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Numerical simulation to determine the effects of incident wind shear and turbulence
level on the flow around a building
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Environmental Protection Agency, Re

Abfract

Comparing or¡r results with experimental d
reasonably simulate the mean flow.

1. INTRODUCTION

nature
of the
e flow
to the

nly on a cube with the inflow normal
wind shea¡ and turbulence in the flow

n to have important effects (Castro and
on is available on the effects of shea¡ or

in simulating complex flow patterns around

2. IYTJMERICAL SIMTJLATION

2.1 The TEMPBST model
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3. RESI'LTS AI\ID DISCUSSION
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sed. It has the ability to use

H-f it'ft"Y" Tlo1ffi ffi 
"'l:in TEMPEST is similar to the

2.2 Numerical methods 
; 'r' ;

used in our
(:,:.

velocity; a
ence to'the

mean shear. The rationale ìbehind this modified law-of-the-wall formulation is
explai¡sd by l:under and Spalding (1973). :rì

Our numerical simulation used a variable-spaced gritl of 52 cells long x 25 'high x
43 wide with the domain dimension about l4i-I,ûenõth) " 4.8H.lheipht)-x 9H.twiãth).
The smallest cell in the domain is 1/10 of *re.Uiìl¿i-ng'height Hi'útrictr'is 60rn"ior,'oúr
numericalsimulations. ì') ' ; i 

.

The vertical profiles of velocity ured in therwind
tumel (Castro and Robins, 1977) w conditions ín our
nurnerical_simulation. The dissip a¡ the inflow' is
s¡æcified by e:Crrzlu,, where u, iurotulent kinetic
energy and Cr=Q.99 i ii

3.1 Grid independence ,'''
In order fo conhrm that our results lo not depend 

'on 
the grid resolution¡ two

different grid
we used the
of the cube
smallest cell
x 25 wide with the domain dimension abou
and only half of the flow field was ,calc
velocity fields in the two cases \ryere virtually identical. The difference.between the

ation zone,on the ground beh
Therefore, the coarser resolut
detailed investigations of the
a¡ound the cubical building. , . I ¡

3.2 Flow field r , -

Four different simulations were conducted in o¡der to investigate:;the effects- of
turbulence or shea¡ alone on, the flow field around a cubical buîding. Numerical
simulation of the flow around a gurface-mounted cube in shear flõw with high

, turbulence is n an¿ ttrat with no turbulence as cASE B. Numeriä
simulation in ow with tu
with no tuÉ Vertical
downstrearn frorn the cube for C
and Robins, 1977) in Figure I
Figure 2. Good agreement is the computed and observed mean velocity
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the two are within 10 percent of the upwind free-
fferenc¿ being in the recirculating cavity region.
CASE D simulation with the available wind-tunnel data

'llå trtri H:rii:t:ï*s 
between rhe simurated and

our simulations, we used the so called 'w
and turbulpnce near the solid surfaces. T
seoaration of the flow from the wall and
flôw,with smooth walls. The same wall
regions of flow separation and recirculatin
D. The model underestimates the strength

The velocity fields in the vertical
cases A-D are shown in Figures 5a to.5

A comparison of simulated velocity fi
shear flow with strong turbulence (A) and

point at the u¡t{rf,ln face of the

In CASE D (no shear and no turbulence in tire upstream incident flow), flow
separation occurs along the upwind edge of the cube and reattachment occurs on the
grtrund. The additiõn of turbulence- and/or shea¡ dlmost entirely eliminates the
iecirculating flow on the roof+op and side faces in our simulations. In all cases,

the flow selarates from the upwiñd edge, but the reverse.flow region on',the roof top
is tor Shallow to be resoived by our model, except in CASE D.

Consider now the characteriótics of the ftow bètrin¿ the cube. The enhanced miiing
and 'thickening of the shear layers shed from windward sùrfaces of the _$"tpfng.ø
building in CÃSE A prorhote flôw reattachment on the building surfaces. The velocity
vector plots in veriical:'planes in Firure 5 demonstrate thât ther size' of the
downstream cavity region is reduced
Considering the wake behiud'the cube in
the separation of the boundary layer at th
considerably lower than that for CASE D
the leading edge. - Consequently, the len
behind the building varies from:about 1.7I{
l.5H* in CASE A to 1.8H" in CASE
turbulence in the approach flow on the
of the recirculating region is estimated directl
centerplane through the buildinglr .ì | " . " 't " 

:i'' 
'

' Both thershear and turbulence in the lproach flo\il tènd to reduce the extent-of 'the
cavity region !n the lee of the'building. 

-The 
influence of eabh factor_appear3.to'be

ma*iinizú in i the absence of thê othðr factor. For examplë, the reduction in the
cavity length due to the effect of r alone (no turbuþnce) is 26 percent (cf,
CÂSFS B-and D) and that due to the :t of ,turbulencre alone (no shear) is 22preænt
(cf, C and D). The combined influence of shéar and tùrbulenco is'to reduce $e-.gyity
length by only 35 .percent (cf, A and D) which is less,th¿n tllersum of their individual
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reductions.
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6 REFERENCES

4 CONCLUSIONS

layer flow around a cubic¿l
f Castro and Robins (1977) for
odel simulates fairly well the

oit","ff 
"$iå$,i"Ë0,;S"t"TittÍll.tt"Jt"oå

lh no turbulenc€ presents a more severe test
of the model, which underestimates the strength of the reverse flow in the cavity
region behind the building.-The numerical model is used to further examine the influence of shear and
turbulence in the approaching stream on ttre flow a¡ound the cubical building. It is
found that the upwiñd shear promotes the development of the upwind vortex at the front
of the building,- while it reduces the size and strength of -the much larger cavity in
the lee of the-building. Turbulence in the approach flow further tends ûo reduce the
lee-side cavity and also has some influence on the flow over the roof-top. The
influence of sihear or turbulence is maximum in the absence of the other factor.

We should point out that this rc-e model is based on the eddy viscosity concept.
Considerable differences in the distribution of turbulent kinetic energy around the
windward corner between the numerical prediction from a rc-e model and wind-tunnel
measurements were found by Muralcami and
available at this time for comparisons.
the so-called "wall functions" and the grid
to improve the accuracy of the numerical simulation in the rc-e model.

5 ACKNO\ryLEDGMENTS

MP8l432 at Nofh Carol s provided by NCSU and U.S. EPA'
The authors would like Dr. I¡ren Eyler of Battelle Pacific
Northwest l:boratories support of the TEMPEST code
throughout our study.

Amsden A.A. and Harlow F.H. (1970), The SMAC method: A Numerical Technique for
Calculating Incompressible Flows, Report L^-4370, I¡s Alamos Scientific Iaboratory,
hs Alamos, NM

Castro I.P. and Robins A.G. (1977), The Flow Around a Surface-Mounted Cube in
Uniform and Turbulent Streams, J. Fluid Mech.,79,307-335

I:under B.E. and Spalding D.B. (1973), The Numerical Comprrtation of Turbulent
Flows, Comp. Methods in Appl. Mech. and Engr., 3,269-289

Murakami S. and lvtoctrida A. (1988), 3-D Numerical Simulation of Airflow Around a Cubic
Model by Means of the rc-e Model, J. Wtd Engr. Ind. Aerodyn., 31, 283-303

Trent S.D. and Eyler L.L. (1989), TEMPEST, A Three-Dimensional Time-Dependent
Computer Program for Hydrothermal Analysis, Volume 1: Numerical Methods and Input
Instructions, PNL-4348, Pacific Northwest Iaboratory, Battelle, WA

I


