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Abstract: This paper presents computational simulationatofospheric dispersion experiments conducted ar@oidted obstacles in a
wind tunnel. The computational tool used for thaidations was the code ADREA-HF, which was espbcddveloped for the simulation
of the dispersion of positively or negatively bunygases in complicated geometries. The wind tuexigériments simulated involve a cube
normal to the flow and a right circular cylinden. dddition to the different obstacle shapes, dfieigas source locations, using a neutrally
buoyant gas, have been tested in the experimewotsstacle heights upwind, at the upwind face, enrtiof and at the downwind face of the
obstacle. In all cases mean concentrations andastéuwleviation of concentrations have been measurselveral locations downwind of the
obstacle, at half the obstacle height and on tbargt. The main purpose of the computational siraratpresented here is to evaluate the
model’'s performance. Concentrations and conceatrdtictuations for both gases are calculated leyrttodel and compared with the
experimental results. The results show a good lefehgreement between calculated and measured rdoatiens and concentration
fluctuations. The detailed spatial results that @€D model produces, give the opportunity to stadso the plume contours and
concentration patterns due to the different obstalshpes and gas source locations.

Key words: atmospheric dispersion; cube; circular cylinderake; model evaluation; concentration fluctuatiossurce location..

INTRODUCTION

Although in real situations involving dispersion afmospheric pollutants in urban areas there immaptex interaction
between pollutant plumes and groups of buildingd ather obstacles, the study of flow and dispergicound isolated
simple structures is very useful for detecting fhedamental characteristics of building influencdidpersion and for
investigating routine or accidental releases di@ine hazardous or radioactive substances, siese tre usually released
near industrial installations or other structur€tose to the source, where the interaction betwbenptume and single
structures dominates the plume path and its digperSeld trials and wind tunnel modelling studi® often used, in order
to improve the understanding of the physical preessnvolved and provide the necessary informatiodevelop and
validate mathematical modelling approaches as etipah tool. The presence of buildings and theration between the
approach flow and the building wakes leads to tbssibility of material released in the vicinity afbuilding becoming
entrained in these local flows instead of passiograd the region influenced by the building.

The main characteristics of the flow around a calbabstacle normal to the flow are described iraitléty Hosker (1984).
As the mean flow approaches the obstacle, it detekelongitudinally and accelerates laterally eadically to pass around
it. One or more standing horizontally oriented iam$ are generated near the ground upwind of tiséacle, which wrap
around the sides of the obstacle to trail off dowras a counter rotating vortex pair, the so-dalilerseshoe vortex. This
vortex has the ability to entrain material from mpks impinging on the obstacle and to carry contanimlaterally around
(rather than over) an obstacle, while keeping tletree to the ground. The flow separates at thepsé@dges on the upwind
face of the obstacle and then (in a turbulent glteapproach flow) usually reattaches on the topth@dides of the obstacle
and separates again at the downwind edges to aeatta the ground further downwind. The flow aroumdsertically
mounted three dimensional cylinder has certainlaiities with the flow around a rectangular obstacbrmal to the flow,
since a horseshoe vortex is similarly generated theaground upwind of the cylinder. The recircidatregion behind finite
length cylinders depends to some extent on the etimto height ratio. The recirculation region Imehiounded obstacles
also depends on the exact location of the flow isgjman from the obstacle since this is determingdadrodynamic force
balances rather than by geometry alone. The maanpsters affecting separation are the Reynolds nuarizbthe approach
flow turbulence (Hosker, 1984).

The present work aims at calculating mean concioria and, especially, concentration fluctuatiomsvwind of single
obstacles for different source locations, in orftecompare it with detailed results from wind tuhegperiments and to
evaluate the performance of the ADREA-HF model ia prediction of mean concentrations as well as eomation
fluctuations in obstacle-obstructed flows. The 0§&CFD models in security-related applications timblve releases of
hazardous pollutants in urban environments is hajidreasing, therefore evaluation studies likat thresented in this paper
are of particular relevance. Wind tunnel experirakbiata sets present the additional advantage mhitong much less
atmospheric variability than field trials, which kes them very useful for the evaluation of Reynaldsraged Navier-
Stokes equations models, such as the one users istulay.

METHODOLOGY

Wind Tunnel Experiments

Wind tunnel experiments were conducted in the d&@pe modelling wind tunnel of the Building ReseaEdtablishment, at
Cardington. The wind tunnel has a working sectidn . high, 4.3 m wide and 22 m long. The value ef #ierodynamic
roughness length {gfor these experiments was approximately 2.4 mne Velocity of the approach flow at obstacle height
was 1.67m s*. A detailed description of the wind tunnel andtieé wind tunnel flow and dispersion characteristies
provided by Hallet al. (1996) and Mavroidis (1997). The obstacles exacthimethe present paper are a cube of height
H=0.15m and a right cylinder of height H and diaené=0.15m.
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A single tracer gas source was used consisting7é6 #nethane in argon (to produce a neutrally buoyelease). Gas
samples were drawn down small bore tubing throu@fp&t sampling valves into Flame lonisation Detest(FIDs), with a
response time of approximately 0.3 s. Three deteand sampling valves were used for the tracemgsssurements. A
fourth FID permanently sampled the background cotredon of the tracer, and the background leved wabtracted from
the measured concentration in the plume. Concenttratétectors were placed at several locations danwehef the obstacle,
both on the ground and at half the building heidHte main source locations investigated here ae2 (obstacle heights
upwind, on the centreline and at half the buildimight (b) at the centre of the upwind face, (dhatcentre of the roof, and
(d) at the centre of the downwind face of the atlstalrhe main experimental configuration involvihg cube and one of the
source locations is presented in Figure 1.
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Figure 1. Plan view of the basic experimental aquration involving a single cube, with the soumesatted 2.0H upwind (*: source;
detectors).

Modelling Approach

The computational fluid dynamics code ADREA-HF, deped by the Environmental Research Laboratory,been used
for the simulations presented in this article. Puepose of ADREA-HF is to simulate the dispersidrbooyant or passive
pollutants over complex geometries. ADREA-HF isrdté volumes code that solves the Reynolds-averagedtions for
the mixture mass, momentum, energy, pollutant nfragsion and the variance of the pollutant masstioa. Turbulence
closure is obtained through the eddy viscosity epticwhich, in the simulations presented in thigguais calculated by the
standardk-e model. The turbulent kinetic energgyand the dissipation rateare calculated by transport equations. For the
pollutant concentration variance, a three-dimeraidransport equation is also solved. Details anrfodelling approach
regarding the concentration variance are inclugedndronopoulost al. (2002). The experimental characteristics of the
source and the physical properties of the two gasee used for the simulations. The atmosphertailgiaconditions were
taken as neutral for all modelled cases. The coatputoncentrations and concentration fluctuationgeweron-
dimensionalised, to be directly comparable witheékperimental data (Mavroidis, 1997; Mavroidisal, 2003).

RESULTS AND DISCUSSION

In Figures 2 — 5 contour plots of calculated nomelisionalised concentration are presented fohallcases simulated in
this paper. The contour plots are drawn on thezbatal plane located at half the obstacle heighlt & observed that the
plume is bifurcated around the obstacle in all saseept when the gas source is located in the Wowinface of the cube
and on the top of the cube. It is also noted thathifurcation is more pronounced in the cases wi¢hright cylindrical
obstacle than those with the cube. At the groumdllénot shown here) similar contour patterns artioed, with higher
concentrations extending slightly further downwilfdhen the source is located at the downwind faddebbstacle, higher
concentrations occur for a longer distance downwahthe obstacle. When the source is located orofdpe cube (Figure
5), the plume is mixed by the recirculation zonéhia lee of the obstacle and touches the grounckotiately downwind.
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Figure 2. Contour plots of calculated non-dimenalized concentration on the horizontal plane ahttight of the gas source, located at a
distance of 2H upwind of the obstacle: cube (lefg)inder (right)

Y (H)
Y (H)

0
X (H)

|
|
|
|
\
|
|
|
|
\
|
|
\
|
\
|
\
|
‘ 0
| X (H)
|

Figure 3. Contour plots of calculated non-dimenalized concentration on the horizontal plane ahttight of the gas source, located at the
upwind face of the obstacle: cube (left), cylin¢ieght)
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Figure 4. Contour plots of calculated non-dimenalized concentration on the horizontal plane ahtsight of the gas source, located at the
downwind face of the obstacle: cube (left), cylinffeght)
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Figure 5. Contour plots of calculated non-dimenalimed concentration for the gas source locatebpof the cubical obstacle: vertical
plane (left), horizontal plane at the height of Ktght)

In Figures 6 and 7 the model’s results are compgredeasurements for the cases with the gas stagated 2H upwind of
the cube and cylinder. Along-wind profiles of contration and concentration fluctuation intensitsti@ of concentration
standard deviation to concentration) downwind ef thstacle at the height of H/2 are plotted. Thdehéails to capture the
high concentration values close to the obstaclectwhare higher in the cube case, but further dowdwhe agreement is
fairly good. The calculated fluctuation intensitytially increases and then levels out with dowrdvitistance. The measured
values exhibit a slight peak at 3H downwind disteathoth for the cube and cylinder that is not caatuoy the model.
However the over-all calculated and measured fatau levels agree well for the cube case, whitey thre slightly over-

estimated by the model for the cylinder case.
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Figure 6. Comparison of calculated and measureedimaensionalized concentration in the along-wineclion, downwind of the obstacle,
at height H/2, for source located 2H upwind: Culedt), cylinder, (right)
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Figure 7. Comparison of calculated and measuredertration fluctuation intensity in the along-wididection, downwind of the obstacle,
at height H/2, for source located 2H upwind: Culedt), cylinder, (right)

In Figures 8 and 9 along-wind profiles are compaa¢dhe ground level for the cases with the sodocated at the
downwind side of the obstacle. It appears thantbdel over-estimates concentrations for the culad distances, while for
the cylinder only close to the obstacle. The agerdnfor the concentration fluctuation intensitybitter for the cube, with
the small peak captured by the model, while for ¢hiinder the model tends to under-estimate thetdlations. Further
research is needed to quantify the effects on tiserved differences of factors such as turbulencdetfing, boundary
conditions etc.
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Figure 8. Comparison of calculated and measureediraensionalized concentration in the along-wineclion, downwind of the obstacle,
at ground level, for source located at the downveiidé: Cube, (left), cylinder, (right)
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Figure 9. Comparison of calculated and measuredertration fluctuation intensity in the along-widiection, downwind of the obstacle,
at ground level, for source located at the downveidé: Cube, (left), cylinder, (right)

CONCLUSIONS

Computational fluid dynamics (CFD) simulations of maeligas dispersion wind tunnel experiments aroigothted model
buildings of cubical and cylindrical shapes arespreed in this paper. Different gas source locateme examined. Patterns
of computed concentration show a more pronounaaah@bifurcation for the cases with the cylindriobktacle. The model
results for mean concentration and concentratioctdltion intensity are compared with measured fdatenodel evaluation
purposes, downwind of the obstacles at half theashes height and at ground level. The agreemegbdsl for some cases,
e.g., for the concentration at half the obstaclighteand at distances 2 to 5 heights downwind, @oater for others, such as
e.g., the concentration close to the obstacles uiatedy downwind. Fluctuations intensity is preéittrather well overall.
Further research will focus on quantifying the effeof factors such as turbulence modelling anchbaty conditions on the
level of agreement between model results and meamnts in the wind tunnel.
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