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This Edition: 

Technical articles in this Newsletter are provided by PHOENICS Users and describe a 

variety of applications to which the code is being addressed. See page 1 to learn 

about work being carried out in Sweden on the impact of hazardous gas dispersions 

around buildings in cities. Page 3 describes a computational model of the hot 

products of combustion being introduced under the surface of a liquid. See page 5 

for the analysis of flow around a pressurized heavy water reactor in India and go to 

page 7 to learn about the operation of a new pumping station in the Middle East. 

On page 10 CHAM bids farewell to one of its longest-standing Agents as staff from 

ACADS-BSG in Australia prepare for retirement or new careers and, on the back 

ǇŀƎŜΣ ǊŜŀŘ ŀōƻǳǘ /I!aΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ŀ ¦ǎŜǊ aŜŜǘƛƴƎ ƛƴ bƻǊǿŀȅ ǿƘƛŎƘ ǇǊƻǾƛŘŜŘ 

the opportunity to describe the latest version of PHOENICS which provides the CFD 

power underlying WindSim Software. 
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Estimating local concentration variations with CFD-LES in real urban environments Jan 

Burman,1,3 Lage Jonsson,*1,2 and Anna Rutgersson3 

1) FOI, Swedish Defence Research Agency, Division of CBRN Defence and Security, SE-901 82 Umeå  
2) KTH, Royal Institute of Technology, SE-100 44 Stockholm, Sweden 
3) Department of Earth Sciences, Uppsala University, Uppsala, Sweden 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 1. Solution Domain for JU2003 Experiment. 

The arrow indicates the main wind direction. 

Applied studies with Large Eddy 

Simulation (LES) of hazardous gas 

dispersion around buildings in 

cities have become increasingly 

feasible due to rapid 

advancements in computing 

technology. In this study [1], the 

potential of CFD-LES for these 

applications was investigated by 

using three typical LES sub-grid-

scale (SGS) models in 

combination with either 

synthetic turbulence, or no 

turbulent fluctuations at inflow 

boundaries. Specifically, the 

Smagorinsky [2], WALE [3] and 

SIGMA [4] SGS models were used 

within the framework of the 

general-purpose CFD code, 

PHOENICS. The use of synthetic 

inlet turbulence [5] was 

restricted to simulations made 

with the SIGMA SGS model. To 

avoid excessive numerical 

damping of the predicted 

fluctuations, the 3rd-order 

implicit AdamsςMoulton scheme 

was used for temporal 

differencing, and the bounded 

higher-order TVD scheme MUSCL 

was employed for discretisation 

of spatial convection. The 

PHOENICS cut-cell solver was 

used to represent the complex 

cityscape geometry on a 

background Cartesian mesh.  

The CFD-LES model was applied 

to simulate the continuous-

release IOP2 data set from street-

canyon experiments performed 

under the Joint Urban 2003 

Atmospheric Dispersion Study in 

Oklahoma City [6-10]. 

 

One of the objectives of these experiments was to collect 

flow and tracer concentration data at various distances 

from the release point, with a large number of wind and 

tracer sensors placed at both street and roof level.  

Flow and turbulence statistics of CFD-LES were presented 

at two probe locations [1], one inside the city-core and one 

outside. In addition, comparisons were made with the 

measured mean concentration and maximum 

concentration values [1]. 

 LES was carried out on the solution domain shown in 

Figure 1, which measures 800 × 850 × 300 m. An 

aerodynamic roughness length of 0.02m was specified for the 

ground terrain, and the wind logarithmic velocity profile was 

specified as (1.97m/s, 2.82m/s) at a height of 10m, with a 

roughness height of 0.6m. The tracer gas release rate for the 

experiments was 5g/s. 

A mesh count of 218 × 272 × 100 cells was used with cell sizes 

in the streets typically about 1 m square. The index of 

resolution quality [11,12] for the LES was adequate for 

engineering purposes, and the simulation was advanced in 

time for 60s before initiating evaluation of all flow variables 

and spectra. 
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The complete set of results, including comparisons between the field measurements and simulations of 

the gas-dispersion characteristics, 

has been reported in detail 

elsewhere [1. Some typical results 

are shown in Figure 1, which 

illustrate the predicted gas 

dispersion by contour plots taken at 

2m above ground level, and 

overlaid by surface plots at 0.25 

mg/m3 from the continuous source 

(IOP2), 150s after initiation. The 

results were obtained by the 

SIGMA SGS model with no inlet 

fluctuations. 

In summary, it was found that, in the core of the city, simulated turbulence was mainly determined by 

buildings and their configurations, and was only weakly affected by the type of SGS model and assumed 

turbulence at inflow boundaries. On the other hand, outside and upwind of the city centre, turbulence 

specified at the inflow boundaries was very important if realistic turbulence statistics were to be achieved.  

Downstream of the source, all tested models produced similar predictions of maximum concentration 

values, which in turn were similar to experimental data.  
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  Figure 2. Tracer dispersion contours at ground level (2m). 
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A Computational Model of Submerged Combustion 

By S.V. Zhubrin, Independent Researcher, svzhubrin@yahoo.co.uk 

 

 

 

 
 

 

 

 

Submerged combustion [1] is a process where the combustion of gas or liquid fuel releases the hot 

products of combustion under the surface of a liquid or melt. This has the advantage of achieving 

maximum heat transfer rates by direct contact of the combustion gases with the liquid or melt. Industrial 

applications of the technology exist in two main areas. The first concerns liquid heating and/or 

evaporation using submerged-combustion devices (SCDs). The second uses submerged-combustion 

melters (SCMs) for hazardous waste treatment, melting silicate materials, producing mineral wool, glass 

manufacturing etc. in melting technologies. SCMs are always arranged with a burner submerged into or 

beneath the melt, whereas SCDs mostly employ the burner above the liquid level with a submerged 

exhaust system.  

An Eulerian-Eulerian two-phase CFD model of submerged combustion (SUBCo) has been developed 

within PHOENICS for industrial applications. The model 

uses idealization of interpenetrating continua to provide a 

mathematical description of the behaviour of liquid and 

fragmented within-liquid gas phases with full account 

taken of momentum, heat- and mass transfer between 

phases. The latter takes place between the usually colder 

liquid phase and the submerged hot gaseous products of 

combustion. The local volume occupancy of each phase is 

defined by the phase volume fraction obtained from the 

solution of its own conservation equation.  

In its IPSA [2] embodiment, which is unique to PHOENICS, 

a volume-fraction equation is written for each phase. It 

involves: phase density, phase velocities, a diffusion 

coefficient to account for gas-phase turbulent dispersion; 

and mass exchange between each phase per unit time and 

volume. This represents evaporation and condensation 

processes. Phase volume fractions are also related to each 

other through the requirement that they sum to unity to 

satisfy overall continuity. 

Conservation equations are also solved for a number of gas-phase variables, typically including: three 

velocity components, enthalpy and the mass fractions of all the major participating chemical species, and 

if necessary, minor ones for the pollutants. For the liquid phase, equations are solved for the three 

velocity components, enthalpy and the mass fractions of all liquid components. All of these conservation 

equations have a similar form to the phase volume-fraction equations, but with additional terms 

representing turbulent diffusion and inter-phase transfer processes, such as for example those 

associated with the exchange of mass, momentum and energy. There are also within-phase sources in 

these equations, including those concerned with the rates of exothermic chemical transformation of the 

fuel-air gas phase mixture into gaseous combustion products. The latter are generated by within-gas 

chemistry-turbulence interactions represented by the eddy dissipation approach. Two turbulent 

diffusion terms are featured in the conservation equations; one is responsible for the exchange of 

conserved property through turbulent diffusion of a phase, and the other is the within-phase turbulent 

diffusion. 

  

 

 

 

 

 

 

 

 

 

Water circulation vectors and gas phase volume 

fraction contours in a gas-lift  evaporator. 
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To calculate turbulent transport, both phases are assumed to share the same mixture turbulent viscosity 

and corresponding diffusion coefficients [3]. The value of the mixture turbulent viscosity is calculated as 

the volume-fraction average of phase-stream turbulent viscosities, which are calculated via the phase 

absolute velocities and the distance to the 

nearest wall. The latter is computed from the 

distance-function differential equation taking 

into account the arrays of any sub-cell solid 

inserts [4]. The field distribution of dominating 

gas-phase fragment sizes, in a gas-liquid flow 

with phase inversion, are computed using a 

constitutive relation for the inter-phase 

momentum transfer [5], and a model based on 

the equilibrium limit of the transport equation 

for fragment size [6,7]. The latter allows for size 

diminution and enlargement due to mass 

transfer, and for other mechanisms which may 

cause a fragment-size change, such as gas 

breakup and/or coalescence.  

The present contribution has described how the 

IPSA solver of PHOENICS can be converted into 

an efficient computational tool which allows the 

calculation of the momentum, heat and mass 

transfer, as well as the chemical and phase-

change transformations for the technology of 

submerged combustion. The developed 

methodology can readily incorporate further combustion sub-models with advanced turbulence-

chemistry and radiation interactions, such as the Stream Recognition Model [8], and gas-fragment-size 

evolutions, for instance those in which gas-phase fragmentation is influenced by the local gas-liquid 

population balances. 
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   Contours of gas-fragment size 
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CFD Analysis to Predict the 3D Flow Distribution around the Fuel Locator of a Pressurized Heavy Water 

Reactor, by Jaspal Singh Bharj Nuclear Power Corporation of India Limited, Nabhikiya Urja Bhavan, 

Anushaktinager, Mumbai-400 094, India  

 

 

 

 

 

 

 

 

 

 

 

A Pressurized Heavy Water Reactor (PHWR) has 392 coolant channels mounted horizontally, and each 

channel contains 13 fuel bundles, 2 fuel locators, 2 shield plugs and 2 sealing plugs. The two fuel locators are 

kept in the coolant channel, one at the upstream end, and one at the downstream end of the fuel string. The 

fuel locator, which is shown schematically in Figures 1 and 2, serves mainly to locate the shielding plug closer 

to the sealing plug. The heavy water entering the coolant channel flows in the annulus of the liner tube, which 

has a number of rows of peripheral holes through which the coolant passes radially. In order to avoid undue 

vibration and fretting of the fuel bundle, the fuel locator converts this radial flow of heavy water to an axial 

flow parallel to the fuel bundles, which are located downstream. This conversion is facilitated by suitably 

tapering the front-section of the fuel-locator body; and, ideally, the design should produce a uniform flow 

distribution into the fuel bundle to avoid any flow-induced vibration. The design has been investigated by 

performing three-dimensional numerical simulations with the PHOENICS CFD software, the objective being 

to predict flow distribution over the fuel locator, and the flow profile at the fuel-locator exit. The complicated 

geometry of the fuel locator has been modelled in PHOENICS Version 2018 using the cut-cell solver on a 

cylindrical-polar co-ordinate mesh with a total of 5.824 million cells. The analysis has been carried out under 

isothermal and steady state conditions using the standard k-Ί ǘǳǊōǳƭŜƴŎŜ ƳƻŘŜƭΦ ¢he modelled geometry 

considered for the study is shown in Figures 1 and 2. 

 

 
                       Figure 1. Modelled Geometry of the Fuel Locator in PHOENICS 

 

       

                        

 

 

 

 

                       Figure 2. Section A-A, Section B-B and Section D-D 

The results of the CFD study are presented in terms of absolute velocity contours inside the fuel locator. 

Figure 3 presents results for the central vertical plane through the fuel locator; and Figure 4 shows results for 

an enlargement of the circled region A shown in Figure 3, and for the cross sections C-C and D-D identified in 

the same figure. 

. Figure 3, Contours in the central vertical xial plane 

 

 

 

            

 

                  Figure Velocity contours in the central vertical axial plane. 



 
 

6 
 

 

 

 

 

 

 

 

 

 

 

  View A  

 

 

 

 

 

 

 

 

                
    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section C-C                                                                                      Section D-D (Through Outlets) 

Figure 4. Velocity contours in the central vertical axial plane and Sections C-C and D-D 

It is clear from the above velocity contours that the fluid enters the solution domain and flows in an 

annular direction over the liner tube (outer annular flow). Fluid then enters the locator region through 

the holes on the liner tube, with higher flow rates through the last few sets of holes relative to those 

further upstream. This is because there is no other route by which the remaining outer annular flow can 

escape into the locator region that leads to the outlets at the end of the domain. It can be seen from the 

velocity contours in section C-C of Figure 4 that the fluid enters the last set of liner tube holes with a peak 

local velocity of about 13 m/s. Here the flow is akin to the angled flow through an orifice plate, and 

separation occurs there as the flow accelerates past a sharp edge. 

The CFD analysis has revealed that the tapered part of the fuel locator plays a significant role in guiding the 

coolant flow towards the central portion of the locator, resulting in an almost uniform distribution of the coolant 

velocity at the peripheral outlets (see section D-D in Figure 4). Thus, the fuel locator converts the radial flow of 

heavy water through the holes in the liner tube to an axial flow parallel to the fuel bundles in the channel. The 

almost uniform flow profile predicted at the exit means that the design should avoid any undue vibration and 

fretting of the fuel bundle. 
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CHAM Case Study ς CFD Simulation of a Water Extraction Pumping Station by Timothy Brauner, CHAM & 

Katarzyna Bozek, RHDHV Scientist, Water Europe.  

 

 

 

 

 

 

 

 

 

 
 

 

 

Haskoning DHV UK Limited, a division of the Royal Haskoning DHV Group, approached CHAM for assistance in 

predicting the operation of a new pumping station being designed for a planned development in the Middle East.  

The objective was to model water entering a pumping station from the approach channel/forebay, through an 

intake and past dividing walls that separate four pumps. Two orientations of the pumping station were 

ŎƻƴǎƛŘŜǊŜŘΤ ǘƘŜ ŦƛǊǎǘ ŀƴƎƭŜŘ ŀǘ флх ǘƻ ǘƘŜ ŎƘŀƴƴŜƭΣ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ŀƴƎƭŜŘ ŀǘ олхΦ The purpose of the exercise was 

to compare the two proposed designs by reviewing the 3D velocity field approaching the pumping station, 

through the intake bend and fine eel screens, and finally through separation walls to the pumps.  

 

    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pumping Station schematic Plan View   

 

 

 

 

 

 

Pumping Station schematic with intake bend & eel screens 
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Pressure 0.9m depth                                                                            Velocity Y slices 

 

Velocity 0.9m water depth Plan View                            Velocity 0.9m water depth including approach channel 

 

The CFD model was created using terrain data for the approach channel and CAD input for each pumping station 

orientation. Cases were run as single-phase, steady-state models, with the upstream water level and 

downstream pump capacity both fixed (and taken from other modelling data).  The CFD model ended 

downstream of the pump intakes at four abstraction points before the pipes.   

 

 

 

              

  

 

 

 

 

 

 

 

Pumping Station CAD import                                                            Pumping Station CAD import with approach channel 

The initial case studied the water flow, without the eel screens in situ, using a grid of 800,000 cells. It took less 

than 2.5 hours to converge on a 3.4GHz quad-core PC with 16GB RAM. 

¢ƘŜ ǊŜǎǳƭǘ ŦƻǊ ǘƘŜ флх ŀƴƎƭŜ ǎƘƻǿǎ a not-unexpected imbalance in water pressure, and the velocity has been 

tempered only slightly by the preceding guide channels. The momentum of the water in the approach channel 

carries it past a large section of the pump station intake, resulting in the bulk of the water entering the station 

through the downstream baffles. The pumps, all operating at the same extraction rates, force the water to 

redistribute itself in the area between the baffles and the separation walls to the pumps, resulting in an uneven 

and circulating flow field. 

 

 

 

 

  

 

 

 

    

  

 

 

 

 

 

 

 

  

 

 

  

 

The CFD model was created using terrain data for the approach channel and CAD input for each pumping station 

orientation. Cases were run as single-phase, steady-state models, with the upstream water level and 

downstream pump capacity both fixed (and taken from other modelling data).  The CFD model ended 

downstream of the pump intakes at four abstraction points before the pipes.   
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     Pressure of water depth of 0.9m                                                        Velocity Y slices 

 

 

 

     Velocity at depth 0.9m, Plan View                                                       Velocity at 0.9m depth with approach channel  

 

 

Pump Station re-positioned at 30 angle                                            Velocity 0.9m water depth including approach channel 

 

!ƴ ŀƭǘŜǊƴŀǘƛǾŜ ƻǊƛŜƴǘŀǘƛƻƴ ŦƻǊ ǘƘŜ ǇǳƳǇƛƴƎ ǎǘŀǘƛƻƴ ǘƻ ǘƘŜ ŎƘŀƴƴŜƭ ǿŀǎ ƛƴǾŜǎǘƛƎŀǘŜŘΤ ǘƘƛǎ ƛƴǾƻƭǾŜǎ ŀ ǎƘŀƭƭƻǿŜǊΣ олх 

angle of the pump station to the channel, as shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

      

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

   

¢ƘŜ ǇǊŜƭƛƳƛƴŀǊȅ олх ǊƻǘŀǘŜŘ ŘŜǎƛƎƴ ǇǊƻǾŜŘ ǘƻ ōŜ ƻƴƭȅ ǇŀǊǘƛŀƭƭȅ ǎǳŎŎŜǎǎŦǳƭΦ  ¢ƘŜ ƘƛƎƘ-momentum water from the 

channel continues to travel along the same direction as the channel, and eventually turns into the pump station 

due to the pumps and a pressure build up in the overflow channel. This results in a large rotating region of water 

covering most of the pump station forebay. 

This particular design did not employ guide vanes, as were installed in the previous CFD model.  These were 

subsequently re-instated by the client and their curvature adjusted for optimum performance during their next 

stage of design investigations ς once again demonstrating the cost- and speed- benefits of using trial-and-error 

CFD simulation ahead of physical modelling or full-scale construction.  

 

 

An alternative orientation for the pumping station to the channel was investigated; this involves a shallower, 

олх ŀƴƎƭŜ ƻŦ ǘƘŜ ǇǳƳǇ ǎǘŀǘƛƻƴ ǘƻ ǘƘŜ ŎƘŀƴƴŜƭΣ ŀǎ ǎƘƻǿƴ ōŜƭƻǿΥ 

 


