and refine the CFD simulation approach, and offer a better 

understanding of thermal hazard impact on structures and personnel working onsite. This assists 

in evaluating the protection offered by the building to its occupants. 
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electrolysis 

(2010) Journal of Flow Visualization and Image Processing, 17 (2), pp. 99-112.  

 

Abstract 

The main purpose of this research is to investigate effects of membrane filter on the efficiency of 

alkaline water electrolysis under forced convection of electrolyte, especially focusing on the 

optimum condition of water electrolysis. Visualization experiments show that the electrolysis 

efficiency is decreased and the optimum electrode space becomes wider due to the existence of a 

membrane. Numerical simulation was also performed by the PHOENICS TWO-PHASE FLOW 

software that demonstrates the possibility of obtaining the optimum condition of water 

electrolysis only by numerical simulations. © 2010 by Begell House, Inc. 
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Abstract 

An improved reactive transport model of a metallorganic chemical vapor deposition process for 

the growth of aluminum films from dimethylethylamine alane is developed. The computational 

fluid dynamics model is built under PHOENICS software for the simulation of the coupled fluid 

flow, heat transfer, and chemistry. The growth mechanism of aluminum films is based on well-



established, in the literature, reaction order and activation energy of gas-phase and surface 

reactions. The improvement of the model against a simplified model is established. The interplay 

of reaction and transport is elucidated. In particular, the important effects of the gas-phase 

reaction and of the showerhead system are revealed; accounting for gas-phase along with surface 

reactions for the flow details in the showerhead and for the three-dimensional geometry induced 

by the distribution of the holes in the showerhead yields substantial enhancement of the 

predictive capability of the model. The satisfactory agreement between model predictions and 

growth-rate measurements allows one to understand and improve the process. The model is 

further used to investigate the effect of key operating parameters on the characteristics of the 

aluminum films. Simulation results are suggestive of modifications in the operating parameters 

that could enhance the growth rate and its spatial uniformity. © 2010 The Electrochemical 

Society. 
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Computational fluid dynamic investigations and experimental validation of frozen seal sodium 

valve assembly of a fast reactor 

(2010) Annals of Nuclear Energy, 37 (11), pp. 1423-1434.  

 

Abstract 

Frozen seal sodium valves are used in fast reactors. To achieve sodium freezing, horizontal fins 

are attached to the outer surface of valve sheath. Adjacent fins form open-ended cavities and 

natural convection of air in these cavities is investigated using the PHOENICS code for various 

values of fin length, spacing and root temperature. It is seen that convective air does not penetrate 

deep into shallow cavities leading to poor heat transfer coefficient, offsetting the enhancement in 

surface area. Penetration depth of air is a function of aspect ratio and Rayleigh number based on 

fin spacing and is independent of fin length. Generalized correlations are derived for Nusselt 

number in terms of Rayleigh number and aspect ratio. Using these correlations, temperature 

distribution in entire valve assembly is predicted using the HEATING5 code, to select an 

optimum design. Experiments have been conducted on a model valve of selected design in the 

SILVERINA facility available at this centre. Measured stem temperature distribution is found to 

compare satisfactorily with HEATING5 predictions, validating the correlations derived from 

computational fluid dynamic studies and integrated thermal analysis methodology. © 2010 

Elsevier Ltd. All rights reserved. 
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Abstract 

The micro-oxygenation is a technique now admitted in various stages of winemaking. However, 

in practice, its application remains difficult and its control is uncertain. Since in a several meter 

large and high tank, the oxygen is distributed through a bubbler having few square centimetres, 

the behaviour of bubbles, their influence on liquid phase and the transfer of the oxygen from 

bubbles to wine, the involved phenomena are very complex. To day, the wine testing is still the 

most often use as main indicator in oxygenation management. The article presents numerical 

simulation of flow created by bubbles rising, oxygen transfer trough the bubble/liquid interface 

and its diffusion in wine. The Navier-Stokes equations and the transport equation of 

concentration are integrated in two dimensions by the finite volume method using the Euler-Euler 

approach, with the help of numerical software PHOENICS; the turbulence in the liquid phase is 

described using the k-ε model. The flow structure shows the presence of two zones recirculation 

that developed close to the tank walls. The results on the oxygen transfer show that the transfer is 

highly dependent on the diameter and height of the tank. © 2010 Elsevier Ltd. 
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Abstract 

The paper discusses investigation into uncleaned storm wastewater pollution with heavy metals 

in Vilnius Žirmūnai district. The goal is to determine the dependency of storm wastewater 

pollution with heavy metals on transport intensity. After determining this dependency, sweeps 

from street points is experimentally studied with the most intensive transport flows. As the street 

sweeps together with storm wastewater are both outflow from streets and through outflow pipes 

directly to the Neris, heavy metals in the outflow pipe sludge are also studied for each pooL. The 

following heavy metals have been experimentally studied: Pb, Mn, Cr, Zn, Cu, Ni. The flame 

atomic absorption spectrometry method was used. The process of analysis is explained in short 

and its results are provided. A mathematical model by Phoenics 3.5 version program showing the 

distribution of heavy metals in the Neris river stream is made on the basis of the results received. 
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Safety, 25 p.  

 

Abstract 

Thermal hazard resulting from jet flames in chemical processes can be a significant contributor to 

risk onsite. It is beneficial to understand and predict its characteristics with reasonable accuracy. 

A discussion on the evaluation of jet flame length and thermal radiation with computational fluid 

dynamics (CFD) simulations covers models used in process safety applications; weaknesses and 

strengths of various models compared to CFD simulations; BakerRisk's comprehensive test 

program to validate and refine the CFD simulation approach and define a more representative 

thermal hazard prediction model; horizontal jet flame resulting from accidental methane release; 

variables influencing flame height and length; thermal radiation thresholds; and benefits of using 

a horizontal flame model that accounts for the effect of flame lifting due to buoyancy. This is an 

abstract of a paper presented at the AIChE 2010 Spring National Meeting (San Antonio, TX 

3/21-25/2010). 
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Abstract 

Thermal hazard resulting from jet flames in chemical processes can be a significant contributor to 

risk onsite. It is beneficial to understand and predict its characteristics with reasonable accuracy. 

A review of various models typically used in process safety applications showed that most 

models were developed based on vertical jet flames, but are applied to horizontal jet flames. This 

generally results in over-predicting the flame length and distances to thermal radiation thresholds 

of interest in process safety applications, because it incorrectly accounts for buoyancy by 

predicting longer horizontal distances rather than upward curvature. Predictions from a range of 

representative models were compared with detailed analysis of jet flame through Computational 

Fluid Dynamics (CFD) simulations and also compared with an actual test. Preliminary results 

show that models tested and CFD predictions are reasonably consistent for small releases. 

However, for large releases, the models tested over-predict the CFD results of flame dimensions 

and thermal radiation distances. This paper discusses weaknesses and strengths of various models 

compared to CFD simulations. BakerRisk has a comprehensive test program in progress to 

validate and refine the CFD simulation approach and define a more representative thermal hazard 

prediction model. 
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Abstract 

In advanced water cooled reactors, an annular gap exists between pressure tube and calandria 

tube. The gap is closed from top but is open from bottom. Due to differential temperature 

between pressure tube and calandria tube, air flow is induced by natural convection. This leads to 

heat transfer from pressure tube to calandria tube. The quantification of the heat transfer between 

pressure tube and calandria tube is numerically carried out with the help of the CFD code 

PHOENICS. Validation of the CFD code with experimental results and some established 

computational work from the literature has been done in order to verify the accuracy of the code. 

The natural convection phenomenon in the annular gap is then simulated. The velocity and 

temperature fields obtained from the CFD simulation are used to compute local and average heat 

transfer coefficients. Heat transfer coefficients for various pressure tube temperatures are 

computed. The effect of water on the heat transfer in the annular gas is also studied. © Carl 

Hanser Verlag, München. 
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Abstract 

Two new solutions to the heat conduction equation, describing transient heating of an 

evaporating droplet, are suggested. The first solution is the explicit analytical solution to this 

equation, while the second one reduces the solution of the differential transient heat conduction 

equation to the solution of the Volterra integral equation of the second kind. Both solutions take 

into account the effect of the reduction of the droplet radius due to evaporation, assuming that 

this radius is a linear function of time. This approach can be considered as the generalisation of 

the approach currently used in all research and commercial CFD codes known to us (e.g. KIVA, 

FLUENT, PHOENICS), in which it is assumed that droplet radius is constant during the timestep. 

The new analytical solution has been incorporated into a zero-dimensional CFD code and applied 

to the analysis of Diesel fuel droplet heating and evaporation in typical engine conditions. The 

results have been compared with those which follow from the conventional (traditional) approach 

to modelling droplet heating and evaporation, based on the assumption that the droplet radius is 

constant over the timestep (but changes from one step to another). It has been pointed out that the 

new approach predicts lower droplet surface temperatures and slower evaporation rates compared 

with the traditional approach. The relative difference between evaporation times is shown to be 

practically independent of the values of the initial droplet radii and to increase with increasing 

gas temperatures. Larger timesteps can be used in the case of the new approach compared with 



the conventional one to achieve the same accuracy of calculation. It is recommended that the 

effect of a moving boundary on droplet heating is taken into account in modelling droplet heating 

and evaporation in CFD codes. Crown Copyright © 2010. 
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Abstract 

A numerical study to predict the characteristics on the steady operation of the potassium heat pipe 

was performed. The model of the heat pipe was composed of three conjugate heat transfer 

sections, i.e. the vapor, wick and wall. The governing equations and the boundary conditions 

were solved by the generalized PHOENICS computational code as a solver to acquire the profiles 

of the temperature, velocity and pressure for the heat pipe steady operation. The comparison of 

the data from calculation and experiment shows that the agreement is good. 
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Cheng, M., An, Y., Du, H., Wei, Y., Fan, D. 

Effect of current changes on velocity and temperature profiles of GTAW arc 

(2010) Hanjie Xuebao/Transactions of the China Welding Institution, 31 (4), pp. 33-37.  

 

Abstract 

A steady two-dimensional axisymmetric model was developed in order to investigate heat and 

fluid flows in a free burning GTAW arc. The velocity and temperature profiles of the arc on the 

conditions of different currents were simulated, and the calculated results were compared. The 

conclusion is that with the increasing of the arc current, the energy transferred to the arc increases 

also, and all the parameters in the arc enhance, which are well consistent with classical arc 

theory. The control equations are solved by using a general thermo-fluid-mechanics computer 

program, PHOENICS (parabolic hyperbolic or elliptic numerical integration code series) code, 

which is based on the SAMPLE algorithm. 
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Estimation of fuel and clad temperature of a research reactor during dry period of de-fuelling 

operation 

(2010) Nuclear Engineering and Design, 240 (4), pp. 842-849.  

 

Abstract 

Heat transfer and fluid flow studies related to spent fuel bundle of a research reactor in fuelling 

machine has been carried out. When the fuel is in reactor core, the heat generated in the fuel 

bundle is removed by heavy water under normal reactor operation. However, during the de-

fuelling operation, the fuel bundle is exposed to air for some period called dry period. During this 

period, the decay heat from fuel bundle has to be removed by air flow. This flow of air is induced 

by natural convection only. In this period, the temperatures of fuel and clad rise. If clad 

temperature rises beyond a certain limit, structural failure may occur. This failure can result into 

release of fission products from fuel rod. Hence the temperature of clad has to be within specified 

limit under all conditions. The objective of this study is to estimate the clad temperature rise 

during the dry period. In the CFD simulation, the turbulent natural convection flow over fuel and 

radiation heat transfer are accounted. Standard k-ε model for turbulence, Boussinesq 

approximation for computing the natural convection flow and IMMERSOL model for radiation 

are used. The steady state and transient CFD simulation of flow and heat is performed, using the 

CFD code PHOENICS. The steady state analysis provides the maximum temperature the clad 

will attain if fuel bundle is left exposed to air for sufficiently long time. For safe operation, the 

clad temperature should be limited to a specified value. From steady state CFD analysis, it is 

found that steady state clad temperature for various decay powers is higher than the limiting 

value. Hence transient analysis is also performed. In the transient analysis, the variation of clad 

temperature with time is predicted for various decay powers. Safe dry time, i.e. the time required 

for clad to reach the limiting value, is predicted for various decay powers. Determination of safe 

dry time helps in deciding the time available to the operator to drop the bundle in light water pool 

for storage. The analysis is found useful in optimizing the de-fuelling process. © 2009 Elsevier 

B.V. All rights reserved. 

 

 

Zamora, B., Kaisera, A.S., Vicenteb, P.G. 

Improvement in learning on fl uid mechanics and heat transfer courses using computational fl uid 

dynamics 

(2010) International Journal of Mechanical Engineering Education, 38 (2), pp. 147-166.  

 

Abstract 

This paper is concerned with the teaching of fluid mechanics and heat transfer on courses for the 

industrial engineer degree at the Polytechnic University of Cartagena (Spain). In order to improve 

the engineering education, a pedagogical method that involves project-based learning, using 

computational fl uid dynamics (CFD), was applied. The project-based learning works well for 

mechanical engineering education, since it prepares students for their later professional training. 

The courses combined applied and advanced concepts of fluid mechanics with the basic 

numerical aspects of CFD, including validation of the results obtained. In this approach, the 

physical understanding of practical problems of fl uid mechanics and heat transfer played an 



important role. Satisfactory numerical results were obtained by using both Phoenics and Fluent 

finite-volume codes. Some cases were solved using the well known Matlab software. 

Comparisons were made between the results obtained by analytical solutions (if any) with those 

reached by CFD general-purpose codes and with those obtained by Matlab. This system provides 

engineering students with a solid comprehension of several aspects of thermal and fluids 

engineering. 
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Gamiño, B., Aguillón, J. 

Numerical simulation of syngas combustion with a multi-spark ignition system in a diesel engine 

adapted to work at the Otto cycle 

(2010) Fuel, 89 (3), pp. 581-591.  

 

Abstract 

This work focuses on the construction of a 2D dynamic model, taking into consideration the 

turbulent flux combustion reactions of syngas inside a combustion chamber and its displacement 

through the cylinder of a diesel engine model OM 447 LA converted to Otto cycle operation. The 

engine has a multi-spark ignition system. The geometry of both the chamber and cylinder is 

symmetric to a radius of 0.064 m and to a length of 0.17595 m. The simulation is carried out on 

only half of the system, with a premixed supply of the syngas and air. The supply temperature of 

the mixture is 336 K. The supply relation air/syngas ratio is 1.1:1, and the supply pressure of the 

mixture is 1 bar. The gaseous phase is modeled as a multi-component mixture comprised of 

carbon monoxide (CO), hydrogen (H2), methane (CH4), nitrogen (N2), carbon dioxide (CO2) 

and oxygen (O2). The study describes a Computational Fluid Dynamic (CFD) numerical model, 

in which the conservation of matter, motion and energy equations are solved; in addition, sub-

models are used to represent the turbulence intensity and the multiple reactions. The model 

predicts the profiles of syngas speed, temperature, chemical composition, pressure, and 

turbulence intensity for the gases when the working parameters and the supply characteristics are 

modified (air-syngas ratio, initial temperature of the mixture, initial pressure, compression ratio, 

and engine speed). The equation formulation is elliptic staggered. The result is a simple nonlinear 

map that resolves combustion time sequences using the commercial code CFD in PHOENICS. © 

2009 Elsevier Ltd. All rights reserved. 
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Investigation of pyrite oxidation and acid mine drainage characterization associated with Razi 



active coal mine and coal washing waste dumps in the Azad shahr-Ramian region, northeast Iran 

(2010) Environmental Earth Sciences, 61 (8), pp. 1547-1560.  

 

Abstract 

Acid mine drainage (AMD) pollution is considered to be the most serious water pollution 

problem in mining areas. AMD containing iron sulfates and other components can affect the 

receiving water bodies. Pyrite oxidation and AMD generation can be considered as important 

processes that may take place in the wastes produced by coal mining and coal washing operations 

in the Golestan province (northeast Iran). The study area is characterized by appropriate 

atmospheric conditions that favor pyrite oxidation and the presence of a large amount of water 

bodies. This study attempts to consider pyrite oxidation and AMD generation in the Azad shahr-

Ramian region. The impact of AMD on the quality of the surface water bodies was investigated 

by taking samples and analyzing them for hydro-geochemical parameters. Stiff and Piper 

diagrams were used to represent chemical analyses of water samples. The coal samples taken 

from different depths at four points on two different coal waste dumps were analyzed to find the 

fraction of pyrite that remained in the waste particles to investigate the pyrite oxidation process. 

A computational fluid dynamic package called PHOENICS was used to model pyrite oxidation 

process numerically. The results obtained from the geochemical analyses of water and coal 

samples and numerical simulation show pyrite oxidation and acid generation in the region. 

However, the presence of carbonate rocks raised the pH of the water samples. The drainages of 

the Razi mine may be recognized as natural alkaline mine drainages. © 2010 Springer-Verlag. 
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Wang, C., Jia, X., Zhao, H., Hao, M. 

Numerical simulation of liquid-solid coaxial annular flow 

(2010) Drilling Fluid and Completion Fluid, 27 (1), pp. 21-23.  

 

Abstract 

A numerical simulation is done to the annular two-phase flow of solid-liquid using liquid-solid 

two phase flow theory and the IPSA solution of the Phoenics software. Further data processing is 

done using the Origin software. A series of rules goverening the liquid-solid two-phase annular 

flow in concentric annulus is revealed by analyzing the radial turbulent flow velocity distribution, 

radial concentration distribution of solid particles, the effect of particle sizes and solids 

concentration on slip velocity, providing a theoretical basis for research and analysis of the same 

flow pattern in industry. 
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RETRACTED ARTICLE: Simulation of flow through vibrating screens with moving body 

method 

(2010) ICCASM 2010 - 2010 International Conference on Computer Application and System 

Modeling, Proceedings, 8, art. no. 5619183, pp. V840-V844.  

 

Abstract 

A CFD study of the flow through vibrating screens has been conducted with moving body 

method of PHOENICS. The flow fields around the static and vibrating screens were calculated 

with laminar and turbulence models respectively, and the pressure-drop coefficients for both 

states were obtained. It was found that the flow field became very complex and vortex and 

backflow were produced because of the motion of screens. The dynamic pressure-drop 

coefficient changes greatly due to the different velocity through screen induced by motion of 

screens. After obtaining pressure-drop coefficients of flows through dynamic screens, it becomes 

possible to simulate the whole flow field of a shaker for solid-liquid separation by using the 

porous media to replace the real screen. © 2010 IEEE. 
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(2009) Desalination, 249 (2), pp. 707-712.  

 

Abstract 

Radiation-cooled dew water condensers can serve as a complementary potable water source. In 

order to enhance passive dew collection water yield, a Computational Fluid Dynamics (CFD) 

software, PHOENICS, was used to simulate several innovative condenser structures. The sky 

radiation is calculated for each of the geometries. Several types of condensers under typical 

meteorological conditions were investigated using their average radiating surface temperature. 

The simulations were compared with dew yield measurements from a 1 m2 30°-inclined planar 

condenser used as a reference. A robust correlation between the condenser cooling ability and the 

corresponding dew yield was found. The following four shapes were studied: (1) a 7.3 m2 funnel 

shape, whose best performance is for a cone half-angle of 60°. Compared to the reference 

condenser, the cooling efficiency improved by 40%, (2) 0.16 m2 flat planar condenser (another 

dew standard), giving a 35% lower efficiency than the 30° 1 m2 inclined reference condenser, (3) 

a 30 m2 30°-inclined planar condenser (representing one side of a dew condensing roof), whose 

yield is the same as the reference collector, and (4) a 255 m2 multi-ridge condenser at the ground 

surface provided results similar to the reference collector at wind speeds below 1.5 m s- 1 but 

about 40% higher yields at wind speeds above 1.5 m s- 1. © 2009 Elsevier B.V. All rights 

reserved. 
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A comprehensive insight in the MOCVD of aluminum through interaction between reactive 

transport modeling and targeted growth experiments 

(2009) ECS Transactions, 25 (8 PART 1), pp. 99-106.  

 

Abstract 

Growth experiments and reactive transport modeling were combined to formulate a 

comprehensive predictive model for aluminum growth from dimethylethylamine alane. The 

growth-rate profile was experimentally investigated as a function of substrate temperature. The 

reactive transport model, built under the computational fluid dynamics software PHOENICS, was 

used to reproduce the experimental measurements and to contribute to the understanding of the 

aluminum growth process, under sub-atmospheric pressure conditions. The growth mechanism of 

aluminum films was based on well established in literature reaction order and activation energy 

of homogeneous and heterogeneous chemical reactions. The reactive transport model was used 

further to investigate the effect of some key operating parameters on the process output. 

Simulation results are suggestive of modifications in the operating parameters that could enhance 

the growth rate and the spatial uniformity of the film thickness. © The Electrochemical Society. 

 

 

Sweitzer, G. 

Building ventilation simulation: Analog or digital tools? 

(2009) 9th International Conference and Exhibition - Healthy Buildings 2009, HB 2009, .  

 

Abstract 

Analog vs digital ventilation simulations are compared for the same student project, assigned in a 

required introductory undergraduate architecture course and in an elective graduate architecture 

course, respectively. For the large introductory course, 42 teams of two (students) designed a 

cross-ventilation scheme for,the iconic Farnsworth House by Mies van der Rohe. Given one of 

eight prevailing wind directions, each team located, designed, and specified air inlets and outlets 

to ventilate two target areas - dining and sleeping - for the open plan house. For each target area 

the goal was to provide three types of ventilation: comfort ventilation; hot-air exhaust; and night 

cooling. The (analog) assessment tool was a Fluid Mapping Table, which yields qualitative 

output. The second (elective) course involved 11 graduate students. The digital assessment tool 

used throughout was Phoenics, a computational fluid dynamics (CFD) software, which can yield 

qualitative and quantitative output. The exercises and outputs from each course are discussed and 

conclusions provided;. 
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CFD modeling of fire spread in an offshore platform 

(2009) AIChE Annual Meeting, Conference Proceedings, .  

 

Abstract 

This work presents the methodology used to model a fire spread on an offshore platform. 

CHEMTECH made this study to recommend the usage of passive protections on the structural 

elements on the platform. A computational fluid dynamics (CFD) program was applied to study 

the temperature range in the structural elements of the platform in case of a fire outburst. Initially, 

the results of a PRA (Preliminary Risk Analysis) made at the platform were used, and the 

principal data were input on PHAST® (Process Hazard Analysis Software Tool) - a risk analysis 

software. This analysis consisted in an initial estimate of the shape and dimension of the fire. 

Then, those results have been inputted on PHOENICS (Parabolic and Hyperbolic or Elliptical 

Numerical Integration Code Series) to simulate the impact of the fire on the structural elements of 

this platform. Four steps were followed: creation and simplification of the platform's geometry, 

mesh generation, input of boundary conditions and the simulation, each of them with its 

particular difficulty. CHEMTECH reached very goods results with this study and could 

recommend the usage of passive protection in the critical structural elements of platform. 

 

 

Dogan, A., Baysal, S., Baskaya, S. 

Numerical analysis of natural convection heat transfer from partially open cavities heated at one 

wall 

(2009) Isi Bilimi Ve Teknigi Dergisi/ Journal of Thermal Science and Technology, 29 (1), pp. 79-

90.  

 

Abstract 

In this study, the heat transfer by natural convection from partially open cavities with one wall 

heated was investigated numerically. The aim of this study was the steady state investigation of 

the natural convection heat transfer inside the cavity under uniform heat fluxes (q''), different 

opening ratios (OR), tilt angles (θ) and cavity aspect ratios (AR) for top and center opening 

positions. For this purpose, the equations of conservation of mass, momentum and energy were 

solved using adequate boundary conditions by means of the PHOENICS code. According to the 

results obtained, the average heat transfer coefficient increases and the average wall temperature 

decreases, with the increase in opening ratio and decrease in the tilt angle. Best heat transfer was 

obtained with the maximum aspect ratio for opening ratio of 0.75 and tilt angle of -10°. © 2008 

TIBTD Printed in Turkey. 
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Liu, H., Xin, N., Cao, Q., Sha, L., Sun, D., Wu, S. 

Numerical simulation of the influence of over fire air position on the combustion in a single 

furnace boiler with dual circle firing 

(2009) Korean Journal of Chemical Engineering, 26 (4), pp. 1137-1143.  

 

Abstract 

The Computational fluid dynamics (CFD) code PHOENICS is applied to simulate and evaluate 

the combustion process within the furnace of a 1,000 MW dual circle tangential firing single 

furnace lignite-fired ultra supercritical (USC) boiler. The dependence on overfire air (OFA) 

positioning on the combustion process is studied. The results show that the highest temperature 

appears on the upside of the burner zone close to the front wall, and the high temperature zone 

rises with elevated OFA positions. However, the temperature field distributions are similar 

despite differing OFA positions. The char content near the rear wall is higher than that near the 

front wall, and below the furnace arch, coal particles concentrate towards the front wall. Also 

with elevated OFA positions, nitrogen oxide (NOx) concentrations at the outlet fall, but char 

content increases. In regard to NOx emission and char burnout, the suggested optimal distance 

from the OFA center to the center of the uppermost primary air nozzle should be 6 meters. 
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Steps for a multidisciplinary engineering competition 

(2009) Computer Aided Chemical Engineering, 27 (C), pp. 2145-2149.  

 

Abstract 

The worldwide number of engineering projects is growing as never before and so is the demand 

for trained workers. These facts motivate CHEMTECH to train engineering students in crucial 

areas from process industry, contributing to their development, improving their acceptance in the 

labor market, and guarantying the availability of better professionals to the industry. In this 

context, CHEMTECH promoted a multidisciplinary competition between engineering 

undergraduate students from the most prestigious universities of Brazil. In 2008 the National 

Engineering Marathon included Computational Fluid Dynamics and Process Control Theory, two 

important engineering areas. The application of CFD (Computational Fluid Dynamics) to 

engineering has been growing extremely fast during the last years, especially in design and 

process optimization as well as to prevent and to mitigate potential process risks. CFD greatest 

appeal is that one makes these kinds of studies without interrupting the normal operation of 

industrial plants. Process control analysis is as important as CFD because an efficient control 

system guarantees stable and confident processes, improving the quality of the final product. This 

challenge was organized in three steps: call for the contest, training of the attendees and the 

contest itself, which took place during Rio Oil & Gas Expo & Conference. During the first step, 

CHEMTECH invited the best Brazilian universities, each one represented by their best students 



and an advisor professor. In the next step they were all trained through the internet using the 

methodology of Distance Learning. The students were trained in PHOENICS (Parabolic 

Hyperbolic or Elliptic Numerical Integration Code Series), a CFD software developed by the 

British company CHAM (Concentration, Heat and Momentum Limited) and Scilab, open 

software for Control Process. This training also gives the students an opportunity to be in contact 

with real industrial applications. In the end of this step two students from each university, as a 

team, were qualified for the final contest, in which they were presented to real industrial 

problems that they needed to solve using the learned tools. Their solutions were evaluated by 

professionals from CHEMTECH and from some of its remarkable clients and the best group was 

the champion. Beyond the knowledge and recognition, the students and professors of the winning 

group also receive prizes and their university receives a donation of computers. Moreover, 

CHEMTECH is contributing to improve the national engineering and the quality of projects in 

world process industry. © 2009 Elsevier B.V. All rights reserved. 
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The numerical simulation of air helical flow outside of upright tube 

(2009) IFCSTA 2009 Proceedings - 2009 International Forum on Computer Science-Technology 

and Applications, 2, art. no. 5384634, pp. 355-358.  

 

Abstract 

The coefficient of heat transfer is comparatively low on the condition of forced air convection. 

The air helical flow in the shellside can improve the heat transfer coefficient of air forced flow 

and bring lesser pressure loss. This paper introduces the simulation of air helical flow outside of 

upright tube with the software PHOENICS on the expeimental work condition. Based on the 

reasonal simplification and model building, the distribution of temperature field, velocity field 

and pressor field are simulated and analyzed. The distribution of the simulated fields are rational 

with the practical conditions. The error of simulation result is lower to 10% compared to the 

experimental results. It could be a effective method to analyze the heat transfer and flow 

resistance in the helical baffle heat exchanger. © 2009 IEEE. 
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1934.  



 

Abstract 

The aim of this work is to discuss the effect of urban block and lot design in natural ventilation of 

selfbuilt houses in the city of Campinas, Brazil. The research was carried out with CFD 

simulation, using the software PHOENICS to calculate air velocities in the external regions of the 

residences. The case study was a surrounding in the city, the settlement Sao Jose FB; which was 

urbanized by the public organs having in mind low-income self-builders. The houses were 

analyzed through results of two surveys: one in the years 2000, which characterized the self-built 

houses, and the second one in 2005, to verify the modifications and their consequences in the 

environmental performance of the houses. Results show that poor natural ventilation is due to the 

lack of information about the prevailing winds, orientation problems and the modifications 

carried out by the self-builders. 
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Modelling of coal pyrolysis using a twin screw reactor 
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Abstract 

Based on the balance equations of mass, partial mass, momentum and thermal energy, the 

pyrolysis process of non-coking coals using a counter-rotating twin screw reactor (TSR) is 

modelled by means of commercial CFD code Phoenics™. In favour of good convergence of the 

mathematical solution, a structured, cylindrical-polar grid is chosen. Variable filling and 

intermeshing degrees are taken into account by blocking numerical cells in gas domain and 

intermeshing domain instead of performing two-phase calculations in a body-fitted co-ordinate 

system. Viscous behaviour of the granular coals is expressed by means of a generalised 

Newtonian fluid and chemical decomposition is implemented with aid of distributed activation 

energies. 
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The study of oxygen diffusion process in metallic waste dump: Analytical and Numerical 

Modeling 

(2009) International Journal of Applied Environmental Sciences, 4 (3), pp. 287-294.  

 

Abstract 

Weathering of pyrite-containing rocks causes the well-known problem of acid rock drainage. 

Depending on the rate of pyrite oxidation, availability of water and oxidants and buffering 

capacity of surrounding rocks and sediments, the pH of the drainage is often very low. When the 

pyrite or other sulphide minerals are exposed to the atmosphere and water, the acid mine drainage 

was generated. Oxygen can be transported into the waste deposit by three mechanisms: (1) 

advective transport with water, (2) free ore forced air convection and (3) diffusion in the gaseous 

and aqueous phases through pores in waste material. Pyrite oxidation and acid mine generation 

are often controlled by the oxygen diffusion process. So, this research attempts to investigate the 



variation of oxygen concentration in the pyritic waste dump using analytical and numerical model 

incorporating PHOENICS computational fluid dynamics software. The obtained results can be 

used to control and reduce the environmental impacts. © Research India Publications. 
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comparison to the experimental results 

(2009) Polymer - Plastics Technology and Engineering, 48 (4), pp. 389-396.  

 

Abstract 

One of the most complicated subjects of the injection molding is the flow analysis. The flow of 

the plastic depends on the structure of the plastic material and the geometry of the mold cavity 

and the injection process parameters. The flow analysis and the simulations are achieved 

according to the numerical solution of the non linear differential governing equations. In this 

study, the Navier-Stokes equations are solved using the Finite Control Volume Method. The 

staggered grid system is used for the Full Implicit discretization method and SIMPLE algorithm 

is preferred for the calculation of the pressure. The Boussinesq approach is applicated to 

determine the density variations and the Power Law viscosity model is choosen. The melt flow is 

analyzed by Phoenics code. Both numerical analysis and the experiments have been realized for 

the same processing conditions and the same plastic material. HDPE is studied as a plastic 

material. It is shown that the theoretical and the experimental results are in good agreement. © 

Taylor & Francis Group, LLC. 
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Tunnels, 1, pp. 281-295.  

 

Abstract 

The EGSISTES project is a global reflection about risk and dangerous phenomena relative to 

underground infrastructures. One category of risk identified for such an infrastructure is the fire 

and its consequences in terms of temperature and smoke propagation. In some situations, smoke 

stratification is used to ensure safety of people located inside the tunnel. In such a case, it must be 

ensure that smoke stay stratified even in the case of an aerodynamic perturbation such as a jet fan 

or vehicles presence. Two ways enable the improvement of the understanding of smoke 



behaviour in underground infrastructure: experiments and numerical approach. Both strategies 

are used complementary during the project. Experiments are achieved in the INERIS fire gallery 

while two CFD codes, FDS and Phoenics, based on two different approaches for turbulence 

modelling, are used. The first step consists in a comparison between experimental and numerical 

results on a configuration given as a reference. This reference case was chosen as the 

backlayering smoke layer establishment and stability. The numerical objective was to reproduce 

the length and thickness of this layer. After having shown that both codes should predict with a 

quite good accuracy the backlayering length, those two codes are used to study the influence of 

perturbation on the stratification stability. This study shows firstly that a jet located upstream the 

backlayering smoke layer tends to modify the smoke layer front but influences slightly the smoke 

layer near the fire. Secondly, in case of the presence of vehicles downstream the fire in a 

congested tunnel, the stratification is not altered just above vehicles but can be altered 

downstream these obstacles. © BHR Group 2009. 
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Abstract 

A new method of implementing, in two-dimensional (2-D) Navier-Stokes equations, a numerical 

internal wave generation in the finite volume formulation is developed. To our knowledge, the 

originality of this model is on the specification of an internal inlet velocity defined as a source 

line for the generation of linear and non-linear waves. The use of a single cell to represent the 

source line and its transformation to an internal boundary condition proved to be an interesting 

alternative to the common procedure of adding a mass source term to the continuity equation 

within a multi-cell rectangular region. Given the reduction of the source domain to a one-

dimensional region, this simple new type of source introduced less perturbation than the 2-D 

source type. This model was successfully implemented in the PHOENICS code (Parabolic 

Hyperbolic Or Elliptic Numerical Integration Code Series). In addition, the volume of fluid 

(VOF) fraction was used to describe the free surface displacements. A friction force term was 

added to the momentum transport equation in the vertical direction, in order to enhance wave 

damping, within relatively limited number of cells representing the sponge layers at the open 

boundaries. For monochromatic wave, propagating on constant water depth, numerical and 

analytical results showed good agreements for free surface profiles and vertical distribution of 

velocity components. For solitary wave simulation, the wave shape and velocity were preserved; 

while, small discrepancy in the tailing edge of the free surface profiles was observed. The 

suitability of this new numerical wave generation model for a two source lines extension was 

investigated and proven to be innovative. The comparisons between numerical, analytical and 

experimental results showed that the height of the merging waves was correctly reproduced and 

that the reflected waves do not interact with the source lines. © 2009 Elsevier B.V. All rights 

reserved. 
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The research of the influence of primary air ratio on the combustion in a lignite-fired Ultra 

Supercritical boiler 

(2009) Asia-Pacific Power and Energy Engineering Conference, APPEEC, art. no. 4918904, .  

 

Abstract 

The Computational Fluid Dynamics (CFD) code PHOENICS was applied to evaluate the 

combustion process in the furnace of a 1000MW dual circle tangential firing single furnace 

lignite-fired Ultra Supercritical (USC) boiler. The influence of different primary air ratios (35%, 

39% and 43%) on the flow and mixing characteristics of the gas-solid two-phase flow and the 

combustion process in the furnace was focused on. The results indicate that in the furnace with 

double tangential firing, the flow field shows two well-symmetrical ellipses at different primary 

air ratios. The surface temperatures of the burners at which, the long axis of the ellipses pointed, 

are much higher than those in the other four corners. Thus the phenomena of 'Hot corners' and 

'Cold corners' arise. In practical operating, the flow erodes the walls in the hot corner which may 

lead to high temperature corrosion and slagging. With the increase of primary air ratio, the 

average concentration of NO x at the outlet of furnace rises while the char distributions in the 

furnace are similar. By the comparisons of the characteristics of the airflow, the temperature 

distributions, the NO x formation amounts and the char burnout rates, the situation with the 35% 

primary air ratio is preferable. The results of this paper have great value because of the support 

they lend to the design of USC lignite-fired boilers. © 2009 IEEE. 
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Numerical simulation of turbulent mixed convection heat transfer variation along a vertical flat 

channel for aiding flows 

(2009) Heat Transfer Research, 40 (5), pp. 443-454.  

 

Abstract 

Numerical modelling results on variation of turbulent mixed convection heat transfer along a 

vertical flat channel, when forced and natural convection directions coincide (aiding flows), are 

presented in this paper. Investigations with two-side symmetrical heating (qW1 qW2 const) were 

performed in a wide range of buoyancy parameters Bo Grq/(Re3.425Pr0.8) from forced 

convection to natural convection. The computer code PHOENICS, which allows solving the 

system of mean flow equations of momentum, energy, and continuity, has been used for 

numerical simulation. Low Reynolds number Chen-Kim (CK) and Lam-Bremhorst (LB) k- 

turbulence models were used for closing the system of equations. The results obtained for 



numerical heat transfer simulation (for a two-dimensional case) were compared to the data from 

the experiments carried out at the Lithuanian Energy Institute (LEI). It was shown, that under a 

small effect of buoyancy when buoyancy parameters are less than a critical value (Bo ≤ Bocr) the 

Chen-Kim turbulence model simulates the heat transfer results in vertical short (x/de ≤ 20) 

channels better than the Lam-Bremhorst model. It was also demonstrated that the Lam-Bremhorst 

turbulence model could be used for heat transfer simulation with uncertainties less than 15 in the 

quasi-stabilized region (x/de ≥ 30) for a wide range of variation of buoyancy parameters. © 2009 

Begell House, Inc. 
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Engineering, 17 (4), pp. 566-572.  

 

Abstract 

The problem of serious wear and sedimentary dust occurs in curved duct of much engineering. 

Uneven distribution of flow field is one of the main reasons. By using Computational Fluid 

Dynamics (CFD) software Phoenics, the numerical simulation of gas-solid two-phase flow in 

quadrate 90° curved duct has been finished. The k-ε equation model and IPSA two-fluid model 

are adopted in numerical simulation. The distribution graphs of speed, pressure and others of the 

flow field are exported. The distribution law of gas-solid two-phase flow in curved duct is 

analyzed. The flow field of quadrate curved duct without guide plate is uneven. The guide plates 

installed in curved duct can make flow field uniform and provide an effective way for solving the 

problem of wear and sedimentary dust in curved duct. The best conditions for guide plates 

installed in curved duct are achieved. Three guide plates with 70° central angle are needed. The 

inner and medium guide plates start from 10°. Outer guide plate starts from 0°. The distance from 

inner and outer guide plates to wall is smaller than the distance from inner and outer guide plates 

to medium plate. 
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furnace boiler with dual circle firing 
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Abstract 



The Computational fluid dynamics (CFD) code PHOENICS is applied to simulate and evaluate 

the combustion process within the furnace of a 1,000 MW dual circle tangential firing single 

furnace lignite-fired ultra supercritical (USC) boiler. The dependence on overfire air (OFA) 

positioning on the combustion process is studied. The results show that the highest temperature 

appears on the upside of the burner zone close to the front wall, and the high temperature zone 

rises with elevated OFA positions. However, the temperature field distributions are similar 

despite differing OFA positions. The char content near the rear wall is higher than that near the 

front wall, and below the furnace arch, coal particles concentrate towards the front wall. Also 

with elevated OFA positions, nitrogen oxide (NOx) concentrations at the outlet fall, but char 

content increases. In regard to NOx emission and char burnout, the suggested optimal distance 

from the OFA center to the center of the uppermost primary air nozzle should be 6 meters. © 

2009 Springer. 

 

Author Keywords 

Combustion;  Dual Circle Tangential Firing;  NOx;  Numerical Simulation;  OFA 

 

 

Wang, C., Chen, W., Tian, D., Jia, X., Zhao, H. 

A CFD simulation of the flow field of a power law fluid in an eccentric annulus 
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Abstract 

A numerical computation of a power law fluid flowing in an eccentric annulus is done using the 

software PHOENICS in which a orthogonal grid, a turbulent flow model and a wall function are 

adopted. The effect of the flowing parameters of the power law fluid and the eccentricity on the 

flowing velocity and pressure distribution is analyzed. The simulation results show that the 

orthogonal grid, turbulent flow pattern and wall function can be used to characterize the flow in 

an eccentric annulus, and this simulation provides a theoretical basis for the computation of 

eccentric annular flow. 
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Numerical analysis of high-speed train induced impulsive pressure on railway bridge's noise 

barrier and its flange plate with collision-preventing wall 

(2009) Zhongguo Tiedao Kexue/China Railway Science, 30 (3), pp. 27-32.  

 

Abstract 

Based on the N-S equation of compressible viscosity fluid and k-ε two-equation turbulence 

model, considering the influence of collision-preventing wall on air-pressure, train induced 

impulsive pressure on high-speed railway bridge noise barrier and box girder flange was 



numerically analyzed by transient computational fluid dynamics software PHOENICS. The 

results show that the time-history curves of train induced impulsive pressure are different at three 

stages, the power head traveling into, passing and out the noise barrier area. The impulsive 

pressure increases at first then decreases along the height of noise barrier, and it reaches peak 

value at 1/2 height of the noise barrier. The peak values of the impulsive pressure linearly 

increase along the box girder flange plate to the collision-preventing wall, and the peak values are 

proportional to the square of train speed. Calculation formulas for peak value of the impulsive 

pressure are given according to the analysis results and load cases including the impulsive 

pressure are recommended. 
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Simulation for thermal current field in powertrain cabin of armored vehicle with electric 

transmission system 

(2009) Xitong Fangzhen Xuebao / Journal of System Simulation, 21 (8), pp. 2405-2409.  

 

Abstract 

The congfiguratin-2 of an armored vehicle electric transmission system is one of main forms of 

the electric drive. Firstly, the geometrical model and the mathematic model of the dynamic cabin 

were made in the Phoenics. Secondly, the simulations and computation for the current field were 

done, and the analysis of the current field was finished in the electric transmission dynamic cabin. 

By analyzing, the position of the high and the low temperature radiator was made certain, and the 

distributing of the temperature and the velocity, the average temperature of the powertrain cabin 

were ascertained too. Finally, the foundation of the total structure layout of electric transmission 

was established. 
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Abstract 

This paper presents a new model to predict the evolution of oil spills based on the numerical 

solution of transport and mass conservation equations. With this model it is possiblea to estimate 

the area, geometry and trajectory of an oil spill. The model is capable of considering changes in 

main modeling parameters, such as hydrodynamic and meteorological conditions, bathymetry, 



physical processes in oil transformation, and changes in oil properties. A method was devised to 

estimate the evolution of the dark area of the slick based on the sum of the areas occupied by the 

oil on the computational grid mesh and a given normalized concentration limit. In the 

implementation of the model, the equations are discretized using the finite volume method, while 

the resolution of the equations is done via the SIMPLEST method, included in the PHOENICS 

code. The procedure used to define the conditions for a spillage simulation produced a good fit 

compared with the experimental results measured by Lehr et al. (1984a, 1984b) for the dark area 

of the slick in both the growth and dispersion phases. The main advantage of this model over 

other, more simplistic, spill models is that it can predict the evolution of the area of the slick 

taking into consideration the changes that can be wrought by natural obstacles, such as 

bathymetry, by maritime installations and by flow barriers placed to contain the spillage as well 

as changes in meteorological and hydrological conditions. 
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Abstract 

The purpose of this study is to evaluate hydraulic aperture in single fracture. First, four empirical 

models were compared with parameters of them. Then the results of numerical simulations by 

program, PHOENICS, in different aperture combinations and roughness conditions were 

discussed with the previous models. The results indicate that the ratio of the mean aperture to its 

standard deviation is an important factor of hydraulic aperture. So the relationship with the ratio 

and hydraulic aperture could be divided into three parts that the estimating empirical models is 

according to different roughness conditions. 
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scale measurements 
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Abstract 

A new simplified model (UPMTUNNEL) for the simulation of accidental fires in road tunnels 

with longitudinal ventilation is presented. The model follows a mixed approach, and has 

characteristics typical of both field and zone models. Like field models, the proposed model 

calculates the main properties at every point in the whole domain. The tunnel is divided in two 



zones: the plume, located upstream from the point at which the smoke hits the ceiling, and a 

diffusion zone extending downstream. Each of these two regions is analyzed assuming steady-

state conditions. The plume is described by one-dimensional conservation equations for turbulent 

flows. To deduce the 1D equations, the 3D problem is considered to be parabolic along the 

center-line of the flame, and self-similar profiles in planes normal to this line are assumed. The 

diffusion region is studied as an incompressible unidirectional problem, described by the energy 

conservation equation. 3D models and full-scale experiments have been used in order to validate 

the results of the UPMTUNNEL model. Two different general-purpose codes are employed: 

FLUENT and PHOENICS, in which the eddy break-up and k-ε-g turbulent combustion models 

have been, respectively, implemented. © 2008 Elsevier Ltd. All rights reserved. 
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Abstract 

When the short-circuit current is interrupted in the circuit breaker, arc generates between the 

arcing contacts at this moment. As arc is a key factor to determine the breaking performances of 

circuit breakers, it's essential to analyze the arc for the development of high voltage circuit 

breakers. However, the fact that arc is the very complicated phenomenon makes it an intricate 

problem to analyze the arc accurately. The behavior of arc and its surrounding flow are described 

by Navier-Stokes equations modified to include Lorentz force and ohmic heating, which are 

calculated by Maxwell's equations, radiation loss and turbulence. In this paper, the arc process 

has been analyzed using PHOENICS, a commercial computational fluid dynamics program. The 

calculated results of the pressure in the puffer cylinder of the 170kV 50kA circuit breaker were 

turned out to agree with the experimental ones. 
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Abstract 

The 4S (Super-Safe, Small and Simple) reactor is a sodium-cooled fast reactor aiming at an 



application to dispersed energy source and multi-purpose use. An introduction of RVACS 

(Reactor Vessel Auxiliary Cooling System) can enhance the passive decay heat removal 

capability. In the present study, the RVACS performance in 4S reactor (10MWe, pool-type) was 

analytically evaluated under the functional loss of RVACS stack condition, which is considered 

as a beyond design basis event. A protected loss of heat sink accident was selected and simulated 

to evaluate the capability of RVACS to cool the plant under such an unusual condition. The 

three-dimensional thermal hydraulic analysis was conducted by PHOENICS code. Analytical 

results show that the functional loss of air outlet stack has more effect on RVACS performance 

than that of air inlet stack. The air flow rate in RVACS under the functional loss of one out of 

two outlet stacks decreases up to approximately 60 % and the heat removal rate approximately 70 

%, comparing with those under the normal stack condition. However, the maximum hot plenum 

temperature is low enough to satisfy the safety criteria. 
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Abstract 

A numerical study of natural convective flows, mainly for high Rayleigh numbers, in a sloped 

converging channel, for different inclination and convergence angles has been carried out, taking 

into account the lacks of the literature on some aspects of this configuration. Two-dimensional, 

laminar, transitional and turbulent simulations were obtained by solving the fully elliptic 

governing equations using two different general-purpose codes: Fluent and Phoenics. The low-

Reynolds k-ω turbulence model has been employed. Special emphasis is made on the systematic 

comparisons of computational results with experimental and numerical data taken from literature 

for turbulent regime, so as on the transitional conditions, studying the influence of Rayleigh 

number and channel aspect ratio. A generalized turbulent correlation for the average Nusselt 

number has been obtained from numerical results in a channel with isothermal heated plates, for 

symmetric heating conditions. This correlation is valid for wide and not yet covered ranges of 

Rayleigh number (based on length of the channel) varying from 1010 to 1016, aspect ratio 

between 0.03 and 0.25, the converging angle from 1° to 30° and sloping angle from 0° to 60°. 

Finally, an application of this numerical correlation in two experimental prototypes is presented. 

© 2008 Elsevier Ltd. All rights reserved. 
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Effect of inlet configuration on moderator velocity and temperature distribution inside the 

calandria of a heavy water reactor 

(2008) International Conference on Nuclear Engineering, Proceedings, ICONE, 2, pp. 289-296.  

 

Abstract 

Computational study of the moderator flow in calandria vessel of a heavy water reactor is carried 



out for three different inlet nozzle configurations. For the computations, PHOENICS CFD code is 

used. The flow and temperature distribution for all the configurations are determined. The impact 

of moderator inlet jets on adjacent calandria tubes is studied. Based on these studies, it is found 

that the inlet nozzles can be designed in such a way that it can keep the impact velocity on 

calandria tubes within limit while keeping maximum moderator temperature well below its 

boiling limit. Copyright © 2008 by ASME. 
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Abstract 

The use of accurate heat transfer model in liquid metal like Lead Bismuth Euteetic (LBE) flow is 

essential for the designing of the liquid metal cooled nuclear reactor systems. In the present 

study, the existing physical correlations for heat transfer in LBE flow through circular tube have 

been reviewed and assessed with the experimental results. In CFD analysis, PHOENICS-3.6 is 

used to carry out the evaluation of the various turbulence models in the tube geometry and to 

identify the difference between the numerical results and experimental ones in LBE flows. Based 

on the assessment of the existing correlations for heat transfer in LBE flow and the CFD results 

achieved, the best-suited correlation for turbulent Prandtl number is recommended in terms of 

Peclct number. This Prt can be incorporated in PHOENICS for LBE flow analysis. Copyright © 

2008 by AS ASME. 
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Abstract 

The growth of columnar grain during the solidification of the 1Cr18Ni9Ti stainless steel weld 

metal for different welding parameters is simulated using the grain boundary evolution (GBE) 

modeling method. The shape and the size of the weld pool under different welding parameters are 

calculated using PHOENICS software. The simulated results show that the growing direction of 

the columnar grains is dependent on the shape of the weld pool. The straight and short grains tend 

to grow in direction perpendicular to the weld centerline if the length/width (L/W) of the weld 

pool is large and the curving and long grains grow toward the welding direction if the L/W ratio 



is small. The experimental results are found to be in good qualitative agreement with the 

simulated results. 
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Abstract 

The paper describes the initiation of the ignition of the CNG mixtures by spark plug and 

formation of the flame during the combustion. The propagation of the flame depends on the gas 

motion formed during induction and compression process in SI engines. Two modes of the 

charge motion are considered: swirl and tumble with the spark plug located in the centre of the 

combustion chamber and results will be compared with laminar speed. The modelling of the 

process was carried out by use the simple chemically reacting scheme by use Phoenics CFD code 

with taking into account the turbulence k-ε model. The charge motion through the spark plug was 

considered as an important factor influencing on the ignition of any kind of fuel mixture. 

Copyright © 2008 by the Japan Society of Mechanical Engineers. 
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Abstract 

The reactor Thermal hydraulics plays an important role for successful operation of Prototype Fast 

Breeder Reactor (PFBR), which is under construction at Kalpakkam, India. One of the issues to 

be resolved in PFBR is argon cover gas entrainment problem from free liquid sodium surface. 

The entrained cover gas may hinder the normal reactor operation. High free surface velocity 

along with the presence of various immersed components in the hot pool is the cause of gas 

entrainment from free surface. To reduce the free surface velocity and hence gas entrainment, 

ring type baffle plates were considered. Initially the optimum geometry of the baffle plate was 

arrived through numerical analysis using PHOENICS, a commercial CFD tool. Finally the 

experiments were conducted in a 1/4 scale water model of PFBR primary circuit with selected 



baffle plate geometry. It was found that a baffle plate with radial width of 125 mm in the model 

and located above intermediate heat exchanger is very effective to reduce the gas entrainment 

problem in PFBR. 
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Abstract 

The waste produced by coal washing process produces many environmental problems. In this 

study, the pollution problems associated with the waste produced by Alborz Sharghi Coal 

Washing Plant was investigated by mathematical modeling. The study area is located at 11 km. to 

Razmjah coal region and 45 km. to Tehran-Mashhad road in the north part od Iran. To achieve 

the goal, a few samples were taken from different depths at three points on the waste dump in 

order to investigate pyrite oxidation and pollution generation. The samples were then analysed, 

using an AA-670 Shimadzu atomic absorption to determine the fraction of pyrite remained within 

the waste particles. A numerical finite volume model using Phoenics package has been developed 

to simulate pyrite oxidation and pollution generation from the Alborz Sharghi coal washing waste 

dump. The pyrite oxidation reaction is described by the shrinking-core model. Gaseous diffusion 

is the main mechanism for the transport of oxygen through the waste. The results of numerical 

modelling were compared with the field observations and close agreement was achieved. A 

simple mathematical model incorporating advection and hydrodynamic dispersion processes was 

also presented in order to verify the results of geophysical time-laps method showing 

transportation of the pollutants through the downstream of the waste dump. Both mathematical 

model and geophysical time-laps method are agreed in the identification of pollutant transport 

emanated from the waste dump. The results of such investigations can be used for designing an 

effective environmental management program. © IRSEN, CEERS, IAU. 
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Abstract 

This study investigates, experimentally and numerically, the environmental conditions prevailing 

in a large mechanically ventilated athletic hall, with the aid of the computational fluid dynamics 

code PHOENICS. The indoor space of the building was simulated in the PHOENICS 

environment and the model results were validated against experimental data collected during a 



10-day campaign in the hall. The measurements included airflow characteristics and pollutants 

concentrations at different locations of the indoor space, as well as surface temperatures of the 

indoor materials. Having obtained good agreement between experimental and numerical results, 

different scenarios were applied in the model to investigate the environmental conditions 

prevailing in the hall under different ventilation and occupational conditions. These regard air-

conditioning, heating, and cooling modes, as well as empty and full hall during an athletic event. 

The airflow, temperature, and CO2 concentration fields were studied and results revealed 

dynamic behavior of the fields, significantly altering with the different considered cases. The 

airflow patterns were characterized by distinct vortices of various sizes, originating from the 

ceiling air inlet fans of the heating-ventilating-air conditioning system, while temperature and 

pollution stratification were evident, indicating ineffective performance of the ventilation system. 

© 2007 Springer Science+Business Media B.V. 
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Abstract 

A numerical study on the mass flow rate induced by natural convection in a sloped converging 

channel for different inclination and convergence angles with symmetrical heating is reported. 

Two-dimensional, laminar, transitional and turbulent simulations were obtained by solving the 

fully-elliptic governing equations using two different general purpose codes: Fluent and 

Phoenics. In transitional and turbulent cases, the low-Reynolds k s(-) ω turbulence model was 

employed. Special emphasis was carried out, for turbulent regime, on the systematic comparisons 

of computational results with experimental and numerical data taken from literature, considering 

the influence of inlet turbulence intensity upon transitional point. Numerical results were 

obtained for wide and not yet covered ranges of the modified Rayleigh number varying from 10- 

2 to 1012, the aspect ratio between 0.03 and 0.25, the converging angle from 1° to 30° and 

sloping angle from 0° to 60°. A generalized correlation for the non-dimensional mass flow rate in 

a channel with isothermal plates and symmetric heating conditions is presented. © 2008 Elsevier 

Ltd. All rights reserved. 
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1376-1380+1391.  

 

Abstract 

This paper analyzed the formation of piston-effect and the air flow characteristics in subway. 

Taking an operating subway in Beijing as a study object, the calculation results of SES and the 

commercial CFD software PHOENICS (3.6.1) were compared which shows well accordance. At 

the same time the SES results and the field measurement results were compared which shows 

well accordance too. Then the result of study was applied to a subway HVAC design in Beijing. 

A draft plan of the construction of ventilation shaft that can use the piston-effect effectively to 

reduce the HVAC energy consumption was put forward. 
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Abstract 

Arc brazing technology for joining has been recently developed. Because of its advantages, it has 

been used more and more frequently in the automobile industry, and this technology is widely 

used in practical joining applications. Many welding researchers have paid more and more 

attentions in this field. Based on the experimental analysis of CuSi3 filler metal spreading, 

wetting behavior on galvanized steel sheet and its interfacial microstructure in tungsten inert gas 

(TIG) arc brazing process, the governing equations and boundary conditions of filler metal 

droplets under the actions of gravitational force, surface tension and arc pressure force is 

conducted, then they have been transformed into finite volume equations, The flow behavior at 

different arcing time in filler metal droplet was calculated by PHOENICS code using SIMPLEST 

algorithm. It can be concluded that the flow adjacent to the surface controls the final droplet 

profile, and the fluid flow does great contribution to the whisker-like intermetallic compound 

fragmentation behavior due to its stirring force at the interface. The simulation is useful to 

interpret the free surface evolving behavior and the final profile of filler metal droplet in arc 

brazing, it also provide a new idea about the interface growth behavior study and offer a practical 

guide in production. 
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Thermal hydraulic investigations of intermediate heat exchanger in a pool-type fast breeder 



reactor 

(2008) Nuclear Engineering and Design, 238 (7), pp. 1577-1591.  

 

Abstract 

Intermediate heat exchanger (IHX) in a pool-type liquid metal cooled fast breeder reactor is an 

important heat exchanging component as it forms an intermediate boundary between the 

radioactive primary sodium in the pool and the non-radioactive secondary sodium in the steam 

generator (SG). The thermal loads during steady state and transient conditions impose thermal 

stresses on the heat exchanger tubes and on the shells which hold the tube bundle. Estimation of 

these thermal loads and achieving uniform temperature distribution in the tubes and shells by 

having uniform flow distributions are the major tasks of thermal hydraulic investigations of IHX. 

Through multi-dimensional thermal hydraulic investigations performed using commercially 

available computer codes such as PHOENICS, the flow and temperature distributions in the tubes 

and shells and in its secondary sodium inlet and outlet headers are obtained with and with out 

provisions of flow distribution devices. The effectiveness of these devices in achieving 

acceptably uniform flow and temperature distributions has been assessed and thermal loads on 

the tubes and shells for thermo mechanical analysis of the IHX have been defined. The 

predictions of the computational studies have been validated against simulated experiments. © 

2008 Elsevier B.V. All rights reserved. 

 

 

Huang, Y., Yang, Y., Wei, G., Shi, W., Li, Y. 

Boundary coupled dual-equation numerical simulation on mass transfer in the process of laser 

cladding 

(2008) Chinese Optics Letters, 6 (5), pp. 356-360.  

 

Abstract 

The coupled numerical simulation on fluid flow, heat transfer, and mass transfer in the process of 

laser cladding is undertaken on the basis of the continuum model. In the simulation of mass 

transfer in the laser molten pool, the concentration distribution in the regions on different sides of 

the interface between cladding layer and substrate is calculated separately and coupled at the co-

boundary. The non-equilibrium solute partition coefficient is obtained from equilibrium solute 

partition coefficient according to the Sobolev model. By using the developed software which is 

based on the commercial software PHOENICS 1.4, the distribution of Fe in laser molten pool in 

an experiment of cladding Satellite 6 on 12CrMoV is calculated. The obtained results well 

coincide with the experimental ones. 

 

 

Zhang, R., Yin, Y., Fan, D., Katayama, S.J. 

Numerical simulation of the mechanism for penetration increasing of A-TIG welding 

(2008) Jixie Gongcheng Xuebao/Chinese Journal of Mechanical Engineering, 44 (5), pp. 175-

180.  

 

Abstract 



The mechanism of the increasing of A-TIG welding penetration is studied by using the activating 

flux developed by ourselves for stainless steel. The effect of flux on the flow and temperature 

fields of weld pool is simulated by the PHOENICS software. It shows that without flux, the fluid 

flow will be outward along the surface of the weld pool and then down, resulting in a flatter weld 

pool shape. With the flux, the oxygen, which changes the temperature dependence of surface 

tension grads from a negative value to a positive value, can cause significant changes on the weld 

penetration. Fluid flow will be inward along the surface of the weld pool toward the center and 

then down. This fluid flow pattern efficiently transfers heat to the weld root and produces a 

relatively deep and narrow weld. This change is the main causation of penetration increasing. 

And arc shrinking can cause the weld width to become narrower and the penetration to become 

deeper, but arc shrinking not the main causation of penetration increasing. The simulation results 

of the weld pool shape accord with the experiment results well. 
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Freitas, G.C.S., Peixoto, F.C., Vianna Jr., A.S. 

Simulation of a thermal battery using Phoenics® 

(2008) Journal of Power Sources, 179 (1), pp. 424-429.  

 

Abstract 

Thermal batteries are primary disposable systems specially designed to develop a high energy 

density in a short period. In the present work, the modeling of heat generation and propagation 

within three Ca/CaCrO4 thermal batteries has been carried out, using a transient model. The 

commercial CFD software Phoenics® has been used and, through a typical finite volume 

approach, the related 2D transport equations have been solved, giving the time-dependent 

temperature profiles. To check the quality of the model, the temperature of pseudo-equilibrium 

state (a typical thermodynamic parameter), has been analyzed. The temperatures related in the 

literature were close to those calculated. The results also indicate that the fusion of electrolytes is 

virtually an instantaneous process when compared to the time to reach the pseudo-equilibrium 

state, which indicates that the generation of electrical current occurs immediately after the 

thermite burning. © 2008. 
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Mathematical simulation of solid particle dispersion in the air of Vilnius city 

(2008) Journal of Environmental Engineering and Landscape Management, 16 (1), pp. 15-22.  

 

Abstract 

One of the main methods for the air quality assessment and forecast is mathematical simulation 



of pollutants. In order to simulate the dispersion of solid particles (SP) in the air, there may be 

applied the package of "Phoenics" software in which the proximity methods of equation solution 

are used, because an accurate analytic solution of movement equations is not possible to be 

applied. The software was used in Žverynas district of Vilnius city in which the exact values of 

SP were selected. The paper presents the technique of mathematical simulation of SP dispersion 

in the air, the Algebraic Slip Model is described which is used for the solution of the problem; the 

model uses calculation-based formulas. Based on the results of the experiment (the values of SP 

concentration) and the obtained results by applying "Phoenics" mathematical simulation program, 

the feasibility of the simulation program for modeling the SP concentration dispersion is 

determined. The results of simulation are submitted in figures and tables, and conclusions have 

been derived. 
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Qi, X.-N., Liu, Z.-Y. 

Investigation on drag reduction of trucks 

(2008) Journal of Shanghai Jiaotong University (Science), 13 E (2), pp. 201-205.  

 

Abstract 

A study of the mechanism of fences was given to reduce drag by means of theoretical analysis, 

numerical simulation and experimental research. A 3D mathematical model has been developed 

based on computational fluid dynamics software Phoenics that was capable of handling steady 

state, 3D flow to simulate the flow field around the truck. The experiment made in a low speed 

wind tunnel is used as references for validation. By analyzing the results of calculation and 

experiment, the flowing mechanism of the flow field around the container truck and the drag-

reducing mechanism of #-shaped fences on the truck are unveiled, which provides theoretical 

guidance to the aerodynamic formation designing and amelioration. 
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Vaidya, A.M., Maheshwari, N.K., Vijayan, P.K., Saha, D. 

Computational study of moderator flow and temperature fields in the calandria vessel of a heavy 

water reactor using the PHOENICS code 

(2008) Kerntechnik, 73 (1-2), pp. 33-40.  

 

Abstract 

Three dimensional CFD simulations of the moderator flow in the calandria vessel of a heavy 

water reactor are performed using the PHOENICS CFD code. The model includes the entire 

calandria vessel consisting of three shells, calandria tubes and inlet and outlet nozzle openings. 



The computational model prepared in PHOENICS consists of (a) standard k-ε turbulence model, 

(b) PARSOL technique for handling curved objects in cartesian grids and (c) Boussinesq 

formulation for handling variable density flows. PHOENICS is validated by applying it to three 

different flow cases. The flow pattern in the calandria vessel under normal operating conditions is 

obtained through simulation. The effect of the presence of calandria tubes and heat generation on 

moderator flow pattern is studied. The simulation is also performed for various heat loads and 

moderator mass flow rates. The maximum temperature achieved by the moderator flow under 

various heat loads and moderator mass flow rates is obtained. © Carl Hanser Verlag. 

 

 

Assimakopoulos, V.D., Stathopoulou, O.I., Halios, C., Helmis, C.G. 

Numerical investigation of indoor environmental conditions in an office 

(2008) International Journal of Ventilation, 6 (4), pp. 315-326.  

 

Abstract 

The purpose of this work is to present a study of the indoor environmental conditions of an office 

which is fully occupied and naturally ventilated by window and door opening. In order to 

investigate the mechanisms controlling the indoor environmental conditions, as well as the 

processes acting indoors, the CFD model PHOENICS and the numerical mass balance Multi-

chamber Indoor Air Quality model (MIAQ) were applied. Model inputs were based on input data 

obtained from extensive experimental measurements that took place in the office. The indoor 

airflow, temperature and inert gaseous pollutant fields, as well as indoor air quality with respect 

to particulate pollution, were investigated under different occupancy conditions. Comparison of 

computed versus experimental results revealed that both numerical models performed in a 

satisfactory manner. Results revealed that the flow field is characterized by very low velocities 

with areas of uniform flow and isolated vortices depending on the presence of objects. The 

presence of people did not affect the patterns established. Pollutant and heat dispersal was found 

to be dominated by the general flow field, leading to areas of higher temperature and pollution. 

The MIAQ model indicated that deposition is an important mechanism in such micro-

environments, which considerably affects indoor pollutant concentrations. Under the ventilation 

conditions examined, indoor air quality in relation to carbon dioxide concentration was found to 

be satisfactory. Exposure to particulates during the period of occupancy was below the 24 hour 

exposure limit derived from current European Standards. 
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Numerical simulation of smoke flow during highway tunnel fire 

(2008) Huanan Ligong Daxue Xuebao/Journal of South China University of Technology (Natural 

Science), 36 (2), pp. 64-69.  



 

Abstract 

In order to effectively investigate the fire safety system for highway tunnels, this paper proposes 

a mathematical model and a physical model to describe the smoke flow in the tunnel, with the 

Tianfu Highroad Tunnel in Chengdu as the research object. On the basis of the proposed models 

and by using the CFD software Phoenics 3.6.1, the fire smoke flow in longitudinal ventilation 

condition is numerically simulated. By means of simulation, the distribution laws of the 

concentration field and the temperature field of thermal smoke in different longitudinal 

ventilation conditions are obtained, the development of the smoke is analyzed, and the nasty 

instances caused by the fire and smoke in various tunnel sections to passengers are obtained. 

Some references for the fire controlling, passenger rescue and evacuation are finally provided. 

 

Author Keywords 

Fire;  Highway tunnel;  Numerical simulation;  Smoke flow 

 

 

Wang, S.-L., Shi, X.-J., Zhao, S.-H., Liu, Q., Wang, H.-X. 

The technical research and application development of groove surface in turbulent drag reduction 
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150.  

 

Abstract 

Aiming at the energy consumption in long pipeline transportation, the research situation of 

grooved surface turbulence drag reduction both home and abroad is summarized from the point 

of view of the characteristics of turbulent boundary layer flow, streak structure and coherent 

structure, the influence of geometric shape, size, flow field pressure gradient and the way 

installing groove face on groove drag reduction is discussed, The mechanism of drag reduction of 

grooved surface is overviewed, the existing problems are analyzed. It is pointed out that the 

advanced technologies, such as PIV image processing and fluid mechanics software Phoenics and 

Fluent, should be used to research the instantaneous flow field of turbulent boundary layer to 

determine the mechanism of grooved surface turbulence drag reduction. The flow field of 

concave groove transversely placed in flat central section is simulated numerically, and a small 

whirlpool flow structure is obtained, meanwhile, the function of the structure in drag reduction is 

verified, a new recognition of drag reduction is stated, too. 
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Flow modelling and numerical simulation of post combustion room [Modélisation et simulation 

numérique d'une chambre de postcombustion] 

(2008) Mecanique et Industries, 9 (1), pp. 81-91.  



 

Abstract 

This study takes place in an engineering global study of incineration process (rotary kiln, post-

combustion room, smoke treatment), which has as objective the identification of the aero-thermal 

and chemical behaviour of the reactive flow in the post combustion room. The work developed 

here, in an engineering approach, focuses in particular on the verification of the three T rule 

(Temperature, Turbulence and Time stay of gases) in the first treatment smoke unity. The study is 

done through numerical simulation in reactive flow of a post-combustion room. The incineration 

unity works with a rotary kiln of 1.5 MW and consuming gas fuel. Phoenics is used to achieve 

simulation, taking into account turbulence and combustion interaction through the Eddy Break 

Up model coupled with the turbulence model. © 2008 AFM EDP Sciences. 
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Modelling the dispersion of a toxic substance at a workplace 

(2008) Environmental Modelling and Software, 23 (1), pp. 82-89.  

 

Abstract 

The occupational health and safety of the workers in chemical plants are of great importance 

because they are exposed to concentrations of toxic substances that may exceed institutional 

limits. This work presents a methodology of assessing the indoor dispersion of the toxic chemical 

substance Vinyl Chloride Monomer (VCM) in a Polyvinyl Chloride (PVC) chemical plant using 

Computational Fluid Dynamics (CFD) techniques. A mathematical model using the CFD Code 

PHOENICS based on solving the full 3-D Navier-Stokes and scalar conservation equations 

together with turbulence modelling is used to predict the toxic VCM dispersion in a 

geometrically complex industrial area. The source emissions, as well as the effect of the 

geometrical details of the building structure were also studied. The results showed that the use of 

a CFD is a promising technique to study the occupational exposure in the known carcinogen 

VCM and to design the proper ventilation system to reduce the consequences of an accidental 

release of VCM in a workplace. © 2007 Elsevier Ltd. All rights reserved. 
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Simulation of gas flow in a private burner mixing pipe 

(2008) Annals of DAAAM and Proceedings of the International DAAAM Symposium, pp. 915-

916.  

 

Abstract 



The study goal is to build a numerical model, which allows future optimization of shape and 

dimension for the mixing pipe of a self-aspirating burner. This optimization is requested by the 

local industry of burners. The KE-EP turbulence model contained in the Phoenics CFD code is 

used. The measures for increasing convergence of the calculus process are presented together 

with practical tips to minimize errors. A body fitted coordinates model is developed, which 

allows obtaining velocity and pressure distribution, kinetic energy of turbulence variation and 

streamlines. An elliptic flow zone is identified within the pipe and suggested methods to 

minimize this area are presented. 
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Building regulation and thermal comfort: The opening typology influence on natural cooling 

inside office buildings in maceió 

(2007) IBPSA 2007 - International Building Performance Simulation Association 2007, pp. 1054-

1061.  

 

Abstract 

The opening typology influences the ventilation of the rooms offering more or less resistance to 

the airflow. The Building Regulation of Maceio of 1985 determines the minimum openings area 

based on the floor's area, as 1/6 for light and 1/12 for ventilation. These items have a straight 

influence on the air flow pattern inside the rooms, as well as on the users' thermal comfort. The 

aim of this study is to investigate three different openings typology in office buildings in Maceio 

city (sash, top hung and vertical pivot window) with open area based on the Building Regulation. 

Computational simulations where realized with PHOENICS 3.6 software on a typical office 

building. 

 

 

Spencer, J., Zhai, Z. 

Fast evaluation of sustainable heating and cooling strategies for solar homes with integrated 

energy and cfd modeling 

(2007) IBPSA 2007 - International Building Performance Simulation Association 2007, pp. 1677-

1683.  

 

Abstract 

This paper demonstrates a simple and practical simulation-based approach for fast identification 

of appropriate building design strategies at the early stage of a design project. A simplified 

passive solar house was modeled using an integrated building energy and CFD simulation to 

examine the feasibility of different sustainable thermal strategies for use in the 2007 Solar 

Decathlon Competition. The home was modeled in EnergyPlus, and then the surface 

temperatures at times of interest were used as boundary conditions for CFD modeling in 

PHOENICS. A number of energy-efficient heating, cooling and ventilation strategies and 



technologies were tested. The simulation results confirmed some obvious conclusions but also 

showed that some design strategies that appeared to be promising and met typical design criteria 

failed to provide desired performance. The outcomes of this study are of great value for decision-

making of appropriate architectural and engineering designs for the solar decathlon house. This 

study illustrates that an engineering-assisted design is feasible and helpful even at very beginning 

stage of a design project. 
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(2007) European Wind Energy Conference and Exhibition 2007, EWEC 2007, 2, pp. 1009-1015.  

 

Abstract 

In order to provide optimal sitting of wind turbines, a reliable estimate of the wind resource over 

a given area is required. This paper compares the performance of two models, WAsP and 

WindSim predicting the power production of individual turbines. Wind models are potentially 

important at complex terrain sites in the wind resource assessment since measurements can only 

be afforded at selected positions, and the wind variations may be large over short distances. The 

purpose of this paper is to compare the accuracy with regard to wind resource assessment of the 

commonly used WASP package with the WindSim package which uses a more complete Navier-

Stokes solver based on the PHOENICS code which should give more accurate results in complex 

terrain. 
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Abstract 

The computational analysis proposed has the objective of validating physical model of radiation 

chamber inside furnaces. The main phenomena involved are: energy transport, turbulence, mass 

transport and chemistry reaction. This study can be used by other researchers as a guideline to 

choose a model that represents adequately the physical phenomena of great industrial interest. In 

this paper one has used a commercial software called PHOENICS, from CHAM 

(www.cham.co.uk), to work out the necessary CFD simulations. The radiation model used in this 

study was IMMERSOL, which is a proprietary radiation model developed by CHAM. 

Combustion phenomena were modeled using the 3 gases model, which considers the reaction fuel 

+ oxidant -> product (only 3 species). Finally, the temperature, velocity and pressure profiles, 

among others, will be shown throughout the radiation chamber. Hence, this work aims the study 



of the main physical phenomena that takes place inside the radiation chamber of a general 

furnace using computational fluid dynamics (CFD) as a tool. 
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exchangers 
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Conference - HT 2007, 1, pp. 539-546.  

 

Abstract 

A three dimensional numerical simulation study has been carried out to predict air flow and 

temperature distribution in flat-tube heat exchangers. Due to the symmetry in geometrical 

construction, a section of heat exchanger has been considered for CFD analysis by using 

PHOENICS software. The k-s turbulence model has been used to solve the transport equations 

for turbulent flow energy and the dissipation rate. In order to check the validity of the 

computational modeling, the results were compared with the measured flow parameters such as 

pressure and velocity distribution. It is found that both the heat transfer coefficient and the 

pressure drop for the shell-side are in good arrangement with experimental results. Comparing 

with circular-tube heat exchangers, the simulation result shows that the pressure drop of flat-tube 

heat exchangers decreases 12%-20%, and the coefficient of integral performance Nu/ζ0.29 has an 

increment, which is between 22%-34%. Copyright © 2007 by ASME. 
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On the fluid flow and mixing phenomena in ladles equipped with impeller and gas purging for 

degassing of Al-based alloys 

(2007) Materials Science Forum, 560, pp. 145-150.  

 

Abstract 

In this work a fundamental Eulerian mathematical model is developed to simulate fluid flow and 

mixing phenomena in aluminum ladles equipped with an impeller for dehydrogenization 

treatment. The effect of rotating speed and type of impeller, depth of immersion, and gas flow 

rate, on the mixing behavior and vortex formation is analyzed with this model. The model 

simulates operation with and without gas injection and it is developed in the commercial 

PHOENICS 3.4 CFD code in order to solve all conservation equations governing the process, i.e., 

continuity, 3D turbulent Navier-Stokes and k-ε turbulence model for a two-phase fluid flow 

problem using the Inter Phase Slip Algorithm. In order to realistically represent the process, the 

shape of the furnace and the impellers are modeled by employing Body Fitted Coordinates. It is 

concluded that the mixing behavior is highly dependent on the rotation speed and impeller type. 



Mixing time is improved when: the impeller is located at a depth of 0.229 m into the aluminum 

bath, and by using high rotation speeds, ladles with a high ratio of diameter to height, and 

impellers with notches. 
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168.  

 

Abstract 

It is the goal of climate-adapting buildings to make used of the natural regularity to decrease 

indoor temperature and improve thermal comfort. In the aviation building in Sanya airport, the 

control mode of thermal environment-combination of natural ventilation, air modulation by 

mechanical fans and air-conditioning is promoted. The CFD software PHOENICS is employed to 

simulate the potential of natural ventilation and air modulation by mechanical fans in different 

plans under typical meteorological conditions of Sanya in summer. Finally, it is concluded that 

the wide usage of air modulation by mechanical fans in tropical zones can lead to lower energy 

consumption under the same indoor thermal comfort. 
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(2007) Nuclear Engineering and Design, 237 (23), pp. 2219-2231.  

 

Abstract 

During a fuel element failure in a liquid metal cooled fast breeder reactor, the fission products 

originating from the failed pins mix into the sodium pool. Delayed neutron detectors are provided 

in the sodium pool to detect such failures by way of detection of delayed neutrons emitted by 

delayed neutron precursors present in the fission products. The transient evolution of precursor 

concentration is governed by the sodium flow distribution in the pool. Transient thermal 

hydraulic analysis of precursor concentration evolution in the hot pool of a 500 MWe fast reactor 

has been carried out using the computational fluid dynamics code PHOENICS to estimate the 

time at which the failures of various fuel subassembly are detected. Standard k-ε turbulence 

model is used to take care of turbulence in conjunction with the precursor concentration equation. 



It has been found that in order to effectively detect the failure of all fuel SA in the core, a 

minimum of eight detectors are essential to be provided in the hot pool. © 2007 Elsevier B.V. All 

rights reserved. 

 

 

Sheaffer, P.M., Zittel, P.F. 

Carbon oxidation in low pressure laminar H2 + O2 flames II: The lifted-flame testbed 

(2007) Collection of Technical Papers - 37th AIAA Fluid Dynamics Conference, 3, pp. 2047-

2064.  

 

Abstract 

We study the oxidation behavior of carbon colloids (soot analogs) in the recombination zone of a 

low-pressure, burner stabilized, premixed hydrogen-oxygen-argon flame, and compare with 

model simulations using literature flame model chemistry suites. Previous work at 50 Torr 

yielded qualitatively similar COx yield profiles with respect to flame stoichiometry for widely 

varying chemical and structural forms of micron-sized carbon particles (glassy, graphitic, 

fullerene, diamond; milled vs. nascent). In this work we focus primarily on the combustion of one 

form of carbon at 20 Torr, near the low pressure limit of flame extinction, and seek to determine 

the relative importance of OH and O2 in the recombination-zone oxidation of carbon. Yields of 

the product species CO and CO2 were measured as a function of λ at several different axial 

positions within the flame. A stable, lifted flame was observed to form 1-2 cm above the burner 

face and is a sensitive test of computer model fidelity. The laboratory flame was modeled in 

detail using the PHOENICS/CHEMKIN-II, 3-dimensional computational fluid dynamic flame 

combustion code. Two standard literature "comprehensive" H 2/O2 combustion chemistry suites 

were found to poorly predict the observed stoichiometric dependence of the flame lift. A more 

recent, simpler mechanism accurately predicts the observed flame lift, which appears associated 

with better accuracy in modeling the HO2 profile upstream of the flame front. The CO and CO2 

yields for carbon particles were modeled using a carbon pseudo-gas approximation. Simple 

modifications of the ratio of literature rate constants for the C+OH and C+O2 reactions are 

presented which more accurately reproduce the observed CO and CO2 yield profiles in fuel-rich 

flames. 
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Abstract 

Several building simulation programs have been developed for design, analysis and prediction of 

the distribution of temperature, airflow and heat transfer between the inside and outside of a 

building, and/or between different zones of the building. These programs are categorized as 

mono-zone models (e.g. AIDA and Type 19 of TRNSYS), multi-room models (e.g. HOT2000, 

DOE, Type 56 of TRNSYS, EnergyPlus, COMIS and CONTAMW), zonal models (e.g. POMA 

and CWSZ), Computational Fluid Dynamics (CFD) models (e.g. EXACT3, FLUENT, 



FLOVENT, PHOENICS, and STAR-CD), and multi-zone models (e.g. ESP-r). The number of 

computer programs cited here, for illustration, continues to increase with each reflecting different 

objectives and concerns. Some of these computer programs are dedicated to research and others 

to design and auditing. However, none of them automatically translates the design process as 

performed by design companies. This paper addresses the various simulation program categories 

and approaches developed through the decades and the physical phenomena encountered within 

buildings. A suggested design process is addressed to be used as a platform for proposing a new 

generation of energy and load simulation programs. 
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Abstract 

In the pool type fast reactors the roof structure is penetrated by a number of pumps and heat 

exchangers that are cylindrical in shape. Sandwiched between the free surface of sodium and the 

roof structure, is stagnant argon gas, which can flow in the annular space between the 

components and roof structure, as a thermosyphon. These thermosyphons not only transport heat 

from sodium to roof structure, but also result in cellular convection in vertical annuli resulting in 

circumferential temperature asymmetry of the penetrating components. There is need to know the 

temperature asymmetry as it can cause tilting of the components. Experiments were carried out in 

an annulus model to predict the circumferential temperature difference with and without sodium 

in the test vessel. Three-dimensional analysis was also carried out using PHOENICS CFD code 

and compared with the experiment. This paper describes the experimental details, the theoretical 

analysis and their comparison. © 2007 Elsevier Ltd. All rights reserved. 
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Abstract 

The new contamination model of batch transportation based on the k-turbulent model is 

established. Numerical Simulation for the concentration distribution of contamination before and 

after shut-down to Batch Pipeline is conducted with the help of PHOENICS. The result is given 

by curves and pictures. The computation results shows that the effect of density to laminar 

bottom in erect pipeline is distinct and bigger than viscosity difference. The theory that oil with 



smaller density is at bottom of pipe, forming the length of contamination is not obvious and 

shorter than contrary direction at shut-down is also testified. The study has the theoretical 

guidance significance to reduce contamination at shut-down and track contamination interfacial 

and incise on breaking down and restart of pipeline. 

 

Author Keywords 

Batch transportation;  Contamination;  Numerical simulation;  PHOENICS;  Shut-down 

 

 

Tchouvelev, A.V., Cheng, Z., Agranat, V.M., Zhubrin, S.V. 

Effectiveness of small barriers as means to reduce clearance distances 

(2007) International Journal of Hydrogen Energy, 32 (10-11), pp. 1409-1415.  

 

Abstract 

Hydrogen clearance or safety distance can be defined as the minimum distance between a 

hydrogen leak source and surrounding equipment, property or personnel beyond which the risk to 

the said recipients associated with existing hydrogen hazards is deemed acceptable. The same 

principal is applied to determine clearances to ignition sources and air intakes only the criteria in 

this case are the risk of ignition or the risk of intaking a flammable mixture. The study of effects 

of small barriers as means to reduce clearance distances for compressed hydrogen releases is 

important for the development of installation codes and risk mitigation requirements. In this 

paper, computational fluid dynamics (CFD) modeling techniques were applied to the numerical 

simulation of the effects of a protective wall of 1 m by 1 m on reducing the size of hydrogen 

cloud. The protective wall was 1 m away from a 70 MPa (700 bar) 60 L tank, from which an 

incidental hydrogen release impinged horizontally onto the wall, causing a complicated 3D 

dispersion of hydrogen cloud. In-house CFD codes first accurately estimated the non-linear 

hydrogen mass release rate decreasing with time. Then the effects of the wall on the propagation 

speed of the hydrogen cloud moving behind the wall were investigated using the PHOENICS 

software package, provided with both the ideal gas law and the real gas law expressed by the 

Abel-Nobel equation of state (AN-EOS). The distributions of lower flammability limit (LFL) and 

50% of LFL hydrogen clouds were described in detail based on the numerical results. It was 

found that the 50% of LFL hydrogen clouds (2% vol) could propagate behind the wall in less 

than 0.2 s after the onset of the release. The horizontal extents corresponding to 50% of LFL 

hydrogen cloud on the central vertical plane are 9.6 m at 5 s when they are predicted using the 

ideal gas law. When using the real gas law, the predicted extents decrease to 6.3 m at 5 s. The 

ideal gas law significantly overestimates the hypothetical hydrogen cloud volumes for LFL, or 

fractions of LFL, for different release times at the current initial stagnation pressure level (700 

bar). The current model codes and standards generally specify clearance distances for hydrogen 

based on the regulators' experience in other flammable gases, like natural gas or propane, rather 

than on real hydrogen gas properties that particularly deviate from ideal gas law under high 

pressure. On the other hand, it is relatively more conservative to exploit the ideal gas law to 

predict the combustible hydrogen cloud extents than using the real gas law for industrial 

applications. The numerical results from the impingement release also confirm that a small 

protective wall, or a barrier, can reduce the hydrogen concentration behind the wall. The 

numerical results can be further applied for defining the zoning requirements for Canadian 



Electrical Code and clearance distances for Canadian Hydrogen Installation Code. © 2006 

International Association for Hydrogen Energy. 
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Abstract 

Temperature distribution, velocity and pressure profiles during high pressure compression (500 

MPa) of liquid food (water) and solid-liquid food mixture (beef fat and water), within a three 

dimensional cylinder basket is simulated. The computations domain in both cases was performed 

for a cylinder with a diameter of 38 mm and height of 290 mm, which are the same dimensions of 

the high pressure unit "FOOD-LAB model S-FL-850-9-W" available at the University of 

Auckland, New Zealand. The governing equations for continuity, momentum and energy 

conservation are solved using a commercial computational fluid dynamics (CFD) package 

(PHOENICS), version 3.5, which is based on a finite volume method of solution. The simulation 

for liquid food only shows the effect of forced and free convection flow on the temperature 

distribution in the liquid at the early stages of compression. This is due to the difference between 

the velocity of the pumping fluid as it enters the cylinder inlet hole (10-2-10-3) m s-1 and the 

velocity in the treatment chamber (10-8-10-9) m s-1. The simulation for the solid-liquid mixture 

shows as well, the temperature distribution in the solid and liquid at different stages of 

compression. It shows that the solid pieces are more heated than the liquid, which is due to the 

difference in their compression heating coefficient. Validation of the computed temperature in 

both cases is found to be in an agreement with those measured experimentally and reported in the 

literature. © 2006 Elsevier Ltd. All rights reserved. 
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Abstract 

The purpose of this work is to assess, both experimentally and theoretically the status of air 

quality in a dentistry clinic of the Athens University Dentistry Faculty with respect to chemical 



pollutants and identify the indoor sources associated with dental activities. Total VOCs, CO2, 

PM10, PM2.5, NOx and SO2 were measured over a period of approximately three months in a 

selected dentistry clinic. High pollution levels during the operation hours regarding CO2, total 

VOCs and Particulate Matter were found, while in the non-working periods lower levels were 

recorded. On the contrary, NOx and SO2 remained at low levels for the whole experimental 

period. These conditions were associated with the number of occupants, the nature of the dental 

clinical procedures, the materials used and the ventilation schemes, which lead to high 

concentrations, far above the limits that are set by international organizations and concern human 

exposure. The indoor environmental conditions were investigated using the Computational Fluid 

Dynamics (CFD) model PHOENICS for inert gases simulation. The results revealed diagonal 

temperature stratification and low air velocities leading to pollution stratification, accompanied 

by accumulation of inert gaseous species in certain areas of the room. Different schemes of 

natural ventilation were also applied in order to examine their effect on the indoor comfort 

conditions for the occupants, in terms of air renewal and double cross ventilation was found to be 

most effective. The relative contribution of the indoor sources, which are mainly associated with 

indoor activities, was assessed by application of the Multi Chamber Indoor Air Quality Model 

(MIAQ) to the experimental data. It was found that deposition onto indoor surfaces is an 

important removal mechanism while a great amount of particulate matter emitted in the Clinic 

burdened severely the indoor air quality. The natural ventilation of the room seemed to reduce the 

levels of the fine particles. The emission rates for the fine and coarse particulates were found to 

be almost equal, while the coarse particles were found susceptible to deposition onto indoor 

surfaces. © 2007 Elsevier B.V. All rights reserved. 
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Abstract 

The process of establishing hot crude oil pipeline is a three-dimensional unsteady-state heat 

transfer process. The coupling mathematical model in finite region was established through 

analysis of geometry model of underground hot oil pipeline and considering axial temperature 

drop of heating media on earth temperature, and was solved by the simulation software 

PHOENICS. The temperature change at any point of earth along the pipeline at any time and the 

temperature distribution around the pipeline at any moment can be obtained. The solution to these 

problems could guarantee safe economic start-up and commissioning of the pipelines. 
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Abstract 

Earth-air-pipe systems can be used to reduce the cooling load of buildings in summer. A transient 

and implicit model based on numerical heat transfer and computational fluid dynamics was 

developed to predict the thermal performance and cooling capacity of earth-air-pipe systems. 

Superposition technology is used in the model, incorporating the natural ground temperature field 

and the turbulent air flow inside the buried pipe. The model developed is validated against 

experimental investigations on an experimental set-up in Southern China. Good agreement 

between simulated results and experimental data is obtained. The model is then implemented on 

the CFD (Computational Fluid Dynamics platform), PHOENICS, to evaluate the effects of the 

operating parameters (i.e. the pipe length, radius, depth and air flow rate) on the thermal 

performance and cooling capacity of earth-air-pipe systems. A daily cooling capacity up to 74.6 

kW h can be obtained from an earth-air-pipe system installed in that region. © 2007 Elsevier Ltd. 

All rights reserved. 
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Abstract 

The new model of batch pipeline delivery contamination was established based on the K-ε 

turbulent model and the wall function used to predict problem near the wall. Numerical 

simulation for this model was studied with the help of PHOENICS software. The calculation 

results reflected the convection dispersion mass transfer phenomenon at the interface of two oils. 

The impact of transportation order on contamination in uphill and downhill pipelines was 

analyzed. 
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Abstract 

An axial magnetic field (AMF) electrode has more advantages of the switching capability than 

other contact designs such as reducing the arc voltage, securing higher current value for 

transferring from the constriction arc to the diffused arc, and regulating the arc current 

distribution. The arc constriction would increase the heat flux and the local temperature on the 

electrodes, and result in the surface melting, which make undesirable influences on the 

characteristics of a vacuum arc interruption. In the present study, we calculated the magnetic 

fields with the AMF electrodes using by a 3-D FEM software, ANSYS, and analysed the effect of 

the applied AMFs between the electrodes using the effective arc area. Also the thermal 

characteristics with the applied AMFs were calculated using by a 2-D arc modelling with a 

commercial CFD code, PHOENICS, for the feasibility study on a vacuum arc modelling. The 

detailed approaches on the vacuum arcs with 3-D coupled fields analyses are being in progress 

for a practical purpose. 
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Abstract 

A mathematical model to describe molten pool of three-dimensional gas tungsten arc welding due 

to a moving arc has been developed considering the surface tension temperature gradient as a 

function of temperature and oxygen concentration to simulate the effect of activating flux on flow 

patterns and weld penetration. The effect of oxygen content and arc constriction on the fluid 

flows and temperature fields of weld pool has been simulated by the Phoenics software. The 

effect of activating flux on the penetration has been considered in the model by changing the 

oxygen content in the surface tension equation and the arc heat flux distribution parameter in 

Gauss source and magnetic force equations. It is shown that oxygen, which changes the 

temperature dependence of surface tension gradient ∂γ/∂T from a negative value to a positive 

value, can cause a significant change in weld penetration. The change in the surface tension 

gradient in the molten pool is considered to be the principal mechanism for increased penetration 

in ATIG welding. An arc constriction and increase in voltage can cause the width of weld 

narrower and the penetration deeper, but not the main mechanism for increased penetration. © 

2007 Institute of Materials, Minerals and Mining. 
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Abstract 

Detection of fire smoke plume with a compact cheap rangefinder based on 905 nm laser diode (2 

μJ pulse energy, Ø2 cm telescope and 720 m solid-target range) is demonstrated. Reliable 

detection of small experimental fires (20×25 m2 fire plot, burning rate of ∼3 kg/s) is achieved for 

the range of about 255 m. A theoretical model of the mixing of burning products with air in the 

wind, based on three-dimensional system of Navier-Stokes equation and commercial software 

PHOENICS, is developed. The model predicts 220 m range of smoke detection by the 

rangefinder, indicating good agreement between the theoretical and experimental data. On the 

basis of this theoretical model an estimation of the smoke detection efficiency for a longer range 

(20 km for solid targets) instrument, based on a 1540 nm laser with a pulse energy of 8 mJ and a 

4 cm telescope, is made. The obtained smoke-detection range estimation, 6 km, indicate that 

more powerful rangefinders can be used not only in shot-range applications, such as fire detection 

in premises, tunnels and storage yards, but in more demanding areas, such as wildland fire 

surveillance, as well. 
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Abstract 

A three-dimensional mathematical model was developed to simulate the flow patterns and 

temperature distributions in a moving A-TIG weld pool of 304 stainless steels with different 

oxygen content using PHOENICS software. It is shown that the surface-active element, oxygen, 

is important, because it affects the weld shape by changing the flow patterns in the weld pool. 

The weld bead penetration and the depth/width ratio increase first sharply and then remain nearly 

a constant with increasing oxygen content. Depending upon the oxygen contents, three, one, or 

two vortexes that have different positions, strength, and directions may be found in the weld pool. 

Oxygen can cause significant changes in the weld shape by varying the sign of the surface 

tension coefficient. The situation with the maximum surface tension moves from the edge to the 

center with increasing oxygen content. As oxygen content exceeds a critical value, a positive 

surface tension coefficient dominates the flow patterns. The vortexes with opposite directions 

caused by positive surface tension coefficient can efficiently transfer the thermal energy from the 

arc, creating a deep weld pool. The critical oxygen content increases with the increase of the 

welding current. 
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Abstract 

The purpose of this paper is to give a description of heat transfer phenomena which take place 

during the flow of fluid in short smoke tubes with deformations in a form of symmetric over 

press with an assumed pitch and rotated by 90°. Possibilities to obtain information, which enables 

obtaining a reliable description of heat transfer in such geometry have been analyzed. 

Information concerning distributions of heat transfer can be used for designing boilers with 

extended heat transfer surface. The Phoenics code, which consist of a set of momentum, mass 

and energy transport equations complimented with a turbulence model and wall functions, was 

used. The results of the numerical calculations were verified by experimental investigations. 

Results of numerical analysis are consistent with experimental data. Distributions of a local value 

of flow characteristics in analyzed geometry have been presented. Analyzed form of the tube 

deformation intensified heat transfer phenomena in a noticeable way. 
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Abstract 

In such severe core damage accident, as small LOCAs with no ECCS injection or station 

blackout, in which the primary reactor system remains pressurized during core melt down, certain 

modes of vessel failure would lead to a high pressure ejection of molten core material. In case of 

a local failure of the lower head, the molten materials would initially be ejected into the cavity 

beneath the pressure vessel may subsequently be swept out from the cavity to the containment 

atmosphere and it might cause the early containment failure by direct contact of containment 

steel liner with core debris. When the contribution of a high-pressure scenario in a core damage 

frequency increases, early conditional containment failure probability may become large. In the 

present study, the verification analysis of PHOENICS code and the combining analysis with 

MELCOR and PHEONICS codes were performed to examine the debris dispersion behavior 

during high pressure melt ejection. The PHOENICS code which can treat thermal hydraulic 

phenomena, was applied to the verification analysis for melt dispersion experiments conducted 

by the Purdue university in the United States. A low pressure melt dispersion experiment at initial 

pressure 1.4MPas used metal woods as a molten material was simulated. The analytical results 

with molten debris dispersion mostly from the model reactor cavity compartment showed an 

agreement with the experimental result, but the analysis result of a volumetric median diameter of 

the airborne debris droplets was estimated about 1.5 times of the experimental result. The 

injection rates of molten debris and steam after reactor vessel failure for a typical PWR plant 

were analyzed using the MELCOR code. In addition, PHOENICS was applied to a 3D analysis 



for debris dispersion with low primary pressure at the reactor vessel failure. The analysis result 

showed that almost all the molten debris were dispersed from the reactor vessel cavity 

compartment by about 45 seconds after the start of steam release. Copyright © 2006 by ASME. 
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Abstract 

Atmospheric vapour condensation and harvesting is proved to be an alternative or 

complementary potable water resource in several specific arid or insular geographic areas. Last 

tests were carried out in Vignola (Corsica Island, France) on small (1 m2) and large scale (30 m2) 

planar condensers. Nowadays, priority is given to real structures implementation as roofs and 

very large condensers, or innovative structures with enhanced dew yields like funnel shapes*. 

The Computational Fluid Dynamic - CFD - software PHOENICS 3.5 has been programmed and 

applied to the radiative cooled condensers. The sky radiation is integrated and averaged for each 

structure. The radiative balance is then included in the simulation tool that permits to compare 

different structures efficiencies: for various meteorological parameters, for complex or simple 

shapes and for various scales. The program has been validated with experimental data of various 

pilot systems tested in outdoor. Then, it has been used to precise a 7.32 m2 funnel shape before 

realization. A 30° tilted angle was computed to be the best compromise for funnel cooling. Eight 

months measurements in outdoor tests presented 137.04 % increased dew rate and total collected 

amount. Max dew amount was 3080 ml in one night, correspondent to a 0.472 mm dewfall. At 

least, the program will soon be used to expect dew yields of a several thousands square meter 

condenser implemented in the Kutch (Gujarat, India). ©2006 IEEE. 
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Abstract 

The calandria of a Pressurized Heavy Water Reactor (PHWR) is a horizontal cylindrical vessel 

housing a matrix of horizontal tubes called calandria tubes, through which pass the pressure tubes 

that house the fuel bundles. The calandria is filled with heavy water acting as moderator. A large 

amount of heat (about 95 MW) is generated within the moderator mainly due to neutron slowing 

down and attenuation of gamma radiations. In the present configuration of 540 M We calandria, 



moderator inlet diffusers are directed upwards and the outlet is from the bottom of the calandria. 

This configuration is not conducive for the buoyancy-dominated flows generated due to large 

volumetric heat generation in the moderator. In order to decide the effects of changes inflow 

configuration by changing location/direction of inlet/outlet nozzles, a study was done for 

moderator flows in the using PHOENICS CFD software. The results of study with various flow 

configurations show that modification in moderator flow configuration, reduces the peak 

temperature of moderator in calandria by about 12°C as well as gives a much more uniform 

temperature distribution. 
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Abstract 

The problem to be examined here is the fluctuating pressure distribution along the open cavity of 

the sun-roof at the top of a car compartment due to gusts passing over the sun-roof. The aim of 

this test is to investigate the capability of a typical commercial CFD package, PHOENICS, in 

recognizing pressure fluctuations occurring in an important automotive industrial problem. In 

particular to examine the accuracy of transporting pulsatory gusts traveling along the main flow 

through the use of finite volume methods with higher order schemes in the numerical solutions of 

the unsteady compressible Navier-Stokes equations. The Helmholtz equation is used to solve the 

sound distribution inside the car compartment, resulting from the externally induced fluctuations. 
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Abstract 

Hydro generators are low speed machines with large diameters. They generate heat due to 

electromagnetic and windage losses. The air as cooling medium carries away the heat driven by 

fans mounted on either side of rotor, to maintain electrical insulation temperatures within limits. 

The major losses in the machine are windage losses which constitute about 40% of total losses 

and it is around 0.8% of capacity of machine. Any reduction in these losses results in 

considerable improvement in the overall efficiency of the machine. The pressure losses in the 

stator cooling parts constitute a major portion of the total pressure losses in the hydro generator. 

In the present experimental work 1:1 scale partial model of stator has been fabricated, 

instrumented and tested in the uniform velocity suction type wind tunnel test rig. Experiments are 

carried out for various flow velocities of air ranging from 5 to 30 m/s in the wind tunnel. The 

overall pressure drop and hence the overall hydraulic loss factor has been calculated. Pressure 

drop versus radial duct distance and hydraulic loss factors versus maximum inlet velocity graphs 



have been plotted for stator model for various spacer and wedge configuration. From these plots, 

it has been observed that major losses take place in wedge zone. Hydraulic loss factors i.e., in 

wedge, tooth, core, exit zones are also evaluated. CFD analysis using PHOENICS package has 

been carried out for the geometry as configured in the experiment. CFD results have been 

compared and they are in good agreement with experimental data. By extensive model studies, 

four new ventilation models have been developed. These models when selected properly for the 

machine under design can yield 40 to 50% lower losses compared to the existing designs. This 

would ultimately result in increased efficiencies of the generator even to the extent of 0.2 to 

0.3%.In actual machines, the airflow enters from the air gap into the stator in an inclined 

direction and not purely radial due to high tangential velocity of the rotor and it is even to the 

extent of 75-100 m/sec. It is necessary to conduct these experiments to represent this situation by 

a rotating model. However in the laboratory studies a pre whirl model has been made to tilt the 

air flow direction to an appropriate tangential direction before it enters the main model. In the 

process using pre whirl model studies has narrowed down the gap between the experimental and 

CFD analysis from the radial model. All these concepts are explained in the paper. 
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Abstract 

Computational Fluid Dynamics (CFD) codes are widely used in environmental studies of wind 

flow and pollutant dispersion around buildings. In recent years they have also been applied to 

simulations of indoor airflows for optimal building design and ventilation. However, these 

applications mainly concern indoor environments such as industry working areas and offices for 

occupational health and safety reasons. This study investigates experimentally and numerically 

the environmental conditions prevailing in a large mechanically ventilated athletic hall using the 

commercial CFD code PHOENICS. After the model was built it was compared with 

experimental measurements obtained during a ten-day campaign in the hall. The collected data 

included airflow characteristics and pollutants concentrations at different locations of the indoor 

space as well as the surface temperatures of indoor materials under different ventilation 

conditions and occupancy of the hall. Having obtained good agreement between simulated and 

experimental results, the environmental conditions in the hall were investigated when half-full on 

an "athletic event" day and in the presence of indoor pollutants sources. Results revealed dynamic 

airflow, temperature and pollutant concentration patterns prevailing in the hall, significantly 

altering with the different scenarios applied. Airflow fields were characterized by distinct vortices 

originating from the ceiling air inlets of the ventilation system, while temperature and pollution 

stratification were observed relating to ineffective performance of the mechanical ventilation. 
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Abstract 

Currently, most local authorities in the UK use well-established Gaussian-type dispersion models 

to predict the air quality in urban areas. The use of computational fluid dynamics (CFD) in 

integrated urban air quality modelling is still in its infancy, despite having an enormous potential 

in assessing and improving natural ventilation in built-up areas. This study assesses the suitability 

of a general CFD code (PHOENICS) for use in integrated urban air quality modelling for 

regulatory purposes. An urban air quality model of a designated air quality management area in 

the city centre of Glasgow has been developed by integrating traffic flow data for urban road 

networks, traffic pollutant emission data and a three-dimensional CFD dispersion model of a 

complex configuration of street canyons. The results are in good agreement with field 

measurements taken during the continuous monitoring campaign, and show that a general CFD 

code has indeed the potential for regulatory use. Although this numerical tool has demonstrated 

satisfactory performance, it is observed that small differences in monitoring station positioning 

may yield significant variations of the measured mean concentration, due to large values of 

horizontal and vertical local concentration gradients. Although, at this stage, the accuracy of the 

developed Glasgow urban air quality model is highly dependent on the experience of its users, it 

is believed that use of a CFD code (such as PHOENICS) could benefit urban planners, architects, 

HVAC engineers and all other professionals interested in public health. © 2005 Elsevier Ltd. All 

rights reserved. 
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Abstract 

This paper presents a two-dimensional numerical study of melting under a constant heat rate 

applied at the bottom wall of a rectangular enclosure bounded by two vertical fins and filled with 

phase change material (PCM). The simulation was carried out using PHOENICS software for 

three different fin materials (aluminium, stainless steel and copper). It was found that aluminium 

fin has a slightly larger melting rate compared to the other fin materials. The local heat transfer 

coefficient along the fin is fairly constant, but decreases with time. 
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Abstract 

This paper shows the methodology applied and results obtained n a project that had the aim of 

estimating the wind resource on a future enlargement of the Barcelona harbor. The area of study 

has not very complex topography but is very heterogeneous regarding terrain roughness due to 

the vicinity of the cty. Since the scenario can be described as non-complex topography, initally 

the standard package WAsP was used for wind field modeling. Measurements from a particular 

mast were used because of its proximity to the proposed turbine locations. Unfortunately, this 

mast was placed on the roof of a building. Therefore, during the modeling process, special are 

was taken on both the roughness complexity of the landscape and the presence of obstacles. For 

the former, a detailed double map was used, since the future harbor will be different than what 

existed during the measurement period. For the latter, a first strategy was to onsider the building 

withn WAsP by creating an artificial topography around the building, and to use an obstacle 

model afterwards to consider the effect of small construcons on the roof. The second strategy was 

to use the CFD-based (Phoenics) software WndSim to evaluate the effects on the flow of both the 

building and obstacles simultaneously. The building was described upon the numerical grid 

geometry, by settng some ells as solid. Based on comparisons with a nearby measurement site, 

results from WndSim-Phoenics method seem to perform better than the classical method. Results 

show that the effect of the building in modifying the flow was quite small, contrarily to what we 

previously thought. 
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Numerical simulation of the soil temperature field during stopping transportation of heat crude oil 
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Universities, 19 (4), pp. 76-79.  

 

Abstract 

The calculation for soil temperature field around underground heat oil pipeline is the important 

part for researching on stopping transportation time, restarting and so on during intermittently 

transportation. The mathematical model and boundary condition of soil temperature field in finite 

region was established through analysis geometry model of underground heat oil pipeline. Then it 

was solved by PHOENICS software. The results of numerical calculation based on PHOENICS 

coincide well with test data observed and the error is less than 2%. 
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PHOENICS-based numerical study of mass transfer with two petroleum products in a batch 

pipeline 

(2006) Beijing Huagong Daxue Xuebao (Ziran Kexueban)/Journal of Beijing University of 

Chemical Technology (Natural Science Edition), 33 (6), pp. 22-25.  

 

Abstract 

A new model of contamination based on the κ-ε turbulent model and the wall function is 

proposed. The new model can overcome the shortcomings in existing descriptions of 

contamination in batch transportation. Numerical simulation using this model is investigated with 

the help of PHOENICS. The concentration distribution of contamination is described graphically 

for the first time. The effects of varying the flow rate and the flow sequence on the contamination 

are analyzed by comparing concentration curves. The results show that PHOENICS numerical 

simulation is an accurate and convenient means to understand the mechanism of contamination. 

Furthermore, it also offers the possibility of studying the influence of other factors (such as 

elevation difference, valves, or temperature) on contamination. 
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The numerical simulation of VOCs concentration in a new painted office 

(2006) Proceedings of the A and WMA Indoor Environmental Quality: Problems, Research and 

Solutions Conference 2006, 2, pp. 766-770.  

 

Abstract 

A numerical study is carried out to assess the contaminant concentration (VOCs) to drop to an 

acceptable level in a newly painted model office. The study is for "wet" coating material, so the 

emission rates of various VOC is a function of time. The airflow pattern and contaminant 

concentration in the occupied zone were computed by the PHOENICS. A grille diffuser 

ventilation system is used to remove contaminants in the office. The VB emission model is used 

to determine the emission rate, and it was combined with the CFD code to include the influence 

of non-uniform concentration distribution on contaminant emission rate from the paints. The 

average contaminant (VOCs) concentration levels in the occupied zone were computed until the 

average concentrations were less then 0.6mg/m3. Results show that the VOCs concentrations in 

the occupied zone first increase rapidly and reach a peak in about 0.5 hour. After that, the 

concentrations begin to decay. The non-uniform concentration distribution greatly influences the 

decay rate of VOCs emissions. The time required for the average concentration in different 

chamber to reach the threshold level is different. The chambers which having the highest 

concentrations need 55 hours to reach the threshold level, and the chambers having the lowest 

concentrations need 50 hours. The time differences were 5 hours. 
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Vrekoussis, M., Kanakidou, M., Mihalopoulos, N., Chourdakis, G., Nickovic, S., Pérez, C., 

Baldasano, J., Drakakis, M. 

Optical characteristics of desert dust over the east Mediterranean during summer: A case study 

(2006) Annales Geophysicae, 24 (3), pp. 807-821.  

 

Abstract 

High aerosol optical depth (AOD) values, larger than 0.6, are systematically observed in the 

Ultraviolet (UV) region both by sunphotometers and lidar systems over Greece during 

summertime. To study in more detail the characteristics and the origin of these high AOD values, 

a campaign took place in Greece in the frame of the PHOENICS (Particles of Human Origin 

Extinguishing Natural solar radiation In Climate Systems) and EARLINET (European Aerosol 

Lidar Network) projects during August&ndash;September of 2003, which included simultaneous 

sunphotometric and lidar measurements at three sites covering the north-south axis of Greece: 

Thessaloniki, Athens and Finokalia, Crete. Several events with high AOD values have been 

observed over the measuring sites during the campaign period, many of them corresponding to 

Saharan dust. In this paper we focused on the event of 30 and 31&nbsp;August 2003, when a dust 

layer in the height range of 2000-5000 m, progressively affected all three stations. This layer 

showed a complex behavior concerning its spatial evolution and allowed us to study the changes 

in the optical properties of the desert dust particles along their transport due to aging and mixing 

with other types of aerosol. The extinction-to-backscatter ratio determined on the 

30&nbsp;August 2003 at Thessaloniki was approximately 50 sr, characteristic for rather spherical 

mineral particles, and the measured color index of 0.4 was within the typical range of values for 

desert dust. Mixing of the desert dust with other sources of aerosols resulted the next day in 

overall smaller and less absorbing population of particles with a lidar ratio of 20 sr. Mixing of 

polluted air-masses originating from Northern Greece and Crete and Saharan dust result in very 

high aerosol backscatter values reaching 7 Mm-1 sr-1 over Finokalia. The Saharan dust observed 

over Athens followed a different spatial evolution and was not mixed with the boundary layer 

aerosols mainly originating from local pollution. 
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The influence of pressure on SF6 Arc with contact evaporation 

(2006) 12th Biennial IEEE Conference on Electromagnetic Field Computation, CEFC 2006, art. 

no. 1633286, .  

 

Abstract 

Computer simulation has been performed to investigate the effects of pressure on contact 

evaporation process of SF6 arc in Laval Nozzle. Computations have been performed by a 

commercial computational fluids dynamics package (PHOENICS). © 2006 IEEE. 
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The parallel computation simulation of the extinguishing arc performance in the self-extinguished 

SF6 circuit breaker 

(2006) Zhongguo Dianji Gongcheng Xuebao/Proceedings of the Chinese Society of Electrical 

Engineering, 26 (20), pp. 154-159.  

 

Abstract 

The arc engendered and extinguished in the process of the self-extinguished SF6 circuit breaker 

breaking off the short circuit is a many fields coupled problem. It is a very big and complex 

computing task when the math model is built and solved, and the high performance computer and 

computing speed must be needed. Up to now, the arc math model being solved is based on many 

hypotheses and phenomenon that can not be described. On the basis of the former study, at the 

cluster of workstation (COWS) it is the first time to compute and simulate the extinguishing arc 

performance by use of the parallel computing technique and the fluid computing software 

PHOENICS. The domain decomposition method is adopted to create the fields grids. The parallel 

efficiency and speed rate of the COWS is tested. The computing results are analyzed too. It is 

showed that the cluster of workstation (COWS) being built is feasible when it is used to parallel 

computing. The results are accord with the theory of the self-extinguished SF6 circuit breaker 

extinguishing arc and the breaking law. 
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Abstract 

The Computational Fluid Dynamics (CFD) code PHOENICS was employed to evaluate 

pulverized coal combustion process in a 1GW dual circle tangential firing single chamber boiler. 

The distribution of gas velocity and temperature field in the down, middle and upper combustion 

zone of the furnace was obtained. The numerical results shown that the arrangement style of 

burners on walls leads to ellipse shape flow pattern, the long axis of which was slant against the 

sides wall in the down and middle part of the combustion field, but parallel to the two side walls 

in the upper. Temperature in the combustion field, pointed by the long axis of the slant ellipse 

shape flow, was much higher than that in other position. 'Hot corners' are formed by the 

aerodynamic character in furnace. Moreover, the impingement of the gas flow on water-cooled 

walls existed in the higher temperature field, which may lead to high temperature corrosion and 

slag at such zone during operation. In order to solve this problem, the secondary air distribution 

in the main combustion zone was altered. The results showed that the 'pagoda' secondary air 



distribution was optimum, taking account of slag resistance, char combustion efficiency and 

overall NO emission level. 
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Numerical simulation on pulverized coal combustion process in a tangential firing furnace 

(2006) Jixie Gongcheng Xuebao/Chinese Journal of Mechanical Engineering, 42 (8), pp. 107-

113.  

 

Abstract 

The computational fluid dynamics (CFD) code, PHOENICS 3.5, is employed to evaluate 

horizontal pulverized coal bias combustion process in a 200 MW tangential firing boiler. Multi-

fluid two-phase model and coal comprehensive combustion model are integrated in the code. Gas 

temperature, particle distribution, gas species concentration and radiation heat flux at different 

sections of furnace are obtained from the numerical simulation at different secondary air (SA) 

vertical distribution. The calculation results show that a high particle concentration and high gas 

temperature zone exist, together with the separation of particle and gas downstream primary air 

(PA) nozzles, which ensure suitable ignition time, high temperature level of PA mixture and 

resistance to slag on the water-cooled walls. The calculated burnout of coal particles, O2 

concentration at furnace exit and gas averaged temperature in furnace are compared with in situ 

measurement data, resulting in good agreement. The simulation results of staged SA distribution 

case show that gas temperature of down part of furnace increase and the final burnout of char is 

decreased for the postponing mixing between fuel and oxygen. Simulation results are also 

compared with in situ measurement data, resulting in good agreement with each other. Thus the 

comprehensive coal combustion model has reasonably simulated PF combustion process in large 

boiler furnace, which is benefit for optimizing unit operation conditions and reducing pollutants 

emission. 
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Young, N.C., Dong, S.Y. 

On the modeling of electro-hydrodynamic flow in a wire-plate electrostatic precipitator 

(2006) Korean Journal of Chemical Engineering, 23 (4), pp. 560-565.  

 

Abstract 

Modeling of the flow velocity fields for the electrohydrodynamic (EHD) flow in a wire-to-plate 

type electrostatic precipitator (ESP) was achieved. Solutions of the steady, two-dimensional 



Navier-Stokes equations have been computed. The equations were solved in the conservative 

finite-difference form on a fine uniform rectilinear grid of sufficient resolution to accurately 

capture the momentum boundary layers. The numerical procedure for differential equations was 

used by SIMPLEST [Michel, 2002], a derivative of Patankar's SIMPLE algorithm, to bring rapid 

convergence. The Phoenics (Version 3.5.1) CFD code, coupled with Poisson's and ion transport 

equations and electric body force in the momentum equation, developed in this study, was used 

for the numerical simulation. From calculations for the flow employing different flow models, the 

Chen-Kim k-ε turbulent model appeared to be the most appropriate choice to obtain a quantitative 

image of the resulting mean flow field and downstream wake flow of the rear wire, although this 

was obtained from a qualitative analysis due to the lack of experimental verification. The flow 

velocity field pattern showed a strong EHD secondary flow, which was clearly visible in the 

downstream regions of the corona wire despite the low Reynolds number for the electrode 

(ReCW = 12.4). Secondary flow vortices were also caused by the EHD with increases in the 

discharge current. 
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Abstract 

Water protection is one of the most important priorities of environmental protection. It is 

necessary to reduce pollution of wastewater in order to reduce pollution of drinking-water and 

water pools. One of the most dangerous wastewater pollutants are heavy metals (HM). They have 

a negative influence on people and aquatic water systems. The paper analyses possibilities of the 

sorption method application for heavy metal elimination from wastewater. Experimental 

investigation of HM sorption from water and numerical modeling usage possibilities for 

prognosis of the HM sorption kinetic process was carried out as well as experimental study of 

HM elimination efficiency dependence on sorption time of HM from wastewater, when using 

sorbents. Two pseudo kinetic models, i e the pseudo first- and second-order models, were 

developed on the basis of experimental investigation. These models were applied in numerical 

modeling in the computer program PHOENICS. The results of the computer program 

PHOENICS and those of experimental investigation describing HM sorption from water were 

compared. After comparing the two pseudo models, it is determined that the pseudo second-order 

model suits better for HM sorption. 
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Abstract 

The mist separator is a key apparatus in the acrylonitrile producing process, which is used to 

remove sulfuric acid mist from the gas product. High separation efficiency is necessitated to 

avoid the blockage and corrosion of the downstream facilities. The structure of the exit of the 

separator is one of the most important factors for increasing the separation efficiency. In the 

present investigation, 3-D gas flow field of the mist swirl separator was simulated using general 

CFD code PHOENICS. It was found that the separation efficiency of the mist separator could be 

improved by increasing the opportunity for liquid droplets to move towards the wall, as well as 

by decreasing the re-entrainment. The exit structure of mist swirl separator was then optimized 

experimentally according to the above CFD simulation findings. A new type of exit, double-deck 

sleeve, was developed and its structure was optimized. The experimental results showed that this 

structure had higher separation efficiency than other structures. High separation efficiency could 

be obtained at both low and high gas velocities, indicating better operating flexibility. The 

industrial application showed that the mist swirl separator with the optimized exit structure had 

higher separation efficiency than that of the original design. 
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Abstract 

Making the city green is an important part of urban construction and trees have a significant 

effect on the urban micro-climate. A 3-D k-ε turbulence model was developed to model air flow 

both through and above a small forest stand in an otherwise undisturbed boundary layer flow. 

The effects of the forest canopy were modeled using a momentum sink and a source term to 

generate turbulent energy. Sink terms were also added to the k and ε equations to account for the 

additional turbulence energy losses. The flow equations were solved using the Phoenics fluid 

dynamics program. Predictions from the model agreed well with wind tunnel data. Three 

different forest canopy shapes were used, a pyramid model, a frustum of a pyramid model, and a 

cuboid model. The results were compared with the wind tunnel data as a reference. The results 

show that the different canopy shapes affect the results with the cuboid canopy model giving the 

best fit with the experiment data well, with less computational time. 
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Abstract 

Understanding the characteristics of smoke flow in tunnel fire is very important for tunnel safety. 

The characteristics of tunnel fire were analyzed. The smoke development in different situations 

of an engineering example was simulated using commercial CFD software PHOENICS 3.5 by 

field modeling method. The spreading rules and characteristics of concentration field and 

temperature field of smoke flow with different longitudinal ventilation speeds were studied, 

which may provide the theoretical background for evacuation design in tunnel fire. The effective 

measures of fire rescue and crowd evacuation were also described. 
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Abstract 

Flow pattern, temperature distribution and shapes of the slowest heating zone during heating of 

solid-liquid food mixture (pineapple slices saturated with its moisture) in a cylindrical can of 

84 mm diameter and 82 mm height are predicted. The partial differential equations describing the 

conservation of mass, momentum and energy are solved numerically using commercial 

computational fluid dynamics (CFD) software (PHOENICS), which is based on a finite volume 

method of analysis. Saturated steam at 121 °C is used as a heating medium, where the metal can 

is heated from all sides. The model liquid is assumed to have constant properties except for the 

viscosity (temperature dependent) and density (Boussinesq approximation). Two methods of 

analysis are adopted in the simulation. In one of the methods, the pineapple slices are assumed 

permeable to natural convection flow in its pores, while in the second method, the pineapple 

slices are assumed impermeable. The results of the simulations of both cases are very similar. 

The simulations show, the action of natural convection on the rate of heating, liquid flow pattern 

and on the shape and movement of the slowest heating zone (SHZ). The SHZ eventually stays in 

a region that is about 30-35% of the can height from the bottom. Industrial relevance: The authors 

indentified the interesting and obviousely so far neglected topic of natural convection during 

sterilization heating of solid-liquid food mixtures in containers. The by simulation results 

obtained suggest that the configuration of the solid in the container can significantly influence the 



rate of heating. This may also be of significance for other processes such as high hydrostatic 

pressure treatment or ohmic heating. © 2006 Elsevier Ltd. All rights reserved. 
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Abstract 

In circuit breakers, high temperature arcing may lead to material erosion at the contacts. In this 

paper, numerical investigations have been performed in order to study the arc behaviours under 

the influence of copper vapours contamination in a simple Laval nozzle. The arc is assumed to be 

in local thermodynamic equilibrium. The erosion rate is estimated by considering the energy 

balance processes at the contact surface. Computations have been performed by a commercial 

computational fluids dynamics package (PHOENICS). The effects of contact polarity have also 

been investigated. It has been found that the presence of copper vapours cools down the arc 

temperature at the region close to the contacts. However, at current zero, the copper vapours 

concentration is very low. Post arc simulation has been performed in order to determine the 

critical rate of rise of recovery voltage (RRRV). Good agreement has been achieved with the 

experimental measurement of RRRV. It has been predicted that the contact erosion has a 

negligible effect on the interruption capability of the breaker. © 2006 IOP Publishing Ltd. 
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(2006) Revista de Metalurgia (Madrid), 42 (3), pp. 185-202.  

 

Abstract 

In this work a fundamental Eulerian mathematical model was developed to study fluid flow and 

mixing phenomena in aluminum ladles equipped with impeller for deshidrogenization treatment. 

The effect of critical process parameters such as rotor speed, depth of immersion, gas flow rate, 

and type of rotor on the mixing behavior and vortex formation was analyzed with this model. The 

model simulates operation with and without gas injection and it was developed on the 

commercial CFD code PHOENICS 3.4 in order to solve all conservation equations governing the 

process, i.e. continuity, 3D turbulent Navier-Stokes and the k-ε turbulence model for a two-phase 

fluid flow problem using the Inter Phase Slip Algorithm (IPSA). In order to realistically represent 

the process, shape of the furnace and three kinds of impellers were drawn by employing Body 

Fitted Coordinates (BFC). From the results it was concluded that mixing behavior is highly 

dependent on the rotor speed and on the rotor type. Mixing time is improved when: 1) Impeller is 



located at a depth of 0.229m into the aluminum bath, 2) By using high rotor speeds, 3) By using 

ladles with a high aspect ratio of Diameter to Height, and 4)By using an impeller with notches. 
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Abstract 

With a gas-fired boiler provided with a built-in stable-combustion heat island serving as an object 

of study and by making use of CFD software PHOENICS coupled with the in-boiler fluid flow, 

combustion and heat transfer process, a numerical simulation analysis has been performed of the 

gas flow and heat transfer characteristics of the boiler. The impact of an ignition-aid burner 

operating condition and an annular stable-combustion heat island on the gas flow and heat 

transfer process in the boiler was studied with a comparison and verification being made in 

production practice. The results of the study indicate that the corner-tangential layout of the 

burners and the presence of an annular heat island in the boiler are conducive to the stable 

combustion and the formation of tangential flow modes in the boiler, enhancing the agitation of 

flue gases in the boiler and making the furnace temperature distribution more uniform. As a 

result, the heat exchange efficiency of the heating surfaces in the furnace has been improved. 

Through an adjustment of the location of ignition-aid burners, the stable combustion of a low 

heat value gas-fired boiler has been realized. The research results can serve as a guide during the 

design improvement and production organization of blast furnace gas-fired boilers. 
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Abstract 

The PHOENICS 3.5 software package has been used to simulate aerodynamic processes in a 

biofilter. Studies have been done on the dynamics of the flow speed at various initial speeds, and 

also the hydraulic resistance with one, three, or five layers of biomaterial. © 2006 Springer 

Science+Business Media, Inc. 
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Abstract 

In 1953, it was decided to build a 500MeV electron synchrotron in Bonn. It came into operation 

1958, being the first alternating gradient synchrotron in Europe. After five years of performing 

photoproduction experiments at this accelerator, a larger 2.5GeV electron synchrotron was built 

and set into operation in 1967. Both synchrotrons were running for particle physics experiments, 

until from 1982 to 1987 a third accelerator, the electron stretcher ring ELSA, was constructed and 

set up in a separate ring tunnel below the physics institute. ELSA came into operation in 1987, 

using the pulsed 2.5GeV synchrotron as pre-accelerator. ELSA serves either as storage ring 

producing synchrotron radiation, or as post-accelerator and pulse stretcher. Applying a slow 

extraction close to a third integer resonance, external electron beams with energies up to 3.5GeV 

and high duty factors are delivered to hadron physics experiments. Various photo- and 

electroproduction experiments, utilising the experimental set-ups PHOENICS, ELAN, SAPHIR, 

GDH and Crystal Barrel have been carried out. During the late 90's, a pulsed GaAs source of 

polarised electrons was constructed and set up at the accelerator. ELSA was upgraded in order to 

accelerate polarised electrons, compensating for depolarising resonances by applying the methods 

of fast tune jumping and harmonic closed orbit correction. With the experimental investigation of 

the GDH sum rule, the first experiment requiring a polarised beam and a polarised target was 

successfully performed at the accelerator. In the near future, the stretcher ring will be further 

upgraded to increase polarisation and current of the external electron beams. In addition, the 

aspects of an increase of the maximum energy to 5GeV using superconducting resonators will be 

investigated. 
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Abstract 

A two-dimensional magnetohydrodynamic model which is used to describe the arc plasma of DC 

electric arc furnace was presented and solved by PHOENICS software. A comparison of arc 

plasma numerical simulation was made between potential approach and magnetic approach. 

Calculated results were compared with the experimental measurements reported in other article. 

It is showed that the calculated results of magnetic approach are higher than that of potential 

approach and agree better with the measured results. However, potential approach is a more 

convenient and numerically better-behaved method to represent the arc plasma from the 

numerical simulation point of view. 
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Abstract 

The performance of a combined sewer overflow (CSO) storage/treatment facility in North 

Toronto, Ont., Canada, was investigated by conjunctive numerical and physical (hydraulic) 

modeling. The main objectives of the study were to (1) assess the feasibility of increasing the 

hydraulic loading of the CSO facility without bypassing; and (2) establish a verified numerical 

model of the facility for future work. The numerical model [a commercial computational fluid 

dynamics (CFD), PHOENICS] was validated and verified using results from a hydraulic scale 

model (1:11.6). The results obtained show that the CFD model can simulate hydraulic conditions 

in the facility well, as demonstrated by accurate reproduction of the filling rate, water levels at 

various locations, flow velocities in feed pipes, and overflows from the inflow channel. 

Numerical simulations identified excessive local head losses and helped select structural changes 

to reduce such losses. The analysis of the facility showed that with respect to hydraulic operation, 

the facility is a complex, highly nonlinear hydraulic system. Within the existing constraints, a few 

structural changes examined by numerical simulation could increase the maximum treatment 

flow rate in the CSO storage/ treatment facility by up to 31%. © 2006 ASCE. 
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Abstract 

A three-dimensional k-ε turbulence model was developed to examine air flow both through and 

above a small forest stand submerged in an otherwise undisturbed boundary-layer flow. The 

effects of the forest canopy were modeled conventially using a sink for momentum and a source 

for the generation of turbulence energy. In addition, a further sink was added to the k- and ε-

budget equations to account for the additional loss of turbulence energy. The flow equations were 

solved using the PHOENICS fluid dynamic program by adding the necessary source/sink terms 

into the standard k-ε turbulence model. The thermal stratification is not included in the model 



simulation and wind tunnel experiment. Predictions from the model were compared against wind 

tunnel data, and good agreement was observed. Moreover, three different canopy shapes of the 

forest were introduced into the simulation. With the wind tunnel data as a reference, their results 

were compared and some useful conclusions were drawn. Finally, a design case study analyzed 

the effect of canopies on the wind environment of urban micro-climates. It showed that the 

developed tree canopy model is applicable in the design and evaluation stage. 
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Numerical simulation of combustion processes in an ultra supercritical boiler 

(2006) Dongli Gongcheng/Power Engineering, 26 (1), pp. 32-37.  

 

Abstract 

With the CFD (computational fluid dynamics) software PHOENICS and a reasonable 

mathematical model, numerical simulation of combustion processes in a double-tangential firing 

single furnace boiler of a 1000 MW ultra supercritical unit has been performed. Particularly 

studied were the characteristics of double-tangential firing, of coke firing and those of NO x 

emission. Test results show that the arrangement of burners on the front and rear wall cause gas 

flow in the furnace to assume an elliptical shape, with little NO x emission in total and high 

burning out efficiency in case of coke. However, the high temperature gas zone as well as a lot of 

unburned coke veer towards the front wall at a furnace height above 40 m, with the remaining 

coke gradually burning out in the radiation platen zone. A solution of the problem is proposed, 

trial application of which remarkably raised the coke's combustion speed and made the coke 

basically burn out before reaching the platen zone, with somewhat reduced NO x emission. 
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Numerical study of dc arc plasma and molten bath in dc electric arc furnace 

(2006) Ironmaking and Steelmaking, 33 (1), pp. 39-44.  

 

Abstract 

A numerical study of the arc plasma and molten bath in a dc electric arc furnace (EAF) is useful 

for understanding and improving the production process of the dc EAF. In the present paper, a 

mathematical model based on conservation equations of mass, momentum and energy along with 

Maxwell's equations is developed to describe the flow field and heat transfer in the arc and 

molten bath regions of a dc EAF simultaneously. The governing equations are solved using the 



PHOENICS software package. The calculated results show good agreement with those of 

previous studies, giving a useful insight into the factors of arc heat transfer and bath circulation. 

© 2006 Institute of Materials, Minerals and Mining. 
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Xu, Y.-L., Wei, Y.-H., Dong, Z.-B., Zhang, Y.-L. 

Comparison of GTAW temperature field of stainless steel simulated by different software 

packages 

(2006) Hanjie Xuebao/Transactions of the China Welding Institution, 27 (1), pp. 9-12+16.  

 

Abstract 

Two kinds of software packages were introduced and compared about their functions and 

characteristics. The simulated results of the temperature field of stainless steel SUSS 10 in 

GTAW process showed that pre-data-treatment and post-data-treatment of MARC are more 

powerful than those of PHOENICS, so it is easy for users to input the boundary conditions and 

get the results in MARC. But in PHOENICS, the interfaces to the other software packages are 

provided for the post-data-treatment, and the results can be operated easily in this way. There is 

some difference between the results simulated by two software packages as the solvers are not the 

same. In MARC, there are several integral points used to solve the results in every grid, while in 

PHOENICS, the staggered grid technique is used. Simulated results of the two software packages 

show that the highest temperature calculated with MARC is 600°C higher than that with 

PHOENICS. 
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Abstract 

New architectural concepts and features are designed to give green or sustainable buildings for 

having a better environment in the future. These new concepts and features, especially those with 

glass facades, might have difficulties in complying with the fire safety codes, especially in those 

countries with only prescriptive codes. Performance-based design has to be applied. However, 

engineering performance-based fire codes are still under development and even the performance-

based concept has not yet been accepted in some cities such as Hong Kong. There is fire safety 

concern in buildings with natural ventilation provision driven by wind action. In this paper, 

Computational Fluid Dynamics (CFD) will be applied to study natural ventilation in a small flat 



under wind action. Indoor air flow for a flat in a typical building will be simulated for windows at 

different locations. Mixing of heat due to a fire inside the building will be studied. The CFD tool 

selected is PHOENICS. Copyright © 2006 by ASME. 
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Modeling spatial distribution of floc size in turbulent processes using the quadrature method of 

moment and computational fluid dynamics 

(2006) Chemical Engineering Science, 61 (1), pp. 75-86.  

 

Abstract 

A study was performed that utilizes the quadrature method of moments (QMOM) to model the 

transient spatial evolution of the floc size in a heterogeneous turbulent stirred reactor. The 

QMOM approach was combined with a commercial computational fluid dynamics (CFD) code 

(PHOENICS), which was used to simulate the turbulent flow and transport of these aggregates in 

the reactor. The CFD/QMOM model was applied to a 28 l square reactor containing an axial flow 

impeller and 100 mg/l concentration of 1 μm nominal clay particles. Simulations were performed 

for different average characteristic velocity gradients (40,70,90, and 150 s-1). The average floc 

size and growth rate were compared with experimental measurements performed in the bulk 

region and the impeller discharge region. The CFD/QMOM results confirmed the experimentally 

measured spatial heterogeneity in the floc size and growth rate. In addition, the model predicts 

spatial variations in the aggregation and breakup rates. Finally, the model also predicts that the 

transport of flocs into the high shear impeller discharge zone was responsible for the transient 

evolution of the average floc size curve displaying a maximum before decreasing to a steady-

state floc size. © 2005 Elsevier Ltd. All rights reserved. 
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Abstract 

SMHI has developed a system for oil drift forecasting, which can be used by local authorities. 

The system shall predict where oil, coming from the open sea, hits the beaches or other parts of 

the archipelago. One crucial idea is that the system shall be easy to handle and also give fast 

calculations. An operational three-dimensional hydrodynamical model covering the North Sea 

and the Baltic Sea is run daily at SMHI. When oil is found in the open sea the Swedish Coast 

Guard makes an oil drift forecast based on the daily runs. The oil drift forecasts are used as input 

data to the high-resolution local model for the Swedish west coast, which calculates the transport, 

behaviour, and spreading of the oil. The whole calculation is made within a GIS system. That 



gives access to all the geographical information and information about vulnerable areas. In order 

not to be dependent on daily data transmission, the local model can choose between 71 different 

precalculated current fields. These fields are calculated using a three-dimensional model named 

PHOENICS, with a grid which is highly adapted to the coastal contours. Current measurements 

are performed for use as boundary values for the simulation of the precalculated current fields. 

This forecasting system is now developed for the northern part of the Swedish west coast (down 

to Gothenburg). 
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Aerodynamics and turbulent flow heat exchange in the rotary disk air cleaner 

(2005) Heat Transfer Research, 36 (1-2), pp. 104-113.  

 

Abstract 

Parametric studies of the aerodynamics of one-phase turbulent flow in a rotary disk air cleaner 

model have been performed using CFD code Phoenics. © 2005 Begell House, Inc. 

 

 

Ning, Z., Cheung, C.S., Lu, Y., Liu, M.A., Hung, W.T. 

Experimental and numerical study of the dispersion of motor vehicle pollutants under idle 

condition 

(2005) Atmospheric Environment, 39 (40), pp. 7880-7893.  

 

Abstract 

The aim of the work presented here is to study experimentally and numerically the dispersion 

characteristics of vehicular exhaust plume at an idle condition in an idealized and simplified 

environment. The gaseous and particulate concentrations in the exhaust plume of three idling 

motor vehicles were measured in an isolated environment under calm weather conditions. Despite 

the difference in the initial concentrations, the pollutants decayed exponentially in all directions. 

The CFD code PHOENICS 3.3, with the k-ε eddy dissipation sub-model, was used for the 

numerical simulation. The simulated results match very well with the experimental results close 

to the source of emission but decay to the ambient concentrations much slower. The effects of the 

initial emission concentration, exit velocity, exit direction and crosswind intensity have been 

investigated parametrically. The initial pollutant concentration will increase the local 

concentrations but the pattern of dispersion remains the same. The exit velocity will increase the 

momentum of the jet, resulting in a deeper penetration downstream. The exit angle has a stronger 

influence on pollutant dispersion than both initial pollutant concentration and exit velocity. When 

the exit angle is 15°, the pollutants tend to spread on the ground region. Crosswind shows a 

significant effect on the dispersion of the exhaust plume also. It will divert the plume to disperse 

in the same direction of the wind with limited penetration in the downstream direction. © 2005 

Elsevier Ltd. All rights reserved. 
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Abstract 

The modelling of the flow velocity fields for near corona wire electrohydrodynamic (EHD) flow 

was performed. The steady, two-dimensional Navier-Stokes equations have been computed for a 

wire-to-plate type electrostatic precipitator (ESP). The numerical simulation used Phoenics 

(Version 3.5.1) CFD code coupled with Poisson's and ion transport equations, and electric body 

force in momentum equation which were developed in this study. The Chen-Kim modified k - ε 

turbulent model was used to obtain a quantitative image of the resulting mean flow field and the 

downstream wake flow of rear wire for EHD flow. The flow velocity field pattern showed a 

strong EHD secondary flow clearly visible in the downstream regions of the corona wire in spite 

of low Reynolds number for the electrode (ReCW=12.4). The secondary flow vortices are caused 

by the EHD also when discharge current is increased. © 2005 IEEE. 
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Simulation of the effects of several factors on arc plasma behavior in low voltage circuit breaker 

(2005) Plasma Science and Technology, 7 (5), pp. 3069-3072.  

 

Abstract 

Taking into account the properties of the arc plasma and the electromagnetic, heat and radiative 

phenomena, commercial computational fluid dynamics software PHOENICS has been adapted 

and modified to develop the three-dimensional magneto-hydrodynamic (MHD) model of arc in a 

low voltage circuit breaker. The effects of the arc ignition location, venting size and gassing 

material on arc behavior have been investigated. The analysis of the results show that the arc 

velocity accelerates with the increase in the distance between arc ignition location and of the 

venting size, and the existence of the gassing material is beneficial to improving the arc voltage 

and reducing the arc temperature. 
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Numerical analysis for the multi-phase flow of pulverized coal injection inside blast furnace 

tuyere 

(2005) Applied Mathematical Modelling, 29 (9), pp. 871-884.  



 

Abstract 

The pulverized coal injection (PCI) system was modified from single lance injection into double 

lance injection at No. 3 Blast Furnace of CSC. It is beneficial to reduce the cost of coke. 

However, the injected coal was found very close to the inner wall of the tuyere during the 

operation, such as to cause the possibility of erosion for the tuyere. In this study a three-

dimensional mathematical model has been developed based on a computational fluid dynamics 

software PHOENICS to simulate the fluid flow phenomena inside blast furnace tuyere. The 

model was capable of handling steady-state, three-dimensional multi-phase flow of pulverized 

coal injection. The model was applied to simulate the flow patterns of the injection coal inside the 

tuyere with two kinds of lance design for the PCI system. The distribution of injection coal was 

simulated such as to estimate the possibility of erosion for the tuyere. The calculated results 

agreed with the operating experience of CSC plant and the optimum design of double lance was 

suggested. The model was also applied to simulate the oxygen concentration distribution with 

these different oxygen enrichments for the coal/oxygen lance system. The calculated results 

agreed with the experimental measurement. These test results demonstrate that the model is both 

reasonably reliable and efficient. © 2004 Elsevier Inc. All rights reserved. 
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Numerical simulation of plasma in DC electric arc furnace 
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Abstract 

Numerical simulation is an effective method to study the arc plasma in DC electric arc furnace, 

which can be used to provide a reference for understanding and optimizing the production 

process of DC electric arc furnace. In the paper, a two-dimensional axisymmetric steady 

magnetohydrodynamic model has been developed for the arc plasma in DC electric arc furnace. 

Based on the proposed model, the commercial software PHOENICS is applied to calculate the 

flow and temperature field of plasma. The calculated results show that it agrees well with the 

experimental measurements reported in other article. 
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Motion trace of particles in classifying flow field 

(2005) Journal Wuhan University of Technology, Materials Science Edition, 20 (2), pp. 71-73.  

 

Abstract 



According to the theory of the stochastic trajectory model of particle in the gas-solid two-phase 

flows, the two-phase turbulence model between the blades in the inner cavity of the FW-Φ150 

horizontal turbo classifier was established, and the commonly-used PHOENICS code was 

adopted to carried out the numerical simulation. It was achieved the flow characteristics under a 

certain condition as well as the motion trace of particles with different diameters entering from 

certain initial location and passing through the flow field between the blades under the 

correspondent condition. This research method quite directly demonstrates the motion of 

particles. An experiment was executed to prove the accuracy of the results of numerical 

simulation. 
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Numerical simulation on the solidification of ZA27 alloy by a two-phase flow model 

(2005) Materials Science Forum, 475-479 (IV), pp. 3203-3206.  

 

Abstract 

ZA27 alloy solidifies in the way of paste-solidification, and results in gravity segregation. The 

two-phase flow model was developed on the basis of the solidification characteristic of the ZA 27 

alloy. And the governing equations of the solidification process were differentiated and computed 

in a 3-D cylindrical coordinate system through a heat and fluid simulation software package 

(PHOENICS). The computation of the concentration field indicated a segregation of Al, and is in 

good agreement with the experiments. This model could simulate the convection and the 

gravitational segregation during the solidification. © 2005 Trans Tech Publications, Switzerland. 
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Abstract 

It is difficult for the traditional ventilation, such as general ventilation or local ventilation, to 

remove dusts effectively when dust source is changeable in a workshop, especially in a large 

space. This paper uses the software of PHOENICS, simulating stratified air distribution of three-

dimension turbulence in a large space with many kinds of interference parameters. It adopts the 

k-ε model of standard turbulence, applies staggered grid and finite volume approach discrete 

equation analysis, and simulates for predicting indoor air distribution of isothermal jet in the large 

space. The comparison and analysis between the results of simulation and empirical formula 

show that the simulation is availab1e to predictive the indoor air distribution. The results are 



useful for the optimizing the design of complex air distribution in large spaces. © 2004 Elsevier 

B.V. All rights reserved. 
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Kunming railway station 

(2005) Chongqing Jianzhu Daxue Xuebao/Journal of Chongqing Jianzhu 

University, 27 (2), pp. 76-79.  

 

Abstract 

The high-elevated waiting hall of Kunming railway station is 72.65 meters long, 39.4 meters 

wide and 8.85 meters high. There are large glass curtain walls all around the waiting hall and on 

the roof there are day lighting lines. It is likely to be overheated in summer. The software 

PHOENICS is used to carry out a numerical test on the waiting hall under the original design 

condition and the improving measures, some advices are given. Through analyzing four different 

schemes, a solution is gained: increase the number of vents on the roof; cancel the day lighting 

lines; broaden the gate on east wall. It is the best one of recommended means. The thermal 

environment and the wind field of the waiting hall are also simulated. Not only the ventilation but 

also the indoor temperature lower than 27°C is guaranteed, which meets the requirements for the 

people is activity in the hall. 
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Three-dimensional numerical simulation and analysis of the steam flow field and heat exchange 

performance of a 300 MW steam turbine's condenser 

(2005) Dongli Gongcheng/Power Engineering, 25 (2), pp. 174-178.  

 

Abstract 

Based on the PHOENICS software, with the help of a conceived porous medium, which allows 

for a distributed blocking effect and has a distributed mass, a 3-dimensional steam flow field 

model of a condenser is set up and, taking a certain power plant's 300 MW steam turbine's 

condenser as an example, the flow process of the complicated mixture of matter is being 

numerically simulated. Results of calculation almost concur with actual conditions. Accordingly, 

some referential conclusions are obtained by theoretical analysis. 
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Abstract 

Computational fluid dynamics (CFD) has been extended to the fields of the electric and 

electronics as well as the mechanics because of increasing of computer power and developing of 

numerical schemes. The thermal plasma inevitably established by separating the contacts makes a 

complex interaction with surroundings, it is not easy to analyze the phenomena neither 

experimentally nor theoretically. Nowadays, the operating energy used to move the contacts is 

required as low as possible, because it is the key factor to compact the integral system and to 

increase the reliability. Therefore, it is indispensable to analyze the thermal plasma conditions of 

circuit breakers using CFD. The thermal plasma characteristics could be obtained with computing 

flow field and electromagnetic field simultaneously. In this paper, we have simulated the 

switching process of the thermal expansion SF6 gas circuit breaker (GCB) that is combination of 

two interruption techniques, the self-expansion by the arc itself and the arc rotation by coils. In 

order to calculate the governing equations describing the dominant physical processes accurately, 

the commercial CFD code, PHOENICS, which is customized to allow the inclusion of arc plasma 

modeling by Fortran subroutines externally has been used. Through this work, we have found 

that the energy produced by the arc causes the pressure-rise in the chamber during high current 

period. And as the current falls near current zero, furthermore, the gas flows back from this 

region over the arc and should extinguish the arc just after current zero. The results have been 

compared with various dimensions and verified with the measured arc voltage. © 2004 Elsevier 

B.V. All rights reserved. 
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Abstract 

The three-dimensional numerical computational fluid dynamics computer program SSIIM was 

used to predict the flow field and the sediment transport at the Kapunga water intake in Tanzania. 

It solved the Reynolds-averaged Navier-Stokes equations in three dimensions to compute the 

water flow and used the finite-volume method as the discretisation scheme. The model was based 

on a three-dimensional, non-orthogonal, structured grid with a non-staggered variable placement. 

The k-ε model was used to predict the turbulence and the SIMPLE method to compute the 



pressure. The suspended sediment transport was calculated by solving the convection-diffusion 

equation with the bed boundary condition provided by an empirical formula for the reference 

concentration. The results from the numerical model were verified using observed performance 

ratios at the water intake. These ratios were calculated from the sediment concentrations in the 

river upstream of the intake and passing into the water intake. The computed performance ratios 

corresponded well with those derived from field measurements. Sensitivity tests showed that the 

use of a fine grid in combination with a second-order upstream scheme gave the best results. 

Varying the bed roughness showed that the results were not unduly sensitive to the method used 

to determine that parameter. The results from the SSIIM model and the field measurements were 

also compared to the results of an earlier numerical model study in which the commercial 

computational fluid dynamics program PHOENICS had been used. 
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Abstract 

Three approaches to improving the efficacy and startup time of commercially available cold 

cathode fluorescent lamps under cold ambient conditions are evaluated in this paper: heating the 

tube on one side; heating the tube on two sides; and heating the circumference of the outer tube. 

The internal power density generated by ion bombardment of the cathode and collisions in the 

plasma are indirectly obtained by matching simulated axial wall temperatures with those obtained 

by experiment at room temperature. The estimated power density is used to evaluate the temporal 

evolution of the axial surface wall temperature under different ambient conditions immediately 

after a cold start. All simulation results have been obtained using PHOENICS, a computational 

fluid flow program. Experiments have shown a good correlation between the time taken for the 

light output to reach an acceptable value and the time taken for the inner tube cold spot to reach a 

temperature of 0 ° C. These results have been used to estimate hearing time for different heater 

geometries and heater powers. The study shows that the conduction of heat to the outer glass 

envelope is the limiting process that controls the startup time. Modest improvement in startup 

time can be achieved by increasing heating power or by moving the heater to the side of the lamp. 

However, only a heater which entirely surrounds the lamp is capable of substantially decreasing 

the startup time. © 2005 IEEE. 
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Abstract 

A magnetohydrodynamic (MHD) model, which describes supersonic plasma flow inside the 

torch, is presented in this paper. It is a two-dimensional model but includes the K-epsilon model 

of turbulence, the gas viscous effects and compressible effects. The PHOENICS software is used 

for solving the governing equations, i.e. the conservation equations of mass, momentum, and 

energy together with the equations describing the K-epsilon model of turbulence. The calculated 

arc voltages and gas inflow rates are consistent with the experimental results when arc current 

and the working gas are the same as experiment. The plasma flow characteristics inside the 

supersonic plasma torch are analyzed in detail. Temperature, velocity, pressure and Mach number 

contours are presented to show the flow characteristics. Comparisons between turbulent and 

laminar models are made in detail also, and the results show the turbulent enhanced momentum 

and energy transport inside the supersonic plasma torch has little effect on the whole discharge 

area. The plasma flow inside the supersonic torch is mainly in the laminar state. © World 

Scientific Publishing Company. 
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Abstract 

With respect to the application in unlubricated friction systems like dry clutches a commercially 

available, slightly porous monolithic alumina was modified using laser irradiation by embedding 

TiN particles. The materials development was carried out by experimental studies and numerical 

simulation. Temperature and velocity profiles of the molten alumina and the dispersed TiN 

particles during laser processing were calculated using a finite volume program (PHOENICS). 

Tribological properties of the modified ceramics were characterized in unlubricated sliding 

contact with the grey cast iron GJL-250 and the steel 100Cr6 using a pin-on-disc tribometer. 

Frictional and wear behaviour were analysed at varied sliding speeds. Commercial alumina and 

silicon carbide ceramics were used as reference materials. The friction and wear behaviour were 

determined by mechanical interactions, mainly abrasive processes, material transfer and 

formation of surface layers from densified wear particles, combined with tribochemical reactions. 

Sliding pairs with the lasermodified multiphase ceramics showed a greater wear resistance and a 

greater constancy of the friction coefficient with increasing sliding speed compared to the 

commercial Al 2O 3 ceramic. © 2005 WILEY-VCH Verlag GmbH &amp; Co. 
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Abstract 

This paper presents a new type of jet aerator, which is designed by means of the application of 

CFD (PHOENICS 3.5.1) numerical simulation, and a series of experiments have been conducted. 

The experiment results reveal that it is feasible to apply CFD to designing jet aerator, since its gas 

suction flow rate is high (reaching 900∼11,00l/min) and it shows prominent performance in 

cutting bubbles (the average diameter of bubbles on the water surface is 3∼5mm) and agitating 

liquid. In addition, optimal R1 and R2 have been found out through our experiments, and the 

study on R3 may provide reference for the selection of this structural parameter in the future 

design of jet aerators. © 2005 ISEIS - International Society for Environmental Information 

Sciences. 
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Abstract 

Feedwater flowing in the tube side of the number 5 high pressure feedwater heaters is heated by 

extraction steam from the high pressure turbine and drain water from the moisture separators and 

the number 6 high pressure feedwater heaters and supplied into the steam generators. Because the 

extraction steam from the high pressure turbine is a two phase fluid of high temperature, high 

pressure, and high speed and changes direction after colliding with the impingement baffle, the 

shell wall of the number 5 high pressure feedwater heaters may be subjected to flow-accelerated 

corrosion. Wall thinning damage caused by the flow-accelerated corrosion has primarily occurred 

in carbon and low alloy steel piping. Components, such as feedwater heaters, condensers, etc., 

however, have recently experienced severe wall thinning damage, which will increase as 

operating time progresses. This paper describes the fluid mixing analysis study using PHOENICS 

code in order to determine root cause of the shell wall thinning of the feedwater heaters. To 

identify the relation between the wall thinning and the fluid behavior, the local velocity 

components in the x-, y-, and z-direction were compared with the wall thickness data by 

ultrasonic test. 
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Abstract 

During the thermogravimetric measurement of reaction rates involving mass change in a solid, 

such as coal char gasification reactivity, the sample is contained in a cup-like crucible, and CO2 

has to access through the top surface of the particle bed. CO2 mass transfer limitations control 

their reaction in such situations. Different types of crucibles and coal char initial mass loadings 

were employed to study the effect of gas mass transfer on coal char gasification rate. The reaction 

temperature was 1140°C, which was in the chemical controlled reaction regime for the coal char 

gasification. The conclusion indicated that the coal char gasification rate strongly dependent on 

the crucible type and char initial mass loading. However, the gas mass transfer around and inside 

a crucible could be simulated by the computational fluid dynamics PHOENICS package. By 

simulating the space above the bed, it was confirmed that diffusion could supply most of the CO2 

to the bed surface and molecular diffusion governed the mass transfer. Also, a mono-dimensional 

model was developed. Two parameters were used to indicate whether mass transfer was 

constraining the reaction either inside or to the bed according to the model. And, the CO2 

concentration calculated by PHOENICS software was in good agreement with what was 

predicted by the model developed in this work so that the mono-dimensional model could play an 

important role on studying the gas-solid reaction kinetics when a cup-like crucible was employed 

during the thermogravimetric measurement. 
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Numerical simulation of heat transfer in a desktop computer with heat-generating components 

(2005) International Communications in Heat and Mass Transfer, 32 (1-2), pp. 184-191.  

 

Abstract 

The heat transfer analysis of considering heat-generating components with different locations of 

two side-wall fans in a three-dimensional desktop computer was investigated in this paper. 

Herein, the well-known computational fluid dynamics (CFD) code of PHOENICS was employed 

to simulate the dissipative heat transfer in a ventilated enclosure. The SIMPLEST algorithm with 

the hybrid scheme was utilized to simulate these flows. The parameters are focused on the inlet 



Reynolds number and the locations of two fans on one of the side-wall boards. The calculating 

results show that the heat transfer efficiency of mode 4 is better than the other three modes due to 

the directly dissipative heat by forcing fans right on the vicinity of the high heat-generating 

components. The present findings not only set up a numerical heat transfer analysis of desktop 

computer but also provide a basis for further simulation of the associated heat transfer for more 

complicated situations. © 2004 Elsevier Ltd. All rights reserved. 
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Bolot, R., Li, J., Coddet, C. 

Modeling of thermal plasma jets: A comparison between Phoenics and Fluent 

(2004) Proceedings of the International Thermal Spray Conference, pp. 764-769.  

 

Abstract 

The modeling of thermal plasma jets is commonly used in order to obtain a better knowledge and 

understanding of the atmospheric plasma spray process. Many different software products are 

used in the literature at present but none of them present the same ease in integrating the plasma 

properties and none of them propose the same options: for example concerning turbulence 

modeling or concerning the implemented numerical methods. All that may result in differences in 

the converged solution and in the required computational time. For this reason, two different 

software products have been tested in the present study, namely the PHOENICS CFD code 

developed by CHAM (Wimbledon, UK) and the FLUENT CFD code developed by FLUENT Inc 

(Lebanon, NH, US). The comparisons concern different points such as the possibilities in 

implementing the plasma gas properties, the way the energy equation is considered, the available 

turbulence models or the implemented numerical methods. The conclusion indicates that some 

differences exist in the numerical results obtained using the two CFD packages. 

 

 

Hwang, K.M., Jin, T.E., Kim, K.H. 

A study on fluid mixing analysis for predicting shell wall thinning of a feedwater heater 

(2004) Proceedings of the 2004 International Congress on Advances in Nuclear Power Plants, 

ICAPP'04, pp. 1742-1748.  

 

Abstract 

Feedwater heaters of many nuclear power plants have recently experienced severe wall thinning 

damage, which will increase as operating time progresses. On October 29, 2000, a Korean 

Nuclear Power Plant also experienced wall thinning damage around the impingement baffle - 

installed in downstream of the high pressure turbine extraction steam line - inside number 5A and 

5B feedwater heaters. This paper describes the fluid mixing analysis study using PHOENICS 

code in order to determine root cause of the shell wall thinning of the feedwater heaters. To 

identify the relation between wall thinning and fluid behavior, the local velocity components in x-

, y-, and z-directions and the kinetic energy of turbulent fluctuations were compared with wall 



thickness data by ultrasonic test. From the comparison of the fluid mixing analysis results and the 

wall thinning measurement data, the local velocity component only in the y-direction, and not in 

the x- and z-direction, was analogous to the wall thinning data. The behavior of kinetic energy of 

turbulent fluctuations was also analogous to the wall thinning data. These results may be used to 

manage flow accelerated corrosion and improve design of feedwater heaters. 

 

 

Sinha, A.K., Zhao, Y. 

Athematical modeling of the United States Steel Corporation Gary Works No. 13 Blast Furnace 

bustle pipe and tuyere gas flow - An investigation of the effect of tuyere diameter on tuyere 

velocity 

(2004) AISTech - Iron and Steel Technology Conference Proceedings, 1, pp. 237-242.  

 

Abstract 

The effect of a change in tuyere diameter on tuyere velocity was investigated using a 

mathematical models. A commercial computational fluid dynamics (CFD) software PHOENICS 

was used to solve for the variables using an iterative technique. The effect of pipe size on the 

flow velocity depends on whether the system has a single exit or multiple exist with different 

diamaters. The model results show that the outlet velocity increased when one of the tuyere pipe 

diameters was increased and similarly the exit flow from one of the tuyeres decreased when its 

size was reduced. 
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Yuan, X.Q., Li, H., Zhao, T.Z., Wang, F., Guo, W.K., Xu, P. 

Comparative study of flow characteristics inside plasma torch with different nozzle 

configurations 

(2004) Plasma Chemistry and Plasma Processing, 24 (4), pp. 585-601.  

 

Abstract 

A numerical analysis of the influence of different nozzle configurations on the plasma flow 

characteristics inside D. C plasma torches is presented to provide an advanced nozzle design 

basis for plasma spraying torches. The assumption of steady-state, axis-symmetric, local 

thermodynamic equilibrium, and optically thin plasma is adopted in a two-dimensional modeling 

of plasma flow inside the plasma torch. The PHOENICS software is used for solving the 

governing equations, i.e. the conservation equations of mass, momentum, and energy along with 

the equations describing the K-epsilon model of turbulence. The calculated arc voltages are 

consistent with the experimental results when arc current, gas inflow rate, and working gas are 

the same as the experimental parameters. Temperature, axial velocity contours inside plasma 

torches, profiles along the torch axis and profiles at the outlet section are presented to show the 

plasma flow characteristics. Comparisons are made among those torches. The results show that 

torches with different anode nozzle configurations produce different characteristics of plasma 



flows, which suggest some important ideas for the advanced nozzle design for plasma spraying. 

In order to validate the model and to show its level of predictivity, a comparison of the model 

with experimental results encountered in the literature is presented in the last part. 
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Zhang, R., Feng, C., Chen, L. 

Cook-off test and its numerical simulation of detonator based on RDX 

(2004) Progress in Safety Science and Technology Volume 4:Proceedings of the 2004 

International Symposium on Safety Science and Technology, (PART B), pp. 2959-2964.  

 

Abstract 

In the present paper the cook-off test of a kind of detonator based on RDX explosive is carried 

out. The thermal safefy of the explosive parts is discussed. The thermal response of the 

explosives is calculated by numerical simulation methods that use PHOENICS software. The 

results show that thermal safety of explosive small parts is better than the big one in the lower 

environment temperature. The ignition area will be moved from the center of the cylinder to the 

edge when the environment temperature is increased. 
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Wang, H., Liu, R., Chen, S. 

Experimental simulation and application research of plane jet isolating dust theory 

(2004) Progress in Safety Science and Technology Volume 4:Proceedings of the 2004 

International Symposium on Safety Science and Technology, (PART A), pp. 1367-1372.  

 

Abstract 

Basing on air jet theory of fluid dynamics, the principle and means of plane jet air curtain 

isolating respiratory dust around the operator in work face is investigated. The 3-D airflow field 

of air curtain (AC) isolating dust in mechanized work face is simulated by CFD software 

PHOENICS, the form and isolating dust action of AC are tested by fume-tracing, and the AC 

designed on the base of above gets better isolating dust effect in site application. AC seems as an 

"invisible transparence shield", resisting dust diffusing toward the operator, and attains 72% 

efficiency of isolating respiratory dust. It contains more practical and extensive application 

foreground. 
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Experimental study and mathematical modelling of biofilter aerodynamic resistance 

(2004) Journal of Environmental Engineering and Landscape Management, 12 (3), pp. 79-84.  

 

Abstract 

Development of industry is not always accompanied with the implementation of clean 

technologies, thus the problem of air and water purification remains. For the moment, pollution 

with different paint components is widely spread and hard to be solved. A biofilter was 

developed at the Department Environmental Protection of Vilnius Gediminas Technical 

University (VGTU), and its chemical and physical purification principles and properties are 

analysed in works [1-3]. Besides the efficiency of pollutant cleaning, the characteristics of filter 

aerodynamic resistance are also essential, therefore, the aerodynamic properties of the biofilter 

are analysed in this work. For anticipation and theoretical evaluation of aerodynamic processes 

going on in a biological air-purification device, the processes occurring in the object being 

investigated - a biofilter - were modelled with the help of Phoenics, Versions 3.2 and 3.5. 

Aerodynamic processes - in-coming flow velocity and aerodynamic charge resistance - were 

analysed with the help of the software package Phoenics, Versions 3.2 and 3.5. Modelling was 

based on mathematical equations that describe physical laws. 
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Transient temperature and thermally induced stress distributions in a partly-circumferentially 

heated cylindrical workpiece 

(2004) Heat and Mass Transfer/Waerme- und Stoffuebertragung, 41 (2), pp. 104-111.  

 

Abstract 

This paper presents the numerical solutions of the transient temperature and thermally induced 

stress distributions in a partly-circumferentially heated cylindrical hollow workpiece (steel) with 

conjugate heat transfer. Outer surface of the workpiece is heated partly-circumferentially heat 

flux as its remainder outer surface is circumferentially cooled with fluid (water). Three 

phenomena have been considered as; (1) conduction inside the cylinder, (2) convection from the 

cylinder surface to the surrounding fluid, and (3) thermal stress produced by high temperature 

gradient inside the cylinder. The governing flow and energy equations have been solved 

numerically by using a control volume approach. The PHOENICS 3.2 and HEATING7 computer 

codes have been used for the numerical evaluation. The transient calculations have been 

performed individually for four fluid inlet velocities, ui = 0.005, 0.01, 0.015 and 0.020 m/s, until 

the system attains steady-state. The results of this study clearly demonstrate that the temperature 

contours in the low inlet velocity cases are more near to a symmetric case with respect to the y = 

0 plane than that in the high inlet velocity cases, and the increment of the inlet velocity 

exponentially reduces the temperatures and thermally induced stresses in the workpiece. The 



effective thermal stress differences occurring in the workpiece can be significantly reduced by the 

high fluid inlet velocity. 

 

 

Koptsev, V.V. 

Modeling the aerodynamics of the burners in kilns 

(2004) Metallurgist, 48 (11-12), pp. 548-552.  

 

Abstract 

The application package PHOENICS was used to model the aerodynamics of new turbulent gas 

burner GGT, designed by the author. The article presents the results of the modeling, which were 

used to refine the burner's design and determine efficient conditions for its use in the lime kilns at 

the Magnitogorsk Metallurgical Combine. Introduction of the burner has produced substantial 

monetary savings and improved the quality of the metallurgical lime made in the kiln. ©2004 

Springer Science+Business Media, Inc. 

 

 

Yuan, X.Q., Li, H., Zhao, T.Z., Guo, W.K., Xu, P. 

Effects of nozzle configuration on flow characteristics inside DC plasma torch 

(2004) Japanese Journal of Applied Physics, Part 1: Regular Papers and Short Notes and Review 

Papers, 43 (10), pp. 7249-7253.  

 

Abstract 

The effects of nozzle configuration on the characteristics of flow inside DC arc plasma torches 

are investigated by numerical simulation. The plasma torches with three typical types of nozzle 

configuration are used in this paper, and these torches are the SG-100 series commercial products 

of PRAXAIR Thermal Spray Products Inc. The assumption of steady-state, axis-symmetric, local 

thermodynamic equilibrium, and optically thin plasma is adopted in a two-dimensional modeling 

of plasma flow inside a plasma torch. The PHOENICS software is used for solving the governing 

equations, i.e., the conservation equations of mass, momentum, and energy. The calculated arc 

voltages are consistent with the experimental results when arc current, gas inflow rate, and 

working gas are the same. Temperature, axial velocity contours inside the plasma torches, and 

profiles along the torch axis and at the outlet section are presented to show the plasma flow 

characteristics. Comparisons are made among these torches in detail and the results show that 

torches with different anode nozzle configurations produce different characteristic plasma flows. 
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Meng, Y., Lian, Z., Tang, B., Xu, T. 

Research on the bottomhole flow field of reverse circulation bit and its product development 

(2004) Tianranqi Gongye/Natural Gas Industry, 24 (9), pp. 51-53+7.  

 

Abstract 

An effective new method, i. e. reverse circulation gas drilling technique, was put forward in light 

of the drilling technology of complicated strata and a new product (reverse circulation bit) was 

developed. The rock breakdown efficiency of bit and the ability of flow field-carrying cuttings 

can be effectively raised by the new product. The φ 311.1 mm conventional bit was ingeniously 

reformed to a reverse circulation bit with the help of the modern advanced CAD entity design 

software Pro/E. In the design, the most important parameters are the skirt shape and physical 

dimension of the reverse circulation bit as well as the channel shape of the certral hole in the bit 

and its physical dimension, etc. All the parameters will directly influence the distribution of 

bottomhole flow field and the ability of fluid-carrying cuttings. In research, these parameters 

were regarded as the key point to carry out structural optimization design. Through transforming 

the CAD model into CFD model by use of the fluid dynamic calculation software PHOENICS, a 

computer simulation study of bottomhole flow field was carried out for the designed reverse 

circulation bit and the structural parameters and fluid entrance parameters of the reverse 

circulation bit were optimized. Finally, on the basis of the optimized results, the structural 

parameters of the reserve circulation bit were developed by use of Pro/E parametrization 

software, and two reverse circulation bits have been trial-produced by Chengdu General 

Machinery Factory. 
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Shih, C.J., Liu, G.C. 

Optimal design methodology of plate-fin heat sinks for electronic cooling using entropy 

generation strategy 

(2004) IEEE Transactions on Components and Packaging Technologies, 27 (3), pp. 551-559.  

 

Abstract 

This paper presents a formal systematic optimization process to plate-fins heat sink design for 

dissipating the maximum heat generation from electronic component by applying the entropy 

generation rate to obtain the highest heat transfer efficiency. The design investigations 

demonstrate the thermal performance with horizontal inlet cooling stream is slightly superior to 

that with vertical inlet cooling stream. However, the design of vertical inlet stream model can 

yields to a less structural mass (volume) required than that of horizontal inlet stream model under 

the same amount of heat dissipation. In this paper, the constrained optimization of plate-fins heat 

sink design with vertical inlet stream model is developed to achieve enhanced thermal 

performance. The number of fins and the aspect ratio are the most responsive factors for 

influencing thermal performances. The heat sink used on AMD Thunderbird 1-GHz processor 

has been examined and redesigned by presenting optimization methodology. The optimal thermal 

analysis has a very good agreement to the both of vendors' announced information and using 



simulation of parabolic hyperbolic or elliptic numerical integration code series (PHOENICS). 

The optimum design that minimizes entropy generation rate in this paper primarily applied three 

criteria for plate-fins heat sink optimal design: 1) formal constrained nonlinear programming to 

obtain the maximum heat dissipation; 2) prescribed heat dissipation; 3) prescribed surface 

temperature. As a result, the thermal performance can be notably improved; both the sink size 

and structural mass can apparently be reduced through the presented design method and process. 

This analysis and design methodology can be further applied to other finned type heat sink 

designs. © 2004 IEEE. 

 

 

Xie, H., Gao, Z., Zhou, Z. 

Three-dimensional numerical simulation of nuclear heating reactor under asymmetric operation 

condition 

(2004) Heat Transfer Engineering, 25 (6), pp. 62-71.  

 

Abstract 

A three-dimensional thermal-hydraulic model has been built to numerically simulate the flow and 

heat transfer in a 5 MW integral nuclear heating reactor (NHR-5). The simulation is performed 

with the general purpose commercial CFD code PHOENICS. The porous media model has been 

used to model the complex structure in the core and heat exchangers. The numerical model is 

validated by the asymmetric operation test results of the NHR-5. A comparison of the simulation 

results with the test results shows a good agreement. Analyses also show that shutting down half 

of the main heat exchangers in the NHR-5 will result in neither significant asymmetric 

distributions of the system parameters in the core nor a deterioration of reactor safety. 
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CFD simulations of liquid phase flow in structured packed column 

(2004) Huagong Xuebao/Journal of Chemical Industry and Engineering 

(China), 55 (8), pp. 1369-1373.  

 

Abstract 

Liquid flow behavior, such as velocity distribution, in the packed column is of considerable 

importance in determining column performance. Using the volume-averaged method, a 

computational fluid dynamics (CFD) model was proposed to describe the liquid flow behavior in 

a structured packing column where the gas phase is stationary. A column packed with Mellapak 

350Y had an inside diameter of 150 mm and a height of 1000 mm was simulated by solving the 

flow equations. A commercial CFD code, PHOENICS 3.3, was used to predict the fluid 

dynamics behavior of the liquid phase flow. The simulated profiles of pressure, velocity and 

concentration of the tracer were presented. The axial backmixing coefficients evaluated by the 

CFD results were presented and compared with the experimental data and the relative deviation 

was 3.8%-36. 
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Correlation for Nusselt number in natural convection in vertical convergent channels at uniform 

wall temperature by a numerical investigation 

(2004) International Journal of Heat and Fluid Flow, 25 (4), pp. 671-682.  

 

Abstract 

A numerical study of natural convective flows in a vertical converging channel for different 

angles of convergence has been carried out, taking into account the lacks reported in the literature 

on some aspects of this configuration. Two-dimensional laminar simulations were obtained by 

solving the fully elliptic governing equations using two different general purpose codes: Fluent 

and Phoenics. Special emphasis is made on the systematic comparisons of computational results 

with experimental and numerical data taken from literature. A generalized correlation for the 

average Nusselt number has been obtained from numerical results in a channel with isothermal 

heated plates, for symmetric and asymmetric heating conditions. This correlation has been 

obtained for wide and not yet covered ranges of the modified Rayleigh number varying from 1 to 

106 and the angle of convergence from 1° to 30°. Good agreement has been obtained with respect 

to the available experimental asymptotes of the bibliography for fully developed and boundary 

layer regimes. © 2003 Elsevier Inc. All rights reserved. 
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Numerical modeling of supersonic plasma jet 

(2004) Wuli Xuebao/Acta Physica Sinica, 53 (8), pp. 2638-2643.  

 

Abstract 

Numerical simulation results are presented in this paper concerning the heat transfer and fluid 

flow within the supersonic plasma jet, which is produced by the converging-diverging plasma 

torch. The full Navier-Stokes equations, which take into account the gas viscous effects, 

temperature and pressure dependent properties, and compressible effects, are employed in this 

simulation and the PHOENICS software is used to solve the set of nonlinear equations. The 

shock structure within the supersonic plasma jet is analysed in detail, and the effects of ambient 

pressure on the jet flow field are studied. Results show that the supersonic plasma flow interacts 

with the ambient gas and forms a series of compression and expansion waves in the region near 

the torch nozzle exit. 
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Evaluation of air distribution in an air conditioned railway carriage 

(2004) Shanghai Jiaotong Daxue Xuebao/Journal of Shanghai Jiaotong 

University, 38 (6), pp. 961-966.  

 

Abstract 

The simulation on the air distribution in an air conditioned railway carriage was carried out by 

using software PHOENICS based on the model of k-ε. The validation of the simulation was 

verified by comparing the calculation result with that of the prototype experiment. Then various 

kinds of air distribution in the carriage were simulated and the evaluations on the thermal comfort 

and economy were conducted. It is found that the conventional slotted inlet and grid inlet on the 

ceiling of the carriage are suitable for air supply, the chair back inlet can be popularized for its 

special advantages, and the inlet under the little table is not worth for applying for its poor 

thermal comfort situation. 
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Pressure analysis of platform screen door subjected to a moving train in mass rapid transport 

underground station 

(2004) Journal of Mechanics, 20 (2), pp. 159-166.  

 

Abstract 

This paper analyzes the pressure distribution on the platform screen door (PSD) subjected to a 

moving train running through a station in the tunnel. The advantages of adopting PSD design are 

to reduce the cooling load and the construction cost in mass rapid transport underground station. 

However, as the moving train enters or leaves the station, the PSD will face a long-term wind 

oscillation pressure force. For the safety design, dynamic simulation is requisite for the analysis 

of pressure force exerted on the PSD. The present study uses the commercial code PHOENICS to 

simulate dynamically the pressure and velocity distribution on the platform screen door. The 

results show that the maximum pressure on the platform screen door occurs at 6 m behind the 

front platform end with the values of 1,457 and 942 Pa, as the train moving speeds are 80km/hr 

and 65km/hr respectively. It is also indicated that the ratio of the different maximum pressures 

exerted on the PSD has a linear relationship with the square of train speed ratio for two different 

train speeds. 
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Numerical modelling of flow structures over idealized transverse aeolian dunes of varying 

geometry 

(2004) Geomorphology, 59 (1-4), pp. 149-164.  

 

Abstract 

A Computational Fluid Dynamics (CFD) model (PHOENICS™ 3.5) previously validated for 

wind tunnel measurements is used to simulate the streamwise and vertical velocity flow fields 

over idealized transverse dunes of varying height ( h ) and stoss slope basal length ( L ). The 

model accurately reproduced patterns of: flow deceleration at the dune toe; stoss flow 

acceleration; vertical lift in the crest region; lee-side flow separation, re-attachment and reversal; 

and flow recovery distance. Results indicate that the flow field over transverse dunes is 

particularly sensitive to changes in dune height, with an increase in height resulting in flow 

deceleration at the toe, streamwise acceleration and vertical lift at the crest, and an increase in the 

extent of, and strength of reversed flows within, the lee-side separation cell. In general, the length 

of the separation zone varied from 3 to 15 h from the crest and increased over taller, steeper 

dunes. Similarly, the flow recovery distance ranged from 45 to >75 h and was more sensitive to 

changes in dune height. For the range of dune shapes investigated in this study, the differing 

effects of height and stoss slope length raise questions regarding the applicability of dune aspect 

ratio as a parameter for explaining airflow over transverse dunes. Evidence is also provided to 

support existing research on: streamline curvature and the maintenance of sand transport in the 

toe region; vertical lift in the crest region and its effect on grainfall delivery; relations between 

the turbulent shear layer and downward forcing of flow re-attachment; and extended flow 

recovery distances beyond the separation cell. Field validation is required to test these findings in 

natural settings. Future applications of the model will characterize turbulence and shear stress 

fields, examine the effects of more complex isolated dune forms and investigate flow over 

multiple dunes. © 2003 Elsevier B.V. All rights reserved. 
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(Eng Ed), 11 (1), pp. 13-17.  

 

Abstract 



A 3-D transient mathematical model for laser cladding by powder feeding was developed to 

examine the macroscopic heat and momentum transport during the process, based on which, a 

novel method for determining the configuration and thickness of cladding layer was presented. 

By using Lambert-Beer theorem and Mie's theory, the interaction between powder stream and 

laser beam was treated to evoke their subtle effects on heat transfer and fluid flow in laser molten 

pool. The numerical study was performed in a co-ordinate system moving with the laser at a 

constant scanning speed. A fixed grid enthalpy-porosity approach was used, which predicted the 

evolutionary development of the laser molten pool. The commercial software PHOENICS, to 

which several modules were appended, was used to accomplish the simulation. The results 

obtained by the simulation were coincident with the data measured in experiment basically. 
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Abstract 

A model was presented to predict the evolutionary development of cladding layer, and a method 

based on Lambert-Beer theorem and Mie's theory was adopted to treat the interaction between 

powder stream and laser beam. By using the continuum model and enthalpy-porosity method, the 

fluid flow and heat transfer in solid-liquid phase change system were simulated. The commercial 

software PHOENICS, to which several modules were appended, was used to accomplish the 

simulation. Numerical computation was performed for Stellite 6 cladding on steel, the obtained 

results are coincident with those measured in experiment basically. 
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Abstract 

Based on the continuum model for binary solid-liquid phase change system, the mathematic 

model to simulate the process of laser cladding in situ synthesis TiCP/Al composite on the 

surface of aluminum alloy was formulated. The additive source method was employed to treat 

with the heat release of synthetic reaction in powder mixture at certain temperatures, and also to 

solve the momentum and heat transfer caused by the relative movement between laser beam and 

the specimen. Two different types of driving forces for flow were considered in the model, i.e., 

the buoyancy force and the surface tension gradient at the laser pool surface. The three-



dimensional transient temperature field simulation program was developed being based upon the 

commercial software PHOENICS. The calculated and observed fusion boundaries were 

compared and very good agreement was obtained. 
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Abstract 

The post-arc current and the critical RRRV were determined by the computer simulations for a 

Laval nozzle (or Frind & Rich nozzle). In order to investigate the thermal recovery characteristics 

after current zero, the simulation of steady-state arc of 1000(A) current, the simulation of 

transient arc generated by the current which decreases with the rate of di/dt=27.0(A/μs) before 

current zero, and the simulation of hotgas flow were carried out in the upstream pressure range of 

0.6-7.0(MPa) respectively. A commercial computational fluid dynamics (CFD) program 

"PHOENICS" was used for the simulations. The semi-experimental arc radiation model was 

adapted to consider the radiation energy transport and Prandtl's mixing length model was 

employed as the turbulence model. The electric field and the magnetic field were calculated with 

the same grid structure used for the simulation of the flow field. The results obtained by 

implementing a two-dimensional differential arc model into PHOENICS have been verified by 

comparison with the test results presented by the research group of GE Co. (General Electric 

Company). 
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Abstract 

This paper presents a computational analysis of flow dynamics of SLUSH hydrogen in ducts. 

Slush is used as a fuel for the National Aerospace Plane (NASP). NASP is a horizontal take off 

and landing and single stage-to-orbit vehicle. As slush transfers from the storage tank to the 

vehicle through lines, solid particles configuration changes dramatically. A numerical model is 

developed to simulate the flow field of slush hydrogen in vacuum-jacketed pipe systems. As a 

tool, the PHOENICS program, a general CFD code, is modified and several subroutines were 



added to provide the capability to treat the interfacial dynamics. The finite-volume method used 

by PHOENICS transforms the differential equations into algebraic equations. Further, this 

technique uses a fixed grid and employs the concept of 'interpenetrating continua' to solve a 

complete set of equations for each phase present. Results show that the use of the multiparticle 

drag correlation enhances the model for a better fit to experimental data. At low flow rates, the 

data show that the heat loss effects dominate the solid volume fraction loss, while at higher flow 

rates, friction heating causes most of the solid hydrogen degradation. These two effects are the 

basis of a model for the minimum slush solid volume fraction loss for each pipe size. 

Furthermore, as the pipe diameter increases, this minimum slush solid volume fraction loss 

decreases owing to the decreasing friction losses. The interfacial mass and heat transfer fluxes are 

predicted and exhibit a larger value at the boundary due to wall friction effect and surface heat 

flux into the pipe. The comparisons show good agreement in slush loss and pressure drop. 

 

 

Zakhia, N.Z. 

Innovative compututational simulation of SLUSH hydrogen in vacuum jacketed ducts 

(2003) Proceedings of the ASME Fluids Engineering Division Summer Meeting, 1, pp. 989-994.  

 

Abstract 

This investigation presents a computational simulation of SLUSH hydrogen in vacuum-jacketed 

ducts and flow conditions. Slush is used as a fuel for the National Aerospace Plane (NASP). 

NASP is a horizontal take off and landing and single stage-to-orbit vehicle. The use of slush 

hydrogen reduces the vehicle size since both the fuel cooling capacity and density are increased. 

Thus, a numerical model is developed to study the flow characterization of slush hydrogen in 

vacuum-jacketed pipe systems. As a tool, the PHOENICS program, a general CFD code, is 

modified and several subroutines were programmed to provide the capability to treat the 

interfacial dynamics is used to model the flow of solid particles in a liquid. PHOENICS uses 

Finite-Volume method to transform the differential equations into algebraic equations. The 

addition of the interfacial shear stress and the use of the multiparticle drag correlation predict a 

better fit to experimental data. At low flow rates, the data show that the heat loss effects dominate 

the solid volume fraction loss, while at higher flow rates, friction heating causes most of the solid 

hydrogen degradation. These two effects are the basis of a model for the minimum slush solid 

volume fraction loss for each pipe size. Furthermore, as the pipe diameter increases, this 

minimum slush solid volume fraction loss decreases owing to the decreasing friction losses. The 

interfacial mass and heat transfer fluxes are predicted and exhibit a larger value at the boundary 

due to wall friction effect and surface heat flux into the pipe. The comparisons show good 

agreement in slush loss and pressure drop. 
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Numerical modeling of propagation of solid particles in atmosphere 

(2003) Khimicheskoe I Neftegazovoe Mashinostroenie, (10), pp. 46-48.  

 

Abstract 



At present, Lithuanian specialists often use numerical models for evaluating the contamination of 

air. Permissible contamination of environment at enterprises is determined by means of VARSA 

program. However, this is old program. Therefore, PHOENICS program is applied for 

mathematical modeling of propagation of solid particles in atmosphere. The SURFER program is 

also applied. Scheme of calculation of the propagation has been presented. Physical and 

mechanical properties of dust and aerosols are taken into account in the calculation. Parameters 

of emissions of the solid particles are described. Results of calculations have been given. 
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Abstract 

The turbulent flow and heat transfer characteristics in a rectangular channel with and without 

transpiration cooling were analyzed numerically to verify the turbulent two-equation model for 

flows with transpiration cooling. The two-layer k-ε model in PHOENICS 3.3 was used to 

calculate the turbulent velocity and temperature distributions for the main flow. The calculation 

results show that transpiration cooling greatly increases the boundary layer thickness and reduces 

the wall friction coefficient. The main flow velocity perpendicular to the wall is also increased. 

Both the wall temperature and the convection heat transfer coefficient decrease sharply with 

increasing cooling flow rate. For a blowing ratio of 1%, the wall temperature along the 

transpiration cooling wall was reduced by about 20% and the convection heat transfer coefficient 

and average wall friction coefficient were reduced by about 50%. The numerical results agree 

well with known correlations with errors of less than 10% when the blowing ratio was less than 

2%. 
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Abstract 

Recently developed large high-volume, low-speed industrial ceiling fans, up to 7.2 m diameter, 

offer an energy-efficient means to providing summer comfort for workers in manufacturing 

facilities. Performance data for such fans relates to airflow across unobstructed floor space. 

Manufacturing facilities are likely to have numerous machines and other obstructions on the floor 

that would interfere with the airflow from such fans. The writer has conducted extensive testing 

of such fans in an industrial building at Lockheed Martin plant in Marietta, GA. These tests 

included some measurements of airflow around obstructions at floor level. A study, comparing 



field measurements of airflow with airflow simulations from computational fluid dynamics 

(CFD) software, was conducted to determine if it is feasible to use such simulations to optimize 

location of the fans. This paper describes the application of PHOENICS computational fluid 

dynamics software to simulate airflow from large ceiling fans across both unobstructed, and 

obstructed floors. Caution is suggested in applications of such CFD software due to the large 

number of factors influencing such airflow. Some of the factors evaluated in this study include: 

volumetric discharge, swirl in airflow from the fans, turbulence intensity in airflow, and 

geometry of spatial boundaries. It is shown that, while an infinite series of CFD solutions for 

unobstructed flow can be obtained, solutions need to be validated by field measurements and 

accurately predicting flow at particular points in attached flow is elusive. Airflow in attached 

flows around obstacles was not adequately predicted by CFD simulation. 
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Simulation of two-phase flow of hydrogen at cryogenic conditions 
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Abstract 

The simulation for the calculation of pressure loss of cryogenic hydrogen flow, that was 

embedded in MATLAB/SIMULINK was discussed. The simulation comprises of pressure loss 

calculations, heat transfer correlations and a database that was used to get hydrogen properties. 

The pressure loss calculations with MATLAB/SIMULINK and the CFD- program PHOENICS 

were compared. The results shows that the pressure loss of the PHOENICS simulations were 

lower than the MATLAB/SIMULINK. 
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Abstract 

This computational work studies the mixing phenomena of SLUSH hydrogen in ducts. Slush is 

used as a fuel for the National Aerospace Plane (NASP). NASP is a horizontal take off and 

landing and single stage-to-orbit vehicle. As slush transfers from the storage tank to the vehicle 

through lines, solid particles configuration changes dramatically. Thus, solid hydrogen suspended 

fuses together and hindered settling of particles become possible. Thus, a numerical model is 

developed to simulate the flow field of slush hydrogen in vacuum-jacketed pipe systems. As a 

tool, the PHOENICS program, a general CFD code, is modified and several subroutines were 

added to provide the capability to treat the interfacial dynamics. Further, the use of the 

multiparticle drag correlation enhances the model for a better fit to experimental data. At low 

flow rates, the data show that the heat loss effects dominate the solid volume fraction loss, while 

at higher flow rates, friction heating causes most of the solid hydrogen degradation. These two 

effects are the basis of a model for the minimum slush solid volume fraction loss for each pipe 

size. Furthermore, as the pipe diameter increases, this minimum slush solid volume fraction loss 



decreases owing to the decreasing friction losses. The interfacial mass and heat transfer fluxes are 

predicted and exhibit a larger value at the boundary due to wall friction effect and surface heat 

flux into the pipe. The comparisons show good agreement in slush loss and pressure drop. 
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Abstract 

This work studies the phase change effect of SLUSH hydrogen in transfer lines. Slush is used as 

a fuel for the National Aerospace Plane (NASP). NASP is a horizontal take off and landing and 

single stage-to-orbit vehicle. As slush transfers from the storage tank to the vehicle through lines, 

solid particles configuration changes dramatically. Thus, solid hydrogen suspended fuses together 

and hindered settling of particles become possible. A numerical model is developed to simulate 

the flow field of slush hydrogen in vacuum-jacketed and standard insulation pipe systems. As a 

tool, the PHOENICS program, a general CFD code, is modified and several subroutines were 

added to provide the capability to treat the interfacial dynamics. The interfacial shear stress, the 

dynamic interfacial phenomena and the effective multiparticle drag law allow the model to more 

accurately predict results such as slush loss and pressure drop. At low flow rates, the data show 

that the heat loss effects dominate the solid volume fraction loss, while at higher flow rates, 

friction heating causes most of the solid hydrogen degradation. These two effects are the basis of 

a model for the minimum slush solid volume fraction loss for each pipe size. Furthermore, as the 

pipe diameter increases, this minimum slush solid volume fraction loss decreases owing to the 

decreasing friction losses. The comparisons show good agreement in slush loss and pressure 

drop. 
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Abstract 

In November 2001 a new road tunnel in The Netherlands was abandoned for two months to be 

able to carry out 25 full-scale fire tests in commission of the Dutch Ministry of Transport, Public 

Works and Water Management. The conditions in the tunnel were measured during several types 

of fires including car fires, lorry fires and pool fires. Also the impact of longitudinal ventilation 

on the conditions in the tunnel was examined. CFD calculations of some of the tests were carried 

out using the CFD code PHOENICS. The extensive temperature measurements performed during 

the experiments provided the opportunity to validate these CFD calculations. The results of this 

validation are presented in this article where is shown that qualitative and quantitative accuracy 

of the calculations performed is reasonable with respect to the uncertainty in the development of 

real fires in tunnels. Overall phenomena like the occurrence of backlayering and stratification are 



predicted. The backlayering lengths are under-predicted and the thickness of the smoke layer is 

over-predicted for which several causes can be pointed out. It is shown that CFD calculations can 

be used as a predictive tool in the design of the tunnels and tunnel installations. The use of this 

tool is economic and does not come with the risks involved with in situ full-scale fire test. 
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Abstract 

A powder mixture layer was brushed on the surface of aluminum alloy and scanned by laser 

beam to form a wear resistant TiCp/Al composite coating. In order to simulate the melting and 

solidifying phenomena in the process, the governing equations, which included continuity, 

momentum conservation and energy conservation equations, based on the continuum model for 

binary solid-liquid phase change system were solved to obtain temperature fields in liquid, mushy 

and solid zones. A fixed-grid system was adopted for three-dimensional transient calculation. The 

momentum and heat transport caused by the movement of specimen were treated as source terms 

in momentum and energy equations, respectively. The enthalpy, which was divided into two 

parts, sensible enthalpy and latent heat, was used as a dependent variable in energy equation, and 

the terms including latent heat were merged into the source term. The amounts of heat release of 

synthetic reactions in powder mixture were also included in the source term. The gradient of 

surface tension on the surface of melting pool was considered as a boundary condition of 

momentum equation. The commercial software PHOENICS, to which several modules related 

with source terms and boundary conditions were appended through the interface GROUND, was 

used to accomplish the simulation. An experiment was carried out to check the reliability of the 

simulation. The configuration of melting pool obtained by the simulation is basically coincident 

with that measured in the experiment. 
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Abstract 

In this paper we describe a method of estimating the thermal recovery characteristics in a Laval 

nozzle. The post arc current was calculated according to the decreasing rates of current and the 

upstream pressures. A two-dimensional differential arc model was used to analyze the arcing 

phenomena. The radiation energy transport and the turbulence effects were calculated using the 

semi-experimental arc radiation model and the Prandtl mixing length model, respectively. The 

electric field and the magnetic field were calculated with the same grid structure used for the 

simulation of the flow field. The arc model has been coded into "PHOENICS" which is a 



commercial computational fluid dynamics (CFD) program. In order to investigate the thermal 

recovery characteristics after current zero, the simulation of steady-state arc of 1000 A DC, the 

simulation of transient arc generated by the current which decreases with the rate of di/dt=27.0 

and 13.5 A/μs before current zero, and the simulation of hot-gas flow were carried out in an 

upstream pressure range of 0.68-6.82 MPa. The obtained results were verified by comparison 

with the test results presented by the research group of GE Co. (General Electric Company). 
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ventilation effectiveness 
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Abstract 

The accumulation of contaminants that comes primarily from inside the building can constitute a 

potential health hazard in micro-environments where people spend most of their time indoors. 

The present paper refers to the numerical prediction of carbon monoxide (CO) concentration 

inside a typical garage in Athens urban area. Specifically, the study was concerned to investigate 

the indoor air quality and focuses on identifying the appropriate ventilation system as an attempt 

to improve air quality in workplace micro-environments. The model developed for the simulation 

of CO levels is used in conjunction with a general-purpose CFD code, PHOENICS that can 

provide detailed information on the CO concentration and velocity fields in a three-dimensional 

configuration. The transient variation of CO concentration was simulated under different 

scenarios of ventilation rates. Experimental measurements on the CO level inside the garage were 

performed using the portable, electrochemical CO monitor (Solomat's MPM4100). From the 

continuous readings, instantaneous readings were stored every 15s by the data log system. These 

data were used to verify the simulation results. Finally, the CO exposure of employees and 

garage's users is assessed and compared with occupational limit value and recommended public 

health criteria. The results show that under the proper ventilation conditions the levels of CO 

concentration decrease and remain below the health based indoor air quality criteria. © 2003 

Elsevier Science B.V. All rights reserved. 
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Abstract 

There are some complex structures in the arc-quenching chamber of the self-blasting circuit 

breaker, such as compressing chamber, expanding chamber, nozzle, moving contact, solid contact 

and so on. These structures are not in regular shape, so it is difficult to build geometry model 

well. However, creating grid is the key technique to get the exact results. Under such condition, 

the method of computing region expansion is adopted and the software PHOENICS used to 

compute the fluid field are incorporated with the self-programmed method to compute the gas 

flow in the arc-quenching chamber of the self-blasting circuit breaker. The results are compared 

with another results which are gotten by the other method, it shows the method is good and 

feasible. And also it provides a new approach to the computation of the gas flow field in the arc-

quenching chamber. 
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Abstract 

This study established a mathematical model of fluid flow phenomena for the liquid bath in 

smelting reduction processes by the CFD (Computational Fluid Dynamic) software PHOENICS. 

The SEM (Scalar Equation Method) model was employed to treat the multi-phase flow, viz. 

liquid metal and injection gas. The Chen-Kim k-ε turbulent model which is suitable for gas-

stirred system was imposed. An index named Mixtrg was defined to evaluate the mixing level of 

the injection gas to the liquid bath. The accuracy of the model was verified by comparing the 

theoretically predicted vertical velocity with the experimental data for the bubble-stirred air-water 

ladle. Based on the standard operational condition, the influence of operational variables of 

simulated vessel was studied for the flow patterns of liquid bath. The calculated flow patterns of 

bath were helpful for understanding about distribution of injection gas, flow patterns of liquid 

bath, wave motion of liquid bath surface and the erosion conditions near the wall of furnace. 
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Abstract 

Numerical simulation of magnetohydrodynamic (MHD) flow is implemented by using the 

commercial code package PHOENICS, in which the momentum source term of Lorentz force is 

added by applying FORTAN subroutine. Assuming simplified condition of a square duct, the 

numerical approach is applied to simulate the velocity profile in MA-zone in the design of dual-

cooled waste transmutation blanket (DWTB) for a fusion-driven sub-critical system (FDS). The 

high velocity of closing FW side will improve the heat transfer between liquid metal and the 

walls of duct, due to high Hartmann number, but the MHD pressure drop will be increased. The 

compromise between the heat transfer and MHD pressure drop can be taken as reference for the 

design of the transmutation blanket. © 2003 Elsevier Science B.V. All rights reserved. 
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Abstract 

The modeling of airflow at the Melbourne cricket ground is discussed. Ventillation is the key 

environmental factor in the new facility and the design has been optimized using Phoenics a 

computational fluid dynamics program. The airconditioning system has been designed to 

compensate for the high ceilings of the building and it limits the spread of smoke in case of fire. 

 

 

Hwang, K.M., Jin, T.E., Kim, K.H. 

Thermal-mixing analyses for safety injection at partial loop stagnation of a nuclear power plant 

(2003) KSME International Journal, 17 (9), pp. 1380-1387.  

 

Abstract 

When a cold HPSI (High Pressure Safety Injection) fluid associated with an overcooling 

transient, such as SGTR (Steam Generator Tube Rupture), MSLB (Main Steam Line Break) etc., 

enters the cold legs of a stagnated primary coolant loop, thermal stratification phenomena will 

arise due to incomplete mixing. If the stratified flow enters the downcomer of the reactor pressure 

vessel, severe thermal stresses are created in a radiation embrittled vessel wall by local 

overcooling. As general thermal-hydraulic system analysis codes cannot properly predict the 

thermal stratification phenomena, RG 1.154 requires that a detailed thermal-mixing analysis of 

PTS (Pressurized Thermal Shock) evaluation be performed. Also, previous PTS studies have 

assumed that the thermal stratification phenomena generated in the stagnated loop side of a 

partially stagnated primary coolant loop are neutralized in the vessel downcomer by the strong 



flow from the unstagnated loop. On the basis of these reasons, this paper focuses on the 

development of a 3-dimensional thermal mixing analysis model using PHOENICS code which 

can be applied to both partial and total loop stagnated cases. In addition, this paper verifies the 

fact that, for partial loop stagnated cases, the cold plume generated in the vessel downcomer due 

to the thermal stratification phenomena of the stagnated loop is almost neutralized by the strong 

flow of the unstagnated loop but is not fully eliminated. 
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Abstract 

The comparative study between CFD numerical results of pulverized coal combustion process 

and the experimental data acquired in actual combustion process is becoming an important 

measure for validating mathematical models and direct engineering practice. It is presented that a 

swirling combustion process in a 200 MW pulverized coal fired boiler with 16 radial bias 

combustion (RBC) swirl burners is numerically calculated by using the PHOENICS CFD codes. 

The Inter-phase Slip Algorithm model is employed for the two-phase flow simulation and the 

comprehensive coal combustion models are used to simulate the combustion process in a furnace. 

The numerical results show the temperature field and the concentration distributions of the 

combustion species in the combustion zone and at exit of the furnace. The comparison between 

the simulation and the measurement of hot test show a good coincidence. The results illustrate 

that a high pulverized coal concentration and high temperature zone is formed at the outlet of 

RBC swirl burners which makes pulverized coal ignition more favorable. The gas temperature at 

the burner region is high enough to guarantee the pulverized coal fired rapidly and completely. 

Therefore RBC swirl burners have the advantages such as high combustion efficiency and good 

flame stability. 
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Abstract 

A convection/diffusion single phase governing equation was employed to deal with heat transfer 

and fluid flow in solid, solid-liquid and liquid phase system in a description of melting-and-

solidification. A source term method was used to deal with changes of momentum and energy in 

respective governing equations. Based on commercial software Phoenics which is very useful in 

fluid flow and heat transfer, several modules were added. A 3-D transient temperature field and 

velocity field simulation program was developed and used to describe the laser cladding synthesis 

TiCp/Al composite material. A ZL104 specimen was taken as an example, to clad TiCp/Al 

composite by laser and to calculate the process with the developed program. Calculated results 

were basically coincident with those measured in the experiment. 
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Abstract 

Microwave-assisted extraction apparatus is designed to develop the new technique - microwave 

extraction. The cylinder-shaped extractor has a concentric inner partition, which forms an annular 

space for the fluid to receive microwave energy from the inside of the concentric partition. In 

order to know whether it is fit for the demand of continuous production, the LDA (Laser Doppler 

Anemometer) method is used to measure axial velocity and tangential velocity of the fluid in the 

apparatus. The axial velocity and tangential velocity of different layers in the annular space are 

obtained, as well as the axial velocity at different rotation degrees θ. The effect of flow rate is 

also discussed. 2D and 3D figures are drawn by software Matlab to illustrate the data measured 

by Dual PDA (phase Doppler anemometer). Another software PHOENICS is used to simulate 

and analyze the flow field in the microwave extractor. Compared with the experimental data, the 

result of PHOENICS is reliable. Improvement of flow field is achieved by revising the apparatus 

design with a conical inner partition. 
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Abstract 

The two-dimensional flow on the flat plate with injected microbubblcs is simulated using the 

software, PHOENICS (V3.2), usually used in the CFD (Computational Fluid Dynamics). A set of 

formulas for K-ε turbulence model modified with the presence of microbubbles, is employed. 

With considering the effect of gravity, interfacial lift, inter-phase friction, virtual mass force and 

interfacial pressure on the flow with microbubbles, numerical calculations for the influence of 

variable air volume fraction as well as distribution, injecting speed, microbubble diameter and 

position of introducing microbubbles on the friction reduction are presented. Results show that 

the friction reduction increases with increasing volume fraction and microbubble diameter within 

the range of 100 μm, and that the velocity in the boundary layer with microbubbles is greater than 

that without microbubbles. The order of magnitude and trends of the experimental skin-friction 

are reproduced well. The uniform free-stream speed in all cases is 4 m/s, giving Reynolds number 

of up to 20 million. 
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Abstract 

A computational model for determining the configuration and thickness of cladding layer was 

presented. Liquid, mushy and solid regions in laser cladding process were considered as a 

continuum, and the continuum model for binary solid - liquid phase change system was used to 

simulate the velocity and temperature fields, and a fixed - grid and moving coordinate system 

were adopted to deal with fluid flow and heat transfer problem involving moving heat source. 

The sensible enthalpy was used as a dependent variable in energy equation, and the terms 

including latent heat were merged into source term. Based on Lambert - Beer equation and Mie's 

theory, the interaction between powder stream and laser beam was treated to fulfil the situation of 

high powder concentration. The commercial software PHOENICS, to which several modules 

related with source terms, boundary conditions, interaction between powder stream and laser 

beam and configuration of cladding layer were appended, was used to accomplish the simulation. 

The results obtained by the simulation are coincident with those measured in experiment 

basically. 
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Abstract 

In this study, a theoretical analysis of a heating and cooling cycle during sterilization of a three-

dimensional pouch filled with carrot-orange soup was presented and analysed. Transient 

temperature, the shape of the slowest heating zone (SHZ) during heating and the slowest cooling 

zone (SCZ) during cooling were presented and studied. The simulation covered the whole heating 

and cooling cycles of 3600 s and 1200 s durations, respectively. The computational fluid 

dynamics (CFD) code PHOENICS was used for this purpose. Saturated steam at 121°C and 

water at 20°C were assumed to be the heating and cooling media, respectively. The partial 

differential equations describing the conservation of mass, momentum, and energy were solved 

numerically using the finite volume method. The liquid food used in the simulation has a 

temperature-dependent viscosity and density. At the end of heating, the SHZ was found to have 

settled into a region within 30-40 per cent of the pouch height above the bottom and at a distance 

approximately 20-30 per cent of the pouch length from its deepest end. In the cooling cycle, the 

slowest cooling zone (SCZ) was found to develop in the core of the pouch and gradually migrate 

toward the widest end. The vertical location of this slowest cooling zone was about 60-70 per 

cent of the pouch height. Experimental validation has been performed by measuring the 

temperature distribution in the pouch during heating and cooling, using thermocouples fixed at 

different locations. The predicted results were in good agreement with those obtained from the 

experiments. 
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Design optimization of ADS target based on numerical simulations of flow field. 

(2003) Yuanzineng Kexue Jishu/Atomic Energy Science and Technology, 37 (2), pp. 111-115.  

 

Abstract 

Numerical simulations of flow field are performed by using the PHOENICS 3.3 code for the 

proposed spallation target of accelerator-driven sub-critical system (ADS). The fluid motion in 

the target is axi-symmetric and is treated as a 2-D steady-state problem. A body-fitted coordinate 

system (BFC) is chosen and a two-dimensional mesh of the flow channel is generated. Results 

are presented for the ADS target under both upward and downward flow, and for the target with 

different window shapes and diffuser plates under downward flow. 
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Numerical simulation of heat transfer in a three-dimensional enclosure with three chips in various 

position arrangements 

(2003) Heat Transfer Engineering, 24 (2), pp. 42-59.  

 

Abstract 

The three-dimensional laminar natural convection flow with three chips at various positions was 

analyzed by employing the computational fluid dynamics (CFD) code PHOENICS. The 

SIMPLEST algorithm with the Hybrid Scheme was used to simulate these flows. Three chips, 

arranged in five different positions with isothermal and insulated walls, were solved. The 

temperature distribution of our computational results was similar to the experimental data trend 

and very close to the numerical results achieved by Beak et al. The calculating results show that 

different chip position arrangements strongly influence the chip average temperature. The highest 

temperature occurred with the vertical chip arrangements. The findings herein establish a 

fundamental numerical study of three-dimensional heat transfer using three chips and a basis for 

further analysis of the associated heat transfer for more complicated chip position arrangements. 
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Numerical simulation study on the turbulent diffusion flame of a gas burner 

(2003) Petrochemical Equipment, 32 (2), pp. 5-8.  

 

Abstract 

With PHOENICS software using the κ-ε turbulent model, the three gases mixing combustion 

model and the composite radiosity model, numerical simulation study is conducted on the 

turbulent diffusion flame of a gas burner with a V-shaped flame holder. The distribution of the 

temperature, the velocity, and the concentration of the flame are obtained. The backflow region 

increases and the flame length decreases when diameter of the flame holder and the angle of the 

flame path becomes larger. 
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(2003) Journal of Food Engineering, 57 (1), pp. 9-16.  

 

Abstract 

In this work, sterilization of a viscous liquid food (carrot-orange soup) in a metal can lying 

horizontally and rotated axially in a still retort was simulated. The rotating can at 10 rpm was 

assumed to be heated by steam at 121 °C. The governing equations of mass, momentum and 



energy conservation for the three-dimensional can were solved using a commercial computational 

fluid dynamics package (PHOENICS), which is based on a finite volume method of solution. 

Transient temperature and velocity profiles caused by natural and forced convection heating were 

presented and compared with those for a stationary can. The results indicated that the combined 

effect of natural and forced convection splits the slowest heating zone (SHZ) into two distinct 

regions, unlike what has been previously observed in the stationary can. The volume of the SHZ 

was found to cover less than 5% of the total volume of the rotated can at the end of heating, 

which is due to the effect of rotation. The magnitude of the maximum axial velocity of the fluid 

after 1000 s of heating was found ranging from 2.3 × 10-5 to 3.2 × 10-4 ms-1, compared with 2.2 

× 10-7 to 2.1 × 10-4 ms-1 for the stationary can. The localized high velocity near the two ends of 

the can spread gradually throughout the whole length of the can as heating progresses. © 2002 

Elsevier Science Ltd. All rights reserved. 
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Abstract 

Three-dimensional CFD code, PHOENICS-3.3 is used to simulate the steady-state and 

asymmetric transient of 5 MW nuclear heating reactor (NHR-5) without coolant containers. The 

influence of the setting of coolant containers on the primary system under steady-state and 

asymmetric transient is analyzed. The result shows that the setting of coolant containers has not 

distinct effect under symmetric steady-state, but has sizeable effect under asymmetric state. 
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Concentration of toxicant inside production room 

(2002) Metallurg, (11), pp. 24-28.  

 

Abstract 

Emergencies can arise at metallurgical enterprise. Emissions of hazardous gases are observed in 

this case. Ventilation of the enterprise is complex. Usual methods of calculation of the ventilation 

with the use of traditional mathematical models do not make it possible to take into account 

toxicant concentrations in rooms. In connections with this, the computational PHOENICS 

complex has been applied for solving the three-dimensional non-steady equations of 

hydrodynamics and heat and mass exchange. Influence of temperature and concentration of 



admixture on density of mixture has been taken into account. Probability of toxic injury of 

personnel can be determined. 
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Predicting contaminants and oil dispersion with a simulation tool 

(2002) World Petroleum Congress Proceedings, 2, p. 573.  

 

Abstract 

A system for elaboration of oil spill and contaminants dispersion scenarios in aqueous 

environments (rivers, lakes, ocean, etc.) was presented. The system was based on CFD 

(Computational Fluid Dynamics) software PHOENICS on customized human-machine interfaces 

for data entry and results visualization, and on a relational data base to store all the results 

generated by the system. The computational model presented all the mechanisms involved in 

pollutants plume dispersion and oil slick spreading (turbulent flow in two and tridimensional 

domains, emulsification, sedimentation, dissolution, etc.). Those mathematical models were 

calibrated with bathymetric and meteo-oceanographic data either collected in situ or obtained in 

technical literature, to determine the correct parameters for a reliable representation of the 

phenomena involved in the oil slicks and contaminants dispersion. The system was used to 

simulate contaminants in open ocean waters (an aqueous mixture of contaminants released from 

offshore oil platforms through submerged headers several meters below the surface) along the 

Brazilian coast and also to simulate oil spills in many rivers in Siberia. Comparison between 

numeric and field results was also presented. 
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The application of two phase flow simulation to the development of direct iron ore smelting 

reduction process 

(2002) International Journal of Cast Metals Research, 15 (4 SPEC.), pp. 491-496.  

 

Abstract 

The purpose of this research is to numerically simulate the fluid flow phenomena and the 

corresponding stirring efficiency in the iron bath induced by bottom blowing for the direct iron 

ore smelting reduction process. The processing conditions under consideration include gas flow 

rate, tuyere number, tuyere diameter. To verify the accuracy of the simulation model, the 

calculated results are also compared with the existing experimental observation from a water 

model. The numerical simulation tools employed in this study are a commercial package named 

PHOENICS and several generically developed modules to incorporate with PHOENICS for the 

specific needs of this study. For PHOENICS, the Scalar Equation Method (SEM) model is 

chosen to handle the two phase flow problems. For SEM model, it employs a function; h, to 

represent the extent of mixing between gas and liquid. A post-processing module to show the 

front-view of h distribution is developed to compare with the photograph taken from a 0.6 scale 

water model. Another post-processing module is also developed to calculate the mixing time, 

which is a direct index of stirring efficiency, based on the velocity profile simulated by 



PHOENICS. A shorter mixing time represents a better stirring efficiency. With the calculated 

mixing times under various processing conditions, the effects of individual processing condition 

on the stirring efficiency can be evaluated. 
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Abstract 

In this paper, computer simulations of the physical phenomena occurring in the arc region before 

and after current zero were carried out to evaluate the dielectric recovery characteristics of two 

types of dual-flow nozzles. A commercial computational fluid dynamics (CFD) program 

"PHOENICS" was used for the simulation and the user-coded subroutines to consider the arcing 

phenomena were added to this program by the authors. The computed results were verified by 

comparison with the test results presented by the research group of BBC. In order to investigate 

the state of the arc region after current zero, the simulations were carried out in four steps, cold 

gas flow analysis, steady state arc simulation, transient arc simulation before current zero, and 

transient hot-gas flow simulation after current zero. The semi-experimental arc radiation model 

was adapted to consider the radiation energy transport and Prandtl's mixing length model was 

employed as the turbulence model. The electric field and the magnetic field were calculated with 

the same grid structure used for the simulation of the flow field. The streamer criterion was 

introduced to evaluate the dielectric recovery characteristics after current zero. Compared with 

the results obtained by assuming the current zero state in the former studies, it has been found 

that the results obtained by considering the state before current zero were more accurate. 
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Two phase flow analysis for secondary side in steam generator 

(2002) International Conference on Nuclear Engineering, Proceedings, ICONE, 3, pp. 105-113.  

 

Abstract 

The steam generator (SG) in a pressurized water reactor (PWR) is an important component as 

boundary between the primary loop and the secondary loop. In this study, we performed two-

phase flow analysis of SG reliability tests conducted by the Nuclear Power Engineering 

Corporation (NUPEC) using the two-fluid models of a thermal-hydraulic computer code 



PHOENICS. It was difficult to calculate the location of the boiling initiation accurately because 

the location was greatly affected by the friction coefficients (i.e. velocity distributions) and the 

heat transfer distributions. However, the friction coefficients and the heat transfer distributions 

did not greatly affect the void fractions in the upper region of the U-bent tubes and the calculated 

average void fractions agreed with the measured within 4%. 
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SPEL experiments 
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Abstract 

A validation of a 3D CFD model for predicting local subcooling of the moderator in the vicinity 

of calandria tubes in a CANDU-6 reactor is performed. The small scale moderator experiments 

performed at Sheridan Park Experimental Laboratory(SPEL) in Ontario, Canada[1] is used for 

the validation. Also a comparison is made between previous CFD analyses based on 2DMOTH 

and PHOENICS, and the current analysis for the same SPEL experiment. For the current model, 

a set of grid structures for the same geometry as the experimental test section is generated and the 

momentum, heat and continuity equations are solved by CFX-4.3, a CFD code developed by 

AEA technology. The matrix of calandria tubes is simplified by the porous media approach. The 

standard k-ε turbulence model associated with logarithmic wall treatment and SIMPLEC 

algorithm on the body fitted grid are used. Buoyancy effects are accounted for by the Boussinesq 

approximation. For the test conditions simulated in this study, the flow pattern identified is the 

buoyancy-dominated flow, which is generated by the interaction between the dominant buoyancy 

force by heating and inertial momentum forces by the inlet jets. As a result, the current CFD 

moderator analysis model predicts the moderator temperature reasonably, and the maximum error 

against the experimental data is kept at less than 2.0°C over the whole domain. The simulated 

velocity field matches with the visualization of SPEL experiments quite well. 
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A three-dimensional mathematical model for absorption in a metal hydride bed 

(2002) International Journal of Hydrogen Energy, 27 (10), pp. 1049-1056.  

 

Abstract 

Heat and mass transfer, fluid flow and chemical reactions in a hydride bed are numerically 

investigated with a general purpose PHOENICS code. Hydride formation takes place faster near 

the cooled boundary walls and slower around the core region of the bed. It is found that fluid 

flow affects the temperature distribution in the system, however, it does not significantly improve 



the amount of hydrogen absorbed. © 2002 Published by Elsevier Science Ltd. on behalf of the 

International Association for Hydrogen Energy. 
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(2002) Metallurgical and Materials Transactions B: Process Metallurgy and Materials 

Processing Science, 33 (4), pp. 565-575.  

 

Abstract 

In many modern industries, complex shapes arise which require advanced metal casting processes 

to produce a component. The problem with these cast parts is the empiricism required to develop 

the casting process and the accompanying time and expense involved. There has been interest in 

using a fluidized bed to allow molding sand to better encapsulate the complicated surface 

geometries of lost-foam patterns. Fluidization, coupled with a single mixing jet of much greater 

magnitude than the minimum fluidization velocity, helps to homogenize the sand through stirring 

and may improve the integrity of the casting. At the bottom of the bed is an array of fluidizing 

jets distributed through a porous plate, which maintain the bed at minimum fluidization. 

Superimposed upon these smaller jets is a large mixing jets, which serves to mix and homogenize 

the sand. At issue is the hydrodynamics of the sand and air surrounding the foam pattern. The 

PHOENICS commercial software package was amended to simulate the flow around the 

precasting foam geometry. Employing a two-fluid approach, each phase was considered a fluid 

that interpenetrates the other phase. The modification required that the kinetic theory of granular 

flow for the sand phase by incorporated into the recompilable PHOENICS code. The results of 

this study consisted of time-averaged voidage patterns, with voidage being defined as the volume 

fraction of air in the mixture, around the foam pattern submerged in a two-dimensional fluidized 

bed. The model was benchmarked against fluidized-bed experiments performed by previous 

investigators. In order to elucidate the dependence of the voidage around the lost-foam pattern, 

selected physical parameters were varied, and the resultant void-fraction maps were predicted 

with the model. Physical parameters such as the aspect ratio of the width to length of the foam 

pattern, the placement of the mixing jet, and different mixing-jet velocities were varied to 

illustrate the dependence of the time-averaged void fraction of those variables. The simulations 

identified the presence of channeling around the lost-foam pattern, with the extent of the 

channeling and void formation reliant to a greater degree upon the placement of the mixing jet 

and, to a lesser degree, on the mixing-jet velocity and aspect ratio. The placement of the mixing 

jet halfway between the internal foam pattern and the right wall had the desirable benefit of 

granting the sand-churning benefits of a penetrating jet. With this optimal jet placement, more of 

the excess jet air was allowed to disperse through the molding sand and to homogenize the sand. 

The degree of channeling of the excess air input by the penetrating jet was minimized. 
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Abstract 

A two-dimensional steady numerical model is developed for the heat transfer in stationary plasma 

arc welding process. The model considers the radiant heat loss and the heat exchange between the 

workpiece surface and the ambience, and takes the Joule heat, resulted from the welding current 

flowing through the workpiece, as the source term of the energy equation. Based on the 

developed model, the large commercial software PHOENICS is employed to simulate the 

temperature and current density distribution in the workpiece. Using the software, it's 

conveniently and highly active to operate the independent variables and the boundary conditions. 

The comparisons show that the simulated results agree well with the experimentally measured 

results. 
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129.  

 

Abstract 

The simplified algebraic stress mode is successfully introduced into commercial CFD 

PHOENICS software. The conserved scale method and the Van Leer scheme are used to 

determine the morphology of free surface. In order to overcome the disadvantages of small time 

step in numerical simulation, two different time steps are adopted to calculate velocity field and 

to determine free surface morphology. The results show that these measures enhance the 

computation speed greatly, and the obtained accuracy can fulfill the demand of engineer 

application. It is also shown that the results of numerical simulation based on k-ε model are quite 

different from the experimental ones. 
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Abstract 

This work reports on the use of insulated pallet covers to provide thermal protection for heat-

sensitive foodstuffs, in particular during logistic operations carried out in an uncontrolled 

temperature atmosphere. The effectiveness of these insulating devices in reducing the rate of 

temperature changes allows the products to be transported in a semitrailer without refrigeration or 

to be stored temporarily on unrefrigerated docks. Consequently, logistic operations can be 

managed with more flexibility. To evaluate the performance of the insulating device, temperature 

rises within covered pallets were investigated numerically and experimentally. The experiments 

were carried out on an individual pallet and on a whole load. All experiments were performed in 

a temperature-controlled test room. A three-dimensional (3-D) finite-volume heat transfer model 

was developed using the computational fluid dynamics (CFD) code Phoenics. The model took 

into account the thermal characteristics of products and insulating covers, the arrangement of the 

pallets in the vehicle and the external conditions of ambient temperature and solar exposure. The 

good agreement obtained between experimental and numerical results shows that the model can 

be used to estimate the average transportation or storage duration for heat-sensitive products 

under given ambient conditions. © 2002 Elsevier Science B.V. All rights reserved. 
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Abstract 

In this study, theoretical analysis and experimental measurements for the determination of 

Vitamin C (ascorbic acid) concentration during thermal sterilization of a three-dimensional pouch 

filled with carrot-orange soup, are presented. Experimental validation was performed by 

measuring the concentration of ascorbic acid in the soup, using high performance liquid 

chromatography (HPLC) and a titration method. Transient temperature, velocity profiles and the 

shape of the slowest heating zone (SHZ) during heating were also studied. The simulation 

covered a heating cycle of 3000 s. The computational fluid dynamics (CFD) code PHOENICS 

was used for this purpose. Saturated steam at a temperature of 121°C (250°F) was assumed to be 

the heating medium, which is the sterilization temperature commonly used in the canning 

industry. Partial differential equations describing the conservation of mass, momentum and 

energy were solved numerically, together with the concentration equation for Vitamin C, using a 

finite volume method. The temperature dependence of the carrot-orange soup's viscosity and 

density was incorporated in the simulation. The results of the simulations showed that natural 

convection plays an important role in the heat transfer within the liquid food in the pouch. The 

SHZ was found to migrate towards the bottom of the pouch into a region within 30-40% of the 

pouch height, closest to its deepest end. These results also showed that the vitamin profiles 

depend not only on the temperature distribution, but on the velocity profiles in the pouch. The 



measured values were compared with those predicted, showing reasonable agreement with an 

average deviation of 4.5%. © 2002 Elsevier Science B.V. All rights reserved. 
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Abstract 

A CFD model based on the Phoenics-3.3 code was built to simulate the passive decay removal 

from a high temperature gas-cooled reactor (HTGR) with water cooling panel system. The decay 

heat are transferred from the reactor core to the water cooling panel by means of heat conduction, 

radiation and natural convection. The heat transfer mechanism is complex in this heat removal 

system. The axi-symmetric model is employed to simplify the complex structure of the reactor 

system and all three heat transfer means are included in this model. This computational model 

was validated by the benchmark experimental data from the Japan Atomic Energy Research 

Institute (JAERI)'s facility. The calculated temperature distribution along the surface of the 

pressure vessel agrees quite well with the experimental results. The maximum discrepancy 

between them is less than 30°C. © 2002 Elsevier Science Ltd. 
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Abstract 

A two-dimensional unsteady mathematical model is presented for describing the complex 

physical and chemical processes in catalytic converters. The thermal hydraulics software 

Phoenics version 1.4 is used for the steady and unsteady numerical simulations which account for 

the effect of many factors on the converter temperature field and conversion efficiency, such as 

the gas fluxes and the noble metal loading. The model reliability is verified experimentally on an 

engine bench test using locally produced monolith substrates and catalysts. the study shows that 

the converters will approach the light-off state more quickly with increasing gas flux and noble 

metal loading. However, at steady state, the conversion efficiency decreases as the gas flux 

increases. 
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Abstract 

Natural convection heat transfer in a horizontally placed dry spent-fuel storage cask is numerical 

investigated. The commercial computational fluid dynamics (CFD) code, phoenics-3.2 is used 

and the laminar and turbulent model are employed. The numerical predictions obtained are 

compared with the experimental data reported by Nishimura et al. [J. Nucl. Sci. Technol. 33 

(1996) 821]. The computational results corresponding to laminar model agree well with the 

experimental data, but the calculated results of turbulent model are higher. The velocity pattern 

and the isotherms are drawn. With the increasing of Rayleigh number, the heat transfer in the 

cask changes from conduction dominant mode to convection dominant mode. In the condition of 

Ram = 1.3 × 109, turbulent model prevails. The convective heat transfer is so strong that almost 

all temperature changes take place in the region near the wall of the cask. The Rayleigh number 

Ram and the Nusselt number Num characterized by maximum temperature difference are defined 

to depict the heat transfer characteristics. It is found laminar and turbulent models predict the 

same trend but different value. The flow patterns in the cask can be divided to three regimes. In 

these three regimes, modified Nusselt numbers are proportional to the 0.7, 0.25 and 0 power of 

the modified Rayleigh number, respectively. © 2002 Elsevier Science B.V. All rights reserved. 
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Abstract 

In the present work, a commercial computational fluid dynamics (CFD) software package, 

PHOENICS, was used in order to develop three-dimensional model of pusher-type slab reheating 

furnace. The purpose was to gain knowledge of gas flows and temperature distribution in the 

furnace. The burners were first modelled as hot gas jets, and later the accuracy of the model was 

improved with the implementation of the eddy-break-up (EBU) reaction model. In the model 

with the reactions, the flow velocities were slightly slower through the whole furnace area, and 

the temperature in the charge end of the furnace was considerably higher. The differences 

between the two cases were compared and the reason for their occurrence was discussed. 

Furthermore, two turbulence models, k-ε and RNG (renormalization group), were tested. The 

biggest differences appear in the lower heating zone, where the recirculation zones have different 

shapes, and the kinetic energy of turbulence is much lower with the RNG model than with the k-ε 

model. © Blackwell Munksgaard, 2002. 
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Abstract 

Research being undertaken at the University of Auckland has enabled Vortec Energy to improve 

the performance of the Vortec 7 Diffuser Augmented Wind Turbine. Computational Fluid 

Dynamic (CFD) modelling of the Vortec 7 was used to ascertain the effectiveness of geometric 

modifications to the Vortec 7. The CFD work was then developed to look at new geometries, and 

refinement of these led to greater power augmentation for a given diffuser exit area ratio. Both 

full scale analysis of the Vortec 7 and a wind tunnel investigation of the development design have 

been used for comparison with the CFD model. 

 

Author Keywords 

CFD;  Computational fluid dynamic modelling;  DAWT;  Diffuser augmented wind turbine;  k-ε 

turbulence model;  Low-Reynolds number;  PHOENICS;  Vortec Energy;  Wind tunnel 

 

 

Richards, P.J., Mallinson, G.D., McMillan, D., Li, Y.F. 

Pedestrian level wind speeds in downtown Auckland 

(2002) Wind and Structures, An International Journal, 5 (2-4), pp. 151-164.  

 

Abstract 

Predictions of the pedestrian level wind speeds for the downtown area of Auckland that have 

been obtained by wind tunnel and computational fluid dynamic (CFD) modelling are presented. 

The wind tunnel method involves the observation of erosion patterns as the wind speed is 

progressively increased. The computational solutions are mean flow calculations, which were 

obtained by using the finite volume code PHOENICS and the κ-ε turbulence model. The results 

for a variety of wind directions are compared, and it is observed that while the patterns are 

similar there are noticeable differences. A possible explanation for these differences arises 

because the tunnel prediction technique is sensitivity to gust wind speeds while the CFD method 

predicts mean wind speeds. It is shown that in many cases the computational model indicates 

high mean wind speeds near the corner of a building while the erosion patterns are consistent 

with eddies being shed from the edge of the building and swept downstream. 
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Abstract 

In this paper the flow and heat transfer characteristics in the turbulent confinement impinging air 

jet have been numerically analyzed. Two-equation turbulence model, κ-ε, have been used. Mass, 

momentum, energy, turbulent kinetic energy and turbulent kinetic energy dissipation rate 

equations were solved by the PHOENICS package program. Velocity, turbulent kinetic energy, 

turbulent kinetic energy dissipation rate and heat transfer characteristics in the impinging region 

have been predicted by finite volume scheme for the various plate spacings. 
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Abstract 

In this work, sterilization of a canned liquid food (carrot-orange soup) in a metal can lying 

horizontally and heated at 121°C from all sides is simulated for a 3-D geometry. Transient 

temperature, flow pattern, and shapes of the slowest heating zone (SHZ) during natural 

convection heating of canned liquid foods are predicted. The partial differential equations 

describing the conservation of mass, momentum and energy conservation are solved numerically 

using a commercial computational fluid dynamics (CFD) software (PHOENICS), which is based 

on a finite-volume method of analysis. The simulation shows the influence of natural convection 

on the liquid-flow pattern and on the movement of the SHZ. The action of natural convection 

forces the SHZ to migrate towards the bottom of the can as expected. The SHZ eventually stays 

in a region that is about 20-25% of the can height from the bottom. The secondary flow formation 

and its effect on the shape of the SHZ are evident. The results of this work are compared with 

those for vertical can. It shows faster heating in the vertical can, which is expected due to the 

enhancement of natural convection caused by its longer height. © 2001 Elsevier Science Ltd. All 

rights reserved. 
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A CFD study on thermal sterilization of food in pouches 
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Abstract 

The objective of this work is to analyze the process of thermal sterilization of liquid food in a 



three-dimensional pouch and to predict transient temperature, and concentrations of bacteria and 

vitamins profiles as heating progresses. The migration of the slowest heating zone (SHZ) during 

natural convection heating in a pouch heated from all sides was simulated and presented. 

Saturated steam at 121°C was assumed as the heating medium, and the model liquid (carrot-

orange soup) was assumed to have constant properties except for the viscosity (temperature 

dependent) and density (Boussinesq approximation). The governing equations of continuity, 

momentum and energy equations were solved numerically, together with that of bacteria and 

vitamins concentration, as expressed by a reaction kinetics model. A computational fluid 

dynamics (CFD) code PHOENICS was used, which is based on finite volume method of solution. 

The results of the simulations showed that, natural convection plays an important role in the heat 

transfer within the liquid food in pouch, but less than what was found in cans, which is due to the 

small depth of the pouch. The SHZ was found to migrate toward the bottom of the pouch into a 

region within 30-40% of the pouch height, closest to its deepest end. Sterilization time was found 

shorter than that required for can having the same volume, which is attributed to the large surface 

area per unit volume of the pouch. The profiles of the relative bacteria and different vitamin 

concentrations were also found from the simulation, which maybe used to optimize the industrial 

sterilization process with respect to sterilization temperature and time. 
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Application of CAD to CFD for the Wire Arc Spray Process 

(2001) Proceedings of the International Thermal Spray Conference, pp. 889-894.  

 

Abstract 

In view of its advantages (simplicity, low cost, high deposition rate), the wire arc spray process 

has become a widely used technology for the spraying of metals. Nevertheless, numerous 

parameters (gun design, atomizing gas nature, velocities, pressures, ...) may have a significant 

influence on the quality of the produced coatings. One of the major problems related in the 

literature concerns the poor control over the spray pattern; the understanding of this phenomenon 

has thus become essential for further improvements. In the present study, a special feature of the 

PHOENICS commercial code (from CAD* to CFD**) was used to produce a 3D simulation of 

the flow within the gun and outside. This method was especially useful in view of the complex 

geometry of the TAFA 9000 gun, which was investigated. The results show the presence of a 

highly asymmetric external jet. 

 

 

Phan, B.D., Roberts, E.P.L., Hayes, P.J., Wright, N.P. 

Atmospheric pressure plasma surface treatment of ceramic filter materials 

(2001) Computational and Experimental Methods, 6, pp. 377-386.  

 

Abstract 



An atmospheric pressure non-equilibrium plasma (APNEP) jet has been developed and used to 

deposit thin ceramic films on ceramic substrates. The flow behaviour of the jet has been 

investigated using PHOENICS CFD package with the standard k-ε turbulence model. It was 

found that the model gives encouraging agreement with experiments, and provides good 

understanding of the use of APNEP. Analysis of the coating surface using SEM, TEM, and XRD 

has been performed, revealing a nano-particle micro-porous surface structure, which should 

provide a beneficial surface mechanism for hot gas filtering technology. 

 

 

Hudson, N., Bhavnani, S.H., Overfelt, R.A. 

CFD modeling of the hydrodynamics of fluidization in the sand surrounding a lost foam casting 

pattern 

(2001) Proceedings of the Conference on Computational Modeling of Materials, Minerals and 

Metals Processing, pp. 115-128.  

 

Abstract 

In the aerospace and automotive industries, complex shapes exist which require casting. The 

problem with these cast parts is the empiricism required to develop the casting process and the 

accompanying time and expense to develop that process. There has been an interest in using 

fluidized beds to allow molding sand to better encapsulate the complicated surface geometries of 

lost foam patterns. Fluidization coupled with a mixing jet helps to homogenize the sand through 

stirring and may improve the integrity of the casting. At issue is the hydrodynamics of the sand 

and air around the foam pattern. The commercial package PHOENICS™ is used to simulate the 

flow around the pre-casting foam geometry. Employing a two-fluid approach, each component is 

considered a fluid that interpenetrates the other phase. To this end, the kinetic theory of granular 

flow for the sand phase was incorporated into the re-compilable PHOENICS™ code. The results 

of this study consist of time-averaged void fraction patterns, with voidage being defined as the 

fraction of air in the mixture, around the foam pattern submerged in a two-dimensional fluidized 

bed. The model was benchmarked against past fluidized bed experiments. In order to better 

understand the dependence of the void fraction pattern around the lost foam pattern, certain 

physical parameters are varied and the resultant void fraction maps are predicted with the model. 

Physical parameters such as the aspect ratio of length to width, the placement of the mixing jet, 

and different mixing jet velocities are varied to illustrate the dependence of the time-averaged 

void fraction on those variables. Results consistently indicate the presence of channeling around 

the lost foam pattern, with the extent of the channeling and void formation reliant to a greater 

degree upon the placement of the mixing jet, and to a lesser degree on mixing jet velocity and 

aspect ratio. The increase in radial position of the mixing jet from the bed centerline had the 

desirable effect of granting the churning benefits of a penetrating jet, while at the same time 

minimizing the formation of excess void fraction at the top of the pattern. 

 

 

Potočnik, V., Laroche, F. 

Comparison of measured and calculated metal pad velocities for different prebake cell designs 



(2001) Light Metals: Proceedings of Sessions, TMS Annual Meeting (Warrendale, 

Pennsylvania), pp. 419-425.  

 

Abstract 

Metal velocities were measured in three different cell designs using iron rods and, in some cells 

and some locations, with the Alcan portable vane flow meter. The measurements were compared 

with velocities calculated by ESTER/PHOENICS with different turbulent viscosity parameters. 

The agreement between calculated and measured velocities is good for a specific set of model 

parameters. The importance of well defined boundary conditions used in the electric current 

distribution model is discussed. 

 

 

Xie, H., Gao, Z.-Y. 

Computational study of NHR-200 on asymmetric operation conditions 

(2001) Hedongli Gongcheng/Nuclear Power Engineering, 22 (6), pp. 542-546.  

 

Abstract 

Three-dimensional Computational Fluid Dynamics (CFD) code, PHOENICS-3.3 is used to 

simulate the flow and temperature pattern in NHR-200 on asymmetric operation conditions. 

Porous-media method is used to simplify the complex structure on core and heat exchanger. The 

result is that the coolant can be mixed completely in core inlet and the outlet, and asymmetric 

operation conditions can't cause any asymmetry in core region. There is no great difference 

between the two simulated conditions, and both are feasible. 
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Abstract 

A numerical study was realized in order to simulate the plasma spraying of a Mo/NiCrBSi 

powder mixture under atmospheric conditions. The influence of the spray parameters on particles' 

in-flight characteristics was investigated numerically. The PHOENICS CFD code was used for 

the computation of the plasma jets and an in-house code was developed for the modeling of 

plasma/particles interactions. In view of the high melting temperature of Molybdenum and the 

presence of a self fluxing alloy like NiCrBSi, the state of the Mo particles prior to their impact on 

the substrate (velocity, temperature) was regarded as one of the major element influencing the 

quality of the produced coatings. Different spray parameters were considered: the plasma gas was 

an argon/ hydrogen mixture with two different total flow rates and three different hydrogen 

fractions. Corresponding experiments are presented and appear to be consistent with numerical 

results. 
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Flow characterization of slush hydrogen in transfer lines 
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Abstract 

This work presents a thorough investigation of flow characterization and heat transfer 

performance of SLUSH hydrogen in transfer lines with various types of insulation and flow 

conditions. Slush is used as a fuel for the National Aerospace Plane (NASP). NASP is a 

horizontal take off and landing, single stage-to-orbit vehicle using hydrogen as fuel. The high 

heating value, cooling capacity, and combustion properties make hydrogen the fuel of choice, but 

the low density of hydrogen results in a large vehicle tank. Both the fuel cooling capacity and 

density are increased with the use of slush hydrogen and results in significant reduction in vehicle 

size. This computational work includes the effects of interfacial dynamics to the flow field. Thus, 

a numerical model is developed using PHOENICS, a general CFD program, as a tool to model 

the flow of solid particles in a liquid and to study the heat transfer characteristics of the slush. 

This model is applied to vacuum-jacketed and standard insulation pipe systems. The author 

obtained permission from NASA, Lewis Research Center, Cleveland, to compare his model's 

prediction with experimental data. The comparison shows good agreement, which provides 

confidence in the numerical model and theoretical analyses. At low flow rates, the data show that 

the heat loss effects dominate the solid volume fraction loss, while at higher flow rates, friction 

heating causes most of the solid hydrogen degradation. These two effects are the basis of a model 

for the minimum slush solid volume fraction loss for each pipe size. Furthermore, as the pipe 

diameter increases, this minimum slush solid volume fraction loss decreases owing to the 

decreasing friction losses. The interfacial mass and heat transfer fluxes are predicted and exhibit a 

larger value at the boundary due to wall friction effect and surface heat flux into the pipe. 

Comparison of the results is made with previous studies. The comparisons show good agreement 

in slush loss and pressure drop, which provides confidence in the numerical model and theoretical 

analyses. 
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(2001) 37th Joint Propulsion Conference and Exhibit, .  

 

Abstract 

Intermediate casing (IC) duct is an axi-symmetric annular duct with contoured walls that connect 

the low pressure and the high-pressure compressors. It plays a vital role in the bifurcation of the 

fan flow that enters a typical turbofan engine. It divides the flow into three, viz.; the by-pass, the 

core and the cooling flow. The cooling flow passage is formed by eight holes that are plunged on 

the inner casing of IC duct. The flow in the complex geometry of the IC duct is analysed in a 

180° sector using the general-purpose CFD code PHOENICS. The results are compared with the 

experimental data obtained from the engine. The flow features are depicted by Mach number 



distribution, total pressure losses and mass flows distribution is estimated from the CFD results. 

© 2001 The American Institute of Aeronautics and Astronautics Inc. All rights reserved. 
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Influence of monolith catalyst configuration on gas flow uniformity in automotive catalytic 

converter 

(2001) Proceedings of the International Conference on Energy Conversion and Application 

(ICECA'2001), pp. 909-913.  

 

Abstract 

The gas flow maldistribution in the three-way catalytic converter (TWC) negatively affects the 

conversion efficiency. A two-dimensional mathematical model for the steady gas flow within the 

TWC was developed to investigate the influence of the monolith configuration on the gas flow 

uniformity and pressure loss. A commercial computational fluid dynamics (CFD) software 

PHOENICS 3.3 was used to numerically simulate the gas flow. The simulation results showed 

that the monolith with spherical and conical heads had much better flow uniformity than the 

ordinary flat surface, especially at high inlet velocity. Moreover, conical head monoliths with 

cone angles of about π/2 to 2π/3 had better flow uniformities compared to the other 

configurations. An experimental system was developed to measure the flow field and pressure 

loss in the TWC. The experimental data verified the optimization results. 
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Abstract 

The thermal and hydrodynamic characteristic of straight-channel longitudinal fin heat sink under 

forced air-cooling is studied experimentally and numerically using a Phoenics 3.3 (CHAM, UK) 

CFD software. The aim of the study is to simulate and compare the viability of employing 

Phoenics code as effective and efficient means gathering the vast amount of data required to 

adequately quantify heat sink characteristics on the lower scale with the two scale experimental 

data reduced according to requirements of VAT. For this case is analyzed the basic homogeneous 

heat transfer performance features and shown insolvency of using heat transfer and effectiveness 

parameter. A number of data reduction parameters and procedures were developed using scaling 

heterogeneous formulation by volume averaging theory (VAT). Analysis brought in this work 



supports the procedures used to connect the two scale VAT experiment with the full lower scale 

direct numerical modeling for the semiconductor heat sink. 
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Abstract 

A supersonic external flow and high particle velocities, which lead to low porosity coatings, 

characterize the High Velocity Oxygen Fuel (HVOF) process. A numerical study of this process 

is proposed in the present work. In a first step, the PHOENICS CFD code is used for the 

computation of the flow inside a CDS gun and within the supersonic external jet: a two-

dimensional axisymmetric geometry is used. The combustion model assumes chemical 

equilibrium whereas the turbulence effect is taken into account using the Chen-Kim k-ε model, 

which is appropriate for the computation of round jets. In a second step, an in-house code is used 

in order to simulate the flow/particles interactions. Finally, numerical results obtained on in-flight 

particle characteristics are compared with measurements obtained with the DPV2000 system. 
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assessment 
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(Publication) PVP, 424 2, pp. 213-223.  

 

Abstract 

Two applications of the PHOENICS two-fluid model to analyze gas-liquid flows in large piping 

components are reported, both of which are related to nuclear safety assessments. The first 

application includes a series of steady-state simulations of gas-liquid flows in large vertical pipes, 

in order to validate the code for providing design-stage information on safety sensitive void 

fraction and flow distribution within the chimney of a simplified boiling water reactor under 

development, which utilizes natural circulation. The second application is a transient two-phase 

simulation of an outlet header during a thermosyphoning test performed at a large-scale test 

facility for existing nuclear reactors. The intent of this simulation was to understand the 

underlying phenomena that led to certain unexpected behavior during the test, and to determine 

whether such behavior could possibly occur in an actual full size facility. 

 

 



Abdul Ghani, A.G., Farid, M.M., Chen, X.D., Richards, P. 

A computational fluid dynamics study on the effect of sterilization temperatures on bacteria 

deactivation and vitamin destruction 

(2001) Proceedings of the Institution of Mechanical Engineers, Part E: Journal of Process 

Mechanical Engineering, 215 (1), pp. 9-17.  

 

Abstract 

The optimization of thermal processes such as sterilization relies on the accuracy of relevant 

kinetic data for bacterial inactivation and quality evolution. It is also dependent on the geometry 

and heating mechanism involved in the process. In these processes or systems, profiles of 

temperature distribution, bacteria concentration and concentrations of vitamins C (ascorbic acid), 

B1 (thiamin) and B2 (riboflavin) in a can filled with cherry juice during thermal sterilization have 

been obtained through numerical simulations. Different heating medium temperatures of 121, 130 

and 140°C were tested. In order to generate these profiles, the continuity, momentum and energy 

equations are solved numerically, together with those of bacteria and vitamins concentrations, 

using the computational fluid dynamics code PHOENICS, combined with reaction kinetics 

models. Natural convection that occurs during thermal sterilization of viscous liquid 

(concentrated cherry juice, 74 °Brix) in a cylindrical can heated from all sides has been studied in 

this work. The simulations show clearly the dependences of the concentration of live bacteria and 

different vitamins on both the temperature distribution and the flow pattern as sterilization 

proceeds. The results also show that the best sterilization temperature may not always be 121 °C, 

depending on the quality requirements imposed on individual food material of concern. 
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Abstract 

A mathematical model for the design and optimization is developed for the biomass pyrolysis 

process in a rotary kiln. This model includes the transport phenomena of mass and energy flows 

in the moving bed, the freeboard as well as the peripheric equipment e.g. the electrical heating, 

the bearings, and the steel tube. The balance equations are solved for the moving bed using a 

finite difference scheme, and for the freeboard using the commercial finite volume programme 

Phoenics™. The different flow patterns of the moving bed as well as the solids' mixing are 

considered in the model for varying the process parameters in a wide range. A recirculation flow 

has been detected at the entrance of the reactor in the experiments. This flow phenomenon could 

be determined via the model calculation. This recirculation can be reduced significantly using a 

different flow geometry of the purge gas for preventing a tar condensation on the reactor wall. 

The formal reaction scheme for the pyrolysis of maize developed by Klose and Wiest [5] is 



extended through heterogeneous reactions between tar and solid carbon. All measurements are 

matched quite well by the model results. 
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Technology, 29 (2), pp. 91-100.  

 

Abstract 

The objective of this research is to develop the capability for the numerical simulation of internal 

flow field in pressure-swirl atomizers of gas turbine engines. The flow characteristics inside 

atomizers under various geometrical and physical conditions are investigated using a CFD code, 

Phoenics 3.1. Computations of the sudden contracting pipe flow are performed and validated for 

the case corresponding to the experiment of Durst and Loy (1985). The internal flow features of 

plain-orifice-type nozzle are then simulated to study the influences of inlet swirl intensity and 

turbulence intensity on the distribution of turbulent kinetic energy in the outflow region. Finally, 

the three-dimensional internal flow calculations of the SIMPLEX pressure-swirl atomizer are 

made. The effects of various pressure differences and turbulence models on the flow 

characteristics are investigated. The results obtained from this research provide better 

understanding of flow within pressure swirl atomizers and useful information for design 

references. 
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Abstract 

Sterilization of food in cans has been well studied both experimentally and theoretically, but little 

or no work has been done on sterilization of food in pouches. The food pouches have only been 

recently introduced to the market. In this study, transient temperature, velocity profiles and the 

shape of the slowest heating zone (SHZ) have been established for a uniformly heated three-

dimensional pouch containing carrot-orange soup, using saturated steam at 121°C. The 

computational fluid dynamics (CFD) code PHOENICS was used for this purpose. The liquid 

food used in the simulation has temperature-dependent viscosity and density. From the 

simulations, the maximum axial velocity of the soup was found to be 10-2 - 10-4 mm s-1, which 

was due to the small height of the pouch and high viscosity of the soup. The SHZ was found to 

migrate into a region within 30-40% of the pouch height above the bottom and at a distance 

approximately 20-30% of the pouch length from its widest end. The experimental measurements 

were conducted at Heinz Watties Australasia based in New Zealand. The measured temperature 



at different locations in the pouch was compared with that predicted. Both results were found to 

be in good agreement. The results of a simulation done for the same pouch geometry and material 

considering pure conduction mechanism were also presented for the purpose of comparison. © 

2001 Elsevier Science Ltd. All rights reserved. 
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Abstract 

High k dielectric materials have drawn a lot of attention for gate dielectric applications as 

substitutes for SiO2 in future ULSI devices and storage capacitors in GBit DRAMs. Tunneling 

currents become a major problem with shrinking device geometries. Capacitor stacks with high k 

dielectrics like BST or Ta2O5 will need barriers like TiN to avoid intermixing between poly-Si 

and electrode material. A new clusterable RTCVD module for TiN deposition using TiCl4 and 

NH3 chemistry was developed and built up by STEAG RTP Systems GmbH. The design of the 

reactor was strongly supported by simulations and methods of experimental design. Simulations 

on the behaviour of TiCl4 and NH3 process gas flows during process conditions in the RTCVD 

reactor chamber using Lennard Jones Potential approximation and Phoenics CVD software show 

that the two main gas species TiCl4 and NH3 behave very different and thus thoroughly have to 

be treated individually. We demonstrated and discussed gas flow homogeneity distributions of 

different reactor designs and constraints and show how the obtained results led us to the chamber 

design, which finally was realized. Experimental cross checks on TiN deposited wafers processed 

with our new RTCVD reactor for TiN barrier are shown and the results are discussed in detail. © 

2001 Elsevier Science B.V. 
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On the use of a low-Reynolds extensions to the Chen-Kim (κ-ε) model to predict thermal 

exchanges in the case of an impinging plasma jet 

(2001) International Journal of Heat and Mass Transfer, 44 (6), pp. 1095-1106.  

 

Abstract 

The present paper is devoted to the modeling of an impinging argon/hydrogen plasma jet under 

atmospheric plasma spraying conditions. A two-layer extension to the Chen-Kim (κ-ε) turbulence 

model was implemented in the Phoenics code, allowing the prediction of temperature and 

velocity fields in the turbulent jet and the description of the viscous sublayer at the surface of the 

front body. The predictions of thermal exchanges are compared to results obtained with a 

heuristic formula deduced from experiments and taken from the literature. A comparison is also 



made with results obtained with some other models and the results indicate that the present 

proposed model is by far the most accurate. © 2001 Elsevier Science Ltd. All rights reserved. 
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Abstract 

The aim is to investigate the temperature variation, the self-ignition hazard and the energy 

content in the ammunition. The conjugate heat transfer analysis of the transient thermal 

conduction and the natural convection in a stack of cases with ammunition No.1 or No.2, which 

are modeled as temperature dependent heat sources, were simulated numerically using 

PHOENICS (version 1.4) and the false density method. With reasonable heat transfer conditions 

at the boundary and relatively low initial and boundary temperatures (≤50°C), the ammunition 

not self-ignite within the 50 years time period was used for analysis. It was found that if the 

initial and boundary temperatures were high (120°C), the ammunition would self-ignite within 

about 1 h and if the heat transfer conditions on the boundary were very bad, e.g., thermally 

isolated boundary conditions, the ammunition would self-ignite at relatively low initial and 

boundary temperatures. 
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Abstract 

Polymerisation reactor design and mode of operation are particularly important for 

polymerisation processes where the lifetime of the growing species is long compared to the mean 

residence time of reactants in the reactor. For these reasons, reactor control strategies can be 

devised for living polymerisation processes in order to tailor the nature of the polymer produced, 

for example, molecular weight distribution. The strategies can only be devised for ideal reaction 

and reactor behaviour. Since neither are ideal, it is necessary to understand those factors which 

cause deviation from ideality. In this work, the influence of the spatial distribution of temperature 

and flow velocity is examined for an ideal classical living polymerisation reaction carried out in a 

tubular reactor under steady-scale reactor conditions using a computational fluid dynamics (CFD) 

code (PHOENICS) to explore the influence of the spatial distribution of species and temperature 

on the product with all other reactor features being ideal. Particular attention is given to the 

problem of describing the spatial distribution of the dispersity index (moments of the molecular 

weight distribution) of the polymer in addition to flow velocity temperature, component 



concentrations and kinematic viscosity. Comparisons are made between the CFD predictions, 

simulations based on the ideal behaviour of the process, and the experimental results from a 

laboratory-scale reactor. It is shown that the CFD predictions give a more realistic description of 

the tubular reactor behaviour for the conditions employed. The limitations of the CFD approach 

and the additional problems still needing to be addressed, such as mixing quality, are discussed. 
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Abstract 

PHOENICS-3.2, a three-dimensional CFD code, is used to simulate the heat transfer and flow in 

the bypass and upper plenum of the core of 200 MW nuclear heating reactor (NHR-200). In order 

to guide the convective flow, several schemes with and without the baffle are calculated, and the 

impact of the mass flowrate of the core bypass is considered. The effect of natural convection on 

the calculated region is so small that it can not change the direction of main flow. The important 

flows in the calculated region except the main flow are of a recirculating flow which occurs in the 

bottom of the bypass of core due to the change of flow area and another big recirculating flow 

which occurs in the upper plenum due to the change of flow area and natural convection. Laying 

the baffle on the top of spent fuel zone can suppress the impact of the recirculating flow on the 

upper plenum and decrease the change of temperature on the bypass of core. 
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Abstract 

The pressure tube reactors, especially CANDU type, have a calandria low pressure vessel (near to 

atmospheric pressure) immersed into a concrete vault filled with water. The accident analysis 

done by ELFIN-HTCELL code for the channel heat up and by fluid flow PHOENICS code as 

applied for moderator cooling system efficacy, showed that even the moderator cooling system 

operates, in some transients sequences where the normal heat sinks are lost, and the top core 

pressure tubes can reach burst conditions, which means tha the fission product secondary 

retaining barrier gets destroyed, and yet the core can be cooled by water admission through the 

ruptured tubes from the emergency core cooling system (ECC), if it is available. Otherwise, if in 

many accident sequences the moderator cooling system remains the ultimate heat sink for the 

core fuel, and it is not available even from the accident start, a core melt appears. Taking into 

account the 'natural' advantage offered by the presence of both pools in calandria and in the vault, 



separated by the calandria vessel, the introduction of density locks between them could be a 

safety passive design solution. When the temperature of moderator water gets higher the density 

lock cold-hot interface loss stability and thus the density locks get 'open' fully permitting the 

admission of the cool water from the vault pool in calandria. Therefore, by natural circulation the 

decay heat is transferred via an air-cooling tower, and no mechanical moving parts are needed to 

open this circuit. Also, if the vault water is borated, it can be used to stop the nuclear reaction 

when the normal shutdown systems are not available and a positive reactivity coefficient appears, 

e.g. large loss of coolant accident (LOCA). 
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Abstract 

The software for simulating temperature and velocity fields in laser surface remelting process 

was developed on the basis of PHOENICS code. Computational methods which include a fixed-

grid and general source term based on dealing with melting and solidification were employed. 

Momentum and energy changes caused by moving heat source are taken as additional sources in 

controlled-equations, and the equations are discretized and solved by a control-volume-based 

method. By using the software, numerical calculation on heat transfer, phase change and fluid 

flow in laser remelting process of an aluminum alloy specimen was carried out. 
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Abstract 

This paper presents a transient one-dimensional mathematical model which simulates the 

pyrolysis of a single dried wood particle. The porous wood particle is considered as a two-phase 

system: the solid phase consisting of wood and char and the gas phase consisting of volatiles and 

tar. Conservation equations for mass, momentum and energy are developed for each phase. 

Chemical processes are described through an existing one-stage three-reactions scheme, leading 

separately to char, tar and volatiles evolution dynamics. The variation of transport and physical 

properties with temperature and with composition is presented by algebraic equations. The model 

presented in this paper is more advanced than the current models found in literature, since it 

contains physical effects not included in past models, such as cross diffusion, differing solid and 

gas phase temperatures and a transient gas phase momentum equation incorporating the wall 

friction experienced by a fluid flowing through a porous medium. Furthermore, an adequate 



reference system for enthalpy, based on temperature dependent reaction heats, is used. The 

mathematical equations with initial and boundary conditions are solved numerically by means of 

a commercial CFD code (PHOENICS). The validity of the pyrolysis kinetics scheme is examined 

through comparison with experimental data. Furthermore, the macro-particle model is validated 

by (1) examining the limitations and importance of the newly-modelled effects (different solid 

phase and gas phase temperature, cross diffusion and wall friction) and (2) making a comparison 

between predicted and experimental results for large particles. 
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Abstract 

The improvement of the DC casting of aluminum rolling and extrusion ingots is an ongoing 

process. Besides implementation of optimized mold systems and automated control of the main 

process parameters using casting temperature, casting speed, metal level, and water cooling, the 

optimization of liquid metal distribution systems is an actual matter of research. Various 

numerical models of the coupled fluid flow and heat transfer phenomena dominating the DC 

casting process have been developed and used for understanding the complex interactions 

between liquid transport and temperature evolution in the solidifying ingot. Although they are 

based on the same set of equations some differences exist concerning the implementation of the 

flow phenomena. In order to evaluate the influence of the chosen fluid flow model (laminar, 

turbulent) on the resulting velocity and temperature distribution, four different 3-dimensional 

applications used in the aluminum industry (ALSIM, FIDAP, PHOENICS, CFX) are compared 

by means of a set of well defined reference cases. The resulting temperatures and flow patterns of 

the models are discussed in dependence of boundary and geometrical conditions and 

implemented flow model parameters. In addition, the results are qualitatively compared with 

temperature measurements in the liquid pool during an experimental trial program. 
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Abstract 

A CFD study was conducted, focussing on the internal convective transport processes of a tomato 

glasshouse. The aim of the research was to build a simple model of a tomato crop canopy and its 

influence on the glasshouse environment, looking at CO2 dispersal, ventilation rate and 

temperature distribution. The long-term objective of the research is to create a 3D virtual reality 

model of the overall physical phenomena of the glasshouse and exchange processes with the 

tomato crop. In this paper a first simple model of a representative part of a commercial multi-



span Venlo-type glasshouse with tomato crops inside is presented and discussed. The modelling 

vehicle is the PHOENICS 3.1 package supplied by CHAM Ltd. A simple crop canopy model was 

developed where the crop is represented as a porous block consisting of different parts each with 

different density, flow permeability and CO2 absorption. These crop canopies were placed in the 

glasshouse where heating, ventilation and CO2 injection are introduced. The glasshouse model 

was tested and compared with previous models and experimental data. Although the model is 

limited and simple, there is a good agreement with the data available. 
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Abstract 

The aim of this paper is to report on a novel approach used in designing spacer (a biomedical 

device used to aid inhalation of the drug). The Computational Fluid Dynamics (CFD) technique 

has been around for some years, but to date has not been used in designing spacers. In the present 

study the commercial CFD engines used were FLUENT-5.1.1 and PHOENICS. The study 

covered a large area taking into account various parameter changes such as the inlet boundary 

condition i.e. changing the velocity at inlet, varying the jet angle at entry to the spacer and the 

actual length of the spacer. The results were possible were compared to the experimental data 

available and generally the comparison was good. The findings from this research have 

highlighted, that there is an optimum size of 6cm and inlet velocity of 30m/s which result in an 

increased efficiency. It was also found that there is an optimum time of 0.4 sec. For which the 

highest drug concentration appears to be present. 
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Abstract 

Ship's ballast waters and sediments serve as a main cause in the transportation of marine 

organisms, including toxic dinoflagellates, parasitic labyrinthulids and other potential harmful 

species. These exotic organisms have caused many ecological changes, as well as concern over 

effects on human health, fishing and aquaculture. Whilst existing legislation exist for the 

protection of the environment, requiring ships to replace their ballast water on a frequent basis, it 

is not so effective, resulting in serious environment concerns. A ship borne system, called the 



MikroKill Separator (patent pending 1999-555-25), has been developed by OPTIMARIN A/S of 

Norway, which removes sediments from water during ballasting, and the MikroKill UV destroys 

or inactivates biological organisms including zooplankton, algae and bacteria, without affecting 

the normal operation of the ship. The present study used a CFD model PHOENICS to simulate 

the flow inside the separator, it is found from the results that the present CFD model can give a 

good prediction of the flow behaviors in terms of velocity, pressure and streamlines inside the 

separator. 
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Abstract 

The erosion processes resulting from flow of fluids (gas-solid or liquid-solid) are encountered in 

nature and many industrial processes. The common feature of these erosion processes is the 

interaction of the fluid (particle) with its boundary thus resulting in the loss of material from the 

surface. This type of erosion in detrimental to the equipment used in pneumatic conveying 

systems. The puncture of pneumatic conveyor bends in industry causes several problems. Some 

of which are: (1) Escape of the conveyed product causing health and dust hazard; (2) Repairing 

and cleaning up after punctures necessitates shutting down conveyors, which will affect the 

operation of the plant, thus reducing profitability. The most common occurrence of process 

failure in pneumatic conveying systems is when pipe sections at the bends wear away and 

puncture. The reason for this is particles of varying speed, shape, size and material properties 

strike the bend wall with greater intensity than in straight sections of the pipe. Currently available 

models for predicting the lifetime of bends are inaccurate (over predict by 80%. The provision of 

an accurate predictive method would lead to improvements in the structure of the planned 

maintenance programmes of processes, thus reducing unplanned shutdowns and ultimately the 

downtime costs associated with these unplanned shutdowns. This is the main motivation behind 

the current research. The paper reports on two aspects of the first phases of the study-undertaken 

for the current project. These are (1) Development and implementation; and (2) Testing of the 

modelling environment. The model framework encompasses Computational Fluid Dynamics 

(CFD) related engineering tools, based on Eulerian (gas) and Lagrangian (particle) approaches to 

represent the two distinct conveyed phases, to predict the lifetime of conveyor bends. The method 

attempts to account for the effect of erosion on the pipe wall via particle impacts, taking into 

account the angle of attack, impact velocity, shape/size and material properties of the wall and 

conveyed material, within a CFD framework. Only a handful of researchers use CFD as the basis 

of predicting the particle motion, see for example [1-4] . It is hoped that this would lead to more 

realistic predictions of the wear profile. Results, for two, three-dimensional test cases using the 

commercially available CFD PHOENICS are presented. These are reported in relation to the 

impact intensity and sensitivity to the inlet particle distributions. 
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Abstract 

Hydrogen is a very promising alternative to replace conventional energy sources such as coal, oil 

and natural gas e.g. to avoid air pollution caused by carbon dioxide emissions. That's why the 

efficient (rapid, dense, secure) storage of hydrogen is of vital importance. One possibility is to 

store hydrogen as a metal-hydride. This paper contains two topics. The first point is to determine 

the kinetics of the reaction of the hydride being formed, and the heat transport in a metal-hydride 

storage. These calculations, based on FORTRAN, are necessary in addition to PHOENICS, 

which is a commercial flow simulation program. Mainly, the transport of heat is an important 

aspect because the released heat, in case of the hydrogen absorption, can not be transported out of 

the reaction bed as rapidly as needed. This leads to an increase of temperature causing a decrease 

in the reaction rate to nearly zero. So several efforts have been made to increase the poor heat 

transport for example with inlays having a good conductivity. Another possibility is to optimise 

the cooling device. Therefore, and this is the second point, several simulations have been carried 

out using this extended program to investigate the influence of the cooling device in respect of 

the hydrogen storage capacity in a given time. The results show that the inner cooling of the 

hydride reactor is better than an outer one. So some proposals for the optimal cooling device can 

be made. 
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Abstract 

To study the turbulence model for cyclone separator flow fields, three- dimensional BFC grids 

and PHOENICS program were used to simulate inner flow field in a cyclone separator, and 

standard k-ε model and Chen-Kim model were used as turbulence models respectively. 

Compared with standard k-ε model, Chen-Kim turbulence model is more suitable for simulating 

vortex flow. 
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Abstract 

Through a combination of computational fluid dynamics (CFD) and Lagrangian particle tracking, 

predictions of particle movement through complex geometry can be achieved. This work involves 

the development of a Lagrangian particle tracking algorithm, coupled with an eddy interaction 

model and erosion model, and it's use in the prediction of particle motion and erosion rates in 

three-dimensional bends. The commercial CFD code, PHOENICS has been used to predict 

turbulent flow fields using the k-e two-equation model of turbulence. These have been verified 

against known experimental results. Using a stochastic procedure, solid particles are tracked 

through the domain in a Lagrangian manner using the Lagrangian equation of motion of a 

particle. From this particle motion, impacts with solid boundaries are converted into erosion rates 

using a quantitative model of erosion. Sample particle trajectories are shown, and a description of 

the effect of secondary velocity on particle motion is given. The effect of particle inertia and bend 

orientation has been investigated. Finally, predictions of erosion rate on the walls of a three-

dimensional square-sectioned U-bend are presented. 
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Abstract 

The ability to reliably predict the fluid flow through a pond and relate these hydraulic 

characteristics to pond treatment performance would clearly be a very valuable tool to the design 

engineer. The application of computational fluid dynamics (CFD) mathematical modelling has 

the potential to do this. In recent years there has been rapid advancement of computing power and 

mathematical modelling software. CFD simulation gives the pond designer the potential to 

explore the hydraulic performance for a wide range of design configurations and scenarios. This 

paper reports on the application of the PHOENICS CFD package for this purpose. To 

demonstrate the potential application of CFD to pond design, this paper presents a series of 

simulations of a small community pond. The simulations undertaken were three-dimensional and 

incorporated the k-e turbulence model. The first of these modelled the existing pond arrangement, 

after which the effects of adding a baffle is shown as an example of how CFD can be applied for 

design. In addition to the fluid velocity field, plots of a simulated tracer slick were produced. This 

simulated tracer movement is used to produce hydraulic retention time distribution curves of the 

tracer concentration at the outlet. These are then integrated with a simple, first-order decay model 

for BOD removal and faecal Coliform die-off to calculate treatment efficiency. This allowed 

direct comparison of the expected treatment efficiencies with and without the baffle modification. 
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paper reports on the application of the PHOENICS CFD package for this purpose. To 

demonstrate the potential application of CFD to pond design, this paper presents a series of 

simulations of a small community pond. The simulations undertaken were three-dimensional and 

incorporated the k-e turbulence model. The first of these modelled the existing pond arrangement, 

after which the effects of adding a baffle is shown as an example of how CFD can be applied for 

design. In addition to the fluid velocity field, plots of a simulated tracer slick were produced. This 
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Abstract 

Frozen food can undergo temperature rise essentially during handling processes which are the 

weakest links of the cold chain: delivery, loading or unloading operations and temporary storage 

where pallets are generally handled in an ambience above 0 °C. In this study, the temperature rise 

in a pallet is investigated numerically and experimentally. A three-dimensional finite-volume 

heat transfer model is developed using Phoenics Computational Fluid Dynamics (CFD) software. 

Food temperature within the pallet is predicted as a function of time of exposure, ambient 

conditions, product initial temperature, palletization and thermal characteristics of products and 

packaging. The experiments are carried out with packaged frozen fish pallets placed on a closed 

or open dock. The temperatures are recorded, at different levels in pallets over 25- to 85-min 

periods. The model shows good agreement with experimental results. 
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Abstract 

This paper deals with the simulation of VOCs concentration dispersion, evaporated from flooring 

materials, with the purpose of understanding VOCs evaporation and dispersion mechanisms. A 

test chamber is examined whose flooring material emits a number of VOCs. Given the area 

specific ventilation rate and considering it as boundary conditions, experimental data for the 

examined compounds concentration, the dispersion of the VOCs concentrations is examined 

under steady state and transient conditions. The model developed is used in conjunction with a 



general - purpose CFD code, PHOENICS, that can provide detailed information on the flow as 

well as concentration fields. The results of the above two simulation cases are used as a guide for 

two other cases, where faster restoration of the air indoor quality was investigated by changing 

the ventilation rate in the chamber. The simulation results were used as a basis for further 

analysis for VOC evaporation for other flooring materials; this will allow proper material 

selection as well as proper ventilation system for a more healthy and comfortable environment in 

a building. 
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Abstract 

Analytical and experimental studies have been conducted on large-scale steam injectors for a 

next-generation reactor. The steam injectors are simple, compact, passive steam jet pumps for a 

steam-injector-driven passive core injection system (SI-PCIS) or steam-injector-driven primary 

loop recirculation system (SI-PLR). In order to check the feasibility of such large-scale steam 

injectors we developed the separate-two-phase flow models installed in the PHOENICS Code, 

and scale-model tests were conducted for both SI-PCIS and SI-PLR. A 1/2 scale SI-PCIS model 

achieved a discharge pressure of almost 8 MPa with 7 MPa steam and 0.4 MPa water, and a 1/5 

scale SI-PLR model attained a discharge pressure of 12.5 MPa with 3 MPa steam and 7 MPa 

water. Both results are in good agreement with the analysis, confirming the feasibility of both 

systems. The systems will help to simplify the next generation of BWRs. 
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Abstract 

Since the early 1990s, mathematical modelling has supported metallurgical research at MEFOS. 

In addition to thermodynamic calculations and trials in various scales, the commercial software 

PHOENICS has been used to describe the transport of mass and heat. Steady-state models, as 

well as transient models, have been developed for single-, 2- and 3-phase systems. In some 

applications, chemical reactions between the phases are also incorporated. Modelling activities 

have focused on the process route of steelmaking, including melting, secondary metallurgy and 

continuous casting. In this paper, highlights from some of these modelling activities are 

presented, including verification measurements. Process improvements are suggested, as well as 

some implications for treatment strategies and practices. Finally, future work and planned 

research are discussed. 
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Abstract 

The fluid flow in the mould of a slab continuous casting was simulated by a three dimensional 

finite difference model, which has been formulated according to the commercial code 

PHOENICS. The effects of the structure and size of submerged entry nozzle (SEN), and 

processing parameters on turbulent kinetic energy of the level and impacting pressure of the 

narrow face in mould have been studied. Simulation results are identical with water model 

experimental results. 
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Abstract 

In the combustion process of incinerators (grates and stokers) arise dust-loaded flue-gases, 

building sedimentations on boilers heat exchange surfaces, especially of shell-type steam 

generators in small plants. An effective flue-gas dust separating will be achieved using a hot gas 

cyclon separator. Tempering the collected dust at temperatures near of flue-gas improves its 



properties, comparabel sintered slag. Additional to the direct computation a mathematical 

modeling of gasparticle-flows in cyclone-reparators is used with the Euler and Lagrange 

approachs. The governing equations are solved, with the general purpose Navier-Stokes solver 

PHOENICS. 
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Abstract 

In the combustion process of incinerators (grates and stokers) arise dust-loaded flue-gases, 

building sedimentations on boilers heat exchange surfaces, especially of shell-type steam 

generators in small plants. An effective flue-gas dust separating will be achieved using a hot gas 

cyclon separator. Tempering the collected dust at temperatures near of flue-gas improves its 

properties, comparabel sintered slag. Additional to the direct computation a mathematical 

modeling of gasparticle-flows in cyclone-reparators is used with the Euler and Lagrange 

approachs. The governing equations are solved, with the general purpose Navier-Stokes solver 

PHOENICS. © 2000 Fuchs - Informationsaufbereitung und -Verbreitung. 
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Abstract 

The effects, which an electric field exerts on flames, have been observed and reported in the 

literature for a long time. Burning velocity, flame stability, flame shape, flame luminosity, 

extinction limit, and soot formation, are among the effects that have been observed. Most of the 

studies in this field were experimental observations. There is fairly limited information in the 

literature on numerical studies in the area of electric field and flame interaction. Therefore, our 

fundamental understanding of the process and our ability to use electric field as a means to 

control the combustion process, are restricted. In the present work, co-flowing diffusion 

methane/air flames and candle-type methane/air flames under the electric field effect have been 

observed experimentally. A numerical model, which considers the more important physical and 

chemical phenomena associated with the flame-field interaction process, has been developed to 

explain the experimental observations. The model employs a two-dimensional cylindrical 

coordinate system and assumes axial symmetry. A simplified chemical reaction scheme for a 

methane-air mixture, which contains 19 chemical species and 31 reactions is employed. It 

combines existing methane oxidation mechanisms with a series of chemiionization, ion-molecule, 

and dissociative-recombination reactions, which are important for the ionic species. The mass, 

momentum, species and energy conservation equations are solved numerically by an integrated 

version of the PHOENICS and CHEMKIN computer codes. It is concluded that the effects of an 



electric field on the flame behavior are mainly due to ionic wind effects. (C) 2000 Elsevier 

Science Inc. All rights reserved. 
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Abstract 

The three-dimensional turbulent impinging square twin-jet flow with no-crossflow is analyzed by 

employing the computational fluid dynamics (CFD) code PHOENICS. The SIMPLEST 

algorithm and the Jones-Launder k-ε two-equation turbulence model are used to simulate the 

strong turbulence of the three-dimensional impinging twin-jet flow field. The transport properties 

of velocity, pressure, and structure of exhausted nozzles at a space of S = 5D, jet exit height of H 

= 3D, and main nozzle jet Reynolds number of 105000 are solved in this paper. The axial 

velocities of the present calculated results are found to be in good agreement with the 

experimental data of Barata et al. [Barata JMM, Durao DFG, Heitor MV. Impingement of single 

and twin turbulent jets through a crossflow. AIAA Journal 1991; 29: 595-602]. The calculated 

results show that the flow field structure of twin-jet impinging on a flat surface is strongly 

affected by the depth of geometry. Also, the calculated results show that several recirculating 

zones are distributed around the flow field. Their size and location are different from the two-

dimensional flow field due to the effect of flow stretching in the y-direction. In addition, fountain 



upwash flow is extended to the narrow region of the outer boundary. The phenomena in the 

present analysis provide a fundamental numerical study of three-dimensional impinging twin-jet 

flow fields and a basis for the further analysis of three-dimensional impinging twin-jet flow fields 

with a variable angle nozzle and plate. Copyright (C) 2000 John Wiley and Sons, Ltd. 
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of velocity, pressure, and structure of exhausted nozzles at a space of S = 5D, jet exit height of H 

= 3D, and main nozzle jet Reynolds number of 105 000 are solved in this paper. The axial 

velocities of the present calculated results are found to be in good agreement with the 

experimental data of Barata et al. The calculated results show that the flow field structure of twin-

jet impinging on a flat surface is strongly affected by the depth of geometry. Also, the calculated 

results show that several recirculating zones are distributed around the flow field. Their size and 

location are different from the two-dimensional flow field due to the effect of flow stretching in 

the y-direction. In addition, fountain upwash flow is extended to the narrow region of the outer 

boundary. The phenomena in the present analysis provide a fundamental numerical study of 

three-dimensional impinging twin-jet flow fields and a basis for the further analysis of three-

dimensional impinging twin-jet flow fields with a variable angle nozzle and plate. 
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determination of a heat emission coefficient 
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Abstract 

Two methods are discussed for the determination of heat emission coefficients using the 

PHOENICS program complex. The first method involves post-processing of the results of the 

conjugate heat exchange problem solved by PHOENICS, and the second approach is based on the 

solution of the inverse heat conduction problem for solids using PHOENICS. 
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Abstract 

The winter operation of an on-stream stormwater management pond, located in Kingston, 



Ontario, Canada, was studied with respect to ice cover formation and breakup, density 

stratification, velocity field under the ice cover, and the risk of sediment washout. The pond 

freezes over in late November, with the ice thickness reaching up to 0.5 m. During the first half 

of the winter period, the ice thickness was well described by Stefan's formula with empirical 

coefficients appropriate for shallow water bodies. The pond was chemically stratified, with total 

dissolved solids concentrations up to 1200 mg · L-1 observed close to the bottom. The 

meromictic stability of this stratification was calculated as 882 g · cm · cm-2. Measurements of 

the velocity field under the ice cover indicated a flow pattern comprising a fast flow region, a 

small dead zone and a large recirculation zone to the north and south of the fast flow trajectory, 

respectively. Such a pattern agreed well with that simulated by a CFD model (PHOENICS(TM)). 

During a snowmelt event, the near-bottom velocities reached up to 0.05 m · s-1, but were not 

sufficient to scour the bottom sediment. 

 

The winter operation of an on-stream stormwater management pond, located in Kingston, 

Ontario, Canada, was studied with respect to ice cover formation and breakup, density 

stratification, velocity field under the ice cover, and the risk of sediment washout. The pond 

freezes over in late November, with the ice thickness reaching up to 0.5 m. During the first half 

of the winter period, the ice thickness was well described by Stefan's formula with empirical 

coefficients appropriate for shallow water bodies. The pond was chemically stratified, with total 

dissolved solids concentrations up to 1200 mg·L-1 observed close to the bottom. The meromictic 

stability of this stratification was calculated as 882 g·cm·cm-2. Measurements of the velocity 

field under the ice cover indicated a flow pattern comprising a fast flow region, a small dead zone 

and a large recirculation zone to the north and south of the fast flow trajectory, respectively. Such 

a pattern agreed well with that simulated by a CFD model (PHOENICSTM). During a snowmelt 

event, the near-bottom velocities reached up to 0.05 m·s-1, but were not sufficient to scour the 

bottom sediment. 
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A computational fluid dynamic simulation study of a smoke extract system in an underground 

transit station 

(1999) Journal of Applied Fire Science, 9 (3), pp. 251-273.  

 

Abstract 

A computational fluid dynamics (CFD) model based on PHOENICS has been used to evaluate 

the distribution of fire induced air flow, temperature and smoke concentration in an underground 

transit station. Three cases were simulated to study how the underground transit station's smoke 

extract system cope with a 1 MW of 6 m perimeter baggage fire at three different locations. Each 

case was studied at 4, 6, 10, and 15 minutes after fire ignition. The results obtained were 

compared with the theoretical and empirical formulae and guidelines established by Building 

Research Establishments (BRE) which were meant for conventional buildings. The 4 and 6 

minute results were also used to study whether the station can comply with NFPA 130's exiting 



requirements of providing a tenable environmental condition for passengers' evacuation. In 

addition, the simulation results after 10 minutes were used to evaluate the environmental 

condition of the station when firemen enter the station for fire fighting. Results from the 

simulations showed that the underground transit station could comply with the NFPA 130's 

exiting requirements for providing a tenable environmental condition for passengers' evacuation. 

However, simulation results for one of the cases, i.e., Case 3, indicated that the station's 

environmental condition was unsafe for humans after 10 minutes from ignition due to 

stratification phenomenon. © 2000, Baywood Publishing Co., Inc. 
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Abstract 

Air quality in confinement pig houses is important to production and health. Mechanical 

ventilation and confinement is known to be the most practical tool for maintaining adequate air 

quality in pig houses through extensive researches since Millier (1950) invented the 'slotted inlet' 

ventilation system. A variety of mechanical ventilation systems have been applied to confined 

nursery pig houses in Korea without scientific verification of their ventilation effectiveness. 

Ventilation systems with three feasible combinations (NA, NB, and NC) of inlets and outlets in a 

confined nursery pig house were tested to evaluate their ventilation efficiency, of which the one 

with the best performance was supposed to be taken as a standard ventilation system for nursery 

pig houses in Korea. Field data of air velocity and temperature fields, and ammonia concentration 

with three ventilation systems were taken and compared to determine the best system. The air 

velocity and temperature fields predicted by the PHOENICS computer program were also 

validated against the available experimental data to investigate the feasibility of computer 

simulation of air and temperature distribution with an acceptable accuracy in a confined house. 

NC system with duct-induced in-coming air, performed best among the three different ventilation 

systems, which created higher velocity field and evener distribution (2.5 m/s±0.3 m/s) over the 

space with a Reynolds number of 10 4. The experimental data obtained also fitted well with the 

simulated values using the modified PHOENICS, which suggested a viable tool for the prediction 

of air and temperature field with given calculation geometries. 
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section of a disc-type transformer 

(1999) International Journal of Thermal Sciences, 38 (5), pp. 424-435.  



 

Abstract 

A model simulating a part of the cross-section of a transformer has been designed to validate 

numerical simulations. The model is composed of a transformer box (0.48 × 0.66 × 0.2) 

connected to a cooler. The transformer box is composed of two columns of 6 heating blocks (0.07 

× 0.14 × 0.2) in-line arranged. Some thermocouples are placed inside the blocks and some others 

in the fluid to measure temperature field. The velocity field is measured by means of LDV 

technique. For that reason, the frontal wall of the transformer box is in Plexiglas. The resolution 

of the laser doppler velocimeter (LDV) is 0.1609, 0.1605, and 2.2233 (mm) in respectively the x, 

y and z directions. Experiments were performed in a flow rate range: 0.1,..., 0.3 m3·h-1 using 

water as the cooling medium. This yields a mixed convection laminar regime for the whole range. 

Numerical calculations using a finite difference technique were simulated with boundary 

conditions matching those of the experiments. Some adjustments for grid refinement as well as 

those of the numerical parameters were required to cover uncertainties due to assumptions and 

simplifications (idealisations) and to get good agreements with results. The computer code used 

is PHOENICS. © Elsevier, Paris. 
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Digest, 2, pp. 225-226.  

 

Abstract 

Laser diodes were fabricated by soldering laser diode chips P side down to a copper heat sink 

using well-known soft solder eutectic technology. Using the PHOENICS simulator, the 

maximum temperature at bonding surface depending on the water flow rate was calculated. 

Thermal resistance, 0.8°C/W, was measured by the difference of two peak wavelength or 

threshold current at QCW and CW. The laser diodes were cooled by using 20°C pure water with 

0.8 liter/min. 
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Experimental and numerical study of the effect of an electric field on a Bunsen-type flame 

(1999) Israel Journal of Chemistry, 39 (1), pp. 87-96.  

 

Abstract 

The effect of an electric field on the behavior of premixed methane-air flames has been studied. 

A candle-type flame has been observed experimentally and analyzed for its geometrical 



proportions under an electric field. A numerical model has been developed to explain some of the 

experimental observations. The model employs a two-dimensional cylindrical coordinate system 

and assumes axial symmetry. The mass, momentum, species, and energy conservation equations 

are solved by an integrated version of the PHOENICS and CHEMKIN computer codes. It is 

concluded that the effect of the electric field on the flame behavior is mainly due to ionic wind 

effects. 
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Investigation of deactivation of bacteria in a canned liquid food during sterilization using 

computational fluid dynamics (CFD) 

(1999) Journal of Food Engineering, 42 (4), pp. 207-214.  

 

Abstract 

Thermal processing of a liquid food always results in important biochemical changes such as 

bacteria deactivation and nutrient concentration changes. To estimate these changes the liquid 

food needs to be tagged and followed, which is a difficult task for most flow conditions. In this 

study, the computational fluid dynamics (CFD) code PHOENICS is used to predict temperature 

distribution and concentration of the live bacteria in a can filled with liquid food. The governing 

equations for continuity, momentum and energy are solved numerically together with bacteria 

concentration, using a finite volume method. Arrhenius equation was used to describe bacteria 

deactivation kinetics, and it was introduced to the existing software package using a FORTRAN 

code. The diffusion of bacteria was modelled using the modified Brownian diffusion equation. 

Natural convection that occurs during thermal sterilization of viscous liquid (the aqueous solution 

of sodium carboxy-methyl cellulose (CMC)) in a cylindrical can heated from all sides, has been 

studied. Saturated steam at 121 °C was used as the heating medium, and the model liquid was 

assumed to have constant properties except for the viscosity (temperature dependent) and density 

(Boussinesq approximation). The simulations have provided transient flow pattern, live bacteria 

concentration and temperature profiles, which highlight the slowest heating zone (SHZ) resulted 

from different periods of heating. The results show that the action of natural convection forces 

the SHZ to migrate towards the bottom of the can, and eventually stay in a region that is about 

10-15% of the can height from the bottom. The secondary flow formation and its effect on the 

shape of the SHZ were evident. The simulations also show how the concentration of the live 

bacteria depends on both temperature distribution and flow pattern. The effect of diffusion on the 

rate of sterilization has been found to be negligible in the cases simulated in this study. 
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Modelling and experimentation in drying of thermolabile products 

(1999) Physics and Modern Topics in Mechanical and Electrical Engineering, pp. 159-164.  

 

Abstract 

Dehydration of thermolabile products, such as fruits and vegetables, in large capacity units by 

means of convective drying was discussed. The process was investigated in both laboratory and 



full scale drying systems through numerical simulation and experimental measurements. The 

study aimed at improving the uniformity of air distribution inside the drying space as well as 

optimizing the process parameters. 'PHOENICS' CFD commercial code was used to simulate the 

air flow inside drying spaces of different geometry configurations. 
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Abstract 

The purpose of this paper is to report the development and the first stages of validation of a 

model for a spacer device, used to aid inhalation of various drugs. The aim is to understand the 

fluid and/or particle behaviour within such a device. In the present study of the spacer, both two- 

and 3-dimensional studies have been undertaken, using the commercial CFD engines PHOENICS 

and CFX-4.1. The paper reports on the findings of the study carried out, in terms of grid 

dependency of the results, sensitivity of the flow patterns to the inlet conditions. Finally, the 

outcome of the initial results obtained with shorter spacer geometry is also presented. A number 

of inlet conditions were investigated, these ranged from simple straight jets to spanning jets with 

variable angles. Results are presented in the form of velocity profiles, within the spacer; 

concentration distribution at various time-shots in the spacer and comparisons with experimental 

data, where available. The results showed good agreement between codes and with experimental 

data where available. It has been shown that the inlet conditions are very important in obtaining 

optimum mixing within. Furthermore, this also predicts the optimum time at which the patient 

should breath in to obtain a maximum dosage. 
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Process and equipment simulation of copper chemical vapor deposition using Cu(hfac)vtms 

(1999) Microelectronic Engineering, 45 (1), pp. 15-27.  

 

Abstract 

The numerical simulation of organometallic chemical vapor deposition (OMCVD) of copper 

films using copper(I) hexafluoroacetylacetonate vinyltrimethylsilane and argon was performed. 

For the solution of the fluid dynamic transport equations, we used the PHOENICS-CVD 

simulation tool, which includes the treatment of all relevant transport phenomena. Transport 

properties of the organic species were estimated using standard methods. Kinetic data were 

derived from deposition experiments. The model was applied to copper deposition in cold-wall 

single-wafer R&D equipment. The radial course of deposition rates and their dependence on 

wafer temperature were calculated and compared with deposition experiments. The simulation 



represents the main experimental trends and appears to be suitable for process and equipment 

optimization. © 1999 Elsevier Science B.V. All rights reserved. 
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Study on a centrifugal superfine air classifier - flow-fields in the cavity of classifier 

(1999) Huaxue Gongcheng/Chemical Engineering, 27 (6), pp. 35-38.  

 

Abstract 

The centrifugal superfine air classifier flow-fields were predicted by the k-ε turbulence model 

developed for CFD (Computational Fluid Dynamics). The velocity fields and static pressure field 

predicted by PHOENICS are compared to relative components measured by 5-hole probe. The 

prediction results showed good agreement with experimental data. 

 

 

Yan, J.D., Fang, M.T.C., Hall, W. 

The development of PC based CAD tools for auto-expansion circuit breaker design 

(1999) IEEE Transactions on Power Delivery, 14 (1), pp. 176-181.  

 

Abstract 

It is shown that, with the current understanding of basic arc physics. CAD tools based on a 

mathematical model encompassing all important physical processes can be developed to aid the 

design of auto-expansion circuit breakers. The model takes account of radiation transport, arc 

radiation induced inner wall ablation, turbulence enhanced momentum and energy transport, and 

the moving parts of the breaker. With the aid of the PC based PHOENICS, a commercial general 

purpose computational fluid dynamics (CFD) package, the conservation equations for the gas and 

arc together with the relevant Maxwell's equations can be solved. The temperature, velocity and 

electric fields within the breaker can easily be visualised and the thermal interruption capability 

predicted. The effects of changing design parameters can be simulated in detail, thus reducing the 

number of short-circuit tests. Results are verified by available tests. © 1998 IEEE. 
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Abstract 

This paper analyzes the behavior of the discharged steam jet in light water reactor containment 

building after a steam blowdown event. A three step approach is used to analyze the steam jet 

behavior. First analytical solutions for an idealized turbulent jet is sought. Second, numerical 

models of the steam jet discharge in the containment are built using PHOENICS, a 3-D CFD 

package; and RELAP5/Mod3.2, a system code. The analytical solutions are used to bench mark 

the PHOENICS models while the RELAP5 results are compared against the steam blowdown 

data measured at the Purdue University Multi-Dimensional Integrated Test Assembly, a scaled 

model of General Electric Simplified Boiling Water Reactor. It is found that the analytical model 

can be improved by accounting for the intermittent nature of the jets. Additionally, the 

PHOENICS k-ε turbulent model compares favorably against the analytical solutions as well as 

the previously published turbulent jet data. Also, RELAP5 is reasonably capable in predicting 

general trends in the RPV, but fails to match the measured data in the containment. Finally, the 

system code solutions cannot provide detail thermal hydraulic to adequately analyze the steam jet 

behavior inside the containment. Therefore, further work in 3-D CFD modeling of the steam jet 

in the containment is needed. 
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Abstract 

The paper presents research of heat transfer through a double cavity and siphon. The use of this 

component in transparent building envelope is shown. The first, closed cavity is a thermal 

insulation glazing and the second cavity with the siphon constitute a component intended for heat 

loss reduction, shading and natural ventilation. A numerical model of fluid flow is given with 

emphasis on conjugate heat transfer with diffusion, convection and radiation. The Gebhart's 

method was used to analyze heat transfer by radiation. A module was produced for the 

preparation of an input file containing Gebhart numbers to be used in the Phoenics program code. 

Numerical parametric analysis was performed on the basis of the verified model and its yielded 

data on the characteristics of such a component. Solar radiation, temperature conditions inside 

and outside the component, and different geometrical and optical parameters of the double-cavity 

and siphon component were studied as parameters. 
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Abstract 



This paper compares the three-dimensional numerical simulation with the experimental data of a 

steam blowdown event in a light water reactor containment building. The temperature and 

pressure data of a steam blowdown event was measured at the Purdue University Multi-

Dimensional Integrated Test Assembly (PUMA), a scaled model of the General Electric 

Simplified Boiling Water Reactor. A three step approach was used to analyze the steam jet 

behavior. First, a .1-Dimensional, system level RELAP5/Mod3.2 model of the steam blowdown 

event was created and the results used to set the initial conditions for the PUMA blowdown 

experiments. Second, 2-Dimensional CFD models of the discharged steam jets were computed 

using PHOENICS, a commercially available CFD package. Finally, 3-Dimensional model of the 

PUMA drywell was created with the boundary conditions based on experimental measurements. 

The results of the 1-D and 2-D models were reported in the previous meeting. This paper 

discusses in detail the formulation and the results of the 3-Dimensional PHOENICS model of the 

PUMA drywell. It is found that the 3-D CFD solutions compared extremely well with the 

measured data. 
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Abstract 

The common architecture of the fluid delivery devices employed in the horizontal processing of 

printed wiring boards, makes use of high velocity jets directed normally or at some angle towards 

the board which moves above rollers. Usually, a single slot jet or a linear arrays of jets are 

employed in order to increase the transport properties of the flow in the vicinity of the printed 

wiring board. In the present study, a geometry resembling a fluid delivery device used in printed 

wiring board manufacturing was investigated both experimentally and numerically. The printed 

wiring board is represented by an endless belt, which is transported horizontally by a system of 

rollers. The working fluid is delivered by an array of 13 square jets with a hydraulic diameter of 

5.02 mm and a separation distance between jets of 4 hydraulic diameters. Two confinement 

plates located on each side of the jet array are used to confine the flow region and adjust the flow 

resistance at the two openings - between the rollers and the confinement plates - symmetrically 

located with respect to the centerline of the row of jets. The experimental setup and the numerical 

model both allowed the investigation of the effect of complex confinement (due to the board, 

confinement plates and rollers) and of the moving boundaries (impingement surface and rollers) 

on the characteristics of impinging flow. The flow field and the heat transfer characteristics were 

investigated for the jet Reynolds number ranging from 500 to 2000, non-dimensional 

impingement surface velocity ranging from 0 to 1 and non-dimensional impingement distance of 

3 and 5. The CFD simulations were performed using the commercial CFD code PHOENICS. 

Flow visualization and particle image velocimetry were employed in order to experimentally 

investigate the flow field and validate the CFD simulations. The predicted results compare well 

with the observed jet behavior. A detailed description of the flow physics is presented. The 

numerical simulations show that for the same mass flow rate, the row of jets has a higher 

transport effectiveness when compared to a slot jet. 
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(1999) Water Science and Technology, 39 (10-11), pp. 329-332.  

 

Abstract 

Adequate models for wastewater treatment are limited by the cost of constructing them. Many a 

time, studies carried out on wastewater treatment plants have not been very useful in enhancing 

their performance. As a result, numerous mathematical models presented by different researchers 

on sedimentation tanks and clarifiers have not been getting much attention. Recently, 

improvement in computers and computational techniques have led to the development of a new 

generation of highly efficient programs for simulating real fluid flow within any type of geometry 

including clarifiers and activated sludge reactors. Herein, a computational fluid dynamics code, 

PHOENICS, is used to determine the performance of an anaerobic zone in an activated sludge 

reactor. Plausible results were achieved when experimental data were compared with numerical 

results. 

 

Adequate models for wastewater treatment are limited by the cost of constructing them. Many a 

time, studies carried out on wastewater treatment plants have not been very useful in enhancing 

their performance. As a result, numerous mathematical models presented by different researchers 

on sedimentation tanks and clarifiers have not been getting much attention. Recently, 

improvement in computers and computational techniques have led to the development of a new 

generation of highly efficient programs for simulating real fluid flow within any type of geometry 

including clarifiers and activated sludge reactors. Herein, a computational fluid dynamics code, 

PHOENICS, (Rosten and Spalding, 1990) is used to determine the performance of an anaerobic 

zone in an activated sludge reactor. Plausible results were achieved when experimental data were 

compared with numerical results. 
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Abstract 

The dependence of the etch rate uniformity across the wafer on the reactor design and various 

process parameters was investigated for the reactive ion etching (RIE) of silicon using pure 

sulphur hexafluoride (SF6). The experiments were carried out in two different single wafer 

reactors without ion bombardment to determine the chemical component of the etch rate. The 

influence of pressure, gas flow, rf power, and loading on the radial course of the etch rate was 



measured and compared with the respective results of numerical simulation. The commercially 

available PHOENICS-CVD simulation tool was used for the solution of the fluid dynamic 

transport equations after some adaptations for its application to etching. A simple chemical model 

is proposed for the description of gas phase and surface plasma reactions, respectively. The 

values of the reaction rate parameters were fitted from the experimental data. The simulation 

represents the main experimental trends and can be applied to process and equipment 

optimization. 
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dynamics 

(1999) Journal of Food Engineering, 41 (1), pp. 55-64.  

 

Abstract 

Natural convection heating within a can of liquid food during sterilization is simulated by solving 

the governing equations for continuity, momentum and energy conservation for an axisymmetric 

case using a commercial Computational Fluid Dynamics (CFD) package (PHOENICS). Transient 

flow patterns and temperature profiles within model liquids (sodium carboxy-methyl cellulose 

(CMC) and water) have been predicted. The model liquids, CMC and water, were assumed to 

have constant properties except for the viscosity (temperature dependent) and density 

(Boussinesq approximation). It has been shown that the action of natural convection forces the 

slowest heating zone (SHZ) to migrate towards the bottom of the can as expected. The shape and 

the size of the SHZ area are different for CMC and water. The magnitude of the axial velocity 

was found to be in the range of 10-5-10-4 m/s for CMS and of 10-2-10-1 m/s for water, these 

magnitudes of course vary with time and position in the can. The time required for the SHZ to 

reach the sterilization temperature of 100°C was 1800 s for CMC and only, 150 s for water. 
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Abstract 

The steady two-dimensional viscous supersonic turbulent flow over a backward facing step was 

calculated using the PHOENICS CFD code. The two-equation κ-ε turbulence model was 

employed for the turbulent flow simulation. The effects of the incoming boundary layer, 

Reynolds number and inlet Mach number on the flow were investigated. The maximum free 

stream Mach number was 3.5. The PHOENICS code was found to be adequate for supersonic 

flow simulations with M≤3.5, however, at hypersonic turbulent flow conditions convergence was 

not obtained. The numerical results indicate that the separation point is positioned on the step 

face, below the corner. The calculations also show that a lip shock is formed to match the flow 

conditions at the step corner. The results exhibit favorable agreement with data from both 

experiments and other numerical simulations. 



 

The steady two-dimensional viscous supersonic turbulent flow over a backward facing step was 

calculated using the PHOENICS CFD code. The two-equation k-ε turbulence model was 

employed for the turbulent flow simulation. The effects of the incoming boundary layer, 

Reynolds number and inlet Mach number on the flow were investigated. The maximum free 

stream Mach number was 3.5. The PHOENICS code was found to be adequate for supersonic 

flow simulations with M≤3.5, however, at hypersonic turbulent flow conditions convergence was 

not obtained. The numerical results indicate that the separation point is positioned on the step 

face, below the corner. The calculations also show that a lip shock is formed to match the flow 

conditions at the step corner. The results exhibit favorable agreement with data from both 

experiments and other numerical simulations. 
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Abstract 

The influence of the sharp variation of thermophysical properties of super-critical water and the 

boundary conditions on the natural convection heat transfer in an annulus was studied. The 

differential equations for steady-state laminar natural convection of water at super-critical 

pressures in a horizontal annulus were solved numerically using the finite-difference method and 

PHOENICS. The flow fields and temperature fields were presented for different boundary 

conditions. The influence of variable fluid thermophysical properties, the temperature difference 

between the inner and outer cylinders and the heat flux on the inner cylinder surface on the 

natural convection heat transfer was analyzed. The results show that for a given heat flux at the 

inner surface, varying the outer surface temperature can cause significant variation of the 

temperature difference between the inner and outer surfaces and the convection heat transfer 

coefficients on both surfaces, and for some conditions, the natural convection heat transfer will 

decrease as the heat flux on the inner surface increased. 
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The feasibility of flocculation in a storage sedimentation basin 

(1999) Water Science and Technology, 39 (2), pp. 75-83.  

 

Abstract 

For the Flemish situation, storage sedimentation basins are one of the best 'end-of-pipe' solutions 

to reduce the impact of combined sewer overflows on the receiving waters. In some cases, when 

the spilled pollution load is too high, the settling efficiency of the basin has to be improved. 



Adding coagulants could be a reasonable alternative for building larger basins. To estimate the 

effect of enhancing the sealing by flocculation, a floc growth and break-up model is worked out 

and is implemented in the numerical model Phoenics. The evolution of the floc dimensions and 

the sedimentation behaviour of the particles in the basin is calculated for different inflow rates 

and initial settling velocity profiles. Finally, the efficiency increase by mixing (creating a higher 

velocity gradient) in the agitation chamber or by adding coagulants in the trunk sewer upstream 

of the basin is also investigated. 

 

Author Keywords 

Coagulation;  Combined sewer overflow;  Flocculation;  Storage sedimentation basin 

 

 

Schaer, E., Guichardon, P., Falk, L., Plasari, E. 

Determination of local energy dissipation rates in impinging jets by a chemical reaction method 

(1999) Chemical Engineering Journal, 72 (2), pp. 125-138.  

 

Abstract 

To carry out controlled precipitation on a practical scale, the use of a two impinging jets mixer is 

explored in terms of its ability to deliver rapid micromixing. A system of parallel competing 

reactions developed by Villermaux and co-workers is used to characterise the micromixing level 

in the device as a function of feed flow rate and of its position in the reactor. The characteristic 

time for micromixing decreases with the feed flow rate and reaches values as small as 4 ms. 

Powers dissipated in the device are deduced from the experiments using a simple micromixing 

model and correlate well with those calculated using computational fluid dynamics (Phoenics). 

Finally, the energy dissipation rate in impinging jets is compared with the local energy 

dissipation rate of the impeller. Some rules of thumb for scale up are given. 

 

To carry out controlled precipitation on a practical scale, the use of a two impinging jets mixer is 

explored in terms of its ability to deliver rapid micromixing. A system of parallel competing 

reactions developed by Villermaux and co-workers is used to characterize the micromixing level 

in the device as a function of feed flow rate and of its position in the reactor. The characteristic 

time for micromixing decreases with the feed flow rate and reaches values as small as 4 ms. 
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Sipavichius, Ch., Shlezhas, R., Vaitekunas, P. 

Investigation of gas stream outflow from conical nozzles in process of laser cutting 

(1999) Proceedings of SPIE - The International Society for Optical Engineering, 3688, pp. 144-

151.  

 

Abstract 



Results of experimental and simulation investigations of hydrodynamic processes of auxiliary gas 

flow out of nozzles and stream of products of erosion from the cut slot using laser cutting are 

presented. Practicability of mathematical modelling of the processes by solving Navier-Stokes 

equations using simulation programs APTEK and PHOENICS 1.4 is shown. Calculation results 

were validated on full-scale models in hydrodynamic test loop tunnel. Results of modeling then 

were used in situ, when compressor valves were manufactured using laser cutting of sheets of 

stainless steel 30×13. Laser cutting was carried out using laser technological unit created on the 

basis of pulse solid state laser LIT- 100M. 

 

 

Poscher, S., Lehnert, W., Ryssel, H. 

Simulation of a coating protection for an in situ ellipsometer in a CVD furnace 

(1999) European Solid-State Device Research Conference, 13-15 Sept. 1999, art. 

no. 1505593, pp. 676-679.  

 

Abstract 

We investigated an ellipsometer integrated in a chemical vapor deposition furnace as an in situ 

layer thickness sensor. The laser beam of the ellipsometer is guided by prism-based optics into 

the furnace tube and onto the suiface of one of the wafers. To reduce coating on the prisms, inert 

gas purging is employed. Simulations were carried (Jut to study the influence of prism purging on 

the layer thickness homogeneity on the wafers. Further simulations were performed to optimize 

the purging gas inlet with the purpose of minimizing the coating on the prisms. The simulations 

are based on solving the Navier-Stokes equations and the species concentration equations with 

the software package Phoenics-CVD. 

 

 

Yan, J.D., Fang, M.T.C. 

Visualization of arcing process in an auto-expansion circuit breaker 

(1999) IEEE Transactions on Plasma Science, 27 (1), pp. 40-41.  

 

Abstract 

The arcing process in an auto-expansion circuit breaker, a new generation of high voltage circuit 

breaker, has been simulated and visualized by implementing an arc model into a general purpose 

computation fluid dynamics (CFD) package, PHOENICS. The model takes account of radiation 

transport, arc radiation induced inner wall ablation, turbulence enhanced momentum and energy 

transport, and the moving parts of the breaker. Details of the temperature, pressure, velocity, and 

electric fields within the breaker can be visualized thus helping the optimization of the geometry 

and operation characteristics of a breaker. 

 

 

Richards, P.J., Mallinson, G.D. 

Computational modelling and flow visualisation of wind flow over Downtown Auckland 



(1998) Proceedings of the 1998 Thirteenth Australasian Fluid Mechanics Conference, 

Melbourne, Australia, 13-18 December 1998, pp. 417-420.  

 

Abstract 

Queen Elizabeth II Square in Downtown Auckland is notorious for being one of the windiest 

places in central Auckland. In the past No. 1 Queen Street, which is one of the oldest high rise 

buildings in Auckland, has been blamed for causing these wind problems. Computational 

modelling of the Downtown area using the finite volume code PHOENICS and graphical post 

processing using the locally written package SeeFD has enabled examination of the source of 

these wind problems. Although No. 1 Queen Street has a dominant effect on the wind 

environment in Queen Elizabeth II Square it is shown that it is the interaction of this building 

with the others around it that magnifies the problems. 

 

 

Phillips, D.G., Richards, P.J., Mallinson, G.D., Flay, R.G.J. 

Computational modelling of diffuser designs for a diffuser augmented wind turbine 

(1998) Proceedings of the 1998 Thirteenth Australasian Fluid Mechanics Conference, 

Melbourne, Australia, 13-18 December 1998, pp. 207-210.  

 

Abstract 

The paper outlines the use of computational fluid dynamic (CFD) code PHOENICS in the 

development of diffuser designs for a diffuser augmented wind turbine (DAWT). The purpose of 

the modelling is the rapid development of the diffuser design for improved air power coefficients. 

Comparison of CFD results and full scale site measurements of the Vortec 7 are described. 

Subsequent modifications made to the Vortec 7 after CFD modelling are discussed and results for 

it and a new development diffuser are presented. 

 

 

Poscher, S., Theiler, T. 

Coupled simulation of gas flow and heat transfer in an RTF-system with rotating wafer 

(1998) Materials Science in Semiconductor Processing, 1 (3-4), pp. 201-205.  

 

Abstract 

In this study the concept of a lamp heated RTF-system with rotating wafer is considered. Using 

the fluid-flow-simulation software Phoenics-CVD, we investigated the cooling of the wafer by a 

process gas flow which is injected at room temperature into the hot process chamber through an 

inlet pipe in the side wall. In a full 3D-simulation of the gas flow and of the heat transfer in the 

gas and in the wafer the Navier-Stokes equations and the energy equation are solved. The 

radiative power consumption and the energy loss of the wafer have been modeled by the Stefan-

Boltzmann law. Simulations without wafer rotation show a strong drop in the temperature 

distribution at the wafer near the inlet pipe. In contrast to this, simulations with rotation show an 

axisymmetric temperature distribution with a considerably smaller temperature gradient over the 

wafer. Comparisons with oxidation experiments showed good agreement with the simulation 

results. © 1999 Elsevier Science Ltd. All rights reserved. 



 

 

Gehring, R., Dutz, H., Bradtke, Ch., Goertz, St., Meyer, W., Plückthun, M., Reicherz, G., 

Thomas, A., Werth, H. 

First use of an internal superconducting 'holding magnet' in an η-photoproduction experiment 

(1998) Nuclear Instruments and Methods in Physics Research, Section A: Accelerators, 

Spectrometers, Detectors and Associated Equipment, 418 (2-3), pp. 233-240.  

 

Abstract 

A new concept of a small superconducting 'holding magnet', placed inside a polarization 

refrigerator, has been developed for frozen spin targets. The superconducting wire is wound on 

the inner cooling shield of the vertical dilution refrigerator of the Bonn Frozen Spin Target 

(BoFroST). The maximum field of the magnet is 0.38 tesla. Based on this concept, the frozen 

spin target was used for a measurement of the target asymmetry in the η-photoproduction γp↑ → 

ηp with the PHOENICS-detector at the Bonn electron stretcher accelerator ELSA. © 1998 

Elsevier Science B.V. All rights reserved. 

 

 

Graovac, M., Dawson, F.P., Fila, M., Cormack, D.E. 

Fluorescent lamp cold environment performance improvement 

(1998) Conference Record - IAS Annual Meeting (IEEE Industry Applications 

Society), 3, pp. 2158-2163.  

 

Abstract 

Three approaches to improving the efficiency and start-up time (SUT) of commercially available 

cold cathode fluorescent lamps were evaluated: heating the tube on one sides; heating the tube on 

two sides; and heating the circumference of the outer tube. The internal power density generated 

by ion bombardment of the cathode and collision in the plasma was indirectly obtained by 

matching simulated axial wall temperatures with observations. The time taken for the light output 

to reach an acceptable value correlates well with the inner tube cold spot to reach 0 °C. The 

conduction of heat to the outer glass envelope was found to be the limiting process that controls 

the SUT. Increasing heating power or moving the heater to the side enhances SUT. 

 

 

Medved, S., Novak, P. 

Heat Transfer Through a Double Cavity with Siphon [Prehod toplote skozi dvojno rego s 

sifonom] 

(1998) Strojniski Vestnik/Journal of Mechanical Engineering, 44 (3-4), pp. 71-83.  

 

Abstract 

The paper presents research of heat transfer through a double cavity and siphon. The use of this 

component in transparent building envelope is shown. The first, closed cavity is thermal 



insulation glazing and the second one together with the siphon constitute a component intended 

for heat loss reduction, shading and natural ventilation. A numerical model of fluid flow is given 

with emphasis on combined heat transfer with diffusion, convection and radiation. The Gebhart's 

method was used to analyse heat transfer by radiation. A module was produced for the 

preparation of an input file containing Gebhart numbers to be used in the PHOENICS program 

code. Numerical parametric analysis was performed on the basis of the verified model and it 

yielded data on the characteristics of such a component. 
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Hey, J., Meyer, W., Plückthun, M., Reicherz, G., Sözüer, L., Breuer, M., Didelez, J.P., 

Hoffmann-Rothe, P. 

Measurement of the target asymmetry of η and π0 photoproduction on the proton 

(1998) Physical Review Letters, 81 (3), pp. 534-537.  

 

Abstract 

At the tagged photon facility PHOENICS at the Bonn aecelerator ELSA a measurement of the 

target asymmetry of the reaction γp → pη from threshold to 1150 MeV has been performed. 

Simultaneously the reaction yp → pπ0 has been measured in the first resonance region. Results 

are presented for both reactions. The target asymmetry data are suited to put considerable 

constraints on the model parameters used for the theoretical description of meson 

photoproduction. 

 

 

Liang, Taofeng, Wang, Zhou, Yang, Xianyong 

Numerical simulation for conjugated problems of conduction, convection and radiation in an 

annular space 

(1998) Qinghua Daxue Xuebao/Journal of Tsinghua University, 38 (5), pp. 46-49.  

 

Abstract 

In the pool design of fast reactors, the roof structure is penetrated by a number of pumps and heat 

exchanger units that are cylindrical and differ in size. Between the sodium pool surface and the 

roof is a layer of hot argon gas that can flow into the small annular gaps between the components 

and the roof containment as a thermosyphon. It is important to predict the temperature of the 

argon and the temperature inside the components and roof containment. For numerical research it 

is difficult to determine the boundary condition on the open end. Usually the method of treatment 

on the boundary condition is to use data from experiments or to make some assumptions. A new 

consideration of the boundary conditions is introduced for taking account of the flow at the open 

end. The computational domain is extended into the big space attached to the open end of the 

annulus. This paper conjugates all the conduction, convection and radiation together and solves 

the problem successfully by using PHOENICS as the CFD code. 



 

 

Wang, R., Shen, Z. 

Numerical simulation of swirling jet in flow field at bottomhole 

(1998) Journal of the University of Petroleum, China (Natural Science Edition), 22 (6), pp. 46-

49.  

 

Abstract 

The flow characteristics of swirling jet in bottomhole was studied by developing PHOENICS soft 

wear. The swirling jet flows in a different way from the general round jet, and the jet energy is 

not concentrated on the jet center but on a ring with a certain diameter. The swirling jet diverges 

obviously, and the divergence increases with the raise of the swirl intensity. The simulated 

properties of the jet flow agree completely with the experimental results, which revealing the 

mechanism that the swirling jet can break a large area of rocks and has a high rock-cutting 

efficiency. 
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Eichert, P., Imbert, M., Coddet, C. 

Numerical Study of an ArH2 Gas Mixture Flowing Inside and Outside a dc Plasma Torch 

(1998) Journal of Thermal Spray Technology, 7 (4), pp. 505-512.  

 

Abstract 

The flow of gas mixtures in a dc plasma torch is studied using the CFD PHOENICS (CFD 

PHOENICS, Berkeley, CA) code. In the model, the cold gas mixture (300 K), initially constituted 

of 85 vol% Ar and 15 vol% H, is introduced into a power input zone where it takes energy and is 

ejected in the surrounding atmosphere at constant pressure (105 Pa). The flow is assumed to be in 

chemical equilibrium. Equations of mass, momentum, and energy are discretized using a control-

volume method. The turbulent flow is modeled by a k-ε. two-equations model for the turbulent 

kinetic energy and its dissipation rate. Finally, the algebraic coupling equations set is solved by 

means of the SIMPLEST algorithm, implemented into the CFD code, using a hybrid interpolation 

scheme. Results concern the effect of the torch power on the ArH2 flow. The phenomenon is 

analyzed through the evolution of velocity and temperature inside and outside the torch. From 

these calculations, the effect of ambient gas entrainment by the jet is emphasized and a 

comparison of the level of entrained gas is made with experimental data. 
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Noh, H.-K., Song, K.-S. 

Temperature Distribution of a Low Temperature Heat Pipe with Multiple Heaters for Electronic 

Cooling 

(1998) ETRI Journal, 20 (4), pp. 380-394.  

 

Abstract 

A numerical study has been performed to predict the characteristics on the transient operation of 

the heat pipe with multiple heaters for electronic cooling. The model of the heat pipe was 

composed of the evaporator section with four heaters, insulated transport section, and the 

condenser section with a conductor which is cooled with uniform heat flux condition to 

surrounding. The governing equations and the boundary conditions were solved by the 

generalized PHOENICS computational code employing the finite volume method. Two test cases 

are investigated in present study; Case 1 indicates that the 1st and 2nd heaters among four heating 

sources are heated off, while the 3rd and 4th heaters are heated on. Case 2 is the inverse situation 

switched from heating location of Case 1. The results show that the transient time to reach the 

steady state is shorter for Case 1 than for Case 2. Especially, the temperature difference of the 

heater during switching operation is relatively small compared to the maximum allowable 

operating temperature difference in electronic system. Hence, it is predicted that the heat pipe in 

present study operates with thermally good reliability even for switching the heaters. 

 

 

 

Martynowicz, E.T.M.J., Kitano, K., Sakuraya, T. 

The modeling of the combustion of interacting fuel droplet arrays 

(1998) American Society of Mechanical Engineers, Pressure Vessels and Piping Division 

(Publication) PVP, 377 I, pp. 61-67.  

 

Abstract 

The combustion of interacting 1 mm decane droplet arrays in 10 sec microgravity environment 

has been modeled using the commercial package PHOENICS. The model correctly predicted a 

quasi-steady state and a constant combustion rate. The droplet temperature and the gas 

temperature near the droplet surface were in reasonable agreement with the experiments. The 

model could calculate rather accurately the flame size of around 14 mm, the flame shape, and the 

distance at which the flames merged (14 mm). The gas temperature was a strong function of the 

reaction rate and could be fitted in a reasonable way. 

 

 

Cheng, X., Zhang, Z., Fu, Z. 

Turbulent flow in flow distributing equipment simulated by using PHOENICS 

(1998) Beijing Huagong Daxue Xuebao(Ziran Kexueban)/Journal of Beijing University of 

Chemical Technology, 25 (1), pp. X3-19.  

 

Abstract 



In this paper commercial software PHOENICS (version 1. 4) is used to simulate the turbulent 

flow in a given equipment. Effect of wall-function on the results of simulation is firstly 

examined. Numerical simulation shows clearly that wall-function method should be adopted. On 

this, the fluid field especially the outlet velocity distribution of the equipment is studied under 

several different inlet boundary conditions. 
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Abstract 

The paper presents research of heat transfer through a double pane window with a screen and a 

siphon which form a semi-open cavity. Several operation modes of such devices as part of a 

transparent building envelope are shown, as well as the basis for mathematical and numerical 

CFD modeling with emphasis on conjugate heat transfer involving diffusion, convection and 

radiation. Gebhart' s method was used for radiation heat transfer. The PHOENICS code was used 

for CFD, with an additionally produced program code for the calculation of Gebhart factors and 

database formulation. Numerical results were validated with a series of experiments in which 

temperatures, heat fluxes and flow visualization were observed. The visualization technique was 

used for low fluid velocity measurements. After validation of the numerical code, a parametric 

study for such elements of the building envelope was evaluated with a range of boundary 

conditions based on the expected meteorological conditions. A modified form of dimensionless 

radiation number was used for empirical Nu number correlation. © 1998 Elsevier Science S.A. 

All rights reserved. 
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Vaarno, J., Pitkälä, J., Ahokainen, T., Jokilaakso, A. 

Modelling gas injection of a Peirce-Smith-converter 

(1998) Applied Mathematical Modelling, 22 (11), pp. 907-920.  

 

Abstract 

A commercial CFD-code PHOENICS was used to solve isothermal flow field of gas and liquid in 

a Peirce-Smith-converter. An Euler-Euler based algorithm was chosen for modelling fluid 

dynamics and evaluating controlling forces of a submerged gas injection. Predictions were made 

with a k-ε turbulence model in the body fitted coordinate system. The model has been verified 

with a 1/4 scale water model, and a parametric study with the mathematical model of submerged 



gas injection was made for the PS-process and the ladle injection processes. Limits of the 

modelling technique used were recognised, but calculated results indicate that the present model 

predicts the general flow field with reasonable accuracy. Predicted bubble distribution, pattern of 

the flow field and magnitude of flow velocities were used to evaluate scaling factors of physical 

models and general flow conditions of an industrial PS-converter. 
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Hassan, A.A., Crowther, J.M. 

Modelling of fluid flow and pollutant dispersion in a street canyon 

(1998) Environmental Monitoring and Assessment, 52 (1-2), pp. 281-297.  

 

Abstract 

A two-dimensional steady state numerical simulation has been carried out for a typical street 

canyon ventilated by a cross-wind. The PHOENICS package from CHAM was used to solve for 

the air flow above and within the street canyon. The k-epsilon turbulence model was used for 

turbulence modelling and pollutant sources were added at ground level over the road but not over 

the pavements. Results for the air flow showed the formation of a longitudinal vortex within the 

street canyon, as found by other researchers. Pollutant concentrations were predicted with the 

highest values occurring at the leeward walls of the upwind buildings, and the lowest values on 

the windward walls of the downwind buildings. The accuracy of these simulations was examined 

by comparing the predicted results with field observations. Reasonable agreement was obtained, 

confirming the difference between concentrations on the leeward and windward walls. The 

results show that the dispersion characteristics can be simulated in terms of structural 

configurations. 

 

 

Ahokainen, T., Jokilaakso, A. 

Numerical Simulation of the Outokumpu Flash Smelting Furnace Reaction Shaft 

(1998) Canadian Metallurgical Quarterly, 37 (3-4), pp. 275-283.  

 

Abstract 

A mathematical model for simulating oxidation reactions of chalcopyrite particles together with 

momentum, heat and mass transfer between particle and gas phase in a flash smelting furnace 

reaction shaft is presented. In simulation, the equations governing the gas flow are solved 

numerically with a commercial fluid flow package, Phoenics. The particle phase is introduced 

into the gas flow by a Particle Source In Cell (PSIC)-technique. The chemical reactions of 

concentrate particles are assumed to happen at two sharp interfaces, and the shrinking core model 

is applied to describe the mass transfer of chemical species through the reaction product layer. © 

1998 Canadian Institute of Mining and Metallurgy. Published by Elsevier Science Ltd. All rights 

reserved. 

 



 

Proceedings of the 1996 Symposium on the Computational Fluid Dynamics and Heat/Mass 

Transfer Modeling (CFD and HMTM) in the Metallurgical Industry 

(1998) Canadian Metallurgical Quarterly, 37 (3-4), pp. 167-342.  

 

Abstract 

The proceedings contains 16 papers on computational fluid dynamics and heat/mass transfer 

modeling in the metallurgical industry. Topics discussed include: rapid solidification; 

development of porosity and microstructure in castings; continuous casting; turbulent flow, 

continuous slab casters; electric and Outokumpu flash smelting; electric smelting; metallurgical 

furnaces, electric furnaces; Marangoni convection; gas tungsten arc welding; metal melting; laser 

treatment; rotary dryers; and burner orientation. 

 

 

Kim, I.S., Basu, A. 

A mathematical model of heat transfer and fluid flow in the gas metal arc welding process 

(1998) Journal of Materials Processing Technology, 300 (3-4), pp. 17-24.  

 

Abstract 

Mathematical models of the Gas Metal Arc Welding (GMAW) process may be employed to 

predict welding process parameters to obtain the required weld-bead geometry and to study the 

effects of weld process parameters on the weld-bead dimensions. In this work, an unsteady two-

dimensional (2D) axisymmetric model was developed for investigating the heat and fluid flows in 

weld pools and determined the weld bead geometry, and the velocity and temperature profiles for 

the GMAW process. The mathematical formulation considers four driving forces for weld pool 

convection: electromagnetic; buoyancy; surface tension; and drag forces. The formulation also 

deals with the molten metal droplets. The equation was solved using a general thermofluid-

mechanics computer program, PHOENICS code, which is based on the SAMPLE algorithm. The 

results of computation have shown that the electromagnetic and surface tension forces as well as 

the molten metal droplets have a major influence in shaping the weld-pool geometry. Good 

agreement is shown between the predicted and experimentally determined weld-bead dimensions. 

© 1998 Published by Elsevier Science S.A. All rights reserved. 
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Transport of particles by a turbulent flow around an obstacle-a numerical and a wind tunnel 

approach 

(1998) Journal of Wind Engineering and Industrial Aerodynamics, 74-76, pp. 577-587.  

 

Abstract 



A two fluid model is used to predict gas-solid particle turbulent dilute flows around an obstacle. 

The turbulence gas phase is treated with the Chen-Kim modified k-ε model. Two turbulence 

models are applied to the particulate phase: the Ap model or the Hinze-Tchen's algebraic model, 

and the kp model. The first model assumes that a local equilibrium exists between the fluctuating 

motion of the particles and the gas turbulence, while the second model describes the particle 

turbulence properties considering the effect of convection, diffusion, production and destruction 

of the article turbulence via a kp equation, where kp is the kinetic energy of the particles. These 

models are implanted in the CFD code PHOENICS. The 2D experiment of Fessler and Eaton 

(flow around a vertical backward-facing step), and the 3D experiment made at C.S.T.B. (flow 

around a cube) are used as references for validation. 

 

 

Meyer, W. 

Eta-photoproduction from polarized protons at ELSA 

(1998) Nuclear Physics A, 629 (1-2), pp. 286c-289c.  

 

Abstract 

Advances in the field of polarized solid targets allow new and improved experiments with tagged 

photon beams at the new cw-electron machines. At the stretcher accelerator ELSA in Bonn the 

first measurement of the target asymmetry for the η-photoproduction reaction γp → ηp at 

threshold has been performed. The frozen spin target, operated with the new technique of the so-

called superconducting internal holding coils, achieved maximum proton polarizations of 85 % at 

2.5 T with butanol as target material. The reaction is identified by detecting the decay photons in 

the neutral meson detector SPESO-2π, while the recoil protons four momenta are determined in 

the large angle scintillator detector PHOENICS. The results for η-photoproduction extend the 

existing data to polarization observables. 

 

 

Yang, Y., Jokilaakso, A., Jarvi, J., Makela, P. 

Gas flow and cooling in waste-heat boilers in the Outokumpu flash smelting process 

(1998) TMS Annual Meeting, pp. 417-431.  

 

Abstract 

Gas flow and heat transfer phenomena in two industrial-scale waste-heat boilers of the 

Outokumpu copper flash smelting process were analyzed with a commercial computational fluid-

dynamics (CFD) package Phoenics. Various operating conditions were simulated for the first 

boiler and particularly for the second boiler. The gas flow pattern was compared qualitatively 

with the physical laboratory models, and the general flow pattern was consistent with the 

laboratory visualization. The heat transfer simulation was validated with temperature 

measurements for both boilers, and good agreement was reached between the computed 

temperature profiles and the measured data. The computational results indicate that gas flow in 

both boilers is of three-dimensional and recirculating nature. The numerical tracer experiments 

indicate that some dead volume is present in both boilers, and the boiler modification reduced the 

dead volume from 38% to 15% under basic operating conditions. Radiative heat transfer accounts 



for 65-90% of the total heat transported in the radiation sections of both boilers under different 

operating conditions. The modified boiler is very efficient for cooling the off-gases at almost 

doubled volume flow rate. The CFD modeling proved to be a useful tool for numerical 

experiments and analysis of boiler performance for process optimization. 

 

 

Bockel, S., Belmonte, T., Michel, H., Ablitzer, D. 

3D modeling of a microwave post-discharge nitriding reactor 

(1997) Surface and Coatings Technology, 97 (1-3), pp. 618-625.  

 

Abstract 

A 3D model has been developed for a post-discharge microwave nitriding reactor. It enables 

prediction of the hydrodynamics of the gas, together with the distribution of atomic nitrogen mass 

fractions, representing the map of the active nitriding species, and the temperature distribution 

inside the reactor. The coupled transport equations are solved using the PHOENICS calculation 

code. The model has been used to simulate the phenomena occurring in the gas phase during the 

nitriding of three pure iron rods placed in the reactor. The optimum nitriding conditions were 

determined by optical emission spectroscopy and N atoms titration by NO. Under these 

conditions, numerical validation of the model was performed by comparison with experiments, 

using a second solid-state diffusion model to evaluate the interaction between the solid and gas 

phases. © 1997 Elsevier Science S.A. 
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Tucker, P.G. 

CFD applied to electronic systems: A review 

(1997) IEEE Transactions on Components Packaging and Manufacturing Technology Part 

A, 20 (4), pp. 518-529.  

 

Abstract 

The application of commercial and noncommercial computational fluid dynamics (CFD) 

programs to systems relevant to electronics is reviewed. The following commercial programs are 

discussed: THEBES, FLOTHERM, FLUENT, FLOTRAN, FIDAP/ICEPAK, CFX 4 (formerly 

CFDS-FLOW3D), PHOENICS/HOTBOX, and STAR-CD. Notably, of the noncommercial 

programs, work utilizing a spectral element program originating from the Massachusetts Institute 

of Technology (MIT) is described. General thermofluid capabilities, user friendliness, and other 

peripheral aspects, such as the modeling of thermal stress/strain and dust transport are assessed. 

For all comparisons with measurements, agreement was found to be within 30%. No commercial 

CFD program appeared to be clearly superior for all applications, but FLOTHERM had the most 

use for realistic cooling design problems. © 1997 IEEE. 
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Huang, L.Y., Wen, J.X., Karayiannis, T.G., Matthews, R.D. 

CFD modelling of heat transfer in condensing heat exchangers 

(1997) International Journal of Heat and Technology, 15 (1), pp. 23-30.  

 

Abstract 

A mathematical model for predicting the performance of condensing boiler heat exchangers has 

been developed. It includes submodels for describing the convective heat transfer process, the 

water vapour diffusion in the flue gas, condensation on tube surfaces and tube bundle friction 

resistance. The model has been incorporated into the CFD code PHOENICS and used to evaluate 

the heat transfer characteristics of two condensing boiler heat exchangers. Detailed predictions 

have been obtained for species concentrations and temperature distributions of both shell and 

tube fluids. The total heat transfer rate and the condensation rate have also been derived from the 

CFD simulation. These predictions were compared with independent experimental data and good 

agreement has been found for flue gas temperature distribution, water vapour condensation rate 

and cooling water temperature at the outlet. 

 

Author Keywords 

CFD;  Condensing Boiler;  Heat Exchanger;  Heat Transfer 

 

 

Popovska, N., Gerhard, H., Wurm, D., Poscher, S., Emig, G., Singer, R.F. 

Chemical vapor deposition of titanium nitride on carbon fibres as a protective layer in metal 

matrix composites 

(1997) Materials and Design, 18 (4-6), pp. 239-242.  

 

Abstract 

The significance of carbon fibres for reinforcing metals has increased in the last years, because of 

their excellent mechanical properties. However, to avoid the weakening reaction during MMC 

fabrication between the fibre and the liquid metal, a protective coating has to be applied. 

Continuous carbon fibre roving with 6000 filaments were coated with TiN by thermal induced 

chemical vapour deposition (CVD) using a gas mixture of TiCl4, N2 and H2 as a precursor. The 

deposition process in the reactor was simulated by a modified Phoenics-CVD software program 

using a 2D-axisymmetric model. Carbon fibres reinforced magnesium matrix composites are 

fabricated by a pressure infiltration casting process. The mechanical properties of the MMCs can 

be used to demonstrate the efficacy of the coated fibre approach. The rule of mixture is realized 

to 98/ for the coated fibre, and only 48% for the uncoated system. The infiltration pressure during 

the processing of composites was lowered from 10 to 1 MPa for the TiN coated system. © 1998 

Published by Elsevier Science Ltd. All rights reserved. 
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Harral, B.B., Boon, C.R. 

Comparison of predicted and measured air flow patterns in a mechanically ventilated livestock 

building without animals 

(1997) Journal of Agricultural Engineering Research, 66 (3), pp. 221-228.  

 

Abstract 

Air flow in a section from a full scale livestock building has been simulated using PHOENICS, a 

computational fluid dynamics program, to give the mean velocity and turbulence energy 

distribution under isothermal conditions. The section has sloping ceilings, an air intake at the 

apex, and side-wall extractor fans. A narrow inlet gap creates the horizontal air jet which is the 

basis of the ventilation system. A summer ventilation rate of 44 air changes per hour was 

simulated, with a Jet Momentum Number of 0·0076 and an inlet Reynolds Number of 5×104 

based on a gap size of 0·1 m and a mean velocity of 6·1 m s-1. Calculated mean air velocites 

within the section were in close agreement with values measured by a sonic anemometer. Despite 

its known shortcom-ings, use of a standard turbulence model to simulate the turbulence energy 

generation and dissipation gave good predictions of turbulence energy distribution. © 1997 Silsoe 

Research Institute. 

 

 

Fraser, S.M., Abdel Razck, A.M., Abdullah, M.Z. 

Computational and experimental investigations in a cyclone dust separator 

(1997) Proceedings of the Institution of Mechanical Engineers, Part E: Journal of Process 

Mechanical Engineering, 211 (4), pp. 247-257.  

 

Abstract 

Three-dimensional turbulent flow in a model cyclone has been simulated using PHOENICS code 

and experimental studies carried out using a laser Doppler anemometry (LDA) system. The 

experimental results were used to validate the computed velocity distributions based on the 

standard and a modified k-e model. The standard k-e model was found to be unsatisfactory for 

the prediction of the flow field inside the cyclone chamber. By considering the strong swirling 

flow and the streamlined curvature, a k-e model, modified to take account of the Richardson 

number, provided better velocity distributions and better agreement with the experimental results. 

©IMeehE1997. 
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Hu, W., Lavers, J.D. 

Coupled electro-thermal-flow model for very long electric arcs 

(1997) IEEE Transactions on Magnetics, 33 (2 PART 2), pp. 1726-1729.  

 

Abstract 

A mathematical model that couples the electrical potential in the arc with the resulting thermal 

and flow fields has been developed to describe the behaviour of the arc plasma in DC electric arc 

furnace. The set of conservation equations, along with a potential equation for the electric field, 

were solved using the PHOENICS software package. Key aspects of the modelling problem, 

necessary to achieve a stable and meaningful numerical solution for the long DC electric arc, are 

evaluated. These aspects involve convergence issues as well as the treatment of the nonlinearities. 

Particular attention was given to the selection and adjustment of several under-relaxation factors. 

© 1997 IEEE. 

 

 

Domgin, J.F., Huilier, D., Burnage, H., Gardin, P. 

Coupling of a Lagrangian model with a CFD code: Application to the numerical modelling of the 

turbulent dispersion of droplets in a turbulent pipe flow 

(1997) Journal of Hydraulic Research, 35 (4), pp. 473-488.  

 

Abstract 

A Lagrangian approach is used to quantify the dispersion of particles in turbulent flows. Particles 

are tracked in a turbulent field taking into account crossing trajectory effects by solving their 

equation of motion. Further the CFD Phoenics* [1] code allows to model the turbulence of the 

carrier phase in which the particles disperse: a (K-ε) model supplemented with algebraic stress 

relations deduced from a second order closure scheme is used here. The coupled Eulerian-

Lagrangian model is then optimized by taking into account a space-time random distribution for 

the turbulent scales. Droplets dispersion predictions are presented for the turbulent pipe flow 

experienced by Calabrese & Middleman [2], and the computational results agree well with their 

experimental results. 

 

 

Mann, R., Togatorop, A., Senior, P.R., Graham, P., Edwards, R.B. 

Evaluating mixing in stirred reactors by 3-D visualization: Partial segregation for dual-feed semi-

batch operation 

(1997) Chemical Engineering Research and Design, 75 (8), pp. 755-762.  

 

Abstract 

Stirred vessel reactors, when operated semi-batchwise, will exhibit departures from perfect 

mixing if the reactions being carried out are faster than the rates of mixing induced by stirring. 

This gives rise to partial segregation between the primary reagents, which will have 

consequences for selectivity from complex sets of chemical reactions. The extent and intensity of 

this partial segregation can be visualized in 3-D by single point acid/ alkali additions in 

conjunction with coloured pH indicators. The role of impeller type and design in determing this 



reactive partial mixing remains obscure. Results for a standard angled blade impeller and an 

A320 are presented using this approach. The greater convection induced by the Lightnin' impeller 

produces a less marked, though still significant segregation, when simultaneous 'front' elevation 

and 'underneath' plan images from a glass semi-tech scale vessel are compared. Surprisingly, 

there is extreme segregation in the tangential direction, which is difficult to deduce from front 

view images alone. The 3-D visualizations are supported by CFD simulations using PHOENICS 

which are presented in see-through solid-body graphics. These theoretical image reconstructions 

confirm that the degree of partial segregation is more intense for the angled-blade as compared to 

the A320 impeller. However, the use of an assumption of perfect micromixing in each CFD 

volume element possibly exaggerates the predicted absolute levels of segregation between acid 

and alkali. 

 

Author Keywords 

CFD;  Fluid mixing;  Partial segregation;  Stirred vessel;  Visualization 

 

 

Sarkar, T., Sayer, P.G., Fraser, S.M. 

Flow simulation past axisymmetric bodies using four different turbulence models 

(1997) Applied Mathematical Modelling, 21 (12), pp. 783-792.  

 

Abstract 

A comparative assessment is presented of three different versions of high-Re k-ε models of 

turbulence for simulation of the flow past the entire length of axisymmetric bodies: standard, 

Chen and Kim-modified, and RNG-derived versions. Comparisons show that the standard model 

with wall functions can predict the flow characteristics at least as accurately as the other two. 

Application of the low-Re Lam and Bremhorst model further improves the predictive capability 

of wall-related quantities by removing the need for wall functions. © 1997 by Elsevier Science 

Inc. 
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Hodson, J.S., Fletcher, J.P., Porter, K.E. 

Fluid mechanical studies of structured distillation packings 

(1997) Institution of Chemical Engineers Symposium Series, (142 pt 2), pp. 999-1007.  

 

Abstract 

Structured distillation packings are widely used in the process industries and there is a continuing 

need to design more efficient packings, in order to reduce the volume, and so cost, of the packing 

required to perform a given duty. This paper describes a novel method for modelling processes 

occurring within structured packing using a computational fluid dynamics (CFD) approach. 

Results of a heat transfer model are presented. These show which particular areas of the packing 



perform less efficiently in terms of heat and so mass transfer. A new packing shape has been 

designed with the aim of mixing fluid both laterally and vertically. CFD results showed an 

increased rate of heat transfer. From this a new shape of structured packing was designed and 

manufactured. Tests in a small scale distillation rig showed an improved efficiency. 

 

 

Freeman, David J. 

Interfacing virtual reality, CFD and the Internet 

(1997) American Society of Mechanical Engineers (Paper), 8 p.  

 

Abstract 

Computational Fluid Dynamics (CFD) is a valuable tool for the process and petroleum industries. 

CFD reduces development timescales and costs by replacing expensive and lengthy laboratory 

investigation with numerical predictions of processes. However, there are several reasons why 

some companies are unwilling to use CFD. These include the cost of the software and hardware, 

the need for in-house CFD expertise and the time required to solve complex simulations CHAM 

has developed a solution to these problems, in the form of a Virtual Reality Interface linked via 

the Internet to powerful parallel-processor computers. Virtual reality makes CFD accessible to 

non-CFD experts and allows the engineer to concentrate on the solution of his problem. Remote 

computing makes it possible to access from a PC the necessary computing power to solve the 

problem. Several examples will be shown, demonstrating the application and benefits of the 

PHOENICS-VR interface and the advantages of remote computing to the process and petroleum 

industries. 

 

 

Lepski, D., Kusch, H.-G., Reitzenstein, W. 

Modelling of diffusion controlled moving boundary processes during the laser remelting of 

ferritic nodular cast iron: Carbon diffusion in laser remelting 

(1997) Lasers in Engineering, 5 (4), pp. 247-274.  

 

Abstract 

Structural changes during laser remelting of cast iron are strongly influenced by diffusion 

controlled moving boundary processes: The dissolution kinetics of spherical graphite particles 

subjected to body forces (buoyancy, inertial forces) in the laser melted pool was modelled 

assuming carbon transport through the melt by diffusion and convection to be rate controlling. 

The results are confirmed by experimental evidence for nodular cast iron GGG 40. Thermal flow 

and carbon diffusion determine shape and size of the remelted zone and the structure at the melt 

zone boundary. Therefore, diffusion controlled melting and solidification at a planar front and at 

dissolving graphite particles in the solid metal above 1150 °C were studied by means of the 

computer program PHOENICS. At high feed rates and/or large graphite inclusion spacings a 

straight and sharp boundary of the remelted zone, which might favour detrimental stress states, is 

formed since melting at a planar front prevails. At lower feed rates the melt zone boundary 

structure is determined by the coalescence of initially isolated molten shells around graphite 

inclusions. As a result, a transition zone is formed which contains more or less connected 



ledeburitic regions around partly or completely dissolved graphite particles. The proposed 

dependence of the structure at the melt zone boundary on both heating time and particle size is 

confirmed by observations at laser remelted tracks in GGG 40. 
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Gango, P. 

Numerical boron mixing studies for Loviisa nuclear power plant 

(1997) Nuclear Engineering and Design, 177 (1-3), pp. 239-254.  

 

Abstract 

A program is in the process of studying numerically boron mixing in the downcomer of Loviisa 

NPP (WER-440). Mixing during the transport of a diluted slug from the loop to the core might 

serve as an inherent protection mechanism against severe reactivity accidents in inhomogenous 

boron dilution scenarios for PWRs. The commercial general purpose Computational Fluid 

Dynamics (CFD) code PHOENICS is used for solving the governing fluid flow equations in the 

downcomer geometry of VVER-440. So far numerical analyses have been performed for steady 

state operation conditions and two different pump driven transients. The steady state analyses 

focused on model development and validation against existing experimental data. The two pump 

driven transient scenarios reported are based on slug transport during the start of the sixth and 

first loop, respectively. The results from the two transients show that mixing is case and plant 

specific; the high and open downcomer geometry of VVER-440 seems to be advantageous from 

mixing point of view. In addition the analyzing work for the 'first pump start' scenario brought up 

some considerations about flow distribution in the existing experimental facilities. © 1997 

Elsevier Science S.A. 

 

 

Delaunay, D., Flori, J.P., Sacré, C. 

Numerical modelling of gas dispersion from road tunnels in urban environments: Comparison 

with field experiment data 

(1997) International Journal of Environment and Pollution, 8 (3-6), pp. 690-698.  

 

Abstract 

Numerical computations and field experiments of the dispersion of a tracer gas from a road 

tunnel in Paris are compared. The Reynolds-averaged Navier-Stokes equations, combined with 

the k-ε turbulence model of Chen and Kim, are solved using the finite-volume code PHOENICS. 

Results are shown to be sensitive to the turbulence modelling and to the parameterization of 

turbulence and drag forces generated by traffic. 
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Yan, Z., Tao, Z. 

Numerical solution of heat transfer and fluid flow on nonstaggered grids 

(1997) Tuijin Jishu/Journal of Propulsion Technology, 18 (5), pp. 69-77.  

 

Abstract 

A new control-volume based finite difference method is developed in this paper for the solution 

of heat transfer and fluid flow problems on nonstaggered grids. The problem of pressure 

checkboard is prevented with an original differencing method of the pressure-gradients that may 

be called upwind-biased-interpolation. The proposed method is applied to two typical test 

problems. Comparision is made between the currently developed code and the well-known 

commercial software PHOENICS which employs staggered grid system. Excellent agreements 

are observed. 

 

Author Keywords 

Computational grid;  Discrete function;  Fluid flow;  Heat transfer 
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Numerical solution of neat transfer and fluid flow on nonstaggered grids 

(1997) Tuijin Jishu/Journal of Propulsion Technology, 18 (5), pp. 73-77.  

 

Abstract 

A new control-volume based finite difference method was developed in this paper for the 

solution of heat transfer and fluid flow problems on nonstaggered grids. The problem of pressure 

checkerboard is prevented with an original differencing method of the pressure-gradients that 

may be called upwind-biased-interpolation. The proposed method was applied to two typical test 

problems. Comparison was made between the currently developed code and the well-known 

commercial software PHOENICS which employs staggered grid system. Excellent agreements 

were observed. 

 

 

Luoma, M., Härkönen, M., Lylykangas, R., Sohlo, J. 

Optimization of the metallic three-way catalyst behavior 

(1997) SAE Technical Papers, .  

 

Abstract 

Manufacturers of automotive catalytic converters are constrained to design more effective and 

reliable systems to meet the stringent emission limits anticipated for the end of the decade. 



Reactor models and computer simulations may offer new possibilities for optimal catalytic 

converter design. For this reason, transient models have been developed using the commercial 

CFD (Computer Fluid Dynamics) code PHOENICS. In this work the effects of catalyst design 

parameters are studied using the one-dimensional transient model for a single catalyst channel. 

The results indicate that the catalyst precious metal loading has a great influence on the catalyst 

light-off, and the geometric area (catalyst length and cell density) and the hydraulic radius 

(catalyst cell density) on the steady state conversion efficiency. The ceramic catalyst seems to 

have a higher tendency towards thermal shock than the metallic. The optimization of the metallic 

catalyst behavior inevitably leads to the use of a high cell density to obtain the best steady state 

behavior. The precious metal loading needed to reach fast light-off can be optimized by 

shortening the substrate length. The behavior of the advanced metallic catalyst is compared with 

the 400 cpsi ceramic catalyst using the three-dimensional transient model. This simulates the 

fluid dynamics, chemical kinetics and heat and mass transfer taking place in a catalyst and its 

assembly. The volume of the metallic catalyst is a half of that of the ceramic. The geometric areas 

of the catalysts are almost identical. Both catalysts contain the same amount of precious metals. 

The length of the ceramic honeycomb is double compared to that of the metallic. Due to the 

smaller heat capacity, better heat conduction and heat transfer the 800 cpsi metallic catalyst heats 

up faster than the 400 cpsi ceramic one. Furthermore, the better mass transfer characteristics of 

the metallic catalyst enable an almost 4.5 % higher conversion efficiency than the ceramic. 

Copyright © 1997 Society of Automotive Engineers, Inc. 

 

 

Proceedings of the 1997 E-MRS Spring Meeting 

(1997) Materials and Design, 18 (4-6), pp. 203-414.  

 

Abstract 

The proceedings contains 37 papers from the 1997 European Materials Research Society Spring 

Meeting, Symposium J: Light-Weight materials for Transportation. Topics discussed include: 

aluminum alloys; metallic matrix composites; aluminum foams; carbon fiber reinforced metals; 

hot isostatic pressing; friction stir welding; light metal castings; pressure-cast aluminum 

automotive parts; thixoforming; thixotropic microstructure; solid solutions; titanium alloys; 

erosive wear behavior; and high-temperature superconductors. 

 

 

Wardenier, K., Van Den Bulck, E. 

Steady-state waste combustion and air flow optimization in a field scale rotary kiln 

(1997) Environmental Engineering Science, 14 (1), pp. 43-54.  

 

Abstract 

This study describes a computational modeling study of a full-scale rotary kiln using the 

commercial CFD-code PHOENICS. A steady-state mode is assumed in which solid waste (a 

mixture of cellulose and toluene) is volatilized and burned. The focus of the model is on the gas 

phase fluid dynamics. Buoyancy is accounted for, turbulence is modeled with the κ-ε model, 

radiative transfer is in a first step modeled with the composite flux model of radiation and 



combustion is modeled using the simple chemical reaction scheme (SCRS) model for diffusive, 

mixing limited reacting flows. The volatilization model makes use of a first-order Arrhenius-type 

reaction rate that takes the volatilization properties of both toluene and cellulose into account. 

The goal of this study is to screen various air inlet designs for their mixing characteristics and 

residence time distribution. This is translated in the destruction efficiency of selected compounds. 

The actual air inlet configuration in an existing full-scale incinerator is chosen as a reference for 

comparison. Alternative designs are analysed. The methodology and usefulness of the approach 

is fully demonstrated and typical design results are reported. 

 

This study describes a computational modeling study of a full-scale rotary kiln using the 

commercial CFD-code PHOENICS. A steady-state mode is assumed in which solid waste (a 

mixture of cellulose and toluene) is volatilized and burned. The focus of the model is on the gas 

phase fluid dynamics. Buoyancy is accounted for, turbulence is modeled with the κ-ε model, 

radiative transfer is in a first step modeled with the composite flux model of radiation and 

combustion is modeled using the simple chemical reaction scheme (SCRS) model for diffusive, 

mixing limited reacting flows. The volatilization model makes use of a first-order Arrhenius-type 

reaction rate that takes the volatilization properties of both toluene and cellulose into account. 

The goal of this study is to screen various air inlet designs for their mixing characteristics and 

residence time distribution. This is translated in the destruction efficiency of selected compounds. 

The actual air inlet configuration in an existing full-scale incinerator is chosen as a reference for 

comparison. Alternative designs are analyzed. The methodology and usefulness of the approach 

is fully demonstrated and typical design results are reported. 
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Chow, W.K. 

Studies on the stability of thermal stratified layer in a forced-ventilation fire using computational 

fluid dynamics 

(1997) Journal of Applied Fire Science, 6 (1), pp. 15-25.  

 

Abstract 

The Technique of Computational Fluid Dynamics (CFD) can be applied in the study of various 

problems relating to the smoke filling process and smoke movement in buildings. However, 

developing CFD software requires prohibitive resources and commercial packages are very 

expensive. However, with recent reductions in costs of CFD packages, it is now possible to apply 

them more frequently in more significant projects. In this project, the Computational Fluid 

Dynamics (CFD) package PHOENICS is applied to study a forced ventilation fire. In these 

applications, the thermal stratified layer induced by fires in a forced-ventilation compartment 

might not be stable. The positions of the fresh air intake and exhaust and the ventilation rates are 

the important factors affecting the stability of the smoke layer and the burning process of 

materials involved. If hot gases cannot rise due to the strong air flow induced by the ventilation 

fans, those sprinkler heads and fire detectors installed at the ceiling levels might not be activated. 

© 1996, Baywood Publishing Co., Inc. 



 

 

Chang, Y.P., Tsai, R. 

Natural convection in a square enclosure with a cold source 

(1997) International Communications in Heat and Mass Transfer, 24 (7), pp. 1019-1027.  

 

Abstract 

A study of natural convection heat transfer in a square enclosure is reported. Air flow in the 

enclosure is modeled as a two-dimensional turbulent flow, with turbulent transport described by 

the standard k - ε turbulence model. Boundary conditions in temperature are constant temperature 

at cold-wall, constant heat transfer coefficient at hot-wall, and insulation in the other two sides. 

PHOENICS CFD software package is used for required calculations. The results include the 

relation equation between mean Nusselt number and Rayleigh number, N̄u = 0.176Ra0.146 (h W 

/ kf)0.502, for 109 ≤ Ra ≤ 1011 and 1 W / m2 K ≤ h ≤ 10 W / m2 K , and a comparison with the 

basic studies of constant temperature at hot-wall published in the literature. © 1997 Elsevier 

Science Ltd. 

 

 

Narabayashi, T., Mizumachi, W., Mori, M. 

Study on two-phase flow dynamics in steam injectors 

(1997) Nuclear Engineering and Design, 175 (1-2), pp. 147-156.  

 

Abstract 

A steam injector is a simple, compact, passive steam jet pump for water injection or the primary 

loop recirculation system. An analytical study has been conducted on a large-scale steam injector 

for a next-generation reactor, in order to check the feasibility of a large-scale steam injector for 

which a demonstration test was not able to be conducted at present. Visualized fundamental tests 

were conducted in order to develop separate two-phase flow models to be installed in the 

PHOENICS Code. The models were verified by using high-pressure steam test data, as well as 

the visualized data. Then the large-scale injectors analyses were conducted using the newly 

developed models. The analysis results showed that the large-scale steam injector could work in 

the high-pressure range and discharged over 12 MPa, even at the rated flow rate of 61 kg s-1 (220 

ton h-1). © 1997 Elsevier Science S.A. 

 

 

Ang, K.C., Mazumdar, J., Craig, I.Hamilton 

Computational model for blood flow through highly curved arteries with asymmetric stenoses 

(1997) Australasian Physical and Engineering Sciences in Medicine, 20 (3), pp. [d]152-163.  

 

Abstract 

In this paper, we develop a three dimensional model of blood flow through curved arteries with 

asymmetric stenoses. Firstly, the Navier-Stokes equations representing Newtonian flow are 



solved using PHOENICS, a computational fluid dynamics package which utilizes the Finite 

Volume method of solution. The severity of the stenoses considered in this study vary from about 

40% to about 70%. Subsequently, the model is solved for Reynolds numbers ranging from 100 to 

1200. The pressure drop results show good agreement with published results. The results also 

show that stenoses on a bent artery has a significant effect on blood flow characteristics. 

 

 

Buchanan, J.L., McKown, C. 

Off-line sheet glass coating system 

(1997) Journal of Non-Crystalline Solids, 218, pp. 179-184.  

 

Abstract 

High deposition efficiency (&gt; 20%), low bulk resistivity (≤ 6.0 × 10-4 Ω cm), tin oxide 

coatings have been prepared on an off-line coating system. The system developed includes a 

coater nozzle, vapor feed system, oven, organotin-based deposition chemistry and a complete 

emissions control system. The coater nozzle design was modeled using PHOENICS†, a finite 

volume computational fluid dynamics program. The design criteria used was to minimize the 

velocity variation across the feed slot. The actual design employed consists of distribution holes, 

with size and spacing determined from macroscopic calculations and positioning determined 

from flow modeling. The slot design used to deliver the feed vapor resulted in &lt; 5% variation 

in film sheet resistance across the substrate (perpendicular to coating direction). The feed system 

incorporates a unique method to vaporize a high boiling point (7b &gt; 200°C) organotin that 

provides for uniform, steady state vaporization of precursor mixtures, especially those having 

different vapor pressures, while minimizing thermal abuse and degradation. Coatings have been 

produced for photovoltaics, low ∈, and resistive heating. For example, at a conveyor speed of 2.1 

cm/s, 280 run of conductive tin oxide was deposited on soda-lime-silica glass with deposition 

efficiency of 28% and sheet resistance of 23 ohm/ Q. The deposition chemistry is currently in use 

in the industry and is composed of monobutyl tin trichloride (MBTC) and an organofluorine. 

Coatings with bulk resistivities as small as 5.5 × 10-4 cm with an accompanying deposition 

efficiency of 31% have been demonstrated. © 1997 Elsevier Science B.V. 

 

 

Mailutha, J.T., Honami, N., Murase, H., Inoti, I.K. 

Knowledge engineering-based studies on solar energy utilization in Kenya: Part III 

(1997) AMA, Agricultural Mechanization in Asia, Africa and Latin America, 28 (3), pp. 61-67.  

 

Abstract 

In the investigation reported in this paper, PHOENICS CFD Code was used to simulate a system 

that can reduce the accumulation of dust on the surface of solar cell. A physical model of solar 

cell was also tested in a wind tunnel. From the results obtained, it was found that a wind barrier 

installed on the solar cell can reduce significantly the accumulation of airborne contaminants on 

the surface of solar cell. 

 



 

Robertson, A.P., Hoxey, R.P., Richards, P.J., Ferguson, W.A. 

Full-scale measurements and computational predictions of wind loads on free-standing walls 

(1997) Journal of Wind Engineering and Industrial Aerodynamics, 67-68, pp. 639-646.  

 

Abstract 

Recent developments in the wind loading codes for the UK, Australia and Europe have 

introduced new, more onerous, pressure coefficient data for the design of free-standing walls. 

These data, derived from wind-tunnel studies conducted in the mid-1980s in the UK and 

Australia, have been called into question by various interested parties. In 1993, a research 

programme was initiated to undertake an independent, full-scale study of the wind pressures on 

free-standing walls in order to critically appraise the new data and to determine reliable design 

data. The full-scale, variable-geometry experimental facility which includes automatic, rapid, 

data-logging instrumentation is described. To supplement this full-scale work, CFD 

investigations in 2 and 3 dimensions have been undertaken at the University of Auckland using 

the PHOENICS finite volume code, Version 2.1, with a k-ε turbulence model. Comparisons are 

presented which reveal that despite the simplicity of its structural form, the free-standing wall 

exhibits surprising aerodynamic effects which render it an excellent and highly challenging test 

case to model computationally. 
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Kleinig, A.R., Middleberg, A.P.J. 

Numerical and experimental study of a homogenizer impinging jet 

(1997) AIChE Journal, 43 (4), pp. 1100-1107.  

 

Abstract 

High-pressure homogenization is a key unit operation used to disrupt cells containing 

intracellular bioproducts. Modeling and optimization of this unit are restrained by a lack of 

information on the flow conditions within a homogenizer value. A numerical investigation of the 

impinging radial jet within a homogenizer value is presented. Results for a laminar and turbulent 

(k - ε turbulent model) jet are obtained using the PHOENICS finite-volume code. Experimental 

measurement of the stagnation region width and correlation of the cell disruption efficiency with 

jet stagnation pressure both indicate that the impinging jet in the homogenizer system examined 

is likely to be laminar under normal operating conditions. Correlation of disruption data with 

laminar stagnation pressure provides a better description of experimental variability than existing 

correlations using total pressure drop or the grouping 1/Y 2h 2. 

 

 



Papamichael, H., Pellon, C., Miaoulis, I.N. 

Air flow patterns in the optical fibre drawing furnace 

(1997) Glass Technology, 38 (1), pp. 22-29.  

 

Abstract 

An experimental method simulating optical fibre drawing was used to examine and investigate 

the airflow patterns in the heating region. The setup resembled that of the actual drawing of fibres 

and used water as a working fluid. Flow patterns in the heating region were obtained by visual 

means and were further analysed using computer image processing methods. A system of 

anemometers was used to perform a quantitative study of the flow in the furnace. The 

experimental findings matched well the numerical results obtained using the PHOENICS flow 

simulation software package and the results are presented in graphical form. 

 

 

Tieu, A.K., Kim, I.S. 

Simulation of the continuous casting process by a mathematical model 

(1997) International Journal of Mechanical Sciences, 39 (2), pp. 185-192.  

 

Abstract 

A computational three-dimensional (3D) heat transfer model has been developed and applied to 

calculate the temperature distribution and solid shell thickness profile of a continous cast slab in a 

steel plant. This developed model includes non-linear material properties of specific heat and 

thermal conductivity as well as phase changes during solidification. A general thermo-

fluidmechanics computer program, PHOENICS, was employed to numerically solve the heat 

transfer equation with the associated source terms. The thermal profile and solid shell thickness 

calculated by mathematical model agree with those predicted by an industrial model and 

experimental measurements. The model could also be used to predict the optimum process 

parameters on casting speed, heat removal rates and associated water flow rates and roll force. 

These parameters could be monitored by suitable sensors and controlled through a feed back 

system that interfaced with the mathematical model and the sensors. Copyright © 1996 Elsevier 

Science Ltd. 
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Application of an Eulerian-Lagrangian model to the turbulent dispersion of particles in turbulent 

pipe flows 

(1997) American Society of Mechanical Engineers, Fluids Engineering Division (Publication) 

FED, 17, pp. 7pp.  

 

Abstract 

A Lagrangian approach is used to quantify the dispersion of particles in turbulent flows. Particles 



are tracked in a turbulent field taking into account crossing trajectory effects by solving their 

equation of motion. Further, the CFD Phoenics code allows to model the turbulence of the carrier 

phase in which the particles disperse: a (K-ε) model supplemented with algebraic stress relations 

deduced from a second order closure scheme is used here. The coupled Eulerian-Lagrangian 

model is then optimized by taking into account a space-time random distribution for the turbulent 

scales. Two types of flows and particles are considered: first the dispersion of liquid droplets in a 

turbulent pipe flow of water experimentally studied by Calabrese & Middleman (1979) is 

numerically simulated, and secondly the dispersion of water droplets in a turbulent pipe flow of 

air experimentally studied by Vames & Hanratty (1988) is considered. In each case, we examine 

the influence of the different terms (drag, gravity, added mass, pressure gradient, Basset and lift) 

of the equation of motion on the turbulent dispersion. In the first case, the computational results 

agree well with the experiment. However, in the second test on heavy particle dispersion, 

whatever the terms taken into account, the experimental turbulent dispersion as measured by the 

authors is under-estimated by the simulations. Turbulence corrections as proposed by Wang & 

Stock (1993) predicting Lagrangian time scales or turbulence correctly viewed by the particle on 

its random path should improve these numerical results. 
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Evaluation of hydro projects operational changes on Colbert Fossil Plant water intake 

temperature 

(1997) Proceedings of the International Conference on Hydropower - Waterpower, 3, pp. 1858-

1867.  

 

Abstract 

Field tests and hydrodynamic flow and water quality modelling were performed to evaluate the 

water temperature at the Colbert Fossil Plant under a normal hydroturbine peaking schedule and 

for alternative continuous releases at the upstream and downstream dams. At normal peaking 

schedule. Both field tests and model showed a reverse current caused the warm condenser 

cooling water discharge to recirculate into the plant intake channel. During idle generation at the 

upstream and downstream dams, solar heating caused an additional increase in river temperature 

at the plant intake. Moreover, an examination using the numerical model PHOENICS showed 

that a decrease in intake water temperature of 1.1 °F could be achieved if the intake channel is 

dredged. 
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Interfacing virtual reality, CFD and the internet 

(1997) Proceedings of the ASME Turbo Expo, .  

 

Abstract 

Computational Fluid Dynamics (CFD) is a valuable tool for the process and petroleum industries. 

CFD reduces development timescales and costs by replacing expensive and lengthy laboratory 

investigation with numerical predictions of processes. However, there are several reasons why 



some companies are unwilling to use CFD. These include the cost of the software and hardware, 

the need for in-house CFD expertise and the time required to solve complex simulations CHANI 

has developed a solution to these problems, in the form of a Virtual Reality Interface linked via 

the Internet to powerful parallel-processor computers. Virtual reality makes CFD accessible to 

non-CFD experts and allows the engineer to concentrate on the solution of his problem. Remote 

computing makes it possible to access from a PC the necessary computing power to solve the 

problem. Several examples will be shown, demonstrating the application and benefits of the 

PHOENICS-VR interface and the advantages of remote computing to the process and petroleum 

industries. Copyright © 1997 by ASME. 
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Abstract 

In this paper, a three-dimensional model of blood flow through a vessel with an asymmetric 

stenosis is developed. The governing equations are the usual Navier-Stokes equations for 

unsteady elliptic flows, and these equations are solved using PHOENICS, a computational fluid 

dynamics package which uses the Finite Volume technique. The model is studied for values of 

Reynolds number ranging form 100 to 1000 for four different degrees of stenosis. Results of 

pressure drops show good agreement with published results. The study also shows that the side of 

the wall with the stenosis experiences a higher shearing stress compared to the opposite side 

without any protuberance The ratio of the peak shear stresses on the walls may be as high as 2.5 

for Re = 100 to 1000, and varies only slightly with the Reynolds number. 
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Abstract 

Some of the hemodynamic problems with prosthetic heart valves are believed to be directly 

related to the valve geometrical characteristics. To clarify the effect of different valvular 

geometric designs on the flow through a bileaflet valve, a parametric study is conducted using 

numerical simulation procedure. Steady and unsteady, incompressible laminar/turbulent 

Newtonian flow through fully-open bileaflet heart valves in a rigid 2-D model of aorta is carried 

out using the PHOENICS finite volume code. The parameters investigated are the hinge position 

and the fully-opening angle. Computational results reveal that different valve designs can 

produce significant difference in the flow pattern in the vicinity of the valves. Laser illuminated 

flow visualization is also conducted in a purpose-designed 3:1 scale-up test rig to understand the 

flow field around valves under pulsating condition. A detailed view into the onset and successive 

growth of the vortex and the formation of vortex street with certain shedding frequency in the 

valve wake vicinity is obtained for systole period. Both numerical simulation and experimental 

study provide the useful information for an optimum bileaflet valve design and the further 

understanding of the complex behaviour of the transvalvular flow phenomena. 

 

 

Boisson, N., Malin, M.R. 

Numerical prediction of two-phase flow in bubble columns 

(1996) International Journal for Numerical Methods in Fluids, 23 (12), pp. 1289-1310.  

 

Abstract 

A numerical model is described for the prediction of turbulent continuum equations for two-

phase gas-liquid flows in bubble columns. The mathematical formulation is based on the solution 

of each phase. The two-phase model incorporates interfacial models of momentum transfer to 

account for the effects of virtual mass, lift, drag and pressure discontinuities at the gas-liquid 

interface. Turbulence is represented by means of a two-equation k-ε model modified to account 

for bubble-induced turbulence production. The numerical discretization is based on a staggered 

finite-volume approach, and the coupled equations are solved in a segregated manner using the 

IPSA method. The model is implemented generally in the multipurpose PHOENICS computer 

code, although the present applications are restricted to two-dimensional flows. The model is 

applied to simulate two bubble column geometries and the predictions are compared with the 

measured circulation patterns and void fraction distributions. 
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(1996) Thin Solid Films, 290-291, pp. 406-410.  



 

Abstract 

A comprehensive numerical model for selective low-pressure chemical vapor deposition 

(LPCVD) of tungsten from hydrogen and WF6 in a single-wafer reactor has been developed. The 

computational fluid dynamics (CFD) code PHOENICS-CVD is used for transient solutions of the 

two-dimensional transport equations of heat, momentum and chemical species in the reactor. A 

detailed model is used for the kinetics of tungsten deposition at the surface. A model for the 

nucleation of intermediates, which are formed at the surfaces where tungsten is deposited and are 

transported through the gas phase, is used to describe the loss of selectivity. This opens the way 

for qualitative study of the influence of process conditions and reactor configurations on the 

selectivity of this process. The selectivity is found to improve at high flow rates, low total 

pressures and low partial pressures of WF6. 
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Buoyancy-induced flow through a narrow chamber containing an internal heat source : 

Comparison of experimental measurements and numerical simulations 

(1996) Proceedings of the Institution of Mechanical Engineers, Part C: Journal of Mechanical 

Engineering Science, 210 (5), pp. 489-498.  

 

Abstract 

Natural convection ventilation of a rectangular chamber containing a heated rectangular body has 

been investigated both experimentally and computationally. The heated square blockage within 

the partial enclosure was adjacent to the adiabatic lower surface of the chamber and the three 

exposed surfaces of the block were such as to give a constant heat flux. The air inlet and outlet 

were located at the bottom and top of the chamber vertical walls respectively, and were of equal 

area. Velocity measurements were performed using laser Doppler anemometry (LDA) with a 

one-component He-Ne laser connected to a burst spectrum analyser (BSA). Detailed velocity 

profiles were measured at the inlet, outlet and at several locations inside the chamber. 

Temperatures of the heated air at the outlet were measured with a chromel-alumel (type K) bare 

wire thermocouple probe. Three-dimensional laminar and turbulent (k-e model) numerical 

simulations were obtained by solving the governing equations using the computational fluid 

dynamics (CFD) code PHOENICS. Comparisons of experimental and computational results 

showed very good agreement in most of the flow field. © IMechE 1996. 
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Abstract 

Current designs of liquid gas separating equipment often use vane-type separators because of 

their high gas capacity and reduced size. weight and cost. To gain insight into the performance of 

vane-type separators, we have simulated two dimensional flow fields of mist using the computer 

code PHOENICS. Trajectories of liquid droplets in the flow field were calculated. Apart from the 

overall separation efficiency, we calculated the liquid droplet size distribution at the outlet of the 

separator for a given droplet size distribution at the inlet. We began with a simplified geometry of 

vane channels and modelled the hydrodynamic effects of rear pockets using 'deflector plates'. 

Results from the model study point to an optimal condition when the vane separator has a high 

separation efficiency and requires a low pressure drop between the inlet and the outlet of the 

channel. We then used the body fitted coordinates in a more realistic vane channel to study 

effects of flow velocity and vane geometries on separation efficiency and pressure drop. It has 

been found that the performance of vane separators is poor at low flow velocity (&lt;3 4 ms 1 ) 

and the separation efficiency does not increase much when the velocity is above ∼l0ms 1. The 

pressure drop, on the other hand, increases greatly at high velocity. Larger bend angles result in 

higher separation efficiency, but when the angle is above ∼75 . improvement on separation 

efficiency is small, whereas the pressure drop increases rapidly. Rear pockets increase the 

separation efficiency, being more effective than increasing the bend angles. 
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Abstract 

This paper reports numerical modelling of impinging jet flows using Rodi and Malin corrections 

to the k-ε turbulence model, carried out using the PHOENICS finite volume code. Axisymmetric 

calculations were performed on single round free jets and impinging jets and the effects of 

pressure ratio, height and nozzle exit velocity profile were investigated numerically. It was found 

that both the Rodi and Malin corrections tend to improve the prediction of the hydrodynamic 

field of free and impinging jets but still leave significant errors in the predicted wall jet growth. 

These numerical experiments suggest that conditions before impingement significantly affect 

radial wall jet development, primarily by changing the wall jets initial thickness. ©1996 by John 

Wiley & Sons, Ltd. 
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Abstract 

Gas flow and heat transfer phenomena in an old and a modified industrial-scale waste heat boiler 

of the Outokumpu copper flash smelting process were simulated using computational fluid 

dynamics code Phoenics. Various operating conditions were studied, including different types of 

off-gas circulation from the electrostatic precipitator and air leakage from the boiler dust-hoppers. 

The gas flow in an off-gas circulation was found to be three-dimensional and its flow pattern 

changed significantly. The computational results indicated radiative heat transfer. The modified 

boiler efficiently cooled the off-gases at increased volume flow rate and higher temperatures. 
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Abstract 

Gas flow and heat transfer phenomena in an old and a modified industrial-scale waste-heat boiler 

of the Outokumpu copper flash smelting process were simulated with a commercial 

computational fluid dynamics code Phoenics. The standard k-ε model was adopted for 

representing gas turbulence, and the six-flux model for thermal radiation. Various operating 

conditions were studied, including different types of off-gas circulation from the electrostatic 

precipitator, and air leakage from the boiler dust-hoppers. The computed flow patterns were 

compared with the results from laboratory scale physical models, and the heat transfer simulation 

of the old boiler was compared with temperature measurements in the smelter. Good agreement 

was reached between the computed results and the laboratory models and industrial 

measurements. It was found that gas flow in both boilers is clearly three-dimensional, especially 

with off-gas circulation. The off-gas circulation may change the flow pattern significantly, while 

the air leakage does not affect the main flow pattern. The computational results indicate that 

radiative heat transfer accounts for 80-95% of the total heat transported through the heat transfer 

surfaces in the radiation section under different operating conditions. Radiation screens in the 

modified boiler play an important role in the gas cooling, accounting for about 40 - 50% of the 

total heat transferred in the radiation section. The additional gas cooling due to the circulated off-

gas is significant in the old boiler, but minor in the modified boiler. The simulation results 

indicate that the modified boiler can efficiently cool the off-gases with increased volume flow 

rate and higher temperature. 
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(1996) Revue Generale de Thermique, 35 (415), pp. 469-474.  

 

Abstract 

This study reports on heat transfer through a plan horizontal air jet. The jet maintained at a higher 

temperature than the ambience allows a thermal sealing at the upper side of the opening case. The 

thermal and hydrodynamic measurements taken on the experimental device and the numerical 

simulations carried out by using the Phoenics package distinguish two types of flow. For the 

small velocities of the jet or the high differences of temperature, the natural convection 

predominates: the hot jet diffuses upwards and can not seal the case. Inversely, for the high 

values of the jet velocities, the forced convection predominates: the case is correctly sealed but 

the power consumption increases like the flowrate. A dimensionless number called deflection 

modulus allows to characterize the transition from one flow pattern to another and it also allows 

to minimize the energy consumption. © Elsevier. 
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Abstract 

This work reports on a new heat exchanger for various food products (jam, sauces). The fluid 

flows between two coaxial parallel cones from the vertex to the base. The inner cone rotates and 

the outer is stationary. A uniform heat flux is delivered through the external wall. The numerical 

modelling is performed on a bidimensional configuration by the finite-volume method with 

Phoenics package. The model takes into account the rheological food products characteristics. 

The principal phenomenon, numerically and experimentally observed, is the appearance of the 

recirculation that renews the fluid on the heating wall, increases the heat transfer and has a 

mixing effect. © Elsevier. 
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staggered BFC grid system 
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Abstract 

Generally, numerical analysis of MHD systems including cold crucible requires much amounts of 

calculating resources. These systems often include 3D electromagnetic field, fluid flow in 

irregular boundaries, solidification, even coupling between electromagnetic field and fluid flow. 

Two kinds of basically different simulation techniques are necessary for effective calculation of 

these MHD systems. These are FEM (Finite Element Method) for calculation of electromagnetic 

field and FVM (Finite Volume Method) with BFC (Body Fitted Coordinate) for fluid flow. But 

many researchers have been tried to solve these problems by other methods because the use of 

the combined method consumes large quantity of memory and computing time. Most of 

numerical models on cold crucible do not include the analysis of fiuid flow. For calculation of 

electromagnetic field, 2D axisymmetric wire model, it's improved model or Boundary Element 

Method have been widely used instead of fully 3D FEM. In this study, 3D H-φ formulation for 

electromagnetic field by FEM and a technique using non-staggered grid system for fluid flow by 

FVM with BFC were employed to save the memory space and calculation time in numerical 

analysis of cold crucible. A package of numerical models including electromagnetic, fluid 

dynamic, heat transfer and solidification model was constructed and applied to the numerical 

simulation of cold crucible. Validity of the electromagnetic model was confirmed by comparison 

between the results from calculation and those from direct measurement. Verification of the 

developed code on fluid dynamic calculation was carried out by its comparison with the 

commercial code PHOENICS. Influence of some important operating parameters on the 

meniscus shape and solidification front were investigated using the developed package. 

Temperature distribution in the molten tin was uniform because of the circulating flow induced 

by non-uniform distribution of electromagnetic force and the heat transfer through mold wall at 

the melt-mold contacted region was noticeably reduced as a result of magnetic pressure. 
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Abstract 

The purpose of this paper, is to present numerical solutions for two-dimensional, time dependent, 

flows around a square cylinder. A computational analysis is based upon the commercially 

available fluid dynamics code PHOENICS. Unsteady computations allowed us to simulate the 

phenomenon of vortex shedding for different angles of attack. Our numerical results are 

compared with the experimental results of Lee. They appear to be in good agreement. 
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Numerical study of a condensing boiler heat exchanger 

(1996) International Symposium on Heat Transfer, pp. 591-596.  

 

Abstract 

Condensing boilers can have a much higher efficiency than conventional ones due to the recovery 

of latent and sensible heat from the exhaust gases. However, many condensing boilers currently 

operating in the UK have demonstrated that further improvements to their design are needed and 

detailed stimulation of the flow and heat transfer processes is necessary in order to optimise 

them. In the current study, Computational Fluid Dynamics (CPD) has been applied to evaluate 

the performance of a condensing boiler heat exchanger. Submodels for the estimation of the 

convection heat transfer coefficient, the water vapour diffusion in the flue gas, condensation on 

the tube walls and tube bundle friction resistance were developed and incorporated into the 

commercial CFD code PHOENICS. The tube bundle was treated according to the porous media 

concept. Detailed data on the velocity and temperature distributions for both shell and tube fluids, 

heat transfer and condensation rate were obtained. The predicted flue gas temperature distribution 

was compared with available experimental data and good agreement was found between them. 

 

 

On the mixture model for multiphase flow 

(1996) VTT Publications, (288), pp. 3-67.  

 

Abstract 

Numerical flow simulation utilising a full multiphase model is impractical for a suspension 

possessing wide distributions in the particle size or density. Various approximations are usually 

made to simplify the computational task. In the simplest approach, the suspension is represented 

by a homogeneous single-phase system and the influence of the particles is taken into account in 

the values of the physical properties. The multiphase nature of the flow cannot, however, be 

avoided when the concentration gradients are large and the dispersed phases alter the 

hydrodynamic behaviour of the mixture or when the distributions of the particles are studied. In 

many practical applications of multiphase flow, the mixture model is a sufficiently accurate 

approximation, with only a moderate increase in the computational effort compared to a single-

phase simulation. This study concentrates on the derivation and closing of the model equations. 

The validity of the mixture model is also carefully analysed. Starting from the continuity and 

momentum equations written for each phase in a multiphase system, the field equations for the 

mixture are derived. The mixture equations largely resemble those for a single-phase flow but are 

represented in terms of the mixture density and velocity. However, an additional term in the 

mixture momentum equation arises from the slip of the dispersed phases relative to the 

continuous phase. The volume fraction for each dispersed phase is solved from a phase continuity 

equation. Various approaches applied in closing the mixture model equations are reviewed. An 

algebraic equation is derived for the velocity of a dispersed phase relative to the continuous 

phase. Simplifications made in calculating the relative velocity restrict the applicability of the 

mixture model to cases in which the particles reach the terminal velocity in a short time period 



compared to the characteristic time scale of the flow of the mixture. The terms for the viscous 

and turbulent stresses in the mixture momentum equation are usually combined to a generalised 

stress. The mixture model applications reported in the literature are briefly summarised. The 

areas of application include gravity settling, rotational flows and turbulent flows. The multiphase 

models in three commercial codes, PHOENICS, FLUENT and CFX 4, are reviewed. The mixture 

model approach, in a simplified form, is implemented only in PHOENICS. 
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Phoenics 2.2 

(1996) Phoenics 2.2, .  

 

Abstract 

The Phoenics system is a suite of CFD programs which run on PC 486 and Pentium computers. 

CFD problems it solves are: steady-state and transient phenomena; zero, 1, 2 or 3 space 

dimensions; single or two-phase flows; interphase transfer processes and properties; porosities; 

parabolic or elliptic formulation. You can also look at: laminar and turbulent flows; interacting 

chemical species; combustion modelling; compressible and incompressible flows; sub, trans and 

supersonic flows. There is also a post-processor for graphical output of results. 
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Abstract 

The recently developed computer fluid dynamics based fire simulation model SOFIE (Simulation 

of fires in enclosures, version 1.2.3) was applied to predict conditions in case of a well known 

Steckler et al room fire experiment The Magnussen combustion model and k-ε -turbulence model 

with buoyancy were adopted for simulations. Flow velocities and temperatures at the doorway 

centreline of the fire room and temperatures in the fire room have been compared to the 

experimental results and simulation results of the same problem carried out by using another 

CFD-model PHOENICS. The results seem to match experimental results and PHOENICS-

simulation results quite well. Typically SOFIE predicts temperatures inside the fire room a bit 

higher than experimental data, but that might be reduced by incorporating the radiation model. 

All solutions converged when calculation grid was extended horizontally far enough from the 

doorway. It was necessary first to replace part of the static pressure boundary outside the fire 

room by virtual walls in order to get solution converge. Then the walls were replaced by the 

pressure boundaries. We used the three grid types of 26 × 24 × 29 cells. The first one was steady 

grid, but in the second one there were three regions in each coordinate directions in order to 

increase grid density at the region of dynamics and interest and get dimensions exact. The third 



grid type was equal to the second one but divided to half of the original size on the basis of 

symmetry. When those two latter complex meshes were used, there appeared a strong cross-flow 

on the bottom of the calculation area outside of the fire room that distorted results and caused 

unsymmetry. The radiation model proved not to be applicaple with combustion model at the 

present code version. SOFIE code is still under development and improvement. The next version 

will be released in near future. 
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Abstract 

Numerical investigations of the flow and pressure field within a homogenizer valve have been 

conducted using the computational fluid dynamics code, PHOENICS 2.1. Results are obtained 

for two valve seat designs over a range of valve gaps. The dependence of valve gap on operating 

pressure is measured experimentally and compares well with numerical predictions. A simple 

expression that uses the numerical results and allows ready calculation of pressure gradient from 

homogenizer operating and design condition is presented. Pressure gradient is shown to be a 

better independent variable for correlating cell disruption than operating pressure over a wide 

range of operating and design parameters. 
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Abstract 

In the present paper there is a study on incompressible and compressible, laminar and turbulent 

flows through plane and circular channel abrupt expansion. The finite volume method in used 

with SIMPLE family and PISO algorithms. Results with FLUENT and PHOENICS are compared 

with those obtained with TEACH, COPPEF, FIDAP and with available experimental data too. 

The reattachment length was used as the main criterion of comparison. 
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Abstract 

Solar energy is a very important, freely available natural resource which can be used in its natural 

form or converted into other useful forms. Before installation of facilities for converting solar 

energy into electrical energy for plant production under controlled environment, home lighting, 

crop irrigation or any other purpose, it is important to know the amount of solar energy available 

for conversion and the surrounding local environmental factors which directly or indirectly affect 

solar cell conversion efficiency. Wind velocity, temperature, dust and other atmospheric 

contaminants are some of the factors that lower the efficiency of photovoltaic solar energy 

generation system. Sufficient air turbulence to suspend dust particles is available in the 

atmosphere, and it has been observed that higher air velocities cause more inertial impaction of 

particles on surfaces, thus removing them from the airstream. Generally, the process of dust 

settlement on surfaces involves three stages, namely, the removal of dust particles from their 

source, transport to the new position, and final settlement on the new surface. The major factors 

involved in this process are the wind velocity and amount of dust particles in the atmosphere. The 

need to improve the conversion efficiency of the photovoltaic solar energy generation system has 

always been the concern of researchers. This paper reports the results of simulation of a system 

that can reduce the dust settlement on the surface of solar panel. PHOENICS CFD code was used 

to simulate a system that reduces dust settlement on surface of solar cells. By creating negative 

pressure (suction), wind is made to blow away from the surface, thus taking away the dust and 

other contaminants from the surface. 
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(1996) Journal of Wind Engineering and Industrial Aerodynamics, 64 (2-3), pp. 221-231.  

 

Abstract 

This paper presents numerical simulations of tracer gas experiments performed at Porte Maillot in 

Paris. The Reynolds-averaged Navier-Stokes equations, combined with the dual-time scale k-

epsilon turbulence model of Chen and Kim, are solved using the finite-volume code PHOENICS. 

Good agreement with in situ measurements is obtained. The effects of turbulence modelling, 

numerical diffusion, boundary conditions, turbulence and drag forces generated by traffic are 

investigated. 

 

 

Yu, G., Zhang, Z., Lessmann, R. 

Computer simulation of the flow field and particle deposition by diffusion in a 3-D human airway 

bifurcation 

(1996) Aerosol Science and Technology, 25 (3), pp. 338-352.  

 

Abstract 

Air flow and ultrafine particle diffusion patterns within an airway bifurcation are investigated by 

numerically solving the corresponding full Navier-Stokes equations in a three-Dimensional 

curvilinear coordinate system using PHOENICS flow-simulation software. Weibel's human lung 

morphology, airway generation I = O, was applied in the computer simulation. Computational 

parameters such as grid sizes, boundary condition treatments, iteration numbers, and convergence 

criteria have been verified by experimental data measured within the same (mathematically 

specified) bifurcation geometry. Velocity patterns generated by computer simulation show 

excellent agreement with the experimental results. Detailed velocity and particle concentration 

distributions are discussed. Results show that both the inlet and outlet flow boundary conditions 

have significant effects on the flow and concentration distribution patterns within the bifurcation. 

The scales of secondary flow within the daughter branches are shown to be particularly sensitive 

to the inlet boundary condition. 

 

 

Chow, W.K. 

Design of ventilation system in a big enclosed car park using computational fluid dynamics 

(1996) Architectural Science Review, 39 (3), pp. 141-146.  

 

Abstract 

Design with the aid of Computational Fluid Dynamics to improve the indoor air quality by 

studying different ventilation design schemes in a big enclosed car park in Hong Kong was 

reported in this paper. The air flow patterns at the occupied zone due to different operating 

conditions of the ventilation system were simulated. This included the ventilation rates, locations 

of air intake and exhaust. The package PHOENICS with the FLAIR manual was used. The 



effects of heat and pollutant sources on the resultant airflow pattern at the occupied zone were 

also studied. 
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Dutz, H., Krämer, D., Zucht, B., Althoff, K.H., Anton, G., Arends, J., Beulertz, W., Bock, A., 

Breuer, M., Gehring, R., Gemander, M., Goertz, S., Helbing, K., Hey, J., Meyer, W., Nöldeke, 

G., Paulsen, R., Reicherz, G., Thomas, A., Wartenberg, S. 

Photoproduction of positive pions from polarized protons 

(1996) Nuclear Physics A, 601 (3-4), pp. 319-332.  

 

Abstract 

Target asymmetry data for single positive pion photoproduction from polarized protons have 

been obtained at the Bonn Electron Stretcher Accelerator ELSA. Data were taken in a wide 

kinematical range of Eγ = 215-800 MeV and Θπ CMS = 35°-135° with the PHOENICS-detector. 

This detector permits a considerable kinematical overdetermination so that the nominal process 

could be clearly separated from the background. For the first time a combination of a frozen spin 

target with a tagged photon beam has been used. Butanol (C4H9OH) was used as target material 

with a maximum proton polarization of more than ±90%. Due to the simultaneous energy and 

angle coverage the systematical error in the order of ΔTsys = ±2.5% is common for all data 

points. The results at low photon energies show significant deviations from existing multipole 

analyses. 

 

Author Keywords 

Frozen spin polarized target, tagged photon beam;  Measured target asymmetry vs. Θ;  Nuclear 

reactions 1H(γ, π+), E = 215-800 MeV 

 

 

Chen, G.-R., Shaw, H.-J. 

Computation of three-dimensional jet-flapped wing in viscous flow 

(1996) Transactions of the Japan Society for Aeronautical and Space Sciences, 39 (123), pp. 126-

141.  

 

Abstract 

In this paper, the problem of three-dimensional jet-flapped wing in viscous flow is investigated 

by numerical method. A numerical procedure using the standard k-ε turbulence model and the 

finite volume method in general curvilinear coordinates system is applied to solve the steady 

three-dimensional Navier-Stokes equations. A grid generation system and the PHOENICS code 

using the SIMPLE scheme were adopted to solve the N-S equation. Some numerical results were 

obtained to discuss the effect of the parameters including jet momentum coefficient, jet deflection 

angle and aspect ratio of the wing on the performance of the jet-flapped wing. 
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Werner, C., Ilg, M., Uram, K. 

Three-dimensional equipment modeling for chemical vapor deposition 

(1996) Journal of Vacuum Science and Technology A: Vacuum, Surfaces and 

Films, 14 (3), pp. 1147-1151.  

 

Abstract 

Three-dimensional (3D) numerical equipment modeling using the simulator PHOENICS-CVD 

was used to investigate a low pressure chemical vapor deposition process for boron and 

phosphorus doped silicon glass deposition from TEOS, PH3, O2, and TEB gas sources. The 

simulation allows the 3D visualization of gas flow, temperature, and chemical concentration 

profiles in the reactor, as well as the calculation of the deposition rate as a function of position. 

Mixing of gases from different inlets and deposition uniformity due to reactive gas depletion 

were studied as a function of pressure, gas flow velocity, and reactor geometry. Comparison with 

experimental deposition rate data shows that published chemical models can well describe the 

undoped deposition, while additional chemical reactions seem to become important when PH3 is 

introduced in the reactor for phosphorus doped glass deposition. © 1996 American Vacuum 

Society. 

 

 

Hsiun, C.-M., Chen, C.-K. 

Aerodynamic characteristics of a two-dimensional airfoil with ground effect 

(1996) Journal of Aircraft, 33 (2), pp. 386-392.  

 

Abstract 

The effect of Reynolds number on the aerodynamic characteristics of an airfoil with ground 

effect in viscous flow is investigated by numerical method. A numerical scheme, based on the 

standard k-ε turbulence model, generalized body-fixed coordinates and the finite volume method, 

is developed to solve the two-dimensional wing-in-ground problem in viscous flow. The steady, 

incompressible Navier-Stokes equations are solved using a grid generation program developed by 

the authors, and the PHOENICS code. Some numerical results are presented to show the effects 

of Reynolds number, ground clearance, and angles of attack on the aerodynamic characteristics of 

a NACA 4412 airfoil. 

 

 

Olika, B., Pan, Y., Björkman, B., Grip, C.E. 

Numerical simulation and industrial investigation on the melt stratification phenomena in ladles 



holding molten steel 

(1996) Scandinavian Journal of Metallurgy, 25 (1), pp. 18-26.  

 

Abstract 

The melt stratification phenomenon, which results from the natural convection in ladles holding 

molten steel, is of fundamental importance for the temperature control in the continuous casting 

process. The progressively increasing stress on the quality of continuously cast products 

necessitates much tighter tundish temperature control, which in turn will require a more precise 

definition of the extent of melt temperature stratification in ladles. For this reason, ladle melt 

stratification phenomena were studied both by numerical simulations, using the PHOENICS 

package, and by plant measurements at SSAB Tunnplåt AB's steelworks in Luleå. The 

parameters studied in the numerical simulations were the fluid flow velocity field, the 

temperature distribution field, ladle initial heat content and height to diameter ratio of ladles. One 

of the important boundary conditions that was used in these numerical simulations was the time 

and geometry-dependent heat loss rate through the ladle walls, which is the major cause of the 

natural convection. This transient boundary condition was obtained from the temperature 

simulation model TempSim. Steel temperatures measured at different positions along the ladle 

height are compared in the paper with results from the numerical, calculations. The possibility of 

expressing the stratification with a simple formula was discussed. However, to propose this 

model for industrial use, experimental verification with prolonged holding time is needed. 
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Tan, F.L., Fok, S.C. 

Visualization of the casting process through computer animation 

(1996) Journal of Materials Processing Technology, 57 (1-2), pp. 201-205.  

 

Abstract 

Computer animation on a personal computer (PC) is becoming increasingly popular as a 

visualization tool. With the increasing CPU power and high-resolution graphics of the PC, and 

the rapid evolution of animation software, engineering processes in industry can be visualised on 

the PC through computer animation. In this paper, the visualization of a solidification process 

inside a casting through computer animation is presented. The governing equations of the 

solidification process are solved through a heat and fluid simulation software package 

(PHOENICS) and the solid-liquid phase front at several different time steps are captured as 

graphics bitmapped images. The series of bitmapped images are then combined into an animation 

format for visualization on the PC. 

 

 

Ravnikar, Igor, Petelin, Stojan 

3D calculation of boiling in complex geometry of steam generator 

(1996) Proceedings of the American Power Conference, 2, pp. 783-788.  



 

Abstract 

The D4 steam generator of nuclear power plant Krsko was analysed from a thermal-hydraulic 

point of view using the 3D PHOENICS computer code. The calculations were carried out for 

different operating conditions based on plugging study that was performed using 1D steam 

generator model SMUP computer code. Void fraction, velocity and enthalpy distributions were 

then obtained in the U-tube riser section. 

 

 

Zhou, Dadong, Wang, Ting, Ryan, William R. 

Cold flow computations for the diffuser-combustor section of an industrial gas turbine 

(1996) American Society of Mechanical Engineers (Paper), pp. 9pp.  

 

Abstract 

In the first part of a multipart project to analyze and optimize the complex three-dimensional 

diffuser-combustor section of a highly advanced industrial gas turbine under development, a 

computational fluid dynamics (CFD) analysis has been conducted. The commercial FEA code I-

DEAS was used to complete the three-dimensional solid modeling and the structured grid 

generation. The flow calculation was conducted using the commercial CFD code PHOENICS. 

The multiblock method was employed to enhance computational capabilities. The mechanisms of 

the total pressure losses and possible ways to enhance efficiency by reducing the total pressure 

losses were examined. Mechanisms that contribute to the nonuniform velocity distribution of 

flow entering the combustor were also identified. The CFD results were informative and provided 

insight to the complex flow patterns in the reverse flow dump diffuser, however, the results are 

qualitative and are useful primarily as guidelines for optimization as opposed to firm design 

configuration selections. 
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Abstract 

In the first part of a multipart project to analyze and optimize the complex three-dimensional 

diffuser-combustor section of a highly advanced industrial gas turbine under development, a 

computational fluid dynamics (CFD) analysis has been conducted. The commercial FEA code I-

DEAS was used to complete the three-dimensional solid modeling and the structured grid 

generation. The flow calculation was conducted using the commercial CFI) code PHOENICS. 

The multiblock method was employed to enhance · computational capabilities. The mechanisms 

of the total pressure losses and possible ways to enhance efficiency by reducing the total pressure 

losses were examined. Mechanisms that contribute to the nonuniform velocity distribution of 

flow entering the combustor were also identified. The CFD results were informative and provided 

insight to the complex flow patterns in the reverse flow dump diffuser, however, the results are 



qualitative and are useful primarily as guidelines for optimization as opposed to firm design 

configuration selections. Copyright © 1998 by ASME. 

 

 

Sipavichyus, Ch., Vaitiekunas, P., Milutis, E. 

Determination of critical characteristics of gas jet under finishing laser cutting 

(1996) Proceedings of SPIE - The International Society for Optical Engineering, 2713, pp. 259-

266.  

 

Abstract 

In the calculations the method of finite volumes with program packet PHOENICS 1.4 was 

applied. Elliptical transfer equations with standard model of turbulence were numerically solved. 

Three cases of flow around flat obstacle were investigated. Comparison of evaluated flow rate, 

pressure and turbulence energy when flowing around the plate with or without a hole was done. 

Highest possible values of flow rate on the symmetry axis of the system in the case of continuous 

hole in the obstacle were estimated. Activity of the jet in the cross-sections of nozzle outlet-

obstacle and in the periphery above obstacle surface was proven. Analysis of obtained results 

shows the activity of introduced investigation and abilities to employ its results in projecting of 

conic nozzles. 

 

 

van den Berghe, C.S., Baltas, N.D. 

DAP Phoenics: Porting a CFD code to a SIMD computer 

(1995) Simulation Practice and Theory, 3 (4-5), pp. 239-256.  

 

Abstract 

A port of the Phoenics CFD package to a massively parallel SIMD computer, the DAP, is 

described. The general principles under which the port was performed are discussed. These 

principles aim for balance between performance, ease of use and maintainability. Usability and 

maintainability considerations result in the desire to minimise the user visible changes. The 

parallel data structures to achieve this aim are discussed. However, in some cases - such as the 

Linear Equation Solver - the performance is most important and new algorithms need to be 

developed with the potential of changing the way the user perceives Phoenics. The characteristics 

of the performance of Phoenics on the DAP are analysed and the extent to which the primary 

porting goals have been met is reviewed. © 1995. 
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Ravnikar, I., Petelin, S. 

3D model of steam generator of nuclear power plant Krsko 



(1995) Proceedings of the Meeting on Nuclear Energy: Central Europe: Present and 

Perspectives, pp. 464-471.  

 

Abstract 

The Westinghouse Electric Corporation D4 steam generator design was analyzed from a thermal-

hydraulic point of view using the 3D PHOENICS computer code. Void fraction, velocity and 

enthalpy distributions were obtained in the U-tube riser. The boundary conditions of primary side 

were provided by SMUP 1D code. The calculations were carried out for present operating 

conditions of nuclear power plant Krsko. 

 

 

Monclova, L.A., Forney, L.J. 

Numerical simulation of a pipeline tee mixer 

(1995) Industrial and Engineering Chemistry Research, 34 (4), pp. 1488-1493.  

 

Abstract 

Pipeline tee mixing quality has been computed with a computational fluid dynamic (CPD) code. 

In particular, the k-∈ model has been used to calculate the second moment of an inert tracer 

downstream from the tee mixer. The range of values covered for the steady, single phase, 

turbulent flow are a jet-to-pipe diameter ratio of 0.026 < d/D < 0.36 and velocity ratio 2 < U/V < 

10. The results indicate that the turbulent model successfully correlates existing data and suggests 

a small adjustment to an existing similarity solution. © 1995 American Chemical Society. 

 

 

Pritchard, J., Nurnberg, G., Shoukri, M. 

Design optimization of high pressure quench vacuum furnaces through computer modelling 

(1995) Industrial Heating, 62 (9), pp. 57-60.  

 

Abstract 

Vac-Aero International is one of the leading manufacturers of high pressure quench vacuum 

furnaces. Just recently, Vac-Aero teamed with the Mechanical Engineering Department of 

McMaster University to conduct a computational study of high pressure vacuum quench furnaces 

in order to achieve the required balance of expertise in furnace manufacturing and computer 

modelling technology. Prior to conducting the computer modelling project, a series of six bar gas 

quench trials were carried out in a vacuum furnace. The PHOENICS commercial computational 

fluid dynamics package was used to model the flow and heat transfer in the furnace. The 

accuracy of the model was then confirmed. Following this, a program was undertaken to evaluate 

the effects of various quench parameters on the cooling rate in the furnace modelled. The 

parameter considered was quench pressure, in particular, its effect on cooling rate. 

 

 



Dutta, Sandip, Andrews, Malcolm J., Han, Je-Chin 

Simulation of turbulent heat transfer in a rotating duct 

(1995) Journal of thermophysics and heat transfer, 9 (2), pp. 381-382.  

 

Abstract 

The turbulent heat transfer in a rotating duct is simulated using a modified k-ε model. The 

standard k-ε model which includes the Coriolis and rotational buoyancy effects in the momentum 

equations was not used due to the fact that there are no corresponding terms in the k and ε 

transport equations. The modified model on the other hand adds turbulence production and 

dissipation from the Coriolis and buoyancy effects. The results show that these modifications are 

necessary to obtain reasonable predictions or rotational heat transfer effects in the cooling 

channels of a turbine blade. 

 

 

Reicherz, G., Bradtke, C., Dutz, H., Gehring, R.M., Goertz, S., Krämer, D., Meyer, W., 

Plückthun, M., Thomas, A. 

The Bonn polarized target NMR-system 

(1995) Nuclear Inst. and Methods in Physics Research, A, 356 (1), pp. 74-78.  

 

Abstract 

The Bonn frozen spin target is used for meson photoproduction experiments in combination with 

the facility PHOENICS at ELSA. The maximum polarization field of 7 T is provided by a 

superconducting solenoid. For electron scattering experiments a target apparatus which uses a 

superconducting 4 T magnet in a Helmholtz configuration is employed. For dynamic nuclear 

polarization of protons or deuterons various microwaves sources with frequencies of 70 GHz, 98 

GHz or 140 GHz are available. Ammonia, butanol and lithium hydrids are used as target 

materials. The main part of the polarization detection system is the so-called Liverpool nuclear 

magnetic resonance module, which ensures a high flexibility for the polarization measurements 

of different nuclear species, e.g. 15N at 2.5 T (fL=10.8 MHz) and protons at 50 T (fL=213 MHz). 

© 1995. 

 

 

Price, J.W., Anton, G., Arends, J., Beulertz, W., Bock, A., Breuer, M., Büchler, K., Clajus, M., 

Detemple, P., Hey, J., Krämer, D., Meyer, W., Nefkens, B.M.K., Nöldeke, G., Schneider, W., 

Zucht, B. 

η meson photoproduction on hydrogen near threshold 

(1995) Physical Review C, 51 (5), pp. R2283-R2287.  

 

Abstract 

The total cross section for γp→ηp near threshold has been measured using the PHOENICS 

tagging system at the ELSA electron facility of the Physikalisches Institut der Universität Bonn. 

The photons are created by bremsstrahlung, and are tagged by measuring the momentum of each 

electron after the photon has been emitted. The recoil proton from γp→ηp is detected by the 

AMADEUS counter setup in coincidence with the tagging system. Data were taken with 



AMADEUS at 3.3°in the laboratory, where the large Jacobian increases our event rate so that we 

obtain the cross section from threshold (Eγ=707.2 MeV) to Eγ720 MeV with adequate statistics. 

The γp→ηp events are identified by kinematics, dE/dx, and timing information. We find that in 

our energy region the production cross section is consistent with S-wave production. © 1995 The 

American Physical Society. 

 

 

Nizou, P.Y., Tida, T. 

Heat and momentum transfer in plane turbulent wall jets [Transferts de chaleur et de quantité de 

mouvement dans les jets pariétaux plans turbulents] 

(1995) International Journal of Heat and Mass Transfer, 38 (7), pp. 1187-1200.  

 

Abstract 

This paper deals with several experimental studies in the aim to discuss the relation between heat 

transfer and skin friction for turbulent wall jet flows, with particular emphasis on the most recent 

work by Tida (Thèse de Doctorat, Université de Nantes, 1988). A theoretical study takes stock of 

the whole of experimental results and draws conclusion on the previsional models related to heat 

transfer. Two complementary approaches are therefore proposed: an analytical formulation drawn 

from works by Hammond (Proceedings of the 7th International Heat Transfer Conference, 

Munich, Vol. 3, pp. 349-355, 1982) and Nizou (Int. J. Heat Mass Transfer 27, 1737-1748, 1984), 

and calculation included within a more general numerical model of the Phoenics type notably 

developed by Malin (Ph.D. Thesis, Imperial College of Science and Technology, London, 1986; 

Appl. Math. Modell. 11, 281-284, 1987). © 1995. 

 

 

Vlad, G., Boiron, O., Le Palec, G., Bournot, P. 

Numerical study of the compressible turbulent flow in a laser cavity 

(1995) International Journal of Heat and Mass Transfer, 38 (14), pp. 2623-2633.  

 

Abstract 

This paper presents a numerical study of the structure flow and heat transfer in the discharge tube 

of a high power CO2 laser. A compressible turbulent model was developed in connection with 

simplifying assumptions. The resulting set of partial differential equations describing the flow 

was solved by means of the PHOENICS code. Several types of thermal boundary conditions were 

tested and the numerical results were found in a quite good agreement with the experimental data 

obtained in a previous study. The location of the reattachment point was found highly correlated 

with the values of the turbulent energy and the dissipation rate of turbulent energy in the entrance 

section. The size of the recirculation zone and the shock waves created near the exit section of the 

nozzle have no significant effect upon the structure flow downstream of the reattachment point. 

© 1995. 
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Numerical study of the compressible turbulent flow in a laser cavity 

(1995) Proceedings of SPIE - The International Society for Optical Engineering, 2502, pp. 565-

570.  

 

Abstract 

This paper presents a numerical study of the flow structure and heat transfer in the discharge tube 

of a high power CO2 laser. A compressible turbulent model, in connection with simplified 

assumptions, was developed. The resulting set of partial differential equations describing the flow 

was solved by the PHOENICS code. Several types of thermal boundary conditions were tested 

and numerical results were found in good agreement with the experimental data obtained in a 

previous study. The location of the reattachment point was found to be highly correlated with the 

values of the turbulent energy and the dissipation rate of turbulent energy in the entrance section. 

The size of the recirculation zone and the shock waves created near the exit section of the nozzle 

have no significant effects upon the structure flow downstream the reattachment point. 

 

 

Mazumdar, D., Guthrie, R.I.L. 

On the numerical computation of turbulent fluid flow in CAS steelmaking operations 

(1995) Applied Mathematical Modelling, 19 (9), pp. 519-524.  

 

Abstract 

Mathematical modelling of turbulent fluid flow in the composition adjustment by sealed (CAS) 

argon bubbling steelmaking operation has been reassessed. Toward this end, a quasi-single phase 

calculation procedure embodying the standard coefficient two-equation k - ε turbulence model of 

Launder and Spalding has been applied. It is shown that numerically predicted flow patterns in 

the CAS reactor vessel depend strongly on 1. (i) numerical grid distribution in the flow domain 

and 2. (ii) appropriate modelling of turbulence parameters in the vicinity of the baffle wall. 

Provided a sufficiently fine grid is used for the numerical solution together with customary wall 

functions for flow and turbulence parameters (at the baffle wall as well as at the vessel side wall 

and bottom surface), quasi-single phase modelling procedure embodying standard coefficients for 

the k - ε model produces estimates of flow variables, which are very similar to those derived via 

the PHOENICS-based Eulerian two fluid computational procedure. Present predictions compare 

reasonably well with experimental measurements reported previously by the present authors. © 

1995. 
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Hadjerioua, Boualem, Eldredge, Tom V., Mobley, Mark H. 

Reservoir oxygenation by oxygen diffusers 

(1995) International Water Resources Engineering Conference - Proceedings, 2, pp. 1451-1455.  



 

Abstract 

This paper describes procedures to optimizing the location and predict the aeration efficiency of 

oxygen diffusers in a reservoir. The Tennessee Valley Authority (TVA) will install oxygen 

diffusers in the reservoir for Cherokee Dam in the summer of 1995. The studies are described 

herein as an example problem. The flow in Cherokee Reservoir was simulated using a numerical 

code, PHOENICS, in 3-dimensional cartesian coordinates. The flow modeling was used to 

determine the layout of the oxygen diffusers. Vertical dissolved oxygen (DO) profiles along the 

reservoir centerline were computed using a 2-dimensional, Lagrangian bubble tracking technique 

with oxygen transfer. Field tests will be conducted this summer (1995) to verify the predicted 

flows and oxygenation efficiency. 

 

 

Shelley, T. 

Right tools speed better solutions 

(1995) Eureka - Engineering Materials & Design, 15 (6), pp. 35-37.  

 

Abstract 

Developments in computer aids for electronic design are reviewed. New products and systems 

described are SDRC's Electronic System Cooling Module for the I-DEAS 3D Master Series, the 

use of flowmetric's CFD software by BT for cooling telephone switching installations, use of 

PHOENICS 2.1 for Windows 3.1 for CFD calculations, the EMC Advisor from Zuken Redac, 

Unisolve from Vizef, EMC Workbench from Incases and Nemesis 2000, and products from 

Mentor Graphics. (A.Peters) 

 

 

Veneri, R., Parodi, P., Glynn, D., Taylor, K. 

CFD modelling on fire detection and suppression in a columbus rack 

(1994) SAE Technical Papers, .  

 

Abstract 

The Columbus fire suppression procedure is based on a centralized CO 2 distribution system 

which injects the CO2 stored in a tank into the volume where the fire has to be extinguished. The 

fire is detected in each volume by means of the so-called REP (Rack Essential Package), which 

contains a fan and the smoke sensor. In order to assess the Fire Detection and Suppression design 

concept and to identify possible critical areas, Alenia Spazio-with the support of Flowsolve UK, 

and on behalf of EUROCOLUMBUS-has performed an analysis using a Computational Fluido-

Dynamic (CFD) tool. The rack containing the water pump assembly and other electronic 

equipment has been chosen for the study. As far as the Fire Detection is concerned, the 

simulation intends to predict the flow field established in the rack by the ventilation system and 

the transport of smoke by this velocity field from a supposed point source. The smoke from any 

fire within the rack must be transported to the sensor so the fire can be detected within a 

reasonable time. The Fire Suppression System has more stringent targets to meet: the CO2 must 

reach a 50% concentration by volume everywhere in the rack within 60 seconds. The aim of the 



CFD simulation was to study various combinations of CO 2 nozzle and pressure relief vent 

positions and numbers so that the configurations which fulfill the 50% requirement can be 

determined. The simulation has been performed using the 1.6.5 version of the PHOENICS 

general-purpose CFD code. © Copyright 1994 Society of Automotive Engineers, Inc. 

 

 

McKinley, N.R., Kenny, R.G., Fleck, R. 

CFD Prediction of a two-stroke, in-cylinder steady flow field an experimental validation 

(1994) SAE Technical Papers, .  

 

Abstract 

LDV is used to measure steady flow in a two port loop scavenged model two-stroke engine 

cylinder. The model cylinder, machined from acrylic for maximum optical access, is 

geometrically identical to that used in a previous dynamic study of transfer port efflux vectors. 

The measured flow field is compared with a CFD prediction which employs experimentally 

measured velocity, mass flow rate, and turbulence intensity as the inlet boundary condition at the 

transfer port. The finite volume prediction, using the PHOENICS general purpose code recreates 

the global flow pattern well, but shows some local discrepancies in flow direction and magnitude. 

Levels of turbulent kinetic energy were poorly recreated using a k-Ïμ model of turbulence, 

especially around impingement of the incoming jets where local errors of up to 60% were seen. © 

Copyright 1994 Society of Automotive Engineers, Inc. 

 

 

Mawhinney, R.N., Galea, E.R., Hoffmann, N., Patel, M.K. 

Critical comparison of a phoenics based fire field model with experimental compartment fire data 

(1994) Journal of Fire Protection Engineering, 6 (4), pp. 137-152.  

 

Abstract 

This paper describes the application of a fire field model based on the PHOENCIS CFD software 

to the simulation of fire induced flows in domestic-sized rooms. Several scenarios are examined 

consisting of various fire sizes, fire locations, and door sizes. Comparisons are based on upper-

layer room temperatures, mass fluxes in and out of the fire compartment, and door-way vertical 

and horizontal temperature and velocity profiles. For most cases, the model agrees reasonably 

well with the observed trends. However, significant smearing is observed in predicted 

temperature profiles in the vicinity of the confining walls. A close examination of the horizontal 

doorway velocity profiles highlights the need for careful modelling and experimental practices. 

 

 

Dargent, C., Dartus, D., George, J. 

Numerical simulation of pulsating flow around a cube 

(1994) International Conference on Air Pollution - Proceedings, 1, pp. 167-174.  



 

Abstract 

The purpose of this paper is to present numerical solutions for two-dimensional time dependent 

flow around a cube. A computational analysis is carried out using the commercially available 

fluid dynamics code PHOENICS for a solution of the Reynolds equation, the continuity equation 

and, for the turbulent closure, the classical k-ε model is implemented. The variant parameter is 

the angle of attack that varies sinusoidally in time between 10 and 30 degrees. Thus, the inflow 

conditions and the boundary conditions vary in time in the same manner. We show the wake 

characteristics for the two mean velocity components and for some inflow conditions, the 

occurrence of vortex shedding. 

 

 

Pellon, Christopher, Papamichael, Haris, Miaoulis, Ioannis N. 

Numerical simulation of the air flow patterns in an optical fiber drawing furnace 

(1994) Proceedings of SPIE - The International Society for Optical Engineering, 2287, pp. 22-

32.  

 

Abstract 

This paper presents results of a numerical simulation of the air flow in an optical fiber drawing 

furnace for a variety of processing conditions of industrial interest. The numerical model was 

based on PHOENICS, a fluid-flow simulation computer program, and was verified 

experimentally by flow visualization and thermal anemometry. Flow patterns in the area between 

the preform and the furnace walls were obtained for various furnace configurations. Results show 

that the air flow changes significantly by changing the geometry of the entrance and exit of the 

furnace. 

 

 

Nespor, V. 

The wind effect on rain measurement: theoretical approach 

(1994) Annalen der Meteorologie, 30, pp. 47-51.  

 

Abstract 

The flow around a gauge is simulated numerically using PHOENICS, a general software for 

computational fluid dynamics. The three-dimensional flow is considered to be symmetrical with 

the vertical plane of symmetry parallel to the flow and going through the centre of the gauge. 

Computations were done in cylindrical coordinates. -from Author 

 

 

Youn, B., Yuen, C., Mills, A.F. 

Friction factor for flow in rectangular ducts with one side rib-roughened 

(1994) Journal of Fluids Engineering, Transactions of the ASME, 116 (3), pp. 488-493.  



 

Abstract 

Numerical simulations of incompressible turbulent flow through rectangular ducts with one side 

rib-roughened were performed to determine pressure drop. The 'PHOENICS' software package 

was used for the computations, which required provision of a wall function for transverse rib-

roughened surfaces. The present study was conducted in the range of 105 ≤ Reynolds number ≤ 

107, 0.01 ≤ rib height to hydraulic diameter ratio ≤ 0.04, 10 ≤ pitch to rib height ratio ≤ 40. Using 

the numerical results, friction factor charts for various aspect ratios were generated. The 

numerical results agreed well with experimental data that was obtained for 105 &lt; Reynolds 

number &lt; 2 × 105. In addition, a scheme for predicting friction factor using existing 

correlations for smooth and rough walls was developed. 

 

 

Bui, R.T., Ouellet, R., Kocaefe, D. 

A two-phase flow model of the stirring of Al-SiC composite melt 

(1994) Metallurgical and Materials Transactions B, 25 (4), pp. 607-618.  

 

Abstract 

A two-phase flow, three-dimensional, steady-state model is developed to study the flow field and 

volume fraction distribution in a stirred tank used in the processing of silicon carbide-reinforced 

aluminum composites in the melt state. The aim is to optimize the stirring to obtain a good 

mixing of SiC particles. The model is based on the general-purpose code PHOENICS. In addition 

to the liquid-aluminum phase, the SiC particles are treated as a nonviscous second phase. 

Interphase momentum transfer occurs through a drag force. Sedimentation is simulated by 

assigning a high viscosity to the second phase and removing the gravity force when particle 

concentration reaches a critical value. The stirrers' blades impart a momentum on both phases, 

proportional to their respective volume fractions. A water model is simulated first, followed by 

the real Al-SiC melt. The study reveals the importance of particle size that affects the drag force 

applied on the particles and hence their motion and distribution. The model can be used to study 

the effect on mixing of tank geometry and the stirrers' operation. © 1994 The Minerals, Metals & 

Material Society. 

 

 

Büchler, K., Althoff, K.H., Anton, G., Arends, J., Beulertz, W., Breuer, M., Detemple, P., Dutz, 

H., Kohlgarth, E., Krämer, D., Meyer, W., Nöldeke, G., Schneider, W., Thiel, W., Zucht, B. 

Photoproduction of positive pions from hydrogen with PHOENICS at ELSA 

(1994) Nuclear Physics, Section A, 570 (3-4), pp. 580-598.  

 

Abstract 

The differential cross section of the reaction γp→π+n has been measured with the PHOENICS 

detector at ELSA in Bonn. For the first time this cross section has been determined 

simultaneously over a large range of photon energies (Eγ = 220-900 MeV) and pion angles 

(Θc.m. pi = 35°-135°) with a tagged photon facility. The experimental set-up allowed a 

considerable kinematic overdetermination of the investigated reaction. Accordingly, the 



background contributions have been suppressed to below 1%. The measured differential cross 

section is in good agreement with existing data. The comparison with different model 

calculations is presented. © 1994. 

 

Author Keywords 
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Gopinath, A., Mills, A.F. 

Convective heat transfer due to acoustic streaming across the ends of a Kundt tube 

(1994) Journal of Heat Transfer, 116 (1), pp. 47-53.  

 

Abstract 

Convective heat transfer due to acoustic streaming across the ends of a tube supporting a standing 

sound wave is investigated. Analytical techniques are used along with the numerical solver 

PHOENICS for the solution of the complete elliptic form of the equations governing the steady 

transport due to the streaming motion. A parametric study of the effects of the controlling 

acoustic and geometric variables is conducted, and Nusselt number correlations are developed for 

air. The results obtained can be used in the thermal analysis of test cells for containerless 

processing of materials in space using acoustic levitation. 

 

 

Sarkar, T., Sayer, P.G., Fraser, S.M. 

Feasibility study of laminar flow bodies in fully turbulent flow 

(1994) Proceedings of the International Offshore and Polar Engineering Conference, 2, pp. 607-

615.  

 

Abstract 

One of the most important design requirements of long range autonomous underwater vehicles 

(AUVs) is to minimize propulsive power. An important and relatively easy way of achieving this 

is by careful selection of hull shape. Two main school of thought in this respect are If laminar 

flow can be maintained for a long length of the body, the effective drag can be reduced. It is not 

possible to maintain laminar flow for a significant length of the body and hull design should be 

based on turbulent flow conditions. Int his paper a feasibility study of laminar flow designs is 

undertaken under the assumption that flow will be turbulent over the entire length. For 

comparison tow laminar flow designs X-35 and F-57 are selected and results are compared with 

those of two typical torpedo shaped bodies, namely AFTERBODY1 and AFTERBODY2 of 

DTNSRDC. It has been shown that laminar flow bodies have 10-15% higher drag when flow is 

turbulent over the entire length. Hence there is some hydrodynamic `risk' involved in adopting 

such laminar bodies without further consideration. 

 

 



Janssen, R.J.A., Bart, G.C.J., Cornelissen, M.C.M., Rabenberg, J.M. 

Macrosegregation in continuously cast steel billets and blooms 

(1994) Applied Scientific Research, 52 (1), pp. 21-35.  

 

Abstract 

In this paper, a study of the centerline macrosegregation phenomenon which occurs often in the 

industrial casting of steel billets is described. Previous work on this subject was reviewed and it 

was concluded that the most likely explanation of this macrosegregation, is the occurrence of 

internal deformations in the solid, dendrite skeleton of the solidifying steel. After modelling these 

deformations, a simplified computational procedure to solve the transport and deformation 

equations describing the solidification process was devised. Care has been taken to ensure that 

the entire computational procedure can be implemented within a Computational Fluid Dynamics 

code, PHOENICS. The results of preliminary computations show good agreement between 

calculations and experiments and hence show that internal deformations in solidifying blooms 

and billets are the main cause of centerline macrosegregation. © 1994 Kluwer Academic 

Publishers. 

 

 

Kravchik, T., Sher, E. 

Numerical modeling of spark ignition and flame initiation in a quiescent methane-air mixture 

(1994) Combustion and Flame, 99 (3-4), pp. 635-643.  

 

Abstract 

The initiation of a spark kernel and the subsequent propagation of a self-sustained flame in an 

internal combustion engine have been investigated numerically. A theoretical model which 

employs a two-dimensional cylindrical coordinate system and assumes axial symmetry has been 

developed. It considers the various physical and chemical phenomena associated with the ignition 

process and employs a detailed chemical reaction scheme for a methane-air mixture which 

contains 29 chemical species and 97 reaction steps. The thermodynamics and transport properties 

of the plasma at high temperatures are evaluated by a statistical thermodynamics approach, while 

assuming local thermodynamic equilibrium. Using the PHOENICS and the CHEMKIN codes, 

the appropriate conservation equations are solved in the domain of solution. It was concluded that 

the kernel growth can be described as a two-step process. In the early short stage (1-5 μs) the 

mass and energy transfer processes are very much dominated by the pressure wave and the 

violently expanding plasma kernel, while the contribution of the chemical reactions is negligible. 

This stage is followed by a much longer period in which diffusion and thermal conduction control 

mass and energy transfer as the flame becomes gradually self-sustained. Owing to the heat 

release by chemical reactions, the expansion of the combustible mixture is accelerated at the 

beginning of the diffusive stage. © 1994. 

 

 

Ahmad, R.A. 

Space transportation system launch pad summer environmental effects 

(1994) Journal of thermophysics and heat transfer, 8 (1), pp. 75-83.  



 

Abstract 

The external tank (ET) of the space transportation system (STS) contains liquid oxygen and 

liquid hydrogen as oxidizer and fuel for the Space Shuttle main engines. This article describes a 

two-dimensional flow and thermal forced convection analysis to determine solar heat effects on 

the Space Shuttle launch components subsequent to the ET loading operation in extremely hot 

conditions. An existing computational fluid dynamics (CFD) code, parabolic hyperbolic or 

elliptical numerical integration code series (PHOENICS '81) was used in the study. The analysis 

was done for a two-dimensional slice between planes perpendicular to the longitudinal axis of the 

STS and passing through the lower portions of the redesigned solid rocket motors (RSRMs), the 

ET, and the orbiter wing. The results are presented as local and average values of surface 

temperatures and Nusselt numbers around the RSRMs and the ET. Solar heating effects increased 

surface temperatures of the RSRMs by 5-6.1 °C. Comparisons were based on the local Nusselt 

number at the forward stagnation point and on the average Nusselt number around the West 

RSRM. 

 

 

Hughes, M., Pericleous, K.A., Cross, M. 

The CFD analysis of simple parabolic and elliptic MHD flows 

(1994) Applied Mathematical Modelling, 18 (3), pp. 150-155.  

 

Abstract 

Models for three interesting magnetohydrodynamic (MHD) flows have been considered, whereby 

predicted numerical solutions are compared with their analytical counterparts. Predicted solutions 

were obtained from simulations carried out using the CFD code PHOENICS, with a Fortran 

attachment supplying momentum sources to the equations of motion to model the effect of an 

externally imposed magnetic field. The mathematical formulations adopted and the analytical 

solutions obtained are described together with the results of the computations. © 1994. 

 

Author Keywords 
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Breen, Bernard P., Urich, Joseph A., Spalding, D.Brain, Smith, Bill L., Kramer, Edward D. 

Development of a computer model for evaluation of NOx control alternatives 

(1993) American Society of Mechanical Engineers, Fuels and Combustion Technologies Division 

(Publication) FACT, 17, pp. 109-113.  

 

Abstract 

A computer model describing combustion and heat transfer processes occurring in the furnace of 

a coal fired boiler was been developed and applied. The model is used to assess NOx control 

alternatives. The model provides the ability to examine the tradeoffs between low NOx burner 

type, burner placement, and over fire air geometry against potential operational problems such as 

increased carbon losses, slagging potential, and misbalance of heat transfer in the furnace. These 



tradeoffs are critical to the success of a NOx reduction program from a utility perspective. The 

model is three-dimensional and is based on modern computational fluid dynamics (CFD) analysis 

techniques. Thermochemical relationships that describe combustion, interphase transfer processes 

and radiant/convective heat transfer based upon theory, experiment and the experience of the 

developers was incorporated into the model. A generalized CFD Navier-Stokes equation solver, 

PHOENICS, was used as the solution engine. The model incorporated fine grids in the burner 

region that are necessary to describe NOx formation and more coarse grid regions in the bulk 

furnace regions to expedite solutions. In this paper, the capabilities of the model and a description 

of the various submodels employed are presented. Sample results are provided. 

 

 

van der Kooi, J., Wan, J.W. 

Evaluation of air quality and thermal comfort in a coach 

(1993) International Journal of Vehicle Design, 14 (5-6), pp. 530-538.  

 

Abstract 

An investigation has been carried out to study the local air quality and thermal comfort in a 

coach. The units of olf and decipol were used to evaluate air quality. With the air flow software 

PHOENICS, the distribution of air flow, temperature and contaminant concentration has been 

calculated in a coach under several positions of air inlets and outlets. The velocity, temperature 

and concentration fields were examined and compared. From these results, the best solutions 

were selected in order to find the most comfortable indoor climate with respect to air quality and 

thermal comfort. 

 

 

Nam, Soonil 

Numerical simulation of actual delivered density of sprinkler spray through fire plumes 

(1993) American Society of Mechanical Engineers, Fluids Engineering Division (Publication) 

FED, 178, pp. 57-65.  

 

Abstract 

Numerical simulations to compute the Actual Delivered Density (ADD) were conducted for a 

sprinkler directly over a fire source. Two sets of equations, gas phase and liquid phase, were 

solved in conjunction with the 'Particle Source-In-Cell' method. The computational codes 

employed were POHOENICS for the gas flow, which was generated by a thermal plume, and 

GENTRA for the liquid particles, which were traced by the Lagrangian description. The 

simulation of the fire and the sprinkler spray interaction was performed by numerically 

superposing a steady water spray upon a steady thermal plume. The penetration of the drops 

along the center region of the plume was successfully predicted for the first time. 

 

 



Frost, R.C., Halliday, J., Dee, A.S. 

Continuous consolidation of sludge in large scale gravity thickeners 

(1993) Water Science and Technology, 28 (1), pp. 77-86.  

 

Abstract 

Improved design and performance of continuous thickeners should be achieved through a better 

understanding of the sludge transport processes involved and the variability of sludge 

thickenability. A software package called PHOENICS was used to model the three-dimensional 

flow of sludge in the transport zone of a 20m diameter thickener. A mass transport efficiency was 

evaluated to test the efficacy of the ploughing system, and tracer simulations were performed to 

study the degree of back-mixing induced. Interpretation of the results suggests that: * optimum 

orientation of the ploughs to the radial arm is 60° to 70°. * Transport of sludge to a central outlet 

occurs principally in the wake of the advancing ploughs, and that ploughs are less efficient than 

conventional theories dictate. * Sludge in the ploughing zone is mixed, thus potentially impairing 

thickener performance. The thickenability of mixed raw sludge arising at a large activated sludge 

works was monitored. Pronounced seasonal variations were observed, with a marked 

deterioration in thickenabiiity in late summer and autumn. These were confirmed in trials of a 

20m diameter continuous thickener. Consequently the proposed thickening strategy for this 

works has been revised. 
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Malvos, H., Ricard, A., Szekely, J., Michel, H., Gantois, M., Ablitzer, D. 

Modelling of a microwave postdischarge nitriding reactor 

(1993) Surface and Coatings Technology, 59 (1-3), pp. 59-66.  

 

Abstract 

In a postdischarge nitriding reactor, reactive species, which have a short lifetime, are created by 

means of a plasma and then sent by convection towards the sample which is to be treated. The 

aim of the model presented here is to optimize the gas flow characteristics (composition, flow 

rate, pressure etc.) in order to obtain a maximum reactivity around the sample. The experimental 

reactor used has a very simple geometry and works with low power (less thn 200 W) microwave 

discharges (2450 MHz) in Ar-N2 mixture for a pressure in the 10-1000 hPa range. This reactor 

allowed us to point out the complexity of the different operating parameters, justifying the 

development of a predictive model. Such a model was developed with the code PHOENICS. It is 

allowed us to determine the effect of the operating parameters on the velocity field, the 

temperature field and the atomic nitrogen (the nitriding species) mass fraction map. The standard 

operating conditions used for the treatment of iron samples were chosen as reference conditions. 

Then several sets of operating conditions were tested, pointing out the extremely important effect 

of pressure and gas velocity in the reactor on the atomic nitrogen mass fraction. © 1993. 

 

 



Youn, B., Mills, A.F. 

Flow of supercritical hydrogen in a uniformly heated circular tube 

(1993) Numerical Heat Transfer; Part A: Applications, 24 (1), pp. 1-24.  

 

Abstract 

Turbulent flow of supercritical hydrogen through a uniformly heated circular tube has been 

investigated using numerical methods, for the range of 4 × 105 ≤ Re ≤ 3 × 106, 5 ≤ qw ≤ 10 

MW/m2, 30 ≤ Tin ≤ 90 K, and 5 ≤ pin ≤ 15 MPa. The purpose is to validate a turbulence model 

and calculation method for the design cooling systems of hydrogen-fueled hypersonic aircraft, 

where the hydrogen fuel is used as coolant. The PHOENICS software package was used for the 

computations, which required special provision for evaluation of the thermophysical properties of 

the supercritical hydrogen, and a low reynolds number form of the k-E turbulence model. 

Pressure drop and heat transfer data were compared with experimental and existing cN.relations 

 

 

Norton, O.P., Skeggs, A., Bushijon, K.V. 

Numerical flow simulation in the slagging stage of an MHD coal combustor 

(1993) Magnitnaya Gidrodinamika, 29 (3), pp. 69-75.  

 

Abstract 

A numerical model has been developed to simulate the flow in a swirling flow MHD coal 

combustor. This model was worked out using a commercial computational fluid dynamics 

package, PHOENICS, distributed by CHAM of North America. PHOENICS uses a finite volume 

formulation to solve the discretized equations of continuity and momentum. The SIMPLE 

algorithm has been used to correct the pressure field in such a way that the velocity field solves 

the continuity equation. Both a standard k-ε model and a modified k-ε model were used to model 

the turbulence in the combustor. When the model results are compared with experimental 

velocity measurements, both models seem to have difficulties predicting the swirling flow in this 

combustor. It has been concluded that other types of turbulence models should be investigated, 

such as nonisotropic Reynolds stress models. 

 

 

Anon 

Software helps water separator design at Domnick Hunter 

(1993) Filtration and Separation, 30 (2), p. 117.  

 

Abstract 

The use of the Phoenics computational fluid dynamics (CFD) software package has enabled 

domnick hunter to optimise the development of its new Water Separators, both quickly and cost-

effectively. Here Dr Tony Smith describes how this was achieved. 

 

 



Software helps water separator design at domnick hunter 

(1993) Filtration and Separation, 30 (2), p. 117.  

 

Abstract 

The use of the Phoenics computational fluid dynamics (CFD) software package has enabled 

domnick hunter to optimise the development of its new Water Separators, both quickly and cost-

effectively. Here Dr Tony Smith describes how this was achieved. con. © 1993. 

 

 

du Preez, A.F., Kröger, D.G. 

Effect of wind on performance of a dry-cooling tower 

(1993) Heat Recovery Systems and CHP, 13 (2), pp. 139-146.  

 

Abstract 

The influence of cross-winds on the performance of a natural draft dry-cooling tower is 

investigated by means of full scale measurements. By monitoring all the relevant independent 

variables, the results of these measurements allow direct comparison with the wind effect 

predicted by a numerical procedure employing the PHOENICS code. It is shown that results 

obtained on full scale towers can be successfully reproduced provided that the effects of all tower 

components are included in the analysis. In practical cooling towers rectangular heat exchanger 

bundles are arranged either vertically around the circumference of the tower or in the horizontal 

inlet cross-section of the tower and the wind is found to be dependent on the particular layout. © 

1993. 

 

 

Fraser, Simon M., Yi, Zhang 

Interface between experimental data and CFD simulated data 

(1993) Proceedings of SPIE - The International Society for Optical Engineering, 2052, pp. 587-

594.  

 

Abstract 

Modern instruments such as laser anemometers connected to automatic traversing and data 

collection systems generate large amounts of data which can be difficult to interpret. An interface 

has been developed which makes use of existing commercial software to display the data in 

multi-dimensional vector format. 

 

 

Fraser, S.M., Khater, R. 

LDA measurements and CFD simulation of an annular impinging jet 

(1993) Proceedings of SPIE - The International Society for Optical Engineering, 2052, pp. 579-

586.  



 

Abstract 

Laser Doppler anemometry (LDA) is a useful experimental tool which is capable of providing 

high quality data for validating Computational Fluid Dynamic (CFD) simulations. Previous work 

with a mixed-flow pump (1) had shown that there is a considerable discrepancy between the LDA 

data and the CFD simulation if the standard turbulence model is not modified to allow for the 

additional effect of the centrifugal action. Prior to the investigation of a cyclone separator in 

which the flow has a very high centrifugal action, it was decided to investigate a simpler flow 

consisting of an annular jet impinging on a flat plate in which the curvature of the jet can be 

controlled by the distance between the jet exit and the impinging plate. By comparing the results 

of LDA and simulation of the annular jet with different amounts of curvature it was expected that 

a transition level would be found at which a modified model would be required. The flow from 

an annular jet impinging on a plate can be simply analyzed in terms of the internal pressure which 

is generated by the rate of change of momentum due to the jet being turned through 90 degrees. 

However the detailed velocity distribution and variation of pressure across the jet cannot be 

obtained from simple analysis and require the use of a CFD code. The commercial code 

PHOENICS has been used in this investigation and the experimental data was obtained using a 

DANTEC single component fibre optic LDA system. 

 

 

Baskaya, S., Gilchrist, A., Fraser, S.M. 

LDA measurements and numerical simulation of the induced flow through a rectangular chamber 

containing a vertical cylindrical heat source 

(1993) Proceedings of SPIE - The International Society for Optical Engineering, 2052, pp. 571-

578.  

 

Abstract 

Experimental (LDA) and computational (CFD) investigations of steady, laminar natural 

convection in a horizontally vented chamber containing a vertical heated cylinder at the centre 

are reported. The heated cylinder was located on the lower adiabatic wall of the chamber and was 

2/3 the height of the chamber. The cylinder surfaces were maintained at a constant temperature. 

The chamber inlet and outlet were located at the bottom and top of facing vertical walls, 

respectively. In this study, experiments were conducted using laser-Doppler anemometry (LDA) 

with a two-component Ar-Ion laser connected to two burst spectrum analyzers (BSA). Velocity 

profiles (of both vertical and horizontal velocity components) were measured at the inlet, outlet 

and at other locations inside the chamber. For the numerical simulation (3-D, steady-state, 

laminar) the governing equations were solved using the computational fluid dynamics code 

PHOENICS. Comparison of the experimental data with computational results showed 

satisfactory agreement and the importance that LDA measurements have in verifying CFD 

simulations. 

 

 



Lobo, M., Elder, R.L. 

Modeling of flow in the volute and vanes of a high pressure radial inflow turbine 

(1993) American Society of Mechanical Engineers (Paper), pp. 1-12.  

 

Abstract 

The flow in a vaned volute of a radial inflow turbine is analyzed using PHOENICS, a very 

general a three-dimensional viscous CFD code based on finite-volume pressure-correction 

techniques for solving the Navier-Stokes equations. The study involves two physically 

complementary but mathematically very different problems - flow modeling in the vaneless 

section of the volute and flow modeling in the vanes. Each of these problems is considered in 

turn - and each presents characteristic hurdles. Particular attention is paid to grid-generation and 

the process is carried out alongside the flow computation; the grids being modified in such a way 

so as to facilitate convergence and accuracy. 

 

 

Segatz, M., Vogelsang, D., Droste, C., Baekler, P. 

Modelling of transient magneto-hydrodynamic phenomena in Hall-Heroult cells 

(1993) Light Metals: Proceedings of Sessions, TMS Annual Meeting (Warrendale, 

Pennsylvania), pp. 361-368.  

 

Abstract 

Three dimensional flow field pattern and current density distribution in a Hall-Heroult cell is 

calculated with an extended version of the software package ESTER/PHOENICS. Boundary 

conditions for the electrical potential are derived from an electrical network simulation of the bus 

bar system. The magnetic effect of the steel parts is evaluated by the so-called direct method. 

 

 

Ouellet, R., Bui, R.T., Provencher, R., Bourgeois, T. 

Modelling the stirring of Al-SiC composites 

(1993) pp. 163-175.  

 

Abstract 

A two-phase flow three-dimensional model is developed to study the flow field and SiC 

concentration in a stirred tank used in the processing of AL-SiC composites in the melt state. The 

aim is to optimize the stirring to obtain a good mixing of SiC particles. The model is built using 

the CFD code PHOENICSTM, with the two phases being respectively liquid aluminum and SiC 

particles considered as a continuous phase. At the interface between the two phases, a drag force 

is introduced acting on the particles assumed to be of cylindrical shape. The stirrers' blades 

impart a momentum source on both phases proportionately to their volume fractions. A water 

model is simulated first, followed by the real Al-SiC mixture. Results are analyzed and found to 

be reasonable. The study reveals the importance of particle size that affects the drag force applied 

on the particles and therefore their motion with respect to the liquid phase. Although a better 

representation of the sedimentation process is still required, the model in its present state can be 



used to study the effect on mixing of the geometry of the tank and the speeds of rotation of the 

stirrers. 

 

 

Nam, S., Bill Jr., R.G. 

Numerical simulation of thermal plumes 

(1993) Fire Safety Journal, 21 (3), pp. 231-256.  

 

Abstract 

Thermal plumes generated by pool fires and heptane spray fires were simulated numerically with 

the aid of the computer code PHOENICS. The flow fields associated with five cases were 

simulated and compared with experimental results. Modifications were made in the standard κ-

ε{lunate} model used in the PHOENICS code in order to improve the accuracy of that model in 

the simulation of turbulent thermal plumes. The modification includes an additional term related 

to the buoyancy generated turbulence kinetic energy, changing constants responsible for the 

turbulent viscosity and the effective Prandtl number in the energy equation. The results obtained 

with the modified code were in good agreement with experimental results and significantly 

improved the results obtained with the standard κ-ε{lunate} model. © 1993. 

 

 

Smith, T. 

Software helps water separator design at domnick hunter 

(1993) Filtration & Separation, 30 (2), p. 117.  

 

Abstract 

The Phoenics computational fluid dynamics software system used by domnick hunter Ltd to 

optimise its new WS range of water separators. A design with maximum separation efficiency 

and minimum pressure drop over a wide range of operational conditions was produced. (after 

Author) 

 

 

Narabayashi, Tadashi, Miyano, Hiroshi, Komita, Hideo, Iikura, Takahiko, Shiina, Koji, Kato, 

Hiroyuki, Watanabe, Akio, Takahashi, Yuji 

Study on temperature fluctuation mechanisms in an annulus gap between PLR pump shaft and 

casing cover 

(1993) Proceedings of the 2nd ASME-JSME Nuclear Engineering Joint Conference, pp. 207-

213.  

 

Abstract 

Experimental and analytical studies have been conducted to prevent the temperature fluctuation 

phenomena in an annulus gap between a PLR pump shaft and the casing cover. The temperature 

fluctuations between two fluids of different temperatures, cold purge water into the shaft seal and 



hot recirculating reactor coolant, sometimes causes shallow thermal fatigue cracks on the surfaces 

of both the shaft and the cover in the annulus gap zone. To investigate the fundamental 

mechanism for the temperature fluctuation caused by the flow disturbance, a flow visualization 

test and a temperature distribution measurement test were conducted. Also, flow analysis using 

the PHOENICS Code was also conducted. As a result of the visualized test and flow analysis, it 

was concluded that the flow disturbance toward the lower end of the annulus is the main cause of 

the fluctuation of the boundary between hot and cold water vortices due to the discharged flow 

from the hydraulic bearing and the shaft rotation effect. Therefore, a new device called a seal 

purge heater has been developed as a countermeasure to mitigate the temperature fluctuation and 

is equipped as a flow barrier on the shaft surface to prevent the flow disturbances and to heat the 

purge water has been developed. Two types of tests were conducted to confirm the seal purge 

effect. One was the fundamental test using 1/3 scale PLR pump, and the other was the full-scale 

mock-up test. The results of both test show the excellent mitigation effect of both the seal purge 

heater in minimizing the temperature difference at the exit of the seal purge heater, and of the 

barrier in defending against the flow disturbance caused by the discharged flow from the 

hydraulic bearing. 

 

 

Lobo, M., Elder, R.L. 

The modelling of flow in the volute and vanes of a high pressure radial inflow turbine 

(1993) ASME 1993 International Gas Turbine and Aeroengine Congress and Exposition, GT 

1993, 1, .  

 

Abstract 

The flow in a vaned volute of a radial inflow turbine is analysed using PHOENICS, a very 

general three-dimensional viscous CFD code based on finite-volume pressure-correction 

techniques for solving the Navier-Stokes equations. The study involves two physically 

complementary but mathematically very different problems - flow modelling in the vaneless 

section of the volute and flow modelling in the vanes. Each of these problems is considered in 

turn - and each presents characteristic hurdles. Particular attention is paid to grid-generation and 

the process is carried out alongside the flow computation; the grids being modified in such a way 

so as to facilitate convergence and accuracy. Numerical results are presented in the form of 

vector plots for purposes of general description and tables for comparison with experiment. 

Agreement with experiment is good. However experimental results, for comparison are available 

only in the vanes. In the vaneless section of the volute, the converged solution depicts some 

interesting secondary flow features - in regions inaccesible to the current experimental 

measurements. Copyright © 1993 by ASME. 

 

 

Hulme, G., Curzon, A.F. 

Analysis of fast reactor steam generator performance 

(1992) Institution of Chemical Engineers Symposium Series, 1 (129), pp. 531-537.  

 

Abstract 



A computer model for the prediction of flow and temperature fields within a fast reactor steam 

generator unit is described. The model combines a commercially available CFD solver 

(PHOENICS) with a steam-tube calculation and provides solutions for the fully coupled flow and 

temperature fields on both the shell side and the tube side. The model includes the inlet and outlet 

headers and the bottom end stagnant zone. It also accounts for the effects of support grids and 

edge-gaps. 2- and 3-dimensional and transient calculations have been performed for both straight 

tube and J-tube units. Examples of the application of the model are presented. 

 

 

Ostberg, J., Johansson, N. 

Mathematical modelling of flow patterns 

(1992) pp. 153-164.  

 

Abstract 

Investigation of the flow pattern in front of intakes using mathematical modelling instead of 

physical modelling has been carried out at a number of Swedish water power stations. In order to 

verify the calculation method a comparison between a physical model and 2-D and 3-D 

calculation with a mathematical model has been performed. Measurements in the physical model 

were carried out on a 1:40 model of Langed water power station on the river Upperudsalven in 

western Sweden. Velocities were measured along 11 cross sections of the model. Depending on 

the total depth the velocities were measured in one, two or three depths for each location. The 

calculations were made with the PHOENICS program code, which is a finite volume code. For 

the 2-D calculation approximately 3,500 calculation cells were used and for the 3-D calculation 

28,000. The 3-D calculation was carried out in both prototype and model scale. In the 2-D case a 

constant effective viscosity model was used as the turbulence model and in the 3-D case the κ-ε 

model was used. The calculations were carried out for steady state conditions and the result 

should be considered as a time average of the flow field. Maps with measured and calculated 

velocities for the cross section indicate good agreement. The flow pattern was close to the 

measured one and the appearance of and the velocities in the eddies were also well reproduced. 

 

 

Dartus, D., Le Guennec, B. 

Numerical modelling of flow in a storage tank 

(1992) pp. 201-208.  

 

Abstract 

Numerical simulations of flows in a reservoir, which store water between a river and a drinking 

water station, are proposed. At first, the program was tested, comparing its results with 

experimental data of another similar study on a physical model. Despite the complex plane 

geometry of the selected reservoir, the computing simulation is in a good agreement. The aim of 

this study is to determine the feed to avoid stagnant areas in the tank to be built. Using the 

computer program PHOENICS, with (k-ε) model, the authors have tested different places of feed 

injections, in two different basins. It appears that the first proposed jet stream solutions don't 

allow a good behaviour of the water in the tank, because a short-circuit and one or two 



recirculation regions exist, and because the transit time distribution should be to flat. At least, a 

technical proposal consists in a supply distributor which ensures a good mixing and a 

homogeneous flows field. At the moment, the real tank is not built, but the authors hope to 

compare their results with the in situ flows measures. 

 

 

Ratky, I. 

Turbulence in the light of theory and practice [Turbulencia az elmelet es a gyakorlat tukreben] 

(1992) Vizugyi Kozlemenyek (Budapest), 74 (4), pp. 399-417.  

 

Abstract 

The author presents the techniques of turbulence measurements (in open and closed laboratory 

channels), theoretical results, and practical applications mainly in the light of literature 

references. Great emphasis is laid on the presentation of models that can be used for the practical 

solutions of environmental problems. The applicability of the simplified algebraic stress model 

for calculating eddy viscosity is discussed for both open and closed surface systems. Several 

literature examples on the practical use of theoretical turbulence calculation results are presented. 

In this context program PHOENICS are mentioned in relation to the simulation of 2D and 3D 

problems, and program TEACH as a tool for calculating flow properties downstream of weirs and 

dams and for quantifying the effects of abrupt expansion of the cross-section area. The details of 

modelling open surface rectangular channels with tributary confluences are also discussed. -from 

English summary 

 

 

Detemple, P., Althoff, K.H., Anton, G., Arends, J., Bock, A., Breuer, M., Büchler, K., Nöldeke, 

G., Serwazi, M., Schneider, W., Urban, D., Zucht, B. 

The photon tagging system of the PHOENICS-experiment at ELSA 

(1992) Nuclear Inst. and Methods in Physics Research, A, 321 (3), pp. 479-488.  

 

Abstract 

This paper describes the setup and the first test of the tagging system of the PHOENICS 

experiment at the electron stretcher ELSA in Bonn. The system covers the energy range k = 200-

950 MeV simultaneously with an energy resolution of 5-10 MeV (FWHM). The tagging system 

is in operation since early 1990 and has been successfully used in first measurements of γp → 

π+n and for η-production from proton and deuterium targets. © 1992. 

 

 

Schwarz, M.P. 

Regional PHOENICS user conference. Melbourne, Australia, December 6, 1991 

(1992) Minerals Engineering, 5 (6), p. 721.  

 

 



Haghighat, F., Jiang, Z., Wang, J.C.Y., Allard, F. 

Air movement in buildings using computational fluid dynamics 

(1992) Journal of Solar Energy Engineering, Transactions of the ASME, 114 (2), pp. 84-92.  

 

Abstract 

This paper presents the development of a three-dimensional numerical model to study the 

distributions of indoor air velocity, air temperature, contaminant concentration, and ventilation 

effectiveness in a two-zone enclosure. The numerical model is based on the k-ε two-equation 

model of turbulence and the SIMPLE algorithm. The false-time step and ADI iteration procedure 

are employed. The results of the computed velocity and temperature profiles and convective heat 

transfer by the model are in good agreement with the measurements as well as with the prediction 

of the PHOENICS code. 

 

 

Ling, E.N., Metcalfe, E., Nadarajan, S., Patel, M.K. 

A numerical simulation of the NBS cup furnace toxicity test 

(1992) Fire Safety Journal, 19 (4), pp. 279-293.  

 

Abstract 

A numerical simulation of the NBS cup furnace toxicity test (Potts' Pot) is presented. The Navier-

Stokes equations describing the hydrodynamics are solved numerically using the general-purpose 

computational fluid dynamics code, PHOENICS. In this initial study, the behaviour of the 

potentially toxic material is represented by introducing a tracer gas into the flow from the furnace 

fire model. This approach gives some idea of typical toxicity lifetimes inside the enclosure 

attached to the furnace. The results are displayed in contour and vector plots. They clearly show 

the recirculatory flow within the furnace pot and enclosure. This recirculation may play an 

important role in maintaining the toxicity of the particulate fraction that has been implicated in 

producing ultra-high toxicity products in this apparatus. An upper limit of 2-5 min is estimated 

the lifetime of the particulate toxicity during the oxidative pyrolysis of polytetrafluoroethylene 

(PTFE). © 1992. 

 

 

Kocaefe, Y.S., Simard, G., Bui, R.T., Charette, A., Potocnik, V., Perron, J. 

Analyzing the heat transfer in a coke calcining kiln 

(1992) Light Metals 1992, pp. 627-632.  

 

Abstract 

This paper presents the heat transfer analysis in a coke calcining kiln based on a general three-

dimensional model that has been developed for such systems. The overall model consists of four 

sub-models: freeboard energy, freeboard flow, coke bed energy and coke bed flow. These sub-

models are linked using the parallel computation technique. All the phenomena involving heat 

transfer, fluid flow, turbulence and combustion are included in the model. The governing 

differential equations are solved by the CFD code PHOENICS. The six-flux method used in a 

previous version of the model was replaced by the zone method for the radiative heat transfer 



calculations. In this paper, the model is described in detail for the heat transfer analysis. It was 

used for the simulation of a pilot kiln for which experimental data are available. Results are 

presented for two cases. Model predictions compare favourably with the experimental data. 

 

 

Richards, P.J., Hoxey, R.P. 

Computational and wind tunnel modelling of mean wind loads on the Silsoe structures building 

(1992) Journal of Wind Engineering and Industrial Aerodynamics, 43 (1-3), pp. 1641-1652.  

 

Abstract 

Results from both wind-tunnel and computational modelling of mean wind loads on the Silsoe 

Structures Building are compared with full-scale data. It is shown that systematic differences 

exist between wind-tunnel data obtained at BRE (U.K.), UWO (Canada) and the University of 

Auckland (NZ). The Auckland wind-tunnel data is well correlated with the full-scale data but 

shows increasing scatter for low pressure regions. Numerical solutions obtained using the CFD 

package PHOENICS also show reasonable correlation with the full-scale data but exhibit greater 

scatter than obtained with wind-tunnel modelling. © 1992. 

 

 

Nadarajah, A., Rosenberger, F., Alexander, J.I.D. 

Effects of buoyancy-driven flow and thermal boundary conditions on physical vapor transport 

(1992) Journal of Crystal Growth, 118 (1-2), pp. 49-59.  

 

Abstract 

Crystal growth by physical vapor transport (PVT) in closed ampoules, due to its experimental 

simplicity and minimal need for process control, is an attractive technique for materials 

preparation in low gravity environments. In order to ascertain if reduced gravity conditions are 

beneficial to PVT and to determine its tolerance limits to residual accelerations, we developed a 

steady-state two-dimensional numerical model. This was solved using the finite volume code 

PHOENICS. Reduction of gravitational accelerations to less than 0.1 g0 was found to be 

sufficient to suppress buoyancy-driven convection to an extent that diffusion was the dominant 

transport mode, whence a greater uniformity in the growth rate could be obtained. Further, we 

found that the convection is usually solutally-driven for any significant disparity in the molecular 

weights of the crystal components and the inert gas. We show that a uniform temperature 

gradient on the ampoule walls will cause the vapor to be supersaturated throughout the ampoule, 

potentially resulting in undesirable nucleation at the walls. A "hump" in the wall temperature 

profile can be used to avoid this. The prevailing transport conditions determine the size of the 

hump needed. © 1992. 

 

 

Yavuz, T. 

Effects of turbulence modellings on prediction of flow and heat transfer characteristics for 



confined jet impingement 

(1992) DOGA, TURKISH JOURNAL OF ENGINEERING & ENVIRONMENTAL 

SCIENCES, 16 (3), pp. 177-192.  

 

Abstract 

Utilizing the PHOENICS package program, the flow field and heat transfer between two-

horizontal stationary surfaces arising from the turbulent incompressible jet issuing from the upper 

surface and impinging normally on the lower surface have been numerically studied. In the 

numerical analysis, two turbulence modellings, the K- epsilon and the K-L, have been used and 

velocity, pressure, shear stress distributions and heat transfer characteristics in the impinging 

region have been predicted. It has been concluded that the confined normal jet problem can be 

modelled by using either the two-equation turbulence model, the K- epsilon, or the one-equation 

turbulence model, the K-L in conjuction with the Nikuradse's mixing length scale factor. (A) 

 

 

Austin, P.R., Camplin, J.M., Herbertson, J., Taggart, I.J. 

Mathematical modelling of thermal stratification and drainage of steel ladles 

(1992) ISIJ International, 32 (2), pp. 196-202.  

 

Abstract 

Transient analysis of the temperature and velocity distributions of steel during ladle standing and 

draining has been conducted using a mathematical model based on the PHOENICS numerical 

package. Parameters investigated were stand time, average steel cooling rate, drainage rate and 

ladle geometry. Stratification was seen to develop due to natural convection, and the rate of 

stratification was found to be linearly dependent on the average steel cooling rate, independent of 

ladle geometry. Qualitative relationships were found between the parameters and the teeming 

temperature during draining. Plant trials showed good agreement between simulated and actual 

teeming temperatures. 

 

 

Bhattacharyya, D., Richards, P.J., Somashekar, A.A. 

Modelling of metal extrusion using the phoenics package 

(1992) Journal of Materials Processing Tech., 35 (1), pp. 93-111.  

 

Abstract 

Computational modelling of both the plane strain and the axisymmetric extrusion of lead with the 

phoenics package is reported. Initial work treated the flow of metal as the flow of a highly 

viscous Newtonian fluid (the mean viscosity method) but this tended to grossly over-predict the 

extrusion pressure at high extrusion ratios. Much better results are obtained by treating the flow 

as that of a thixotropic fluid (the varying viscosity method) where the pseudo-viscosity is 

calculated at each cell according to the local strain rate. Results computed using the varying 

viscosity method are shown to be very close to experimental results. © 1992. 

 



 

Schreiber, L., Legras, M. 

Navier-stokes computation on a pivoting doors thrust reverser and comparison with tests 

(1992) ASME 1992 International Gas Turbine and Aeroengine Congress and Exposition, GT 

1992, 2, .  

 

Abstract 

An engine thrust reverser must meet different aerodynamic requirements to take into account the 

engine and airplane integration. These requirements are: - Control of the exit area in order to 

assess a convenient engine compatibility during the reverser operation. - Generation of reverse 

thrust meeting the level specified by the airframe in order to slowdown the airplane. - Mimization 

of the reversed flow field interaction with the airplane structure such as wing and shutters. - 

Avoid the flow reingestion by the engine fan. In order to reduce the tests number, to decrease the 

development delay and to improve aerodynamic performance, SNECMA group (SNECMA and 

HISPANOSUIZA) has decided to develop a CFD method adapted to pivoting doors thrust 

reverser aerodynamic calculation. This method uses a Navier-Stokes 3D solver (PHOENICS 

code) well adapted to complex geometry and complex flow field. The mesh is generated with an 

analytical method and only one domain is used. The computation has been completed assuming 

laminar viscosity. The numerical data got with this method have been compared to static test 

realized on a model similar to actual CFM56-5C four doors reverser. The comparison parameters 

are the static pressure on the doors, the flow rate and the axial reverse thrust. Copyright © 1992 

by ASME. 

 

 

Fagley Jr., John C. 

Simulation of transport in laminar, tubular reactors and application to ethane pyrolysis 

(1992) Industrial and Engineering Chemistry Research, 31 (1), pp. 58-69.  

 

Abstract 

Simulation of laminar flow reactors has been an area of interest for over three decades. Previous 

workers in this area have employed a wide variety of simplifying assumptions, e.g., irreversible 

first-order reaction, constant physical properties, and assumed parabolic velocity profile. One 

motivation for making these simplifying assumptions has been to make solution of the governing 

equation sets tractable. With the advent of more powerful machines and more robust numerical 

methods, these assumptions are no longer requisite to posing a solvable problem. Rigorous 

solution of the full set of governing equations will now allow us to accurately simulate (and 

interpret experiments and scale up) a wider variety of conditions. This is demonstrated through 

application of the Phoenics simulator to laminar ethane pyrolysis. The ability to predict natural 

convection in the system with little additional effort is also demonstrated. 

 

 



Knowles, K., Bray, D. 

Computation of normal impinging jets in cross-flow and comparison with experiment 

(1991) International Journal for Numerical Methods in Fluids, 13 (10), pp. 1225-1233.  

 

Abstract 

The PHOENICS code has been used to model the flow field surrounding subsonic and 

underexpanded jets impinging on a ground plane in the presence of a cross-flow, for cases with 

both a fixed ground plane and a 'rolling road'. The standard k-ε turbulence model is used, without 

correction factors. It is confirmed that this overpredicts the free jet entrainment rate, the wall jet 

spreading rate is slightly underpredicted but the initial thickness is too high. Agreement with 

experiment is, nevertheless, much better than for previous calculations, showing the importance 

of the extent of the grid used. The ground vortex formed in cross-flow is shown to move with 

varying effective velocity ratio and with rolling road operation in the same manner as 

experimentally observed. Ground vortex self-similarity is also accurately predicted with the 

numerical modelling. 

 

 

Wan, J.W., van der Kooi, J. 

Influence of the position of supply and exhaust openings on comfort in a passenger vehicle 

(1991) International Journal of Vehicle Design, 12 (5-6), pp. 588-597.  

 

Abstract 

With the air flow program PHOENICS, the air flow and contaminant concentration has been 

calculated in a passenger vehicle. Several positions of air supply and exhaust openings were 

examined and the velocity, temperature and concentration fields were compared. From these 

results the best solutions were selected in order to find the most comfortable indoor climate with 

respect to temperature and contaminant concentration. The risk of condensation on the windows 

was also considered. 

 

 

Neve, R.S., Gusbi, M.M. 

Mathematical modelling of reservoir flows 

(1991) Computer Methods in Water Resources II, pp. 261-275.  

 

Abstract 

An AT-clone microcomputer and the PHOENICS program have been used to predict flows 

resulting from jet-induced and wind-driven agitation in large circular water reservoirs. Despite 

the relative coarseness of the grid involved, credible results have been achieved, enabling design 

predictions to be made for a variety of reservoir capacities and input conditions. Wind-driven 

algal movements are likely to be a problem only if the reservoir outlet is positioned too close to 

the downwind embankment. 

 

 



Prakash, C., Zerkle, R. 

Prediction of turbulent flow and heat transfer in a radially rotating square duct 

(1991) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 188, pp. 1-13.  

 

Abstract 

The present study deals with the numerical prediction of turbulent flow and heat transfer in a 

rotating duct of square cross-section. The axis of rotation is normal to the axis of the duct, and the 

flow is radially outward. The duct is smooth, of finite length, and the walls are isothermal at a 

temperature greater than the temperature of the incoming fluid. Both the Coriolis and the 

centrifugal-buoyancy effects are considered; the problem is three-dimensional and fully elliptic. 

The predicted flow field is found to be quite complex consisting of secondary cross-stream flows 

due to the Coriolis effects. Centrifugal buoyancy increases the radial velocity of the cooler fluid 

near the trailing face and decreases the radial velocity of the warmer fluid near the leading face; 

indeed, when the buoyancy effects are sufficiently strong, reverse radial flow may occur over the 

leading face. Rotation is found to increase the heat transfer over the trailing face, while, over the 

leading face, the heat transfer decreases near the inlet but increases further downstream. This 

finding agrees with the experimental observations. The quantitative agreement with the data is 

also satisfactory. The predictions are found to be quite sensitive to the inlet conditions, in 

particular, to the presence of rotational effects in the incoming stream. The effect of exit 

boundary conditions is examined by comparing the predictions for a single passage with those for 

a double-leg passage. 

 

 

Varnavas, C.A., Assanis, D.N. 

The effects of spray, mixing, and combustion model parameters on KIVA-II predictions 

(1991) SAE Technical Papers, .  

 

Abstract 

The combustion process in a diesel engine was simulated using KIVA-II, a multi-dimensional 

computer code. The original combustion model in KIVA-II is based on chemical kinetics, and 

thus fails to capture the effects of turbulence on combustion. A mixing-controlled, eddy break-up 

combustion model was implemented into the code. Realistic diesel fuel data were also compiled. 

Subsequently, the sensitivity of the code to a number of parameters related to fuel injection, 

mixing, and combustion was studied. Spray injection parameters were found to have a strong 

influence on the model's predictions. Higher injection velocity and shorter injection duration 

result in a higher combustion rate and peak pressure and temperature. The droplet size specified 

at injection significantly affects the rate of spray penetration and evaporation, and thus the 

combustion rate. Contrary to expectation, the level of turbulence at the beginning of the 

calculation did not affect fuel burning rate. THE CLEAN AND EFFICIENT conversion of the 

chemical energy of the fuel to useful work in internal combustion (IC) engines is influenced by 

the in-cylinder processes and the intake and exhaust flows. Design engineers need to understand 

these phenomena in detail using available experimental and analytical tools. A new generation of 

multi-dimensional reacting flow computer models has evolved in the last fifteen years (e.g. the 

KIVA-II [1, 2, 3 and 4], RPM [5] and PHOENICS [6] codes). These simulations promise to be an 



invaluable companion to laboratory experiments. A widely used multi-dimensional program is 

KIVA-II [1, 2, 3 and 4], developed at Los Alamos National Laboratory. KIVA-II is a two or 

three-dimensional code that describes the fluid, chemical and spray processes that occur in IC 

engines. The model solves for the conservation of momentum, energy, and mass for an arbitrary 

number of species in the gaseous phase. The spray dynamics are solved using a discrete particle 

technique. The effects of evaporation, droplet breakup, collisions (coalescence or deflection) and 

viscous and turbulent interactions with the ambient gas are accounted for. The effects of 

turbulence are represented by a k-e model modified to include the effects of spray interaction. 

Chemical reactions can be specified either as equilibrium (for fast reactions) or kinetic reactions. 

The kinetic reaction rates are expressed in Arrhenius form. KIVA-II models the physical 

phenomena which occur inside the combustion chamber from first principles. Despite the 

sophistication of the submodels, certain assumptions must inevitably be made due to lack of 

knowledge about the details of the mechanisms which characterize the various processes. These 

simplifications often result in errors in the predictions. Invariably, some empirical calibration 

constants are introduced due to the simplifications. Furthermore, some of the physically 

meaningful parameters need to be adjusted to compensate for modeling errors. For example, the 

chemical reaction constants must be adjusted to account for intermediate reaction steps not 

included in the mechanism. Finally, some of the physical variables that must be provided as 

inputs to the program, as for example the size of the droplets injected, cannot be measured 

directly [7]. Therefore, the "proper" values of the modeling constants and physical parameters 

must be established for the code to produce realistic predictions. To achieve this goal, 

experimental validation and computational sensitivity studies must be performed to assess the 

importance of these variables on code predictions. Despite the widespread usage of KIVA-II and 

its predecessors CONCHAS, CONCHAS-SPRAY and KIVA, only a limited number of 

validation studies appear in the literature. These studies [8, 9, 10 and 11] have compared some of 

the model's predictions on combustion, spray characteristics, heat transfer, and emissions with 

experimental data; they also tested the code's sensitivity to a small number of input parameters. 

The objective of the present work is to conduct more comprehensive sensitivity studies to 

examine the effect of various parameters related to the spray, mixing, and combustion processes 

on the prediction of combustion in a direct injection diesel engine. Before we proceed with the 

presentation of our results, previous studies are summarized and the modifications we 

implemented in the KIVA-II code are presented. Copyright © 1991 Society of Automotive 

Engineers, Inc. 

 

 

Chan, K.S., Pericleous, K., Cross, M. 

Numerical simulation of flows encountered during mold-filling 

(1991) Applied Mathematical Modelling, 15 (11-12), pp. 624-631.  

 

Abstract 

This paper describes a model to simulate flows and interface activity during the filling of three-

dimensional metal-casting molds. A technique developed by Liu Jun at Imperial College, based 

on the use of a conserved scalar variable to represent the liquid with an adaptation of the van Leer 

scheme to define the instantaneous position of the interface, has been adopted. Computations 

have been performed to simulate two distinct filling problems, one dealing with the slow filling 



of a large sand-casting mold and the other dealing with the much more rapid situation 

encountered in pressure die casting. The computations were performed by using the PHOENICS 

CFD code, and the results were compared against a water model experiment of the die-casting 

case. 

 

 

Arends, J., Breuer, M., Dahmen, H.D., Detemple, P., Schneider, W., Urban, D., Zucht, B. 

Beam profile monitors for a tagged photon beam facility 

(1991) Nuclear Inst. and Methods in Physics Research, A, 306 (1-2), pp. 89-92.  

 

Abstract 

A beam profile monitor for electron and photon beams is described, which operates at the low 

intensities encountered in a tagged bremsstrahlung beam environment, typically 1010 electrons/s 

and 107 photons/s. The method is based on a wire scanner and utilizes the presence of a tagging 

spectrometer. The accuracy of the measurements can be tuned in a wide range to meet the 

requirements set by the actual beam parameters. Examples of measured electron and photon 

beam profiles at the tagged photon beam of the PHOENICS experiment at the electron stretcher 

ring ELSA in Bonn are given. © 1991. 

 

 

Epple, B. 

Dreidimensionale, turbulente Strömungs-und Mischungsgradberechnung mit dem PISO-

Algorithmus 

(1991) Forschung im Ingenieurwesen, 57 (4), pp. 105-112.  

 

 

Ahmad, R.A., Boraas, S. 

External tank chill effect on the Space Transportation System launch pad environment 

(1991) Journal of Spacecraft and Rockets, 28 (3), pp. 306-314.  

 

Abstract 

The external tank (ET) of the Space Transportation System (STS) contains liquid oxygen and 

liquid hydrogen as oxidizer and fuel for the Space Shuttle main engines (SSMEs). Once the 

cryogens have been loaded into the ET, the temperature of the air surrounding the STS is chilled 

by the cold outer surface of the ET. This paper describes a two-dimensional flow and thermal 

analysis to determine this chill effect on the STS launch pad environment subsequent to the ET 

loading operation. The analysis was done assuming winter conditions and a northwest wind 

direction. An existing CFD code, Parabolic Hyperbolic Or Elliptical Numerical Integration Code 

Series (PHOENICS '81), was used in the study. The results are presented as local and average 

values of the heat transfer coefficient, the Nusselt number, and the surface temperature around 

the redesigned solid rocket motors (RSRMs) and the ET. The temperature depression caused by 

the ET chilling of the air in the vicinity of the RSRMs was calculated to be 3°F below the 



ambient. This compares with the observed 1-2°F RSRM surface temperature depression based 

upon measurements made prior to the winter flight of STS-29. Since the surface temperature 

would be expected to be slightly higher than the local air temperature, the predicted temperature 

depression of the air appears to be substantiated. 

 

 

Overcamp, T.J., Agrawal, A.K., Cheng, W.-S., Yang, T.-T. 

Calculations of fuel no formation in a gas turbine combustor 

(1991) Proceedings of the ASME Turbo Expo, 3, .  

 

Abstract 

PCGC-2, a two-dimensional combustion code for pulverized coal gasification and combustion, 

and PHOENICS, a general purpose fluid dynamics code, were adapted for use in simulating the 

conversion of fuel nitrogen to nitric oxide, NO, in a gas turbine combustor using low-Btu fuel. A 

two-reaction global mechanism was used to describe the oxidation of fuel nitrogen. PCGC-2 is 

limited to two-dimensional, axisymmetric calculations. Both two- and three-dimensional 

simulations were made with PHOENICS. A parametric study was conducted to determine the 

variation of fuel nitrogen conversion with changes in the input variables including the inlet fuel 

nitrogen concentration and swirl numbers. The fuel nitrogen conversion predicted with both 

codes is similar to those reported in experimental studies on gaseous fuels. The conversion 

decreased with increasing fuel nitrogen inputs as shown in experimental data. The fuel 

conversion predicted in three-dimensional simulations for an industrial gas turbine was slightly 

higher than those in simplified two-dimensional simulations. © 1991 by ASME. 

 

 

Overcamp, Thomas J., Agrawal, Ajay K., Cheng, Wei-Seng, Yang, Tah-Teh 

Calculations of fuel NO formation in a gas turbine combustor 

(1991) American Society of Mechanical Engineers (Paper), 8 p.  

 

Abstract 

PCGC-2, a two-dimensional combustion code for pulverized coal gasification and combustion, 

and PHOENICS, a general purpose fluid dynamics code, were adapted for use in simulating the 

conversion of fuel nitrogen to nitric oxide, NO, in a gas turbine combustor using low-Btu fuel. A 

two-reaction global mechanism was used to describe the oxidation of fuel nitrogen. PCGC-2 is 

limited to two-dimensional, axisymmetric calculations. Both two- and three-dimensional 

simulations were made with PHOENICS. A parametric study was conducted to determine the 

variation of fuel nitrogen conversion with changes in the input variables including the inlet fuel 

nitrogen concentration and swirl numbers. The fuel nitrogen conversion predicted with both 

codes is similar to those reported in experimental studies on gaseous fuels. The conversion 

decreased with increasing fuel nitrogen inputs as shown in experimental data. The fuel 

conversion predicted in three-dimensional simulations for an industrial gas turbine was slightly 

higher than those in simplified two-dimensional simulations. 

 



 

Linton, Ronald L. 

CFD modelling of electronic enclosures 

(1991) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 171, pp. 95-100.  

 

Abstract 

Computational Fluid Dynamics (CFD) is a powerful tool for predicting the thermal behavior of 

electronic enclosures. However, it is not possible to simulate every detail of a complex enclosure. 

Therefore, approximations to some of the features must be made. This paper describes the 

author's approach to modelling electronic enclosures using the commercially available software 

package PHOENICS (R). Specifically, techniques are described for the modelling of external 

grilles, internal grilles, external fans, internal fans, turbulence, conduction, radiation, buoyancy, 

circuit boards, modules, heat sinks, power sources, and interface resistances. Simulation of a 

Personal Computer is described to illustrate the approach. 

 

 

Yang, Tah-Teh, Agrawal, Ajay K. 

Comparative evaluation of combustion codes for low-btu gas applications 

(1991) American Society of Mechanical Engineers (Paper), 8 p.  

 

Abstract 

Four computer does (PHOENICS, PCGC, FLUENT and INTERN) representing a spectrum of 

existing combustion modeling capabilities were evaluated1 for low-Btu gas applications. In 

particular, the objective was to identify computer code(s) that can be used effectively for 

predictions of (a) the flow field to yield efficient combustion, (b) the temperature field to ensure 

structural integrity and (c) species concentrations to meet environmental emission standards in a 

gas turbine combustor operating on low-Btu coal gas. Detailed information on physical models, 

assumptions, limitations and operational features of various codes was obtained through a series 

of computational runs of increasing complexity and grouped as (a) experimental validation, (b) 

code comparison and (c) application to coal gas combustion. INTERN is not suitable for the 

present application since it has been tailored to model combustion process of premixed 

hydrocarbon fuels. FLUENT is easy to use and has detailed combustion models (in Version 3), 

however, it is not favored here because the user is unable to alter, modify or change the existing 

model(s). 

 

 

Yang, T.-T., Agrawal, A.K. 

Comparative evaluation of combustion codes for low-btu gas applications 

(1991) Proceedings of the ASME Turbo Expo, 3, .  

 

Abstract 

Four computer codes (PHOENICS, PCGC, FLUENT and INTERN) representing a spectrum of 



existing combustion modeling capabilities were evaluated' for low-Btu gas applications. In 

particular, the objective was to identify computer code(s) that can be used effectively for 

predictions of (a) the flow field to yield efficient combustion, (b) the temperature field to ensure 

structural integrity and (c) species concentrations to meet environmental emission standards in a 

gas turbine combustor operating on low-Btu coal gas. Detailed information on physical models, 

assumptions, limitations and operational features of various codes was obtained through a series 

of computational runs of increasing complexity and grouped as (a) experimental validation, (b) 

code comparison and (c) application to coal gas combustion. INTERN is not suitable for the 

present application since it has been tailored to model combustion process of premixed 

hydrocarbon fuels. FLUENT is easy to use and has detailed combustion models (in Version 3), 

however, it is not favored here because the user is unable to alter, modify or change the existing 

model(s). While PCGC-2 has the most comprehensive models for combustion, it is not user 

friendly and is inherently limited to axisymmetric geometry. PCGC-3 is expected to overcome 

these drawbacks. Built in combustion models in PHOENICS are similar to those in FLUENT. 

However, the user can implement advanced models on PHOENICS leading to a flexible and 

powerful combustion code. © 1991 by ASME. 

 

 

Pressdee, B. 

Computational fluid dynamics on your desktop 

(1991) ENGINEERING DESIGNER, 17 (6), pp. 22-23.  

 

Abstract 

PHOENICS, the computational fluid dynamics (CFD) code developed by CHAM Ltd was used 

as the basis for the development of EasyFlow, a CFD software package for the PC. The hardware 

and software requirements, set-up by 'smart charts', on-line HELP facility and reference library, 

and flexible solution control are described. Bolt-on modules were available offering body fitted 

coordinates, chemical reaction modelling and multi-phase flow simulation. (A.P.) 

 

 

Jambunathan, K., Lai, E., Hartle, S.L., Button, B.L. 

Development of an intelligent front end: An experience 

(1991) Engineering Applications of Artificial Intelligence, 4 (5), pp. 385-392.  

 

Abstract 

This paper describes the techniques used in the development of a prototype Intelligent Front End 

(IFE) for a Computational Fluid Dynamics (CFD) package. The prototype was developed using a 

commercially available Expert System (ES) shell, LEONARDO, on an IBM PC-AT compatible. 

The experience has highlighted the inadequacies of attempting to use LEONARDO for the 

creation of a practical IFE, and as such led to the development using a traditional Artificial 

Intelligence (AI) language, LISP. © 1991. 
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Jambunathan, K., Lai, E., Hartle, S.L., Button, B.L. 

Development of an intelligent front-end for a computational fluid dynamics package 

(1991) Artificial Intelligence in Engineering, 6 (1), pp. 27-35.  

 

Abstract 

Computer modelling based on numerical simulation packages is becoming increasingly popular 

to aid design. A preliminary development of an Intelligent Front-End (IFE) for integration into a 

commercial Computational Fluid Dynamics (CFD) package is described. An expert system 

environment, LEONARDO, is used to implement the IFE thus facilitating rapid development and 

easy access to externally located data. The methodology used for knowledge acquisition and 

representation in conjunction with external FORTRAN coding has been shown to be a powerful 

approach in improving response times. © 1991. 
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CFD;  Computational Fluid Dynamics;  expert systems;  IFE;  IKBS;  Intelligent Front-
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Wang, H., Touber, S. 

Distributed and non-steady-state modelling of an air cooler 

(1991) International Journal of Refrigeration, 14 (2), pp. 98-111.  

 

Abstract 

The refrigerant flow inside the coils of a dry expansion plate-finned air cooler can be 

distinguished into two completely different types: two-phase flow and single-phase flow. The 

most difficult part of non-steady-state modelling of an air cooler is to describe the liquid and 

vapour mass transport phenomena occurring in the two-phase flow region, as this determines the 

boundary position between the two regions and then the superheat temperature, which is in turn 

the feedback signal of the thermostatic expansion valve. In fact, the mass transport is mainly 

governed by the momentum exchange between refrigerant liquid and vapour, which is usually 

called slip-effect. Because the momentum or force equilibrium is so fast compared to the thermal 

equilibrium, the slip-effect can be considered as a steady-state phenomenon. With this 

assumption, the mass transport in an air cooler can be described by using a simple propagation 

equation. The steady-state slip-effect, however, is found by solving the momentum equations for 

one-dimensional two-phase flow using advanced computer packages such as phoenics. This 

paper presents the derivation of the equations in non-steady-state modelling of an air cooler as 

well as the results obtained from the model. Because the model is purely distributed, it is 

applicable to various kinds of tube circuit arrangements of air coolers. The purpose of the model 

is studying and optimization of non-steady-state behaviour of refrigerating systems with capacity 

control. © 1991. 
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Schwarz, M.P. 

Flow simulation in minerals engineering 

(1991) Minerals Engineering, 4 (7-11), pp. 717-732.  

 

Abstract 

Mathematical modelling is increasingly being used to improve technologies in mineral processing 

and extractive metallurgy. Models range in complexity from those based on statistical regression 

of experimental data to detailed microphenomenological models which aim to represent all the 

relevant physical and chemical phenomena which occur. Central to many of the mathematical 

models of the latter type is flow simulation. Because of the complexity of the physical and 

chemical phenomena involved in minerals processing, the development of detailed flow models 

usually requires a considerable amount of research. On the other hand, the advantage of such a 

phenomenological model is that it can used as a truly predictive tool, unlike experimentally 

derived correlations which can only be used with confidence to interpolate between 

measurements. In addition, the understanding of the entire flow field gained from flow models 

has the potential of suggesting non-intuitive processes or devices. In recent years computer 

packages for fluid flows simulation such as FLUENT and PHOENICS have become available, 

which reduce the amount of effort needed to develop such models. The paper reviews various 

packages that are available, and compares the advantages and disadvantages of packages with 

user-written codes. Examples of operations in which fluid flow plays an important part and which 

can benefit from flow simulation are hydrocyclones, pneumatic and hydraulic conveying of 

solids, blast furnaces, flash smelting, aluminium reduction cells, and bath-based ferrous and non-

ferrous smelting. Some recent developments in fluid flow simulation of hydrocyclones and 

smelting processes are given. © 1991. 
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Pressdee, B. 

Fluid dynamics: more power to the PC 

(1991) PROCESS INDUSTRY J., 6 (6), pp. 47-49.  

 

Abstract 

Computational fluid dynamics (CFD) modelling using a desktop PC and a CFD package called 

Easyflow (based on Phoenics ARC suite of software products) is described. The system could be 

used to optimize chemical reactor design and for pipes, valves and pumps design. For problems 

involving complex 3D curvilinear geometry a package called Easy Mesh was developed by 

Flowsolve Ltd. (A.P.) 



 

 

Heat Transfer in Electronic Equipment - 1991 

(1991) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 171, 143 p.  

 

Abstract 

The Conference Proceedings contains 17 papers, 11 of which deal with the fundamentals of 

convective mechanisms which arise in direct and indirect convective cooling of electronics by 

natural and forced convection in air and liquids. Computational studies of natural and mixed 

convection in channels and enclosures are presented. Forced convection sensitivity studies are 

presented and novel methods of enhancing forced convection in PCB channels are analyzed 

experimentally and numerically. Other subjects include fundamental studies of forced convection 

in transitional channel flow over ribbed surfaces, impingement cooling with air microjects and 

submerged fluorocarbon jects, pool boiling results for enhanced silicon surfaces for direct pool 

boiling heat transfer. Six papers deal with computational techniques in electronic systems 

cooling. They demonstrate the application of numerical techniques in the design and analysis of 

electronic packages, including: the use of the K-epsilon method to demonstrate turbulent periodic 

heat transfer and fluid flow over a thre-dimensional array of heated blocks simulating 

components mounted on circuit cards, use of the META software to model conjugate heat 

transfer over flat platyes with arbitrarily located heat sources, use of the THEBES code to 

analyze conjugate natural convection air flow in a television set, use of the PHOENICS code to 

model a personal computer, and use the PHOENICS code to demonstrate a model that accounted 

for the swirling flow across a fan. 

 

 

Simon, Ralf, Huchler, Markus, Eickhoff, Jens 

Modular fuel cell stack model in SIMTAS 

(1991) Proceedings of the Intersociety Energy Conversion Engineering Conference, 3, pp. 533-

537.  

 

Abstract 

Fuel cells have become a very important part of the energy supply in current and future space 

missions. Different types of fuel cell plants are discussed, e.g. immobile fuel cells, proton 

exchange membrane fuel cells, etc. To support the system selection, the system and component 

design flexible software is neded for the simulation and analysis. Since the system selection 

phase within the HERMES spaceplane fuel cell project, a modular simulation program SIMTAS 

(SImulation, Monitoring and Test Analysis Software) was developed and applied as engineering 

tool in the area of thermal control, operational behaviour, system and component layout. During 

the first phases of the HERMES fuel cell development, above all, system aspects were important. 

Now more and more detailed component analysis is of interest. For the analysis of the fuel cell 

stack behaviour, a modular simulation model was developed, taking into account the relevant 

effects in the cell (e.g. diffusion, heat transfer, phase change, chemical reactions, etc.). This 

model was designed in a way that it is also possible to use it within the system or subsystem 



analysis. A second requirement was the modularity for an easy adaption to other fuel cell stack 

types. In this paper the architectural and detailed design of this model are discussed. Also results 

of steady state analysis are shown. Future extensions and applications are outlined. 

 

 

Zughbi, H.D., Schwarz, M.P., Turner, W.J., Hutton, W. 

Numerical and experimental investigations of wear in heavy medium cyclones 

(1991) Minerals Engineering, 4 (3-4), pp. 245-262.  

 

Abstract 

Wear in the vortex finders of the heavy medium separation (HMS) cyclones of Argyle Diamond 

Mines (ADM) has been investigated using both numerical simulation and experimental 

measurements. The flow field and particle concentrations were simulated by an axi-symmetric 

two-dimensional model using the general purpose fluid dynamics package PHOENICS. An 

energy based model was used to predict wear rate from local flow parameters calculated by the 

numerical model. Empirical coefficients necessary for the numerical model were chosen by 

comparison with the experimental results. The experimental results failed to show any 

dependence of wear of feed rate, total mass processed or duration of operation within the bounds 

tested. However, numerical and experimental results of the variation of inside wear of vortex 

finder with distance above the end of vortex finder showed reasonable agreement. The 

simulations predicted that vortex finder inside wear is indeed dependent on feedrate and the 

vortex finger geometry. © 1991. 
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Drake, S.N., Pericleous, K.A. 

Numerical study of solar wall effects for the air movement and temperature distribution in the 

glass atrium of a building 

(1991) Proceedings of the International Centre for Heat and Mass Transfer, pp. 577-587.  

 

Abstract 

The potential of applying Computational Fluid Dynamics, or CFD, to the energy conservation 

and ventilation requirements of modern building design is examined. The building studied is to 

be erected in the UK, and it comprises an L-shaped opaque structure containing offices. This 

faces into a glass covered atrium, which has as the hypotenuse of the 'L' a double glass wall. 

Additional offices are suspended inside the atrium. The double glass wall, which faces south-

west, acts as a solar energy collection device. Fixed blinds made of glass, are suspended within 

the solar wall, to absorb solar radiation before it can add to the cooling load of adjacent offices. 

The CFD code PHOENICS is used to predict the air motion generated by buoyancy within the 

building and associated temperature distribution. Three-dimensional, steady and time dependent 

calculations have been performed, to simulate summer, winter and mid-season conditions, taking 

into full account incident solar radiation and its variation with time, the effects of the glass 



properties in reflecting, transmitting and absorbing radiation, of opening windows and the heat 

transfer between atrium and offices. 

 

 

Langsholt, M., Thomassen, D. 

The computation of turbulent flow through pipe fittings and the decay of the disturbed flow in a 

downstream straight pipe 

(1991) Flow Measurement and Instrumentation, 2 (1), pp. 45-55.  

 

Abstract 

To predict geometry-related installation effects on orifice meters we have developed and tested 

models for three-dimensional simulation of the flow field in several typical piping components as 

bends, combinations of bends, headers, straight pipes and orifice meters. The general fluid 

dynamics computer program Phoenics is used for fluid simulation. A system, which we call 

Tandem, has been developed to describe a complex piping arrangement using these standard 

components. This system automatically transfers the interface flow conditions between the 

individual components in a sequence. The Tandem system is briefly described and its 

performance in predicting relaxation of flow anomalies in straight pipes is documented by 

comparison with experimental data using atmospheric air. Finally, we use the inlet pipe 

configuration to the 6″ K-Lab test section to demonstrate how Tandem is used and how it 

performs. © 1991. 
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Chen, Qingyan, Van Der Kooi, J. 

Transient heat transfer through the enclosures of a room with mixed convection 

(1991) Proceedings of the International Centre for Heat and Mass Transfer, pp. 697-706.  

 

Abstract 

The insulation of buildings has been improved since the 1970's in order to reduce heat loss in 

winter, heat gain in summer and infiltration of outdoor air. As a consequence, the heat extracted 

from, or supplied to a room for maintaining a comfortable air temperature is smaller. From the 

view point of energy saving, the air supply has been decreased. Such a reduction of air supply 

makes the indoor air flow change from forced convection into mixed convection and sometimes 

generates a non-uniform distribution of air temperature. The temperature in the upper part of the 

room will then be higher than that in the lower part. Does the indoor air temperature distribution 

have a large influence in the transient heat transfer through the enclosures of the room and 

consequently on the energy consumption of the air-conditioning system of the room? In order to 

estimate the influence, the temperature distribution of indoor air and the transient heat transfer 

through the enclosures must be predicted simultaneously because they are inter-related. 

 



 

Keski-Rahkonen, O., Eloranta, E., Huhtanen, R. 

Use of numerical simulation computer codes to fire problems in nuclear power plants in Finland 

(1991) Nuclear Engineering and Design, 125 (3), pp. 377-382.  

 

Abstract 

Zone and field model codes are used for fire simulations, including nuclear facilities, in Finland. 

Here two examples are described: (a) calculation of evaporation rate of a pool fire (8 MW) in a 

compartment using FIRST, and calculation of an oil spill fire (180 MW) in a turbine hall using 

PHOENICS. © 1991. 

 

 

Hofacker, W., Huchler, M. 

Analysis of the flow field in the HERMES cabin 

(1990) SAE Technical Papers, .  

 

Abstract 

In the course of establishing a thermal mathematical model of the pressurized volumes of the 

HERMES Spaceplane, it was found that the flow field in these volume strongly influences the 

overall thermal behaviour of the ACS (Atmosphere Control Section). The analysis of the flow 

field was carried out to get more detailed information about the heat transfer between the walls 

and the air inside the Spaceplane. Furthermore, the effects of gravity and mixing of return air 

from other volumes were studied. The analysis was carried out with the PHOENICS Software 

Package, specially developed for fluiddynamic simulations. The results gained by use of a two 

dimensional flow field indicate that gravity effects are neglectible due to the relatively high air 

velocities of the forced convection prevailing during all mission phases. Free convection does not 

contribute to the air movement. With a three dimensional flow field model the mixing effects 

were studied. It will be shown that the return air from the capsule does not seriously affect the 

flow field in the cabin, if air outlets and diffusore are placed correctly. A slightly varied 3-d 

model was used to determine the heat transfer coefficient between the walls and the air. Exact 

values will be determined when the final configuration of the cabin interior will be fixed. © 

Copyright 1990 Society of Automotive Engineers, Inc. 
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Spalding, Brian 

Computer simulation of flow, heat transfer, and combustion 

(1990) Proceedings of the International Centre for Heat and Mass Transfer, pp. 237-245.  

 

Abstract 

Programmers are creating flow-simulating computer codes; and engineers and applied scientists 



are learning to apply them beneficially in their design and reasearch work. This paper discusses 

the use of computational fluid dynamics to standardize interfaces with computer software 

packages. Major elements of interfacing and modularization are described, including pre-

processors, processors, post-processors Vertical and horizontal interfaces are described which are 

essential to standardization of file structure. 

 

 

Fleming, J.S., Tramschek, A.B., Abdul-Husain, J.M.H., Piechna, J. 

Efficient and flexible use of reciprocating compressors. A problem of valve aerodynamics 

(1990) Proceedings of the International Centre for Heat and Mass Transfer, pp. 341-347.  

 

Abstract 

The purpose of the work reported here is to evolve a computer aided design technique for 

predicting gas forces through valves in reciprocating compressors accurately, conveniently and 

economically. The ultimate aim is to evolve simple special purpose programs. In the first instance 

use has been made of the PHOENICS program which is multipurpose and therefore very large. 

Consequently, it takes time to apply but it has the advantage of having different turbulence 

models on file so that the potential for determining the 'best' turbulence model exists. Once 

determined, the best model can be included in a simpler special purpose program designed to run 

cheaply on a microcomputer. Comparisons are made between measured values of gas force on 

the one hand and predictions made by PHOENICS and by a finite element solution (FEM) of the 

Navier-Stokes equations on the other. 

 

 

Ilegbusi, O.J., Szekely, J. 

Modeling of gas-bubble driven circulations systems 

(1990) ISIJ International, 30 (9), pp. 731-739.  

 

Abstract 

A mathematical model is presented of the turbulent recirculating two-phase flow in gas-stirred 

systems. Conservation equations are solved for each phase variables and these are connected 

through interaction parameters. Allowance is made both for the direct influence of bubble 

transport on the turbulence field and the additional generation of turbulence energy at the 

liquid/gas interphase. In addition, the plume shape is a direct result of the computation rather than 

being prescribed a priori. Computed flowfields are presented for both air-water and nitrogen-steel 

systems. The air-water results compare well with established measurements of gas fraction and 

mean velocities. The steel system results seem to suggest that gas plumes in metals may be 

narrower than in water. 

 

 



Agonafer, D., Chu, R.C. 

Numerical methodology for analysis of card on board packages 

(1990) American Society of Mechanical Engineers (Paper), 6 p.  

 

Abstract 

A methodology for numerical simulation of the heat transport behavior of card-on-board 

packages using a commercial finite-control-volume program called PHOENICS is described. 

Model preparation is done using a user friendly PC based front end called EASYFLOW. The 

number crunching is performed using a mainframe computer. Although, graphical display of the 

results can be performed using PHOTON, the PHOENICS post-processor, in this paper, it is 

opted to use CAEDS, a finite-element program with a robust post-processor. Two electronic 

cooling examples are presented. The examples depict card-on-board package with and without 

flow turbulators. The problem is assumed laminar; both the conductive and convective heat 

transfer (conjugate) is computed simultaneously. The emphasis of this paper, the steps in setting 

up the models, are shown in a tutorial form. 

 

 

Svensson, U., Häggkvist, K. 

A two-equation turbulence model for canopy flows 

(1990) Journal of Wind Engineering and Industrial Aerodynamics, 35 (1-3), pp. 201-211.  

 

Abstract 

A two-equation turbulence for canopy flows is formulated and explored. The turbulence model is 

based on the κ-ε{lunate} model, which is extended by including terms due to the drag caused by 

the canopy. Drag terms are also added to the mean momentum equations. The closed set of 

equations is solved using the general equation solver PHOENICS. PHOENICS is based on a 

finite volume technique and solves the equations in a fully implicit manner. The applications of 

the model include a one-dimensional comparison with a laboratory experiment, the two-

dimensional boundary layer development over a canopy and a three-dimensional analysis of 

secondary flow patterns generated by a canopy. Although the results are evaluated in a rather 

qualitative way, it is concluded that the results obtained are encouraging and motivate further and 

more detailed studies of the model. © 1990. 

 

 

Türkoǧlu, H., Farouk, B. 

Numerical computations of fluid flow and heat transfer in a gas-stirred liquid bath 

(1990) Metallurgical Transactions B, 21 (4), pp. 771-781.  

 

Abstract 

The flow and temperature fields due to bottom air injection in a cylindrical vessel containing 

water were numerically analyzed. The Eulerian approach was used for the formulation of both the 

continuous and the dispersed phases. The computational domain was extended beyond the 

undisturbed height of the liquid in the bath to accommodate practical gas injection systems. 

Turbulence in the liquid phase was modeled using a two-equation k- ε model. Interphase friction 



and heat transfer coefficients were calculated by using correlations available in the literature. The 

general-purpose computer program PHOENICS was employed to predict the velocity, vol-ume 

fraction, and the temperature fields of each phase. Turbulent dispersion of the phases was 

modeled by introducing a "dispersion Prandtl number." The predicted flow fields were com-pared 

with experimental measurements available in the literature. The results are of interest in the 

design and operation of a wide variety of material processing operations. © 1990 The Minerals, 

Metals & Material Society. 

 

 

Nadarajah, A., Rosenberger, F., Alexander, J.I.D. 

Modelling the solution growth of TGS crystals in low gravity 

(1990) Journal of Crystal Growth, 104 (2), pp. 218-232.  

 

Abstract 

Triglycine sulphate crystals were grown from aqueous solutions on Spacelab 3 in 1985. We have 

modelled this experiment in two dimensions employing the finite volume code PHOENICS. 

Thermal and solutal convection were included in this model and the crystal growth rate was 

chosen as the sensitivity parameter for the response to convective transport. Simulations were 

carried out for steady, impulsive and periodic accelerations in order to determine tolerable 

acceleration levels. Longtime simulations of the experiment were conducted with steady 

background accelerations of 10-6g0 and 10-5g0, where g0 is the terrestrial gravi tational 

acceleration. Impulsive and periodic disturbances of higher magnitudes were imposed at 

intermediate points. For steady accelerations and the cooling rate used in the space experiments, 

the growth rates at 10-6g0 are found to be governed by diffusion for the first five hours of the 

experiment, after which a small convective contribution develops. At 10-5g0, on the other hand, 

convective contributions become increasingly significant after about three and five hours, 

respectively, for an orientation of the residual gravity vector either parallel or perpendicular to the 

top face of the crystal. No steady-state transport conditions were found. The computed 

concentrations fields reflect the features of the concentration distributions found experimentally 

during the space flight. The sensitivity of the system to periodic acceleration disturbances is 

complex and increases with decreasing frequency, with 10-2g0 becoming intolerable at 10-1 Hz, 

and 10-4g0 around 10-3 Hz. An impulsive perturbation of 10-3g0 of 1 s duration was fo und to be 

of little consequence for the growth rate. © 1990. 

 

 

Pressdee, Bill 

CFD advances into engine technology 

(1990) Automotive Engineer (London), 15 (1), 5 p.  

 

Abstract 

The automobile presents a testing challenge for exponents of computational fluid dynamics 

(CFD). There are still many areas where critical modelling can advance current design. 

PHOENICS, developed by CHAM Limited, is one computer code that can encompass all 

automobile applications. This paper reviews the state-of-the-art as seen from this vantage point. 



 

 

Bechteler, W., Sattel, H., Schatz, K., Tasdemir, A. 

3D-flow field measurements around a cylinder in open channel flow compared with numerical 

models. 

(1990).  

 

Abstract 

Compares calculated and measured three-dimensional velocity distribution, and turbulence 

intensity in the flow field around a cylinder. Wave resistance was determined by photogrammetic 

survey. Results indicate that the PHOENICS program reproduced observations satisfactorily. 

(C.J.U.) 

 

 

Chen, Q. 

Comfort and energy consumption analysis in buildings with radiant panels 

(1990) Energy and Buildings, 14 (4), pp. 287-297.  

 

Abstract 

A new methodology has been introduced for an overall and quantitative evaluation of comfort 

and energy consumption of an office room with a ceiling radiant heating system, radiator heating 

system, or a warm air heating system. The airflow program, PHOENICS-84, is used to study the 

three-dimensional distributions of indoor air velocity, air temperature, turbulent energy, and 

contaminant concentration in the room. With these results a draught risk distribution in the room 

can be numerically investigated. It has been found that the radiator heating system offers the best 

comfortable environment and the radiant heating system is better than the warm air heating 

system. The results also show that the radiant temperature asymmetry and the temperature 

difference between the enclosure surfaces and the room air are in the permissible comfort range 

in all the heating systems. The energy consumption of the room with the three different heating 

systems is determined by using the air-conditioning load program ACCURACY. It may be 

concluded that the radiant heating system uses 17% more energy than the other two systems. The 

main reason is that the ceiling heat capacity is very large and a great amount of heat is stored 

during office hours. The heating loads of the radiator heating system and the warm air heating 

system are nearly the same regardless of the energy used for the ventilators. © 1990. 
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Salinas, D., Cooper, E.E. 

Gas turbine engine test cell modeling 

(1990) American Society of Mechanical Engineers (Paper), pp. GT244 10p.  

 

Abstract 

A numerical simulation of the aerothermal characteristics of a gas turbine engine test cell is 

presented. The three-dimensional system is modeled using the PHOENICS computational fluid 

dynamics code. Results predict the velocity field, temperatures, pressures, kinetic energy of 

turbulence, and dissipation rates of turbulent kinetic energy. Numerical results from two versions, 

a cartesian coordinate model and a body fitted coordinate model, are compared to experimental 

data. The comparison shows good quantitative and very good qualitative agreement, suggesting 

that numerical modeling would be useful in the preliminary design of gas turbine test facilities. 

 

 

Fraser, S.M., Carey, C., Kowaleski, G. 

LDA measurements in submerged nozzle flow 

(1990).  

 

Abstract 

LDA measurements were made in a 1/3rd scale model of a process in which liquid is delivered to 

a mould via a submerged nozzle; the mould dimensions and the manufactured exit angle from the 

nozzle were varied during the test. The LDA was a Dantec two-colour backscatter system with 

frequency shift which was mounted on a three-dimensional traverse to allow a large test volume 

to be probed. The test fluid was water which was seeded with solid particles to give good quality 

signals. Test results were obtained for two nozzle shapes with two mould widths which indicated 

that the mould dimensions were critical in respect of the way that the fluid jet interacted with the 

bulk of the fluid and the surrounding solid surfaces. The Computational Fluid Dynamics package 

PHOENICS was used to compute some of the flow situations in order to make use of the LDA 

results to test the accuracy of the computer simulation. (A) 

 

 

Ruther, H., Parkyn, N. 

Near real time photogrammetry on a personal computer 

(1990) Photogrammetric Record, 13 (75), pp. 415-422.  

 

Abstract 

The first development stages of the low cost, PC based, near real time photogrammetry system, 

PHOENICS, are discussed. Hardware and software components are described and planned 

system enhancement stages are sketched out. Concepts employed for target detection and analysis 

are briefly discussed. A target centre detection technique in which a combination of original and 

thresholded image is employed and a target design especially suited for thresholding techniques 

are presented. The introduction of parallel processing hardware into PHOENICS during the 

enhancement phase is explained. Accuracies achieved in first experiments with the prototype of 

PHOENICS are reported. -Authors 



 

 

Fraser, S.M., Carey, C., Moustafa, A.A.A. 

Numerical and experimental analysis of flow around isolated and shielded cubes 

(1990) Applied Mathematical Modelling, 14 (11), pp. 588-597.  

 

Abstract 

The work involves the numerical and experimental analysis of flow around three-dimensional 

bluff bodies that represent isolated and shielded structures. The numerical analysis involved the 

use of the PHOENICS CFD code employing the k-ε{lunate} turbulence model and illustrates the 

investigation of grid and domain refinement. The experimental work was carried out on pressure 

distribution models in a low-speed wind tunnel. The results from the experimental and numerical 

analyses were compared with each other and with some empirical design codes. © 1990. 
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Agonafer, D., Furkay, S. 

Numerical and experimental investigation of heat transfer phenomena over an electronic module 

(1990) Proceedings - IEEE Semiconductor Thermal and Temperature Measurement 

Symposium, p. 103.  

 

Abstract 

Summary form only given. In the numerical approach, the time-averaged equations depicting the 

turbulent flow field were integrated using a commercial finite-difference code (PHOENICS). The 

card-mounted electronic module was represented as a conducting solid. The resulting heat 

transfer coefficient data were used as boundary conditions for subsequent conduction analyses of 

the package. The CAEDS program, a commercially available finite-element simulation system, 

was used to perform the conduction simulation. Heat-transfer coefficient, surface temperature, 

pressure drop and overall thermal resistance (external and internal) data are presented as a 

function of fluid velocity. Experimental data were acquired for individual components surface-

mounted to small sections of epoxy circuit card. Custom thermal chips were used to simulate 

power dissipation and sense bulk chip temperature. The test vehicles were placed in individual 

rectangular channels and exposed to uniform air flow over a Reynolds number range from 300 to 

11,000. Component surface temperatures, air temperature, and chip temperature were measured, 

and the results were compared with those of the simulations. 

 

 

Esmaili, E., Bijlani, C., Shimura, K., Prasad, V., Minatsuki, I. 

Analytical evaluation of natural convective cooling of nuclear reactor enclosure structure 



(1989) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 123, pp. 185-192.  

 

Abstract 

A nuclear reactor enclosure consists of a large concrete structure to house and support the reactor 

and provide biological shielding. In recent years research efforts have been directed at cooling the 

structure by natural convective flow of outdoor air through the air space between the reactor and 

the concrete structure. Industry standards limit the bulk temperature of concrete to 65°C under 

normal operating conditions. The problem involves turbulent natural convection, thermal and 

nuclear radiation. The nuclear radiation is dissipated within the concrete structure. This paper 

deals with two objectives - one to determine the feasibility of natural convective cooling and the 

other, to recommend a suitable analytical approach to calculate temperature distributions in 

concrete structures and the enclosed space. The air mass flow rate is derived from the boundary 

layer equations. 

 

 

Seppen, J.J., Janssen, G.A.H.F. 

Development and verification of numerical flow package for manifolds in combustion engines 

(1989) Proceedings of the International Centre for Heat and Mass Transfer, pp. 455-467.  

 

Abstract 

Advanced multidimensional computer codes for flow simulation which are basically suited for 

application in combustion engine research have become commercially available. Because of the 

importance of the intake and exhaust flows of piston combustion engines in regard of 

performance, efficiency and emissions, a computer model of the flow through the intake and 

exhaust ports would be a strong design tool. Therefore, a model has been set up that describes the 

flow through the inlet and exhaust ports. For the simulations, PHOENICS, a 3-D flow program, is 

used. The object of this project is to develop a preprocessor for PHOENICS by which, in a user 

friendly manner, reliable results are obtained. Main items of the project are the setup of a sensible 

grid and the physically correct description of the flow. 

 

 

Heydarpour, Jalal, Slotta, Larry S. 

Modeling erosion and deposition due to suction and jet flows 

(1989) pp. 392-398.  

 

Abstract 

PHOENICS, a commercial 3-D computational fluid dynamics software package, was modified 

for simulating seabed erosion and deposition. Time varying sediment fluidization, transport and 

deposition was modeled using a porosity and concentration approach. The erosion of a seabed 

was simulated by changing the porosity of sediment cells from zero to unity when a vertical 

velocity gradient criterion was met. The fluidized sediment cell was then assigned a relative 

slurry concentration which subsequently would spatially spread due to convection and dispersion. 

The deposition of sediment was simulated by calculating the bottom cell porosities affected by 



the accumulation of sediment due to an assigned sediment fall velocity. The resulting scour 

geometry was accordingly determined on the basis of cell porosities. 

 

 

Flood, S.C., Katgerman, L., Langille, A.H., Rogers, S., Read, C.M. 

Modelling of fluid flow and stress phenomena during DC casting of aluminium alloys 

(1989) Light Metals: Proceedings of Sessions, AIME Annual Meeting (Warrendale, 

Pennsylvania), pp. 943-947.  

 

Abstract 

Alcan International Limited has established a research programme to investigate the fundamental 

physical processes which occur during DC casting. As part of this effort, the solidification, heat 

and fluid flow and stress build-up during DC casting are being modelled mathematically in order 

to investigate the influence of the casting parameters, and thereby formulate recommendations for 

improvements in casting practice and mould design. The thermal and fluid flow fields are 

calculated by the control volume finite difference technique using a modified version of the CFD 

package PHOENICS. The effect of natural convection in the liquid metal is included through the 

Boussinesq approximation. The resulting thermal fields form the basis for a finite element 

calculation of the stress distribution arising from the thermal strains. The ANSYS package is used 

to calculate the stresses, assuming firstly elastic and then non-linear elastic behaviour, with 

temperature-dependent material properties in both cases. Results show the significance of the 

fluid flow prior to solidification and the nature of the stress distribution during casting. The 

differences between the linear and non-linear elastic calculations are illustrated. 

 

 

Potocnik, Vinko 

Modelling of metal-bath interface waves in hall-heroult cells using ester/phoenics 

(1989) Light Metals: Proceedings of Sessions, AIME Annual Meeting (Warrendale, 

Pennsylvania), pp. 227-235.  

 

Abstract 

Oscillations of the cell voltage come from waves on the metal-bath interface. A three-

dimensional study of these waves was made using the ESTER/PHOENICS computer program. 

The waves are started by an initial harmonic disturbance of the interface. A wave pattern 

typically observed in a given cell will emerge from any initial disturbance. The growth or 

damping of the waves depends on the magnetic field distribution. This result can be used as a 

criterion for MHD design of the cell. 

 

 

Agonafer, D., Moffatt, D.F. 

Numerical modeling of forced convection heat transfer for modules mounted on circuit boards 



(1989) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 121, pp. 1-5.  

 

Abstract 

Numerical simulation of the fluid and heat transfer characteristics of electronic modules mounted 

on circuit boards is performed using a commercial finite-control-volume code, PHOENICS. The 

model is used to simulate the experimental data for flow over blocks simulating electronic 

modules from published sources of data. The Reynolds numbers considered in both studies vary 

from 1000 to 7000. The numerically computed heat transfer coefficient agreed with the 

experimental data in the fully developed region within 8%. However, the results were quite 

sensitive to the transverse grid distribution for flow rates in the turbulent regime. Guidelines are 

suggested in the effective use of the commercial code for such classes of problems. 

 

 

Crespo, A., Hernandez, J. 

Numerical modelling of the flow field in a wind turbine wake 

(1989) American Society of Mechanical Engineers, Fluids Engineering Division (Publication) 

FED, 76, pp. 121-127.  

 

Abstract 

The wake of a wind turbine in the atmospheric surface layer is studied. The properties of the 

nonuniform incident flow over the wind turbine are modelled taking into account the atmospheric 

stability, given by the Monin-Obukhov length, and the surface roughness. The effect of the 

turbine is to create a velocity defect and an increased level of turbulence which diffuse in the 

incident wind. The developed wake model is three-dimensional and is based on the k-ε method 

for the closure of the turbulent flow equations. The partial differential equations describing the 

model are the conservation equations of mass, momentum (three components), energy, turbulent 

kinetic energy, and dissipation rate of the turbulent kinetic energy. The SIMPLE algorithm and 

finite-difference methods have been used in the numerical procedures. The model has been 

validated with experimental results both obtained from wind tunnel experiments and from field 

measurements in full scale machines. A numerical validation has also been carried out by using 

the PHOENICS code. 

 

 

Werner, C., Ulacia F., J.I., Howell, F.S. 

Numerical simulation of gas flow and chemical reactions in semiconductor processing equipment 

(1989) Digest of Technical Papers - Symposium on VLSI Technology, pp. 49-50.  

 

Abstract 

The authors present results of equipment simulation using the commercially available fluid-flow 

simulator PHOENICS with some modifications to simulate a CVD (chemical vapor deposition) 

reactor, a plasma etcher, and a high-temperature diffusion furnace. The mathematical model used 

in the simulations is a self-consistent numerical solution of the following equations: a) continuity 

equation for the total mass, b) Navier-Stokes-equation for the velocity distribution, c) heat 



transport equation for the temperature, and d) diffusion equation for the distribution of the 

various chemical species. Special enhancements have been made for the surface reaction and the 

dependence of density and viscosity on temperature and gas composition. 

 

 

Toro B, Francisco M., Meijer, Karel, Van Rijn, Leo 

Quasi-3D and fully -3D modelling of suspended sediment transport 

(1989) pp. 45-51.  

 

Abstract 

The influence of different velocity and eddy viscosity fields on the computation of suspended 

sediment concentration and sediment transport rates, is presented here. Two different 

mathematical models which generate the velocity field were used: the WAQUA model which 

generates a steady 2-D horizontal velocity field based on the depth-integrated Reynolds 

equations, and the PHOENICS model that generates a steady fully 3-D velocity and eddy 

viscosity fields by solving the 3-D Reynolds equations simultaneously with the energy transport 

and energy dissipation rate equations (K-Epsilon approach). The velocity and eddy viscosity 

fields generated by these two models were used by the SUSTRA-3D model to obtain the 

suspended sediment concentration by solving the 3-D convection-diffusion equation. A straight 

channel with a spur dike at mid-length was chosen as the test case. 

 

 

Dunstall, M. 

Rotorua geothermal field 

(1989) Energy Digest, 18 (5), pp. 10-16.  

 

Abstract 

The main objective of the experimental program was to evaluate the performance of downhole 

heat exchangers (DHE) in a 'standard' Rotorua 4 inch diameter well and to develop their design to 

optimize this performance. The interference effects on nearby wells were also considered to be 

part of the project. Secondly, as part of the overall research programme on DHEs, the influence 

of design parameters was to be investigated using a Fluid Mechanics and Heat Mass Transfer 

computer package PHOENICS. This paper reports some of the work on these two topics. From 

the experiments it is concluded that this installation would provide enough heat energy for 12 

homes, i.e., 150 kW. The 6 day test indicated that the system reached eqilibrium after only a few 

hours and was able to give a continuous output over the test period. Long term temperature and 

water level drawdown effects need to be carefully evaluated in the surrounding wells. Variations 

in load as a function of DHE flowrate need to be determined in order to minimize pump running 

costs. 

 

 



Irandoust, Said, Andersson, Bengt 

Liquid film in Taylor flow through a capillary 

(1989) Industrial and Engineering Chemistry Research, 28 (11), pp. 1684-1688.  

 

Abstract 

The thickness of the liquid film between the gas bubble and the tube wall in Taylor flow has been 

measured for air-water, air-ethanol, and air-glycerol. The film thickness was fitted to the 

empirical formula δ/dt = 0.18{1 - exp[-3.1(μU/σ)0.54]}. A complete solution of the Navier-

Stokes and surface tension equations showed excellent agreement for air-ethanol, while for the 

air-water system the equations had to be corrected for the bubble rigidity due to a surface 

gradient. 

 

 

Pressdee, Bill 

Software model for CZ 

(1989) European Semiconductor, 11 (8), pp. 21-22.  

 

Abstract 

Toshiba in Japan commenced numerical simulation of the CZ process in the late 1970s and since 

then has devoted considerable research to exploring the melt motion during the process. A recent 

paper discussed the application of Phoenics to this study. Phoenics is a computational fluid 

dynamics code, developed by Cham of Wimbledon, England. The objective was to investigate 

the use of the software in determining the flow structure and temperature field in the melt of the 

HMCZ/VMCZ process. 

 

 

Jubran, B.A. 

Correlation and prediction of film cooling from two rows of holes 

(1989) Journal of Turbomachinery, 111 (4), pp. 502-509.  

 

Abstract 

This paper reports the correlation and prediction of film cooling effectiveness and the velocity 

field from two rows of holes inclined in the streamwise and spanwise directions. The correlation 

of film cooling from two rows of holes can be achieved by using a two-dimensional correlating 

group provided that account is taken of the momentum ratio I. The effectiveness and velocity 

field were predicted using the PHOENICS package. Two versions of κ-ε turbulence model were 

explored for the film cooling predictions, which were successful at the centerlines and for low 

blowing rates. A nonisotropic κ-ε model improved the prediction by allowing the jet to spread 

laterally. 

 

 



Bourgeois, T., Bui, R.T., Charette, A., Kocaefe, Y.S. 

Mathematical modeling of an aluminum casting furnace combustion chamber 

(1989) Metallurgical Transactions B, 20 (3), pp. 421-429.  

 

Abstract 

A mathematical model has been developed for the combustion chambers of aluminum casting 

furnaces by combining the fluid flow code PHOENICS with a zone model for the radiative heat 

transfer analysis and a simplified flame model. It offers flexibility in specifying the size and the 

combustion and heat transfer characteristics of the furnace. Thus, the model can be used to study 

a combustion chamber under different operating conditions and for different design op-tions. This 

paper presents the model and describes the coupling mechanism between PHOENICS and the 

zone method. Various case studies have been carried out for a 72-ton melter-holder. Results are 

presented which show the negative effect of ambient air inleakage on furnace per-formance as an 

application example. © 1989 The Minerals, Metals & Material Society. 

 

 

Anon 

Computer models fluid flow in the steel industry 

(1989) Steel Times, 217 (4), p. 190.  

 

Abstract 

Fluid flow, heat transfer and chemical reactions can be modelled using Phoenics, a program 

designed to simulate any process dependant upon fluid dynamics. For the steel industry, gas 

injection, lancing, slag entrapment in a tundish, furnace efficiency and blast furnace charge flow 

are a few of the applications so far simulated in one, two and three dimensional models. The 

program, which uses Fortran 77 as its language, can be run on a workstation system such as Sun 

or Compaq. The concept is called Computational Fluid Dynamics. 

 

 

Anton, G., Büchler, K., Kückes, M. 

A LED monitoring system for pulse height and time measurement with scintillation counters 

(1989) Nuclear Inst. and Methods in Physics Research, A, 274 (1-2), pp. 222-226.  

 

Abstract 

We have developed an on-line LED monitoring system for the scintillation counters of the 

experiment PHOENICS at the 3.5 GeV electron stretcher ring ELSA in Bonn. The LED light 

output proved to be stable within 0.3% concerning pulse height and within 15 ps concerning 

deviation in time measurement. Usually discussed disadvantages of LEDs like temperature 

dependence, ageing and the bad spectral match with the photomultiplier sensitivity were checked 

and are well under control. © 1989. 

 

 



Fleming, J.S., Tramschek, A.B., Abdul Husain, J.M.H. 

A theoretical and experimental investigation of the flow of gas through reciprocating compressor 

valves. 

(1989) pp. IMechE 1989-10.  

 

Abstract 

The flow of gas through compressor valves is investigated by making use of the PHOENICS 

program to compute pressure distribution, gas force and velocity. Comparisons are made with 

measured values of gas force and velocity and the importance of modelling turbulence and 

compressibility in regions of flow separation and high velocity is discussed. 

 

 

Fogelqvist, E., Krysell, M., Öhman, P. 

Evaluation of perfluoromethyldecalin as a deliberate tracer for the study of water mixing 

processes 

(1989) Marine Chemistry, 26 (4), pp. 339-349.  

 

Abstract 

A deliberate tracer experiment has been carried out in an enclosed lagoon in a coastal area. The 

tracer used was a perfluorocarbon, perfluoro-l-methyldecalin (PMD), analysed using liquid-liquid 

extraction and electron capture gas chromatography. The results show good recovery of the 

tracer, indicating that adsorption and volatilization did not occur to an appreciable extent over the 

short time period of the experiment. A mathematical model, PHOENICS, developed for 

simulation of flow systems, was used to simulate the experiment. © 1989. 

 

 

Macilwain, C. 

Keeping ahead of the flow. 

(1989) ENGINEER, 268 (6938 , Mar. 16, 1989), pp. 36-37.  

 

Abstract 

Practical applications of computational fluid dynamics, CFD, are described. CFD has been 

successfully employed in the aerospace, automotive, nuclear and process industries and in 

computer design. The main restraint which has been on the availability of computer power at a 

price engineers can afford, has been removed with the arrival of supercomputers. The problems 

faced by Cham, a British company who claim to be the largest independent specialist in CFD, are 

discussed. Their modelling code, Phoenics, is not suitable for vectorization and therefore cannot 

run on supercomputers which use parallel processing. 

 

 



Hoffman, N., Galea, E.R., Markatos, N.C. 

Mathematical modelling of fire sprinkler systems 

(1989) Applied Mathematical Modelling, 13 (5), pp. 298-306.  

 

Abstract 

The paper considers the mathematical modelling of compartment fires and the interaction with an 

activated sprinkler system. Various fire and fire sprinkler models are discussed. Two methods of 

modelling the spray, namely the Lagrange particle-tracking method and the volume fraction 

method, are highlighted. The mathematical basis of a computer model, currently under 

development, is described. The first results obtained with this model are discussed and appear 

encouraging. © 1989. 

 

Author Keywords 

CFD;  fire modelling;  PHOENICS;  sprinkler modelling;  two-phase 

 

 

Heydarpour, J., Slotta, L.S. 

Modeling erosion and deposition due to suction and jet flows 

(1989).  

 

Abstract 

PHOENICS, a commercial three-dimensional computational fluid dynamics software package, 

was modified for simulating sea bed erosion and deposition. Time varying sediment fluidization, 

transport and deposition was modelled using a porosity and concentration approach. The erosion 

of a sea bed was simulated by changing the porosity of sediment cells from zero to unity when a 

vertical velocity gradient criterion was met. The fluidized sediment cell was then assigned a 

relative slurry concentration which subsequently would spatially spread due to convection and 

dispersion. The deposition of sediment was simulated by calculating the bottom cell porosities 

affected by the accumulation of sediment due to an assigned sediment fall velocity. The resulting 

scour geometry was accordingly determined on the basis of cell porosities. (A) 

 

 

Toro, F.M., Meijer, K., van Rijn, L.C. 

Quasi-3D and fully-3D modelling of suspended sediment transport 

(1989).  

 

Abstract 

Examines the effect of different velocities and eddy viscosity fields on the computation of 

suspended sediment transport rates. Uses the WAQUA and PHOENICS models to generate 

velocity fields. The velocity and eddy viscosity fields generated were used in the SUSTRA three-

dimensional model to obtain the suspended sediment concentration by solving the three-

dimensional convection/diffusion equation. Presents results for a straight channel with a spur 

dyke at mid-lenght. (from authors' abstract) 



 

 

Radosavljevic, D., Spalding, D.B. 

Simultaneous prediction of internal and external aerodynamic and thermal flow fields of a 

natural-draft cooling tower in a cross-wind 

(1989).  

 

Abstract 

Large wet natural draught cooling towers, as used in many steam power stations to cool large 

quantities of water by direct contact with the atmosphere, were studied in an attempt to improve 

design calculation procedures by using numerical integration of the heat and mass transfer 

equations. Internal and external aerodynamics were also linked so that wind influence could be 

studied. A general purpose computer code for fluid flow simulation, PHOENICS, was used to 

solve the governing differential equations. (D.W.T.) 

 

 

Agonafer, D., Furkay, S. 

Numerical and experimental investigation of heat transfer phenomena over an electronic module. 

(1988) p. 85.  

 

Abstract 

Summary form only given. The three-dimensional conjugate heat transfer problem associated 

with a heat-dissipating electronic component placed in a forced-convection environment is 

discussed. Both numerical and experimental data are presented for forced-convection heat 

transfer over an individual, card-mounted electronic module. The numerical approach was 

twofold. First, the time-averaged equations depicting the turbulent flow field were integrated 

using a commercial finite-difference code (PHOENICS). The electronic package, in this case, 

was represented as a conducting solid. The resulting heat transfer coefficient data were used as 

boundary conditions for subsequent conduction analyses of the package which was in this case 

quite detailed with respect to internal material/geometry. The CAEDS program, a commercially 

available finite-element simulation system, was used to perform the conduction computations. 

Experimental data were acquired for individual components surface-mounted to small sections of 

epoxy circuit card. Component surface temperatures, air temperature, and chip temperature were 

measured and the results compared with simulations. 

 

 

Turkoglu, H., Farouk, B. 

Numerical computations of fluid flow and heat transfer in a gas stirred liquid bath 

(1988) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 96, pp. 133-139.  

 

Abstract 



The flow and temperature fields for vertical air injection into a cylindrical vessel containing 

water are numerically analyzed. Eulerian formulation is applied for the calculation of both the 

continuous and the dispersed phases. Computational domain is extended beyond the initial liquid 

height in the cylindrical vessel. Turbulence is modeled using a two-equation k-ε model. Variable 

interphase friction coefficients are used, while interphase heat transfer coefficient is assumed to 

be uniform over the flow domain. The general purpose computer program PHOENICS is 

employed to predict the velocities, volume fraction and the temperature distribution of each 

phase. The predicted flow fields are compared with experimental measurements available in the 

literature. The results are of interest in the design and operation of a wide variety of materials 

processing operations. 

 

 

Adey, P.C., Greaves, J.R.A. 

The application of a 3-D aerodynamics model to the sterling 825 body shape and comparison 

with experimental data 

(1988) SAE Technical Papers, .  

 

Abstract 

This paper describes the application of a general purpose fluid dynamics computer model, 

PHOENICS-84, to the flow over the Sterling 825. Using surface information obtained from the 

Design Studio database, a topologically rectangular grid was constructed covering the whole 

solution domain. Limitations on computer-run costs led to a grid size of 84000 cells, resulting in 

some simplification of the body detail. A '3-part' solution calculation was used, involving an 

iterative loop of potential, boundary layer and viscous analyses. Results obtained from 

PHOENICS are compared with those from an actual vehicle. PHOENICS is shown to accurately 

model the experimental flow over the front half of the car, but the region of separated flow above 

the rear screen and boot is badly simulated. Poor lift correlation is obtained, however the drag 

prediction is close to the experimental value. © Copyright 1988 Society of Automotive 

Engineers, Inc. 

 

 

Militzer, J., Shiu, D.T., Watts, K.C. 

Numerical prediction of the internal two-phase flow in a variable air atomizer 

(1988) Journal of Engineering for Gas Turbines and Power, 110 (4), pp. 712-713.  

 

Abstract 

Coal-water mixtures (CWM) have become a viable alternative to fuel oil, because of the 

similarity in the modes of burning, storage, and transportation. However, the abrasive 

characteristic of the suspended coal particles in the CWM has led to the requirement of nozzles of 

unique design. One such nozzle, the conical variable gas atomizer (VGA) nozzle (Walsh, 1982), 

is shown. This nozzle uses high-velocity air to atomize the CWM and to protect the nozzle walls 

from excessive wear. Physical investigation of the flow inside the nozzle is virtually impossible 

due to the multiphase nature of the flow and to its minute dimensions. However, studies using 

numerical simulation models give useful insight into the hydrodynamics of the flow inside the 



nozzle. Using a computer program called PHOENICS developed by Spalding (1981), the present 

authors have sought to determine the distribution of velocity, pressure, and volume fraction 

within this nozzle in order to explain some observed coal deposition on the internal walls and 

also to define those regions of the nozzle more susceptible to erosion. 

 

 

Qingyan, C., Van Der Kooi, J., Meyers, A. 

Measurements and computations of ventilation efficiency and temperature efficiency in a 

ventilated room 

(1988) Energy and Buildings, 12 (2), pp. 85-99.  

 

Abstract 

In order to improve the indoor air quality in a room and to save energy, the air movement and 

contamination distributions in the room with ventilation have been studied experimentally and 

numerically. The experiment is carried out in a full-scale climate room with different air supply 

systems, heat gains from the venetian blinds and ventilation rates. The measurements concern 

room airflow patterns and air temperature, velocity and contamination concentration fields, etc. 

The airflow computer program PHOENICS and the cooling load program ACCURACY have 

been applied for the numerical simulations. PHOENICS solves the conservation equations of air 

mass, momentum, energy, concentration, kinetic energy and dissipation rate of kinetic energy. 

ACCURACY, which considers the influence of room air temperature distributions, is employed 

for the determination of cooling load, wall surface temperatures and convective heat transfer on 

room enclosure surfaces. These are the boundary conditions required by PHOENICS. The 

agreements between the computations and the measurements are good. The ventilation efficiency 

and temperature efficiency which are used for evaluation of indoor air quality and energy 

consumption are reported for each case. Additional application of these computations to annual 

energy analysis is also discussed. © 1988. 

 

Author Keywords 

air distribution;  computation;  energy conservation;  Indoor air 

quality;  measurement;  ventilation 

 

 

Pericleous, K.A. 

Computer modelling for the analysis of fluid flow, heat transfer and combustion in industry 

(1988) Energy World, (161), pp. 9-11.  

 

Abstract 

Computer programs for modelling fluid flow in or around various objects have met with varying 

degrees of success in the past. Where the application of the program has remained close to that 

for which it was written, there have been good results, but new applications have often been 

difficult. this is particularly true for combustion applications, or heat applications in which heat 

transfer between the fluid and various building solids takes place, the flow properties varying 



making their simulation a complex task. These processes maybe modelled mathematically using 

various computer program, such as PHOENICS. 

 

 

Tam, L.T., Przekwas, A.J., Muszynska, A., Hendricks, R.C., Braun, M.J., Mullen, R.L. 

NUMERICAL AND ANALYTICAL STUDY OF FLUID DYNAMIC FORCES IN SEALS 

AND BEARING. 

(1988) Journal of vibration, acoustics, stress, and reliability in design, 110 (3), pp. 315-325.  

 

Abstract 

A numerical model based on a transformed, conservative form of the three-dimensional Navier-

Stokes equations and an analytical model based on 'lumped' fluid parameters are presented and 

compared with studies of modeled rotor/bearing/seal systems. The rotor destabilizing factors are 

related to the rotative character of the flow field. It is shown that these destabilizing factors can 

be reduced through a decrease in the fluid average circumferential velocity. However, the rotative 

character of the flow field is a complex three-dimensional system with bifurcated secondary flow 

patterns that significantly alter the fluid circumferential velocity. By transforming the Navier-

Stokes equations to those for a rotating observer and using the numerical code PHOENICS-84 

with a nonorthogonal body fitted grid, several numerical experiments were carried out to 

demonstrate the character of this complex flow field. 

 

 

Fleming, J.S., Tramschek, A.B., Abdul-Husain, J.M.H. 

A comparison of flow and pressure distribution in simple valves using different computational 

methods. 

(1988).  

 

Abstract 

This paper describes part of a programme designed to develop a CAD technique for the design of 

reciprocating compressors and their valves. Use has been made of the PHOENICS computer 

program to solve velocity flow field, streamlines and pressure distribution (hence gas force 

applied to the valve plate) for the case of the flow of air through two simple valve types, namely 

a disc valve and an annular ring valve. Even these simple shapes, possessing as they do sharp 

corners and abrupt changes in passageway orientation and flow cross section, make the flow 

difficult to model. However, advances over earlier methods have been achieved and the 

increasing availability of more economical computing power and software give cause for 

optimism about what is achievable in flow modelling. Comparisons are made between computed 

and measured values of the force applied by the gas to the valve plate. 

 

 

Anderson, N.M. 

A comparison of the computer programs FLOW3D, FLUENT/BFC and PHOENICS for solving 



fluid flow problems in complex geometries. 

(1988).  

 

Abstract 

Currently there are three commercial programs on the market for solving fluid flow problems in 

complex geometries. This report outlines the capabilities of each code based on a short visit to 

each of the companies which markets the programs. Such a comparison cannot produce a clear 

winner as the factors which must be used in any evaluation will vary from division to division 

and even from person to person. 

 

 

Uzel, A.R., Edwards, R.J., Button, B.L. 

A study into the feasibility of an intelligent knowledge based system (IKBS) in computational 

fluid mechanics (CFM) 

(1988) Engineering Applications of Artificial Intelligence, 1 (3), pp. 187-193.  

 

Abstract 

Recently, the emergence of powerful microcomputers has brought comprehensive CFM within 

the reach of small companies. Consequently, numerical techniques for design and development 

are becoming cost-effective compared to the increasingly-expensive experimental approach. 

However, computational fluid modelling of realistic situations is highly complex and requires 

specialist expertise. The level of complexity is reflected in a leading CFM package, PHOENICS, 

which is used for the simulation of fluid flow, heat/mass transfer and chemical reaction 

processes. To successfully apply PHOENICS to a specific problem, specialist knowledge of data 

input, reasoning adopted by the software, the physics involved and the interpretation of results is 

essential. This work assesses the feasibility of developing an IKBS to assist and train users with 

the problem specification process within PHOENICS. An evaluation of a suitable IKBS tool and 

hardware requirements is included in the assessment. © 1988. 

 

 

Rand, C. 

CFD: how far has it got? 

(1988).  

 

Abstract 

This article looks at the Phoenics computational fluid dynamics package in terms of its 

development and applications since 1985. Engine research is the main application covered. 

 

 

Ilegbusi, O.J., Szekely, J., Cartwright, R.A. 

SOME ASYMPTOTIC AND COMPUTED RESULTS ON MAGNETICALLY DAMPED 



CZOCHRALSKI CRYSTAL GROWING SYSTEMS. 

(1988) PCH. Physicochemical hydrodynamics, 10 (1), pp. 33-51.  

 

Abstract 

A mathematical formulation has been developed and computed results are presented, describing 

the velocity, temperature and dopant concentration profiles in magnetically damped CZ systems. 

The governing equations were solved using the PHOENICS computational subroutine. Novel 

aspects of this work are that the computed results are compared with previously published 

asymptotic solutions, and that the effect of the flow phenomena on the uniformity of the dopant 

distribution is explicitly examined. It was found that through the use of very high magnetic fields, 

it is possible to improve the dopant uniformity quite significantly. 

 

 

Hoffmann, N., Markatos, N.C. 

Thermal radiation effects on fires in enclosures 

(1988) Applied Mathematical Modelling, 12 (2), pp. 129-140.  

 

Abstract 

The paper is concerned lwith the study of thermal radiation effects on fires in enclosures. A 

relatively simple radiation model was included in a general mathematical model for fires, and it 

was applied to the predictions of fire development in a hospital ward. Results are presented and 

indicate that for the fire conditions used the particular radiation model employed predicted minor 

radiation effects, probably due to the relatively low temperatures encountered. © 1988. 

 

Author Keywords 

enclosures;  fire modelling;  PHOENICS;  radiation 

 

 

Tam, L.T., Przekwas, A.J., Muszynska, A., Hendricks, R.C., Braun, M.J., Mullen, R.L. 

NUMERICAL AND ANALYTICAL STUDY OF FLUID DYNAMIC FORCES IN SEALS 

AND BEARINGS. 

(1987) American Society of Mechanical Engineers, Design Engineering Division (Publication) 

DE, 2 (pt 2), pp. 359-370.  

 

Abstract 

A numerical model based on a transformed, conservative form of the three-dimensional Navier-

Stokes equation and an analytical model based on 'lumped' fluid parameters are presented and 

compared with studies of modeled rotor/bearing/seal systems. The rotor destabilizing factors are 

related to the rotative character of the flow field. It is shown that these destabilizing factors can 

be reduced through a decrease in the fluid average circumferential velocity. However, the rotative 

character of the flow field is a complex three-dimensional system with bifurcated secondary flow 

patterns that significantly alter the fluid circumferential velocity. By transforming the Navier-

Stokes equations to those for a rotating observer and using the numerical code PHOENICS-84 



with a nonorthogonal body fitted grid, several numerical experiments were carried out to 

demonstrate the character of this complex flow field. 

 

 

Brown, G.A., Cheng, C.-Y., Borgia, J.A., Conti, K.A., Rosenthal, E., Sarkar, K., Eichenbaum, S. 

Pressure drop and flow characteristics for clean heavy-duty air cleaner 

(1987) SAE Technical Papers, .  

 

Abstract 

Measured and predicted pressure drops for two clean heavy-duty air filters are compared. For one 

filter, an extensive experimental database was established in the air flowrate range for 200 to 

1300 cfm. For the second filter, the database was less extensive. The predictions were made using 

the FLUENT and PHOENICS finite-difference fluid dynamics codes. In the air flow passages, 

the governing equations were solved with a k-ε turbulence model. In the filter's cartridge, the 

flow field was calculated using an isotropic, Darcian material model. Values of the Darcian 

resistance were obtained from experimental data taken with a panel which was similar in 

structure to the actual cartridge but had only about six percent of its surface area. In addition to 

predictions of overall static and stagnation pressure drop, the internal details of velocity, static 

pressure and stagnation pressure distributions have been predicted. The overall stagnation prssure 

drop predictions are 20 percent below and 18 to 28 percent above the mean experimental curves 

for the filters tested. Details for the next phase of the research program are given. Copyright © 

1987 Society of Automotive Engineers, Inc. 

 

 

Coleman, Michael, Sammakia, Bahgat G., Agonafer, Dereje 

UNSTEADY BUOYANCY INDUCED FLOW IN AN ENCLOSURE. 

(1987) American Society of Mechanical Engineers (Paper), 10 p.  

 

Abstract 

The unsteady heat transport phenomena resulting from a heated wall in a rectangular cavity is 

analyzed using a robust finite-difference code, PHOENICS. The heat transfer is initiated by 

raising the temperature of a flat vertical surface immersed in the cavity to some constant uniform 

temperature in an otherwise adiabatic cavity. The motivations for conducting this study are 

twofold. First, the study can be used to simulate the early response period of heat accumulation 

by electronic components in sealed enclosures. Second, it provides a good estimate of the effects 

induced by the finite volume of the enclosure and the location of the heated surface which may 

arise in experimental investigations. 

 

 

Anon 

FLOW MODELLING OVER TWIN-NOZZLE AFTERBODIES USING PHOENICS. 

(1987) Aircraft Engineering and Aerospace Technology, 59 (5), pp. 2-4, 6.  



 

Abstract 

The necessity of maximizing knowledge of the afterbody flow while minimizing the cost of 

wind-tunnel and in-flight testing is (CFD) into prominence. British Aerospace hs recently 

commissioned a study by CHAM (Concentration Heat and Momentum Ltd) in the application of 

the extremely sophisticated CFD code PHOENICS to the problem. The study has concentrated 

upon predicting the effect of jet entrainment on the surface pressure distribution around the 

afterbody, an area which has previously been difficult to model computationally. A large amount 

of experimental work has already been carried out using wind-tunnel measurements, and the 

study sought first to validate the program by reference to experimental data. 

 

 

Davidson, L., Olsson, E. 

Calculation of age and local purging flow rate in rooms 

(1987) Building and Environment, 22 (2), pp. 111-127.  

 

Abstract 

The local purging flow rate and the local age in ventilated rooms are numerically investigated; 

both quantities are calculated in an isothermally ventilated two-dimensional room, the latter in 

two buoyantly ventilated three-dimensional rooms as well. When calculating the velocity field in 

the two-dimensional room a new one-equation turbulence model is used. When compared with 

experimental data the predictions show a satisfying agreement in most cases. The local purging 

flow rate has not yet been obtained experimentally; calculation of this quantity thus provides 

useful information of its nature. © 1987. 

 

 

Lofdal, L. 

Flow measurements in a radial fan and other turbomachinery bladings using hot-wires. Cascade 

flow using PHOENICS. 

(1987).  

 

Abstract 

Flow measurements within a radial fan and other rotating blades in turbomachines were made 

using the hot-wire technique. Mean velocity and turbulence intensity were determined and 

turbulence measurements were taken in a simulated cascade flow. The use of a more 

sophisticated Navier-Stoke's computer code PHOENICS to calculate two dimensional cascade 

flows was investigated. 

 

 

Hydraulic analysis of pipeline systems. 

(1987) HYDRO DELFT, (75 , Apr. 1987), pp. 5-6.  



 

Abstract 

Lists the programs developed by Delft Hydraulics Laboratory for analysis of steady flow, 

unsteady flow/water hammer, and optimization in pipeline systems. Mentions WATLEI, WTSL, 

WILMA and PHOENICS. (C.J.U.) 

 

 

Wahnsiedler, W.E. 

HYDRODYNAMIC MODELING OF COMMERCIAL HALL-HEROULT CELLS. 

(1987) Light Metals: Proceedings of Sessions, AIME Annual Meeting (Warrendale, 

Pennsylvania), pp. 26-287.  

 

Abstract 

A hydrodynamic model of the two-fluid system in the Hall-Heroult cell was constructed. This 

model is fully three-dimensional and includes calculations of: the metal/bath interface contour, 

the cell current distribution from the metal/bath interface shape, the Lorentz force from the 

current distribution and magnetic field, magnetic field redistribution due to current variations; 

and allowance for the presence of frozen bath (ledge) in the cell. The model has been used to 

study several cell designs in both steady-state and transient time dependence. A variety of flow 

patterns and interface shapes are predicted for different cell designs and modes of operation, with 

the interface shape most dependent on the divergence of the Lorentz force field. Transient 

simulations including magnetic field redistribution have shown considerable instability. The 

wave motions in operating cells may be due to interaction between the current and the varying 

magnetic field. 

 

 

Baldwin, S.J., White, P.R.S., Al-Daini, A.J., Davenport, C.J. 

Investigation of the gas side flow field in multilouvred ducts with flow reversal. 

(1987).  

 

Abstract 

Numerical prediction of the flow field present in multifin louvre banks has been undertaken using 

the PHOENICS 81 computer code. The velocity fields predicted showed a rapid change in air 

flow direction at the inlet to the bank, with a delayed change after the reversal length. (from 

authors' abstract) 

 

 

Ilegbusi, O.J., Szekely, J. 

MELT STRATIFICATION IN LADLES. 

(1987) Transactions of the Iron and Steel Institute of Japan, 27 (7), pp. 563-569.  

 

Abstract 



A mathematical formulation has been developed, and computed results are presented describing 

the evolution of the temperature and the velocity profiles in ladles holding molten steel. The 

calculations, which have been carried out using the PHOENICS computational package, have 

shown that, notwithstanding the strong turbulent recirculating flows, significant stratification may 

take place. However, this stratification may be greatly minimized by a relatively gentle agitation. 

 

 

Spalding, D.B., Villasenor, F. 

NUMERICAL SIMULATION OF KELVIN-HELMHOLTZ INSTABILITY IN A STRATIFIED 

SHEAR FLOW. 

(1987) PCH. Physicochemical hydrodynamics, 9 (1-2), pp. 379-386.  

 

Abstract 

This work concerns an experimental and numerical study on the Kelvin-Helmholtz Instability. 

The experimental set-up consists of a duct, closed at both ends, and completely filled with two or 

three liquids of different density. A motion is produced by slightly tilting the duct from a 

horizontal position; the heavier fluid starts running down the slope and the lighter runs up. This 

produces a shear layer at the interface between the fluids. The presence of shear leads to 

instability, which is characterized by the growth of waves, later rolling up into vortices. For the 

numerical study, the PHOENICS computer code is used to solve the mathematical equations 

governing the experimental flow. Plots of the predictions are used for visualization of the flow. 

The numerical procedure is validated. 

 

 

Grant, A.D., Moustafa, A.A., Reeves, P. 

Prediction of wind loading on structures. 

(1987).  

 

Abstract 

Predictions of wind loading have been made using the PHOENICS computer code, for three 

models: a single cube, a pair of cubes and a rudimentary representation of an offshore oil 

platform. The effects of domain size and grid refinement on output are discussed, and 

comparisons are made with wind tunnel test results on the same three models. Some 

discrepancies are noted, particularly in regions of separated, recirculating flow. Overall wind 

loadings are nevertheless reasonably well predicted. Applications of the method in the area of 

wind loadings on offshore structures are discussed, and plans for refinement and extension of the 

present work are outlined. 

 

 

Pericleous, K.A., Patel, M.K. 

SOURCE-SINK APPROACH IN THE MODELLING OF STIRRED REACTORS. 

(1987) PCH. Physicochemical hydrodynamics, 9 (1-2), pp. 279-297.  



 

Abstract 

A method is described for the modeling of a stirred biochemical reactor. The reactor vessel is 

conventional in design and contains a number of baffles and heating coils arranged around its 

periphery. Two tangential impellers and one axial rotate on a common shaft to stir the liquid in 

the reactor. The development of a model representing each impeller is described and validated 

against experiment. The various submodels are then brought together to simulate the multi-

impeller reactor. The Navier-Stokes equations describing the flow field are solved numerically 

using the code PHOENICS with the various impeller types appearing as sources of angular or 

axial momentum (or both) depending on type. The results of the calculations are shown 

graphically in the form of streamline and vector plots, contour diagrams and velocity profiles, 

and compared with experiments on a 1/10th scale model. 

 

 

Lowry, S.A., Keeton, L.W. 

Space shuttle main engine high pressure fuel pump aft platform seal cavity flow analysis. 

(1987).  

 

Abstract 

A general purpose, three dimensional computational fluid dynamics code named PHOENICS, 

developed by Cham Inc., was used to model the flow in the aft platform seal cavity in the high 

pressure fuel pump of the space shuttle main engine. The model was used to predict the 

temperatures, velocities and pressures in the cavity for six different sets of boundary conditions. 

The results are presented as input for further analysis of two known problems in the region: 

erratic pressures and temperatures in the adjacent coolant liner cavity and cracks in the blade 

shanks near the outer diameter of the aft platform seal. 

 

 

Lowry, S.A., Keeton, L.W. 

SPACE SHUTTLE MAIN ENGINE HIGH PRESSURE FUEL PUMP AFT PLATFORM SEAL 

CAVITY FLOW ANALYSIS. 

(1987) NASA Technical Paper, 137 p.  

 

Abstract 

A general purpose, three-dimensional computational fluid dynamics code named PHOENICS, 

developed by CHAM Inc. , is used to model the flow in the aft-platform seal cavity in the high 

pressure fuel pump of the space shuttle main engine. The model is used to predict the 

temperatures, velocities, and pressures in the cavity for six different sets of boundary conditions. 

The results are presented as input for further analysis of two known problems in the region, 

specifically: erratic pressures and temperatures in the adjacent coolant liner cavity and cracks in 

the blade shanks near the outer diameter of the aft-platform seal. 

 



 

Lowry, S.A., Keeton, L.W. 

Space shuttle main engine high pressure fuel pump aft platform seal cavity flow analysis. 

(1987).  

 

Abstract 

A general purpose, three dimensional computational fluid dynamics code named PHOENICS, 

developed by CHAM Inc., is used to model the flow in the aft platform seal cavity in the high 

pressure fuel pump of the space shuttle main engine. The model is used to predict the 

temperatures, velocities, and pressures in the cavity for six different sets of boundary conditions. 

The results are presented as input for further analysis of two known problems in the region, 

specifically: erratic pressures and temperatures in the adjacent coolant liner cavity and cracks in 

the blade shanks near the outer diameter of the aft platform seal. (A) 

 

 

Hutchings, B., Iannuzzelli, R. 

Taking the measure of fluid dynamics software. 

(1987) MECH. ENGNG., 109 (5 , May 1987), pp. 72-76.  

 

Abstract 

Gives an overview of developments in computational fluid dynamics. Studies solution methods 

and turbulence models. Tabulates a comparison of the capabilities of commercial fluid dynamics 

programs (FIDAP, PHOENICS, FLUENT). 

 

 

Rawnsley, S.M., Tatchell, D.G. 

Application of the phoemics code to the computation of the flow around automobiles 

(1986) SAE Technical Papers, .  

 

Abstract 

The paper describes the application of the general-purpose fluid-dynamics program. PHOENICS. 

to the computation of the flow around automobile body shapes. The analyses are three-

dimensional, solving the full Navier-Stokes equations with turbulence effects represented via a 

two-equation model. A non-orthogonal grid system is used which is distorted to match the shape 

of the bodies. © Copyright 1986 Society of Automotive Engineers, Inc. 

 

 

Schwarz, M.P., Koh, P.T.L. 

NUMERICAL MODELLING OF BATH MIXING BY SWIRLED GAS INJECTION. 

(1986) pp. 6. 1-6. 17.  



 

Abstract 

The SIROSMELT submerged lancing technique was developed in the CSIRO and has been 

applied to a wide range of smelting applications. It combines gas injection with submerged 

combustion. A swirler, incorporated in order to enhance cooling of the lance wall, also intensifies 

bath mixing. A finite domain computer code PHOENICS is used to model both the flow within 

the lance with and without swirlers, and the flow of the two phase mixture in the bath. The flow 

within the bath is calculated for a laboratory-scale cold air/water model on which data has 

previously been collected. PHOENICS is run in the two-phase mode, with a constant bubble size 

assumed over the whole bath. The overall flow patterns, for both plain and swirled lances, 

compare well with those obtained in experiments. The numerical model also predicts that the 

swirled jet does not penetrate as deeply into the bath as the unswirled jet, and that it allows a 

larger quiescent zone between the lance tip and the bottom of the bath, as observed. This work 

demonstrates that numerical models can be computed to give good qualitative representation of 

the fluid flow in quite complex injection processes. 

 

 

Militzer, J. 

NUMERICAL PREDICTION OF THE FULLY DEVELOPED TWO-PHASE (AIR-SOLIDS) 

FLOW IN A PIPE. 

(1986) pp. 173-183.  

 

Abstract 

The fully developed flow of air and solids in a vertical pipe was calculated using a two-fluid 

finite difference computer algorithm. Various combinations of loading and particle diameter were 

investigated. Velocities of both phases, turbulence intensities and volume fraction distributions 

were obtained. The predictions were compared with available experimental data, showing that the 

overall agreement is good. 

 

 

Spalding, D.B., Wu, J.Z.Y. 

NUMERICAL STUDIES OF PROPAGATING FLAMES EXHIBITING THE LANDAU AND 

RAYLEIGH-TAYLOR INSTABILITIES. 

(1986) PCH. Physicochemical hydrodynamics, 7 (5-6), pp. 353-384.  

 

Abstract 

Numerical studies of flames exhibiting the Landau and Rayleigh-Taylor instabilities are 

performed, by means of the PHOENICS computer code and an added-on particle-tracking 

technique. The detailed calculations of the formation of the wrinkled flame front presented here 

clarify the connection between the wrinkling and the combustion-induced flow. The effects of 

different factors such as the gravitational force, density ratio, burning velocity and wavelength of 

the perturbations are investigated. 

 



 

Mes, H., Van Essen, D., Kirkcaldy, D., Phelps, P.J. 

PHOENICS CODE THERMAL HYDRAULIC ANALYSIS OF A PROTOTYPE LMFBR 

STRAIGHT TUBE STEAM GENERATOR. 

(1986) American Society of Mechanical Engineers (Paper), 7 p.  

 

Abstract 

In a joint study, carried out by Neratoom and Cham, a model has been developed using the 

PHOENICS-code to perform 2D and 3D steam generator calculations. The model is able to 

handle the most important characteristics of the thermal hydraulic behaviour of a steam 

generator. The feedwater flow distribution over the tubes of the bundle is calculated, without 

showing numerical instabilities, by an iteration procedure over the total pressure drop. From the 

first stage in the validation procedure it appears that the model predictions are in very good 

agreement with the measurements taken from a 17 MWth sodium heated straight tube steam 

generator, operating under once-through conditions and tested in the 50 MWth Sodium 

Component Test Facility at Hengelo, The Netherlands. 

 

 

Leefe, S.E., Tansley, G.D., Gentle, C.R. 

PULSATILE FLOW TESTING OF PROSTHETIC HEART VALVE CONDUITS. 

(1986) pp. 15-19.  

 

Abstract 

A pulse duplicator for testing prosthetic heart valve conduits is described. The model left 

ventricle permits the testing of a conduit either as a straightforward valve replacement or as an 

apico-aortic shunt. Drive is provided by a microcomputer-controlled servomotor, operating a 

piston forcing an hydraulic fluid into a chamber surrounding the model ventricle, thus providing 

direct programmable control of ventricular volume throughout the cycle. Pressure and flow 

signals are digitised, stored and processed in a microcomputer to yield performance data in terms 

of energy loss. The first phase of the research programme concerns the testing of existing conduit 

designs. The second will incorporate particle image velocimetry for flow visualisation to 

highlight regions of stasis and high shear rate. These findings, in conjunction with the results of 

the tests outlined above, will form the basis for the development of a new valved conduit. 

 

 

Singhal, A.K., Tam, L.T., Bachtel, F., Vaniman, J. 

THERMAL ENVIRONMENT AROUND THE SPACE SHUTTLE WITH HOT-GAS JETS 

FOR ICE SUPPRESSION. 

(1986) Journal of Spacecraft and Rockets, 23 (6), pp. 547-553.  

 

Abstract 

To prevent prelaunch ice formation on the external tank of the Space Shuttle, the final selected 

approach is to heat the surrounding air with vertical hot-gas jets located at the launch pad. This 



approach was considerably more cost-effective than other ice suppression methods considered, 

although its feasibility was not easily discernible due to the complex flowfield interactions. This 

paper describes how the use of vertical jets was first evaluated with the aid of a computational 

fluid dynamics (CFD) technique. An existing general-purpose CFD program (PHOENICS) was 

used to predict the thermal environment around the Shuttle under various jet configurations and 

wind conditions. The program accounts for effects of buoyancy, turbulence, and structural 

obstructions in the flowfield. The computed results showed physically plausible and consistent 

trends. 

 

 

McConnell, P.M., Owens, S.F., Kamin, R.A. 

PREDICTION OF FUEL FREEZING IN AIRPLANE FUEL TANKS OF ARBITRARY 

GEOMETRY - PART 1. 

(1986) Aircraft Engineering and Aerospace Technology, 58 (9), pp. 20-23.  

 

Abstract 

Phoenics, a general 3-D Navier-Stokes computer program, was used to simulate cooling and 

freezing of jet fuel stored in airplane fuel tanks. A 3-D analysis is required for fuel tanks of 

arbitrary geometry exposed to time-dependent and nonuniform boundary temperatures. The work 

reported in this paper concentrated on 2-D simulations of fuel cooling and freezing in a wing tank 

and external (pylon) tanks as a step toward the 3-D analysis. Significant progress has been made 

on obtaining plausible solutions over the entire range of conditions considered. The same model, 

with appropriate changes for fuel properties, could also be used to predict fuel heating in airplane 

fuel tanks during supersonic flight conditions. 

 

 

Rhodes, Norman 

STREAMLINED SOLUTIONS TO FLUID FLOW PROBLEMS. 

(1986) CME. Chartered mechanical engineer, 33 (4), pp. 56-57.  

 

Abstract 

The first international Phoenics Users Conference was held at Dartford last September and the 

common theme was the solution of fluid flow problems. The conference contained contributed 

papers describing a variety of applications, e. g. internal combustion engines, environmental 

flows, fires and explosions, nuclear, aerospace, turbomachinery and process engineering. It was 

stated that similar equations governed all flow situations, and that techniques are now available 

for the non-specialist to solve the necessary equations which govern flow problems. This article 

looks at general aspects of computational fluid dynamics (CFD) and then examines some 

examples from the conference. 

 

 



Han, S.H., Bankoff, S.G. 

An unsteady one-dimensional two-fluid model for fuel-coolant mixing in an LWR meltdown 

accident 

(1986) Nuclear Engineering and Design, 95 (C), pp. 285-295.  

 

Abstract 

The multiphase code PHOENICS is used to predict the mixing of molten core material with the 

lower plenum water pool in a severe light-water reactor accident. One-dimensional behavior is 

assumed, corresponding to catastrophic failure of the lower support plate, possibly due to a 

preliminary steam explosion. For the dangerous range of fuel drop sizes (10-100 mm) it is found 

that there is rapid level swell, with most of the drops being levitated upwards in a region of high 

steam volume fraction. This condition is thought to be unfavorable for an efficient explosion. © 

1986. 

 

 

Rawnsley, S.M. 

Application of the PHOENICS code to the computation of the flow around automobiles. 

(1986).  

 

Abstract 

Results obtained by application of the PHOENICS code to the computation of three dimensional 

turbulent flow around square back, fastback and notchback rear vehicle bodies do not agree with 

experimental surface pressure data. (C.J.U.) 

 

 

Langsholt, M., Thomassen, D. 

Computer modelling of fluid flow through orifices. 

(1986) IN: FM 80'S, FLOW MEASUREMENT IN THE MID 80'S INT. CONF., (EAST 

KILBRIDE, U.K.: JUN. 9-12, 1986), 2 , East Kilbride, U.K., Nat. Engng. Lab., 1986, Session 7, 

Paper 7.2, 16 p.  

 

Abstract 

This paper describes the application of the commercially available computer code PHOENICS to 

the flow of fluid (both compressible and incompressible) through a square edged orifice meter. 

The effect on the discharge coefficient by disturbing the ideal meter design was simulated and 

compared with experimental data (upstream step, plate buckling, pipe roughness). The conclusion 

is, that despite lack in absolute accuracy in the simulated flow coefficient, relative changes in the 

flow coefficient due to a geometrical alteration is simulated in an apparently correct manner. (A) 

 

 

van Essen, D. 

EXPERIMENTAL RESULTS OF THE 85 MWTH SNR-300 INTERMEDIATE HEAT 



EXCHANGER. 

(1985) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 51, pp. 1-7.  

 

Abstract 

This paper presents some experimental results obtained from the steady and unsteady state 

experiments carried out in the full scale prototype 85 MWth SNR-300 intermediate heat 

exchanger. This heat exchanger is a sodium heat exchanger of the shell-and-tube type. The 

experimental results presented in this paper were used for the validation of the multi-dimensional 

thermal hydraulic calculations with the computercodes COMMIX and PHOENICS. 

 

 

Ilegbusi, J.O., Spalding, D.B. 

NUMERICAL CALCULATION OF THE COLD-FLOW CHARACTERISTICS OF A BLUFF-

BODY FLAME STABILIZER. 

(1985) Modelling, simulation & control. B, 4 (1), pp. 31-49.  

 

Abstract 

The paper describes the numerical prediction of turbulent flow behind a wedge-shaped flame 

stabilizer. The wedge is represented approximately as a blockage in the flow. A model of 

turbulence characterized by K, the turbulence energy, and W, a measure of the time-mean-square 

of the vorticity fluctuations, is employed. The flow situations considered include cases with and 

without a nozzle upstream of the bluff body that simulate a lean-mixture combustor. The results 

based on these features are compared with the data of S. Fujii et al (1978) for a 45 degree wedge 

angle. The predicted and measured size of the recirculation zone, mean velocity, pressure 

coefficients, shear stresses and turbulence energy are in fair agreement downstream of the 

stabilizer. 

 

 

Kirkcaldy, D., Phelps, P.J., van Essen, D. 

PHOENICS CODE THERMAL HYDRAULIC ANALYSIS OF THE SNR-300 IHX. 

(1985) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 51, pp. 9-16.  

 

Abstract 

This paper describes the application of the PHOENICS computer code to simulation of the 

thermohydraulic phenomena occurring in the Intermediate Heat Exchanger of the SNR-300 

nuclear power plant under a variety of operational conditions. Two-dimensional and three-

dimensional methematical models were validated against steady-state experimental 

measurements from the full-sized prototype. The 2-D model was subsequently used to simulate 

various operational transients, the results of one of which (the normal scram out of the full-load 

condition) are presented here. 

 



 

THERMAL HYDRAULICS AND EFFECTS OF NUCLEAR STEAM GENERATORS AND 

HEAT EXCHANGERS. 

(1985) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 51, 120 p.  

 

Abstract 

This meeting proceedings contains 13 papers dealing with steam generator problems resulting in 

reduced power plant reliability. Some papers deal with LMFBR sodium-to-sodium intermediate 

heat exchangers and sodium-heated steam generators. Valuable performance data for a sodium 

heat exchanger are presented, and favorable agreements between these data and the predictions 

by two independently developed codes, PHOENICS AND COMMIX-HX, are reported. 

 

 

THERMAL HYDRAULICS AND EFFECTS OF NUCLEAR STEAM GENERATORS AND 

HEAT EXCHANGERS. 

(1985) American Society of Mechanical Engineers, Heat Transfer Division, (Publication) 

HTD, 51, 120 p.  

 

Abstract 

This meeting proceedings contains 13 papers dealing with steam generator problems resulting in 

reduced power plant reliability. Some papers deal with LMFBR sodium-to-sodium intermediate 

heat exchangers and sodium-heated steam generators. Valuable performance data for a sodium 

heat exchanger are presented, and favorable agreements between these data and the predictions 

by two independently developed codes, PHOENICS AND COMMIX-HX, are reported. 

 

 

Rhodes, N., Al-Sanea, S.A., Pericleous, K.A. 

USE OF THE FLUID FLOW PROGRAM PHOENICS IN ENGINEERING DESIGN. 

(1985) pp. 15. 93-15. 105.  

 

Abstract 

The purpose of this paper is to illustrate the alternative levels of modelling which can be taken 

using PHOENICS by way of three examples of recent areas of application. The purpose of the 

study was to determine whether the existing designs could be adapted to provide higher volume 

through-put without increasing the overall size of the equipment. In this case, a simple one-

dimensional model sufficed, and all that was required was the incorporation of suitable heat-

transfer and pressure drop correlations. 

 

 



Anon 

RESEARCH. AERODYNAMIC FLOW SIMULATION AND BLUFF BODY DESIGN. 

(1985) Automotive Engineer (London), 10 (5), pp. 88-89.  

 

Abstract 

The PHOENICS computer code, developed by Concentration Heat & Momentum (CHAM) Ltd, 

enables numerical simulation techniques to replace the traditional empirical wind-tunnel methods 

for the prediction of drag life behavior for a new design. Accurate resolution of vortices 

generated by the flow, and boundary-layer separation and reattachment are of prime concern, 

having a major influence on the drag and lift forces. Experimental data supplied to CHAM by the 

Motor Industry Research Association (MIRA), for various vehicle shapes, is enabling validation 

of the predictions produced by PHOENICS. In this case the experiment concerns a full-scale, 

fast-back shape vehicle in the MIRA wind-tunnel. No vehicle flow is present in the current 

analyses, so advantage is taken of the centerline symmetry plane to halve the computation 

requirements. It is a straightforward extension to model flawed configurations, merely increasing 

the computer requirements as the entire vehicle would need to be simulated. Transient analyses 

are also straightforward. An exact representation of the vehicle geometry is enabled by the 

distorted, non-orthogonal, grid facility available in PHOENICS. Approximations due to modeling 

curved surfaces with cartesian grids are not present, the geometry is exact. 

 

 

Kjaldman, Lars, Huhtanen, Risto 

SIMULATION OF FLAME ACCELERATION IN UNCONFINED VAPOUR CLOUD 

EXPLOSIONS. 

(1985) Valtion Teknillinen Tutkimuskeskus, Tutkimuksia, 53 p.  

 

Abstract 

The goal of this work was to investigate the feasibility of numerical simulation in accident and 

safety analysis of unconfined vapor cloud explosions and to determine whether it is possible to 

simulate the flame acceleration phenomenon on the basis of published data from experiments. 

Two vapor cloud explosion experiments reported in the literature have been simulated with the 

PHOENICS code. The flame acceleration, which was mainly due to the enhanced combustion 

from turbulence generation at obstacles in the flow regime, could be simulated. The computation 

gave the correct order of magnitude for the maximum overpressure in both explosions, of which 

one was weak and the other strong. The differences between the computed results and 

experiments are discussed, and suggestions on how to improve the simulation model are made. 

 

 

Johnson, Allen E., Torok, Dennis 

SOFTWARE FOR FLUID FLOW AND HEAT TRANSFER ANALYSES OF ELECTRONIC 

PACKAGING. 

(1985) CIME. Computers in mechanical engineering, 4 (1), pp. 41-46.  

 

Abstract 



In the design of enclosures for denser and denser clusters of heat-producing components, new 

fluid dynamics codes can pick up where experiments leave off. Critical conditions within the 

fluid flow region can be pinpointed using velocity vector plots, streamlines, and temperature 

contours. 

 

 

Computer modelling of fluid flow dynamics. 

(1985).  

 

Abstract 

A general purpose computational fluid flow program, PHOENICS, solves problems in fluid flow, 

heat transfer and chemical reactions. The central core program deals with flows which are one, 

two or three dimensional, steady or unsteady, laminar or turbulent, single or two phase, subsonic, 

supersonic or transonic and parabolic, hyperbolic or elliptic. The program uses the finite 

difference method and accuracy is improved by use of body fitted coordinates and the use of 

porosities to mimic the effect of obstacles in the flow path. Examples of the application of 

PHOENICS are discussed: body and engine design by a car manufacturer; offshore oil industry 

for transportation properties of non-Newtoian fluid pumped down the drill string; turbomachinery 

problems. (A.J.) 

 

 

Nallasamy, M. 

Critical evaluation of various turbulent models as applied to internal fluid flows. 

(1985).  

 

Abstract 

Models employed in the computation of turbulent flows are described and their application to 

internal flows was evaluated by examining the predictions of various turbulence models in 

selected flow configurations. The main conclusions are: (1) the k-epsilon model is used in a 

majority of all the two dimensional flow calculations reported in the literature; (2) modified 

forms of the k-epsilon model improve the performance for flows with streamline curvature and 

heat transfer; (3) for flows with swirl, the k-epsilon model performs rather poorly; the algebraic 

stress model performs better in this case and (4) for flows with regions of secondary flow (non-

circular duct flows), the algebraic stress model performs fairly well for fully developed flow, for 

developing flow, the algebraic stress model performance is not good; a Reynolds stress model 

should be used. False diffusion and inlet boundary conditions are discussed. Countergradient 

transport and its implications in turbulence modelling is mentioned. Two examples of 

recirculating flow predictions obtained using PHOENICS code are discussed. The vortex method, 

large eddy simulation (modelling of subgrid scale Reynolds stresses) and direct simulation are 

considered. Some recommendations for improving the model performance are made. The need 

for detailed experimental data in flows with strong curvature is emphasized. (A) 

 



 

Singhal, CHAM of North America Inc, Huntsville 

CRITICAL LOOK AT THE PROGRESS IN NUMERICAL HEAT TRANSFER AND SOME 

SUGGESTIONS FOR IMPROVEMENT. 

(1985) Numerical heat transfer, 8 (5), pp. 505-517.  

 

Abstract 

The purpose of this article is to analyze why it has not been so and to propose how the process 

can be accelerated. To do so, a variety of heat transfer problems, ranging from conduction to 

multiphase flow and heat transfer, are discussed first in the context of their amenability to 

numerical solutions. The evolution and status of one computational fluid dynamics (CFD) 

methodology are presented with the objective of illustrating the capabilities of current numerical 

methods. Finally, some observations and arguments are presented in an attempt to discuss 

possible reasons and remedies for the slow impact of CFD on industry. 

 

 

Nallasamy, M., Chen, C.P. 

Studies on effects of boundary conditions in confined turbulent flow predictions. 

(1985).  

 

Abstract 

The differences in K epsilon model predictions of plane and axisymmetric expansion flows is 

investigated. The prediction of the coaxial jet for different velocity ratios of the annular to central 

jet is presented. The effects of inlet kinetic energy and the energy dissipation rate profiles are 

investigated for swirling and nonswirling flows. The effects of expansion ratios and Reynolds 

number on the reattachment length are also presented. The results show that the inlet k and 

epsilon profiles have the most significant effect on the reattachment length and flow 

redevelopment for the case of a coaxial jet with high velocity ratio. A comparison of k epsilon 

model predictions for the pipe expansion flow by the PHOENICS and TEACH codes reveals 

some discrepancies in the predicted results. TEACH prediction seems to produce unrealistic 

kinetic energy profiles in some regions of the flow. PHOENICS code produces a long tail in the 

recirculation region under certain conditions. (A) 

 

 

Mukerjee, T., Singhal, A.K. 

ANALYSIS OF FLOW DEVELOPMENT IN OPEN COMBUSTION CAVITIES OF DIESEL 

ENGINES. 

(1984) American Society of Mechanical Engineers, Fluids Engineering Division (Publication) 

FED, 20, pp. 19-25.  

 

Abstract 

The paper presents selected applications of a multi-dimensional flow analysis code, 

PICALO/PHOENICS, to air motion studies in diesel engines with open combustion chambers. 



Results of two-dimensional computations of air motion in a motored engine are shown for four 

test cases which consider three combustion cavities with two different inlet air swirl velocities. 

The analyses show that a deep cavity produces air motion pattern that seems more conducive to 

fuel-air mixing and therefore more suitable for multi-fuel applications. 

 

 

Singhal, A.K., Owens, S.F., Mukerjee, T., Keeton, L.W., Prakash, C. 

Analysis of physical-chemical processes governing SSME internal fluid flows. 

(1984).  

 

Abstract 

The efforts to adapt CHAM's computational fluid dynamics code, PHOENICS, to the analysis of 

flow within the high pressure fuel turbopump (HPFTP) aft platform seal cavity of the SSME are 

summarized. In particular, the special purpose PHOENICS satellite and ground station 

specifically formulated for this application are listed and described, and the preliminary results of 

the first part two dimensional analyses are presented and discussed. Planned three dimensional 

analyses are also briefly outlined. To further understand the mixing and combustion processes in 

the SSME fuelside preburners, a single oxygen/hydrogen jet element was investigated. (A) 

 

 

Andrews, M.J. 

Application of the van Leer method to the solution of one-dimensional volume fraction 

equations. 

(1984).  

 

Abstract 

A linear friction and a dynamic mix problem in two phase flow were solved by the van Leer and 

a fully implicit method. The van Leer method was implemented as an attachment to the 

PHOENICS computer code. For the linear problem, the second order van Leer method gives a 

significant reduction in numerical diffusion over a fully implicit upwind scheme, and at first 

order explicit method. The linear friction test problem is well suited to the van Leer method as 

the analytical volume fraction profile is nearly linear. The dynamic problem shows that numerical 

diffusion may be reduced in problems where the volume fraction profile is not linear. The second 

order van Leer scheme is recommended for the solution of one dimensional volume fraction 

equations. 

 

 

Jun, L. 

Laminar flow in a driven square cavity. 

(1984).  

 

Abstract 



The PHOENICS computer program was used to solve the two dimensional incompressible 

Navier-Stokes equations for flow in a square driven cavity. Comparisons with the results of 

published literature indicate that good velocity results are obtained with the present prediction. 

The pressure distributions are also generally well predicted. (A) 

 

 

Spalding, D.Brian, Tatchell, David G. 

GENERAL-PURPOSE FLUID-MECHANICS COMPUTER PROGRAM FOR 

TURBOMACHINERY APPLICATIONS. 

(1983) International Congress on Combustion Engines, pp. 361-388.  

 

 

Rosten, H.I., Spalding, D.B., Tatchell, D.G. 

PHOENICS: A GENERAL-PURPOSE PROGRAM FOR FLUID-FLOW, HEAT-TRANSFER 

AND CHEMICAL-REACTION PROCESSES. 

(1983) pp. 639-655.  

 

 

Markatos, N.C., Pericleous, C.A. 

GRAFFIC: A computer package for the interactive graphical representation of fluid-flow 

phenomena 

(1983) Advances in Engineering Software (1978), 5 (2), pp. 86-91.  

 

Abstract 

GRAFFIC is a three-dimensional graphics computer package which provides interpretation and 

display facilities for numerical predictions of phenomena involving fluid-flow and heat/mass 

transfer. It is designed for use as a pre- and post-processor for solution methods of the finite-

domain or finite-difference type. GRAFFIC operates interactively, using a storage-type graphics 

terminal, with associated hard-copy units if required. Communication with the user is via a series 

of meaningful prompts, designed to make the operation self explanatory. Facilities provided by 

GRAFFIC include representation of the flow geometry and solution mesh, contour maps and 

surfaces of scalar fields, and vector fields represented either by vector maps on selected planes or 

vector lines or streamlines. For two-phase flow computations, GRAFFIC provides separate 

representation of the velocities and other properties of each phase. A range of view options are 

provided including: perspective from a specified viewpoint; oblique views; two-dimensional side, 

top and end views; and a stereoscopic effect provided by two perspective views at a small 

displacement. The paper provides a description of the structure and organisation of GRAFFIC 

and illustrates its use by showing applications to results obtained from the PHOENICS program. 

© 1983. 

 

 



Rosten, H.I., Spalding, D.B., Tatchell, D.G. 

PHOENICS: a general-purpose program for fluid-flow, heat-transfer and chemical-reaction 

processes. 

(1983).  

 

Abstract 

A general purpose computer program for predicting single or two-phase flow, heat transfer, and 

chemical reaction processes is presented. Steady or unsteady phenomena in one, two or three 

space dimensions are handled. (from authors' abstract) 

 

 

Moscardini, A.O. 

PHOENICS - PARABOLIC, HYPERBOLIC OR ELLIPTICAL INTEGRATION CODE 

SERIES. 

(1982) Proceedings of Polymodel, pp. 242-260.  

 

 

Malin, M.R. 

TURBULENT, AXISYMMETRIC WAKE BEHIND A LOW-DRAG BODY OF 

REVOLUTION. 

(1982) PCH. Physicochemical hydrodynamics, 3 (3-4), pp. 171-198.  

 

Abstract 

A PHOENICS satellite has been prepared to compute the turbulent, axisymmetric wake behind a 

low-drag body of revolution. The k-e turbulence model embodied in PHOENICS is extended by 

introducing Rodi's proposal for improving its performance in weak-shear layers. The predictive 

capability of the model is assessed by: (a) comparison with experimental data in the near field, 

and (b) comparison with the asymptotic similarity theory in the far field. 

 

 

Anon 

COMPUTER MODELING OF FLUID FLOW AND HEAT TRANSFER PROCESSES. 

(1982) Mechanical Engineering, 104 (3), pp. 38-39.  

 

Abstract 

One firm, CHAM of North America, Huntsville, Ala. , offers a range of programs to solve 

specific problems. This battery of codes has now been augmented by a general code of modular 

structure called PHOENICS (Parabolic Hyperbolic or Elliptic Numerical Ingegration Code 

Series). No one program can solve all problems of fluid flow, heat transfer, and combustion 

processes in engineering equipment, but all problems do have a certain degree of fundamental 

physics in common. Recognition of this led to the development of PHOENICS, consisting of a 

modular family of application or satellite programs that draw on a basic core or ″Earth″ program 



that solves the equations representing the laws of conservation of mass, momentum energy, and 

other relevant parameters. The satellite programs in effect tell ″Earth″ what is being simulated, 

and the ground station subroutines at the intermediate level between ″Earth″ and the satelites 

provide the features specific to the problem to be solved. Also offered are specific codes, such as 

Ursula for steam generator, Vera for cooling towers (both required by EPRI), Petula for 

simulating flow in an automotive pressure exchanger, Plant for calculating flow in large pipelines 

carrying gaseous and liquid petroleum from offshore wells, and Cora 2 for simulating flow and 

combustion processes in incinerators and combustors. 

 

 

Markatos, N.C., Rhodes, N., Tatchell, D.G. 

A general purpose program for the analysis of fluid flow problems. 

(1982).  

 

Abstract 

Describes the PHOENICS program for solution fo the differential equations for three-

dimensional transient compressible two-phase turbulent flows and heat transfer. Considers 

general features of the code and notes the repeated 2-direction sweeps in the iterative (fully 

implicit in transient cases) solution procedures. There is also a ? integration parabolic solution 

procedure. Discusses example applications of explosion containment in a fast breeder reactor and 

icing of an air launched torpedo. Describes problem definition, modelling approach and results 

for both examples. (C.J.U.) 

 

 

Schmidt, W., Buchheim, R. 

Evaluation of different approaches in computational aerodynamics for passenger cars. 

(1982).  

 

Abstract 

Discusses the advantages and limitations of various computational methods for automobile 

aerodynamics. Outlines general flow field characteristics for cars noting the three dimensional 

nature and occurrence of separation zones. Studies three dimensional potential flow and boundary 

layer methods and notes Haase's finite difference method for the steady Navier Stokes equations. 

Refers to the Phoenics code. Discusses finite volume Euler methods, finite volume Navier Stokes 

methods and finite element methods. Provides a state of the art evaluation noting the prospects 

for finite volume or finite element methods. (C.J.U.) 

 

 

Spalding, D.B. 

A general purpose computer program for multi-dimensional one- and two-phase flow 

(1981) Mathematics and Computers in Simulation, 23 (3), pp. 267-276.  



 

Abstract 

The following argument is presented:. The actual achievements of computational fluid 

mechanics, great though they are, scarcely measure up to the power of the numerical schemes and 

of the computers that are now available. In practice, the time and energies of would-be users of 

computational schemes are often spent on the devising and maintaining of the computer programs 

which embody these schemes; and these programs, being vulnerable to damage arising from 

well-meant alterations, seldom perform well for long periods, once they have left their 

originators' hands. Progress in the application of numerical models, and in the refinement of the 

physical models, and in the refinement of the physical hypotheses which they embody, could be 

greatly accelerated if practitioners were enabled to employ a reliable and economical standard 

computer program, incorporating the well-established balance laws of fluid mechanics, heat 

transfer and mass transfer, and structured so that particular material properties, geometries and 

boundary conditions could be easily incorporated. Such a program, if continuously and centrally 

maintained, could free the computer-modelling fraternity of the chores of code construction and 

maintenance; it would thus permit them to apply their innovative talents to the development and 

application of improved physical hypotheses. The PHOENICS code system has been developed 

in order to meet this need. Its nature, current capabilities and development possibilities will be 

described in the paper. © 1981. 

 

 

Abdelmaguid, A.M., Goh, S.Y., Ilegbusi, J., Spalding, D.B. 

Predictions of complex turbulent flows using the phoenics computer code. 

(1981).  

 

Abstract 

A flow simulating computer code was used to predict steady and incompressible turbulent flows 

in flat plate boundary layers, conical diffusers, a backward facing step, and a curved rectangular 

duct. Flow was two-dimensional parabolic, two-dimensional elliptic or three-dimensional 

partially parabolic. The constants in the standard high Reynolds number k-epsilon turbulence 

model incorporated in the computer code were not adjusted. Agreement with measured data is 

good for the boundary layers, moderate for the duct flow and uncertain for the sudden 

enlargement. (A) 

 

 

Spalding, D.B. 

Solution of the parabolized Navier-Stokes equations. 

.  

 

Abstract 

Solution of the parabolized Navier-Stokes equation using the stream function vorticity method; 

the velocity/vorticity gradient method; pressure uncoupling with the SIVA method; and pressure 

uncoupling with the SIMPLE method is summarized. Full Navier-Stokes solution by SIVA and 

SIMPLE; the partially parabolic formulation and the PHOENICS formulation are described. (A) 



 

 

Carey, C., Fraser, S.M., McKeogh, E.J. 

Comparison of LDA measurements with 3-D computer analysis of flow in a containing vessel. 

.  

 

Abstract 

A laser Doppler anemometer was used to investigate the three dimensional flow pattern in a 

containing vessel for liquid with extraneous particulate matter. Liquid was supplied through a 

submerged nozzle at one end of the vessel and drawn off at the other end, the purpose of the 

vessel being to allow sufficient time for the buoyant particles to float out of suspension. The 

computer analysis was carried out using the PHOENICS program with body fitted coordinates 

and the computed values were compared with the measured results. (A) 

 

 

Carey, I.C., Fraser, S.M., McKeogh, E.J. 

Comparison of LDA measurements with 3-D computer analysis of flow in a containing vessel. 

.  

 

Abstract 

A laser Doppler anemometer was used to investigate the three dimensional flow pattern in a 

containing vessel for liquid with extraneous particulate matter. Liquid is supplied through a 

submerged nozzle at one end of the vessel and drawn off at the other end, the purpose of the 

vessel being to allow sufficient time for the buoyant particles to float out of suspension. The 

computer analysis was carried out using the PHOENICS program with body fitted coordinates 

and the computed values are compared with the measured results. 

 

 

Spalding, D.B. 

Numerical requirements of two-phase prediction procedures. 

AICHE SYMP. SER., 79 (225 , 1983, p.414-419.).  

 

Abstract 

The validity of thermal hydraulic predictions made by computer codes depends upon the 

suitability of all four of: (1) problem specification, (2) physical inputs, (3) numbers of grid cells, 

time steps and iterations, (4) output interpretation. This paper concerns item (3), in the particular 

context of the expulsion of a liquid from a vertical tube by a gas injected from below. Predictions 

of the process have been made with the help of the PHOENICS computer code, which allows the 

numerical factors to be varied through wide ranges without excessive computer costs. It is shown 

that finer grids, shorter time steps and more numerous iterations are needed, for good numerical 

accuracy, than are commonly employed in PWR safety calculations. It is suggested that, since the 

grid, time step and iteration settings which are needed for accuracy differ greatly from case to 



case, all thermal hydraulic predictions of any importance should be subjected to numerical 

studies of the present kind. (A) 

 

 

Malin, M.R. 

The turbulent, axisymmetric wake behind a low-drag body of revolution. 

PHYSICOCHEM. HYDRODYN., 3 (3-4 , 1982), pp. 171-198.  

 

Abstract 

A PHOENICS satellite was prepared to compute the turbulent, axisymmetric wake behind a low 

drag body of revolution. The k-EPSILON turbulence model embodied in PHOENICS is extended 

by introducing Rodi's proposal for improving its performance in weak shear layers. The 

predictive capability of the model is assessed by comparison with experimental data in the near 

field and comparison with asymptotic similarity theory in the far field. (A) 

 

 

 
 

 


