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Estimating local concentration variations with CFDES in real urban environmentdan
Burmanl®Lage Jonssoit;? and Anna Rutgersscn

YFOI,Swedish Defence Research Agency, Division of CBRN Defence and Sectdiy, SEUmea
2 KTH, Royal Institute of Techrady, SELOO 44 Stockholm, Sweden
% Department of Earth Sciences, Uppsala University, Uppsala, Sweden

Applied studies with Large Edd)
Simulation (LES) of hazardous gs
dispersion around buildings in
cities have become increasingly
feasible due to rapid
advancements in computing
technology. In this study [1], the
potential of CFELES for these
applicationswas investigated by
using three typical LES sghd-
scale (SGS) models i
combination with either
synthetic turbulence, or no
turbulent fluctuations at inflow
boundaries.  Specifically, the
Smagorinsky [2], WALE [3] an
SIGMA4] SGS models were usec
within the framework of the
generalpurpose CFD  code,
PHOENICS. The use phthetic
inlet turbulence [5] was
restricted to simulations made
with the SIGMA SGS modéb
avoid  excessive  numerical
damping of the predicted
fluctuations, the 3rd-order
implicit AdansgMoulton scheme
was used for temporal
differencing, and thebounded
higherorder TVD scheme MUSC
was employed for discretisation
of spatial convection. The
PHOENICS coell solver was
used to representthe complex
cityscape geometry on a
background Caesian mesh

The CFELES model was appliec
to simulate the continuous
release I0OP2 datset fromstreet
canyon experiments performed
under the Joint Urban 2003
Atmospheric Dispersion Study ir
Oklahoma Citv 4.01.

One of the objectives of these experiments was to collg
flow and tracer concentration data at various distanc
from the release point, with a large number of wind ar
tracer sensors placed at both street and roof level.

Flow and turbulence statistic§ € FBLES were presentec
at two probe locations [1], one inside the citpre and one
outside. In addition, comparisons were made with tk
measured mean concentration and maximu
concentration values [1].

LES was carried out on the solution domain shown
Figure 1, which measures 800 x 850 x 300 An.
aerodynamic roughness Igth of 0.02m was specified ftine
ground terrain, and the wind logarithmic velocity profile we
specified as (1.97m/s, 2.82m/s) at a height of 10m, with
roughness height of 0.6nT.he tracer gas release rate for th
experiments was 5g/s.

A mesh count of 218 x 272 x 100 cells was used with cell
in the streets typically about 1 m squar@&@he index of
resolution quality [11,12] for the LES was adequate
engineering purposesand the simulation wasadvanced in
time for 60s before initiating evaluation of all flow variablg
and spectra.

Figure 1.Solution Domain for JU2003 Experiment.
The arrow indicates the main wind direction.




The complete set of resultincluding comparisons between the field measurements and simulations
the gasdispersion characteristics
has been reported in detail
elsewhere [1.Some typicalesults
are shown in Figure 1 which
illustrate the predicted gas
dispersion by contour plotakenat
2m above ground level and
overlaid by surface plots at 0.2
mg/me from the continuous source
(I0OP2), 150s after initiation. Thd
results were obtained bythe

Figure 2Tracer dispersion contours at ground level (2m). SIGMA SGS model with no inlg
fluctuations.

In summary, tiwas found thatin the core of the city, simulated turbulenseas mainly determined by

buildings and their configurations, aneasonly weakly affected byhe type of SGS modealnd assumed

turbulence atinflow boundaries. On the other hand, outside and upwafdhe city cente, turbulence
specifiedat the inflow boundariesvasvery important if realistic turbulence statistiegereto be achieved.

Downstream ofthe source, all tested models prodwtsimilar predictions of maximum concentratio

values, which in turmvere similar to experimental data.
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A Computational Model of Submerged Combustion
By S.V. Zhubrin, Independent Researehevzhubrin@yahoo.co.uk

Submerged combustion [1] is a process where the combustion of gas or liquid fuel releases th
products of combustiorunder the surface of a liquid or melt. This has the advantage of achievi
maximum heat transfer rates by direct contact of the combustion gases with the liquid orlnultrial
applications of thetechnology exist in two main areas. The first concerns liduineating and/or
evaporation using submergetbmbustion devices (SCDs). The second ssbmergedcombustion
melters (SCMs) for hazardous waste treatment, melting silicate materials, producing mineral wool, (¢
manufacturingetc. in melting technologiesSCMs are always arranged with a burner submerged into
beneath the melt, whereas SCDs mostly employ the burner above the liquid level with a subme
exhaust system.

An EulerianEulerian twephase CFD modealf submerged combustiofSUBCohas been developed
within PHOENICS for industrial applications. The mod
= = uses idealization of interpenetrating continua to provide 3

9962601 [ . - mathematical description othe behaviour of liquid and
9330601 | _ fragmented withinliquid gas phases with full account
BIITEO p—— taken of momentum, heatand mass transfer between
0094501 R phases. The latter takes place between the usually colds
liquid phase and the submerged hot gaseous products ¢

F.472E-M
6.049E-01

6.227E-01 CM i B . combustion. The local volume occupancy of each phase
5.604E-01 . defined by the phase volume fractioobtained from the

1982601 IR solution of its own conservation equation.
4.359E-01

2.737E-01 : it I8 |n its IPSA [2] embodiment, which is unique to PHOENIQ
3114E-0 & IR a volumefraction equation is written for each phast
2.492E-01 f 1T . . . . .

involves: phase density, phase velocities, a diffusio
1.247E-01 i@ coefficient to account for gaghase turbulent dispersion;
6.245E-02 11 and mass exchange between each phase per unit time a
1.994E-04 = volume Thisrepresents evaporation and condensation
processesPhase volumdractions are also related to each
other through the requirement that they sum to unity to
satisfy overall continuity.

1.869E-01

Water circulation vectorsand gas phase volume
fraction contours in agaslift evaporator.

Conservation equations are also solved for a number ofphase variables, typically including: three
velocity components, enthalpy aride mass fractions of all the major participating chemical species, a
if necessary, minor ones for the pollutants. For the liquid phase, equations are solved for the t
velocity components, enthalpy and the mass fractions of all liquid components.tAése conservation
equations have a similar form to the phase volufrection equations, but with additional terms
representing turbulent diffusion and intgghase transfer processes, such as for example thog
associated with the exchange of mass, motuen and energy. There are also withphase sources in
these equations, including those concerned with the rates of exothermic chemical transformation of
fuel-air gas phase mixture into gaseous combustion products. The latter are generated by-gaihin
chemistryturbulence interactions represented by the eddy dissipation approach. Two turbule
diffusion terms are featured in the conservation equations; one is responsible for the exchange
conserved property through turbulent diffusion of a phasedahe other is the withirphase turbulent
diffusion.




Tocalculak turbulent transport both phases are assumed to share the same mixture turbulent viscd
and corresponding diffusion coefficients [3]. The value of the mixture turbulent viscosity is calculat
the volumefraction average of phasstream turbulent viscosities, which amalculated via the phasg
absolute velocities and the distance to theg
nearest wall. The latter is computed frothe
distancefunction differential equation taking
into account the arrays of any suiell solid
inserts [4]. The field distribution of dominatin
gasphase fragment sizesn a gadiquid flow
with phase inversionare computed using a
constitutive relation for the intephase
momentum transfer [5], and a model based o
the equilibrium limit of the transport equation
for fragment size [6,7]. Thatter allows for size
diminution and enlargement due to mas
transfer, and for other mechanisms which ma
cause a fragmentsize change, such agas
breakup and/orcoalescence.

The present contribution has described how t
IPSA solver of PHOENICS caondmerted into
an efficient computational tool which allows the
calculation of the momentum, heat and mag
transfer, as well as the chemical and phag
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change transformations for the technology CEERSCUCHENURLHET PSR

submerged combustion. The developed

methodology can readilyincorporate further combustion sutnodels with advanced turbulenee
chemistry and radiation interactions, such as the Stream Recognition Model [8], afichgaentsize
evolutions, for instance those in which galsase fragmentation is influenced by thec& gadiquid

population balances.
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CFD Analysis to Predict the 3D Flow Distribution around the Fuel Locator of a Pressurized Heavy
Reactor, by Jaspal Singh Bh&uclear Power Corporation of India Limited, Nabhikiya UB&havan,
Anushaktinager, Mumba#00 094, India

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

channel contains 13 fuel bundles, 2 fuel locators, 2 shield plugs aedliag plugs. The two fuel locators ari
kept in the coolant channel, one at the upstream end, and one at the downstream end of the fuel string
fuel locator, which is shown schematically in Figures 1 and 2, serves mainly to locate the shielditogetug
to the sealing plug. The heavy water entering the coolant channel flows in the annulus of the liner tube,

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

vibration and fretting of thefuel bundle, the fuel locator converts this radial flow of heavy water to an a
flow parallel to the fuel bundles, which are located downstream. This conversion is facilitated by su
tapering the frontsection of the fuelocator body; andideally, the design should produce a uniform flo

digtribution into the fuel bundleto avoid any flowinduced vibration.The design has been investigated b
performing threedimensional numerical simulations with the PHOENICS CFD software, the objective
to predict flow distribution over the fuel locator, and the flow profile at the fieator exit. The complicated
geometry of the fuel locator has been modelled in PHOENICS Version 2018 using-¢bk soifver on a

cylindricalpolar ceordinate meshwith atotal of 5.824 million cells. The analysis has been carried out un
isothermal and steady state conditions usitig standard KI i dzND dzf S yiein®deNed gednietty
considered for the study is shown in Figures 1 and 2.
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The results of the CFD studye presented in terms of absolute velocity contours inside the fuel loca
Figure 3 presemtresults for the central vertical plartarough the fuel locator; an&igure 4 shows results fo
an enlargement of the circled region A shown in Figure 3, anthé cross sections-C and ED identified in

the same figure.
Figure 3, Contours in the central vertical xial plane
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It is clear from the above velocity contours that the fluid enters the solution domain and floass in
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 othmrte 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 of Figure 4 that the fluid enters the last set of liner tube fioléh 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 logktys a significant role in guiding t
coolant flow towards the central portion of the locator, resulting in an almost uniform distribution of the co
velocity at the peripheral outlets (see sectiorCDin Figure 4)Thus, the fuel locator converts étradial flow of
heavy water through the holes in the liner tube to an axial flow parallel to the fuel bundles in the channg
almost uniform flow profile predicted at the exit means that the design should avoid any undue vibratio
fretting of thefuel bundle.




CHAM Case StudyCFD Simulation of a Water Extraction Pumping StatoyriTimothy Brauner, CHAM |
Katarzyna Bozek, RHDHV Scientist, Water Europe

Haskoning DHV UK Limited, a division of the Royal HaskbrilgGroup, approached CHAM for assistand
predicting the operation of a new pumping station being designed for a planned development in the Midd
The objective was to model water entering a pumping station from the approach channel/forebaygthan
intake and past dividing walls that separate four pumpso orientations of the pumping station we
O2yaARSNBRT GKS FANRG Fy3fSR |G dinepurpade ofitie&xediselw
to compare the two proposed deagis by reviewing the 3D velocity field approaching the pumping sta
through the intake bend and fine eel screeaad finally through separation walls to the pumps.

Pumping Station schematic Plan View

\

Pumping Station schematic with intake bend & eel screens




The CFD model was created using terrain data for the approach channel and CAD input for each pumpin
orientation. Cases were run as singfghase, steadytate models, with the upstream water level a
downstream pump capacity both fixed (and taken from other modelling dafd)e CFD model ende
downstream of the pump intakes at four abstraction points before the pipes

s #

Pumping Station CAD import Pumping Station CAD import with approach channel
The initial case studied the water flpwithout the eel screens in sifwsinga grid of 800,000 celldt took less
than 2.5 hours t@wonverge on a 3.4GHz quadre PC with 16GB RAM.

¢ KS NBadz G T2 NJanét-8nexgettrd inmbglahée $n watér présiyuend the velocity has bee
tempered only slightly by thpreceding guide channels. The momentum of the water in the approach ch
carries it past a large section of the pump station intake, resulting in the bulk of the water entering the 4
through the downstream baffles. The pumps, all operating at shene extraction rates, force the water

redistribute itself in the area between the baffles and the separation walls to the pumps, resulting in an
and circulating flow field.
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An alternative orientation for the pumping station the channel was investigated; this involves a shallo
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Pump Station repositioned at 30 angle Velocity 0.9m water depth including approach channel
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Velocity at depth 0.9m, Plan View

Velocity at 0.9m depth with approach channel
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channel continues to travel along the same direction as the channel, and eventually turns into the pump

due to the pumps and a pressure libup in the overflow channel. This results in a large rotating region of
covering most of the pump station forebay.

This particular design did not employ guide vanes, as were installed in the previous CFD model. Th
subsequently renstatedby the client and their curvature adjusted for optimum performance during their

stage of design investigatiomsonce again demonstrating the cestnd speedbenefits of using triahnd-error
CFD simulation ahead of physical modelling ordcdlle onstruction.




