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Modeling of Turbulent Atmospheric Boundary Layer and Dispersion of Solid Pollutant
Particles in an Urban Area Using Large Eddy Simulation
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ABSTRACT: In this paper, the air flow field around buildings is simulated to predict the dispersion
of the fine solid pollutants. The large eddy simulation approach has been used to model the turbulence
flow. In the first part of this research, a simple model including a building has been simulated and the
obtained results are compared and validated with the experimental data obtained from a wind tunnel test.
By setting the optimal parameters of the numerical model in the first part, in the second part, an area of
Tehran city with high-rise buildings and irregular urban layout is considered and the velocity field and
deposition of the contaminant particles in this model are also simulated. The result obtained in the first
part of show good agreement with the experimental data and in both models the effect of some variables
like the arrangement of buildings (in urban model) and the wind velocity are investigated. To analyze the
value of the pollutant concentration in the urban area at each time, the integral of this variable on some
important surfaces has been calculated over time and the effect of urban area layout on the integration
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1. Introduction

The first step for understanding the pollutant dispersion in
an urban area by the computational fluid dynamics is to model
the wind comfort pedestrian in that area. The nature of wind
flow in such problems is turbulent and it must be considered
in accurate engineering problems. For this purpose, there are
two options, first to calculate this turbulent flow directly in
direct numerical solutions and the second to model that by
the use of turbulent flow modeling methods. The first options
need a huge amount of calculations resources and usually
does not appropriate for engineering problems so that the
second option is most useful in engineering problems such
as wind comfort pedestrian. Also to model the turbulent flow
field there are two approaches, one of them is the Reynolds
Average Naiver-Stocks (RANS) approaches which are not
time dependent solutions and can not analyses the variations
of flow parameters over time but the second approaches like
Large Eddy simulations (LES) uses the mass averaging form
of the governing equations and also has good accuracy and
it is between the DNS and RANS methods by the reasonable
use of calculations resources.

2. Large Eddy Simulation

LES filters a flow field in terms of the scale size of
eddies and resolves the governing equations directly for large
eddies. If the filter width is equal to the grid size, the filtered
incompressible governing equations are:

*Corresponding author’s email: moayyedi@qom.ac.ir

o _, (M)
ot

ou, —ou, __10op  Ou 0F )
o ox, pox,  ox; ox,

Here, the overbar indicates spatial filtering and not time-
averaging as in RANS. Therefore, and are the filtered
velocity and pressure, respectively. Additional tensor terms,
are introduced due to the filtering operation (analogous to the
Reynolds stresses resulting from Reynolds-averaging) and
are commonly termed as the SubGrid-Scale (SGS) stresses:

1 —
ty- gtkkd]:-ZIqSij (3)
- 4
m = r[.S @

Here is the subgrid-scale turbulent viscosity, an is the rate
of strain tensor for the resolved scale [1].

3. Particle Motion Model
Using the Lagrangian approach, the force balance for
each solid fine particle is as follows:

iy T r
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dt t, r,
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Fig. 1. Computational grid for benchmark model

In this regard, the values with the subtitle p correspond to
the particle and the force F is the result of external forces on
the particle, which here is simply the force of Saffman,

4. Computational Model Description

In the first part of this research, a high rise building
with the 2:2:1 aspect ratio has been chosen which is
experimentally modeled in the wind tunnel by Meng and Hibi
[2]. It has been considered as a benchmark model to evaluate
the optimal parameter in CFD modeling by using Ansys
Fluent commercial software. The results of this modeling
were validated with the experimental data for the flow field

parameters. This model and the grid are illustrated in Fig. 1.

In the second part, an area of Tehran city with high-
rise buildings and irregular urban layout is considered and
the velocity field and the dispersion and deposition of the
contaminant particles in this real sample environment are
also simulated. This model and the related computational grid
shown in Fig. 2.

5. Results and Discussion

For the modeling of both problems, firstly the flow
field has been simulated for a sufficient period of time and
then assumed that a specific amount of solid fine particle
has been entered to the domain for a short period of time
and the movement of these particles has been tracked until
they abandoned the domain and the integral of pollutants
concentration on some important surfaces calculated over the
time. Fig. 3 shows the contour of the mean velocity of the
flow at a plane on Y=0 and Z=0.01 m for the bench model.
Fig. 4 shows this parameter at Z=0.01 m for the real urban
model.

To evaluate the effect of important variables on the
pollutant dispersion some other simulations for both models
have been performed. For example, to evaluate the effect of
wind velocity on the pollutant dispersion in the bench model
three test cases with different wind velocities at the inlet
(C02: High, C03: Medium, C04: Low Velocity) assumed and
simulated. In Fig. 5 integral of pollutants concentration at the
ground surface over the time for these three cases has been
compared.

To evaluate the effect of the building complex on the
deposition of pollutants downstream of flow the surface of
the ground in the real urban model has been divided into three
sections. There is no building in the first section and almost
all of the buildings exist in the second one and the third part
in downstream area of model and the three sections are equal.
Fig. 6 shows the variation of the integration of the pollutant
concentration on these three sections.
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Fig. 2. Computational grid in real model
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Fig. 3. Contour of mean X-Velocity in y=0 plane (upper) and
z=0.01m plane (lower)
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Fig. 5. Variations of the integral of concentration of pollutants
on the ground surface versus time for three test cases

6. Conclusions

In the first part of this study results showed good agreement
between CFD and wind tunnel result and in the second part,
this approach has been extended for a complicated domain
with further analysis like studying the dispersion of solid fine
pollutants. The ability of the LES method to manifestation of
small-scale characteristics of the flow over the time has been
represented, and by considering the lower cost of LES rather
than the DNS simulations in computational resources, this
study shows that in order to analysis the main topics in the
environmental fluid dynamics this approach is appropriate.
The results for calculation of concentration of pollutants
shows that urban development and construction of high-rise
buildings can affect the air flow pedestrian and contamination

Fig. 4. Contour of mean X-velocity at z=1cm plane
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Fig. 6. Variations of the integral of concentration of pollutants
on three parts of ground surface

of pollutant particles in the downstream of the high-rise
buildings and this has a harmful effect on human health and
other well-beings so to predict this, the urban engineers can
use the CFD tools to locate buildings with the optimum shape
and height.

References

[1711] A.Q.C. Company, Tehran Annual Air and Noise
Quality Report, QM98/02/01(U)/1, 2019.

[2][2] Y. MENG, K. HIBI, Turbulent measurments of the
flow field around a high-rise building, Journal of Wind

Engineering & Industrial Aerodynamics, 1998(76)
(1998) 55-64.

671



M. K. Moayedi and V. Azaditalab, Amirkabir J. Mech. Eng., 53(5) (2021)669-672, DOI: 10.22060/mej.2020.17685.6656

HOW TO CITE THIS ARTICLE
M. K. Moayedi, V. Azaditalab, Modeling of Turbulent Atmospheric Boundary Layer and
Dispersion of Solid Pollutant Particles in an Urban Area Using Large Eddy Simulation,

Amirkabir J. Mech. Eng., 53(5) (2021) 669-672.
DOI: 10.22060/mej.2020.17685.6656

672



75 ool SlSo (owigee g pui

YADS B YAYA Cloxio N F+ v Jlo @ oyl AT 093 «pusS pual CSlSlo ties &y it
DOI: 10.22060/me;j.2020.17685.6656

3gue Sy 0 els wlhido s, ¥ I3 SWiSTy g sl g yhumod! (550 A (g3l ]oe
S5t Ll 5 (gilwdm 59N Ko a4y (5 oo

b o3lj] amg g0 Wbl heme

Oyl B o oy (SilSe  wiigs 09,5 ¢(3lyinl o (Sl OVl Seolind (Y gsye8 (g oSiiulojl

1891 au )b
AT - IVY redl
YA VIVY 16,5550
WA YN 1oy
WA/ VIV 2o ST )

1605 Clols

555 ol 5 (5t
lon  S34)l

Slwbre SVl Kol
Jols @lyd lmoan VI

whee G j Yl Sl

Do sl 5145 (5 s ol g 0l 10 3 (335 Lo o OIS (850 CkeS s po e Julss 5 (S oW
5955 098 o0 (S yme Ll 4y i g oloul lacasp ¥l cdale ymolidl ol does o aos F) la (9w Bauay SYeb
St 3,10 (S oo YT S5 lastive g lase dwdin b ey aiile lalge 4 &l,3 opl SoisTy,
s ) 3 3l e M 6 2y S5 B 358 53 b e 5 e s 3 ]SS 0500
5 el 00y o0liol saig¥T 3 _FuiSThy 5 ls2 3z e (3lo e gl Shmsbine E¥las Saliys g, 5
ez le] g dglie sy clpools b Lol gl g oo (6 3w laisilos Sy ol oolos Joko 5 ol s
il gl lo b (g5 o 3l dilate oSy pgd isky o o ko mekii (gl dngs ool i by om0
545 28y Lo nl 53 00l VT D)3 it 5 (SwiSTy 5 St s (fae g 00 4285 515y glarals oz 5 4 o
Sloals)F siluacd o8l asadl ol 2 S5 Sz 5 Gante desin & azgi el oud giloand
39l 5 011 g Jsbs o Cilieo abans 1o baoany¥T cale i Lol gl ol ol oo ool 53

ROW PRVFUPI FYRER ' JENE LN [N FUR IS

5 b 9 S bamme wiile cwsige sladie) Gizees
ie 4y 5y e i 8 55 il 428 IS Sl
Sl lgiasy i sl la il 5 Lo, iy
l—‘b»ﬂ o B by Sy wlie j0 5 skl 5 ook, Ly,
Ly 8,50 Oypo oat¥T meh ogo ;o (bl glo ol
b ) plasss i e (sbagislei] b Ll oul S
el b tagn 455 ol VM Jl o GhlSes 5 eSe
) w208 S 5 slaosn¥T i esS sl g 038
leoaisloy céyin b e i o),8 2ol jo Iv] woges
lalome SVl Saoliys (slos sk 4 casbasl s gl
oald o Saags s ) olSel ol bl L3l b b ol
395 lasihonnt 31, 6o S (sla s 5 e b 5L
Silodoe divej i (5 Soglhae bl 4 4 o g wS Lo

Gl 03555 e Algie ol 5l e Isp slmoan VT ST, sem

1 on site experiment

doddio —)
gyl odsi Olie 03,568 Gln il Slo A S b
5 boa¥l adg JyuS s g Caro )0 dax il slasanY]
)Lu a 4.>9.: La 0)5).4‘ Lol w‘u; g_))yo (Lma)f).‘) J.A.JLQ) u:.u.}o
OBl Oy adsi sl lie sl eslinal 5 (6531 Jlasinl slp 7o
d9>g alitne slalaswe o a1 &‘9." PSS ol g
oo YT S g Co pie o a5 Cawl am0 oz 51 oo 13 0,105
L e pole jo jsbate pas [N clons s (swidige dxsl> 0
gl aile plaganaib ln (Sogll J558 5 Copse con b
b cé,S JSo oy 5 pedlie g cyyl il wolie deoasVl
o aadl Jolae ganm sl Gl iz laiegh
SHSTn g 2 5 JU siledse Egdse (nl 50 poe slacen
u‘y‘sa 9 Mb‘so UBA‘J"'J .]a..\m PR alises é.sL.o )| GMYT a‘y‘
b oS cowl Con et 5 dgie ool 0 Gl p ege 45 CaS
Seied g ool Al pole 5l pSone b (Folite slas g, 95

moayyedi@qom.ac.ir :olsle soigs odiwg

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

YAYQ



YADS B YAYA dxio V¥ -+ Jlo ) o)loud Y 093 ¢y ool Sl puoino 4 p3

el slle 5 gl solod (pizman 5 4zl lalazs L Gl bl
)459‘57"5‘.‘4“5; ol oo;;o ‘) u.us) u_a‘;ioscbdal.w.o u.!‘
Oi8,5 i o b megh cpl jo el 48 5 &0 19T Jlu o
Ny Sllllae 3,90 Gloie & GBI o ) 5 s jo lsn 0L
(oiaSeds bt lesbe oVl Sesliys S8 & Jeloo
5 sl loae «syme dulps (oSl OVolee (lwdiens
Canlos,S S (hgy ool S8 4 (giloands lajls Gty ooles
e oS owyy Ban LYY Lo s g5e s 0]
S Eorbre oS o 25090 5l ead oauSTy, sroa Yl
Slolidle syt B0 glad )3 )l o 50 (oges GloiSla
3305 olizal Tig,55 50 5yl 95 5 lolme DYl Sealizs
3 gdmdn dwain sl egh ol jo Coeal Pl aSS 1#]
Coxdse $x5l8 e a bs ol by ez A Gl
5° oat¥T 55 508 (lie 5 oud plonil ol cqr & Comd Lzl
5 ol craS 5 il iy b ol oad Eod 1) 3,50 0
slaglazls SLbI s lsa b2 (g5leand e pian ()8
556 Olie agh 52 50 (lRaRgh 5 285 (6 thn Sl (s 2
b9y (rl Ay jolie @ 1) (gileancd S5 Ol p Jele o
6)@45&J¢u‘)w9&)‘)lSV”\ JLMJ 3o A.:é},o.) oy
Vol o)lee ol o ol (6008 Jae S g0 oyl
Joeo 58L Bua b gamdn Shgo a1 PV Glean> L lecsle
Silotrd TSl eSS o (S sSTsige 8oV S e
sobate 4 055 —Saalnls o o81 5l mizmen il [V] wisgas
A oliol Giegh zuls 50 5 0y Slawbrs LS5 olaws (g loaigs
G oA sl o Jlasle glaal)] s (b sk
ool patie bl S 0 eanVT S k5 pas jslate
OIRaagh a9 900 o i o3 sl A8 j5 o5 Slesoge
Sl gla oy, 0 Glwlxe Cdo ol cou cé 8 )3
g1 Slosls ailie Aige i Byo plojos Slslre YL

2 MERCURE

3 STAR-CD

4  Street canyon
5 DYNAMIC-Q

5 bl 6 RTe 0%, 095 b Ve w035 3 Al 5
5 Loan VT (FaSly 89 sty sl 5lo aeds sl )l3le 5
£y Lmo&.l.g.YT @Ll.o éayo‘).u NP B l.{bc.)JiYT clale &P ey
d.»_‘))f )|).9 oolawl S)90 Q‘)iw.assf 9 ul.o.c.?u: h...u}.v e )5.b
gob @ die (pl o a8 T Oaw Sladsy Jew cpl bl
5 g8 lslooy Joo SIS a Ll asli g0 o seges
Joe 5 el 48,5 g0 ilsbone oVl Saliys (6,051
ol g oS Sy Lol bz wiile Sles 6050 (waslS
dgo 5 0ot ¥l bglve (g 518 S5 c(gamgs awain (bl b2
4 e o gl g ey g dge SR ) Sae e 0L 2925 pae
Lwg e G jo l)8 clale ay555 2oL, SYolas (g5luosles
s ¥T il g o 6o loles oyl U b ol o 5 [¥] 55 o
S sl sy & igo 4 0oV Bl eog3 edgame yo |, (558
Ol % slacudgame 3525 0y e (s3lode g5 Cul 25T oy
9 Vb sl ,08 b sladilly 4 5ls 5 (Swly pas o @
Lde a5l a8 hlee o Slaslbee obsS ploj Guizees
u‘)lio.lb 9 ‘5...453! QSI .o)l.) aﬁ)lf ‘\J)L.\.; Sg>9 Yl_v 6)4&&
G295 ol S & T saiadsesd 5 (sslS B9, Jgol (i o
Glybl L j0 00V o055 SaiSTy g (25090 S5 5l 090 75,5
5 o Jae b ol @l eizmen 5 005 iledae | O
Sllbre DYl Sl giloaned 5l Jol> mls rizresn
ol Jasl alies J> 0b 55 a5 jshilen [F] woges aylie
1 el :L‘>‘9.n @Lﬁbwéju\m L’ 6.»35[; le.ibwj) S8 L OMY]
S93 laddel ;o 5 1) 6% sles Su) iz U el LS
S by p>lams aw Jsb )3 wasie by, Gl 3 iy )1
555 ol Ul o 00,58 sb 4y lbre SVl Sesliy
@l oSl ol oileasbone ¥l Saliys sl 438, IS ol
ity NS0 else salod S 5550 o0 ]2 (ofioes
s ) (el (558) ean¥T old (SassTy 5 Jlw by
Jole ol s il a5l pl o a8 8 &g liaios 1) casles
Wloads (anainl 380 2 ;5 (o) 350 S IL Jalse b g
Syl Al cw)p @ ol s 4 oS o gl et 5l (S
515 bz b e e ylacs Jalows o laslons ¥l Sasliyo

1 Plume

YAL~



YADF 5 YAYA doio NFr e Jlo @ ojlaid @Y 093 (pS pool Sl cawidines 4y i

285 (Fypo 4 Wdgal (giludmd Gangd Ojgo 4 |y leisle
Slaal ol Solite pl ety duwain IS8 o gjleancd o
5 e sl B 3 5 1y SV ol 51 Jae e e
3 ladasi 50V ace o 095 g Gl 50 Wdges Liulej]
T [ S S UL RSN PO KU L R N
I s Ol bally po S e 0 Gl dlss S8 @ 4y
Jlae ;550 5l idges (605 Al g Couw Sl o 40 leeanY]
ym il sl a2y S g2y Ble al 3 50 2y
50UsS el b plaisbo (gl olass (b )3 s xed &b S0 0
2 ooby U as e il plexsle Gl 1y ol LSy e
oo VT od w rgo g adls Cawomlb o b, TG
saios jo oLSes o L Iyl Sgdon Ol Cawdiml o
aw o ) pletle cada il pleder So 9, 2 1 T Sl Ol
1y il i lazslo glis)| Byo cll> o 4o a5 Gilises s
Slawlre OV Sliys g5lwans 9ol bigs Uinleyl & g0
8l Jow Sl sliges a8 Jaw cpl jo ol 13 Bdmd o0
olitle Gle o (gladais 5oV P OINE RPN IRV TSI
3l 9 B Olored Mg i So (AS098 ge (nl 010 3929
Eooze (pl (Soluad 10 oo VT iy 3956 jidsh (pl ;o ol
@leoliin @l @ azg by odd wyp 2 0 bglisls |
ou¥T saiSudy Sy aloilr 5 8 plebe (b sl
Ol (gilwand Baa b ol el Dyl ol oo sl
STy 8578 (cwy 2 g Sted Saglezle SLbI o e oL >
Gl gilowancss ol ol il Jow diged SG o o&.;g}” <l
sy 3 leplaisl GLLI 4o Isn 2 sdie Shise s3le s

sl 00l oolaiwl Sy slaals S

S o¥olw Y
8y Gl cdél Jhw by e8> b hse sleosy
S Byro Ll ol 28 5 Sl Slugsl kil 5 Ghstae
ol o Dygo a4 cwll SYolee J> gl Jloas! 58
Ll g el ounts i) Agtie Gl 5l (ASS s 9

LSls g5 ol Gl Sy 3l hrog SO &Bly 0 Sg>ge iyl

L siloands 5l Jol> mls dwlie b i b tagh 4550
ol 4255 500 3 Jig5 iale] b b cilie sl (slaaS
ol s iledige Baa LYo Jlo o ) Sea 5 55 ¥ 50
S €K by, 50 ol | (S el 5 cassld syl oS LS
y ol @S 5 00,5 (g5l angs O 90 4 1) Glls 4SS
O e solaie & il isged amlis b g8 pulejl s b
by ey by sl e Il (g, ol 5o Slawlme 2o
SraS drwgi g Cdpin b aisged Sl Slaslre aisls (5949
B Ol KiRghy axgi 0y50 iy & Jlegoge Sl (S )l
doaie wile ol Jelse 556 (e oy 9050 S85
5 lsp by e Slowlre 88 o Sianl Jaw daglezsbe
SlS iy g SuSTn g b 0br 6T USS Bu p o
S5 50 a4 e otk pletle Jow S sl gglusS LAl el ooV
@S 831l sl Sl Ll ot 15,5 a5 o b lowle disls
Cuip gl 1) 595 3e Jae (( Sxasl Jae 5 63959 0 ol bulpd
Sl daglio b Iy ole o 136 Gl g 00903 (3l e Cugs
S n ol cwl 00ged gy 1) 0k g i b o0 slas
Gyl 1y Jhw 0byz Olaee iludd slp aige balyd 5 polie
Pl sty 58 LS by o9z b L e [A] wiages
2l ol s Gl 2 1 (i b)) e sloplesle
Ol oged oy 1y l92 0Ly (il S 4y Sl leass
5 Sl SVl Salus Glagy, 5l (oS5 & Siegh
036 alie clidss b oLS jiis )b wbolesle i
bl Goges Suop pshie 4l ogline LS Al
BLS Gidisy 092y 550 byd o (aBly Lulyd 4 gileand
bLily) Fr bl e, )0 Glabee SVhw Sealus Jowe glav]
L olidos b ) 0g5 (g5lwand mlis pliol aisgel oS olund
Coly dwdid Wdges dunlio oLS il W8 Ll aliv duae
Sl 5 15 oz JS5 5 50l il 055 555 laplazsla ol
2l S ol Wb oKes 5 yabe [Vl sl baplasle
doe a2 sln olaal jolate oy wsged oy p DLz 65 USS

Aoy w5, ¢ e oLy deplasle Gaie SO 5l pga e

2 Wake

YALN

1 Vegetated roofs



YADS B YAYA dxio V¥ -+ Jlo ) o)loud Y 093 ¢y ool Sl puoino 4 p3

Oz SRy Gt I (o ek S5 A5 b lea

Sl g JSo g leals 5 cnl g canl o jo laalsl 5 0gg azais]
Ll 5l 155 5 laals )5 a5 conl zdly .ai)ls pudins 130 oL >
sloals 5 L alie )5 s gy @5yl Jels oS ol
ol ool (b5 4 il by LSl )0 gty 53U SaeS
S el Golal al TS5 slaals 5 gileans (g, Lo
) S slaals 5 (oulul S¥slas jo jld o Jleel b Ol o0
G a5 oS slaals S g sgei ilular S sS slaads 5
9 3903 Jeboti e job 4 ) il Gl Sl s bl
Bged Silwdoe aSh n5 slaue olul 1) 2SS slaals S
Silodoe 5 i o0 Jolo bl 5l g, cnl &8ly o
38 Olis b pe o Gloyed Djge A S el
il 8925 (il s SYolas jo Hloj ales aSCl 5 g5l Joe
Olej 4 daly 555 slaasls 5 (g lwals Ghgy yo S¥olae J> g
ol W S ol s i (s AT Sl
9 oley )35 o leools cud 4y jls a5 Lluw 1o 95 1 5925 b9,
Y el 0,8 Sl Ghsy cnl Sl 5L 0550 YL 85 rizren
S5 bawgie sl by, 4 S gy (nl 6 250 &S Sl SO
Silwdard loj g aals 5Ls piin Slowlxe mlie 4y jolsn; 00l
O o ] i Sl laa e azis o 5 S SYsb
Silodd sl (VAF2) (S )8 Lol Lanwogs Jb s )
iyt pae s 4 Ll Y] ws Bme 5 yhusl slagl
9y Crl S5 w095 (8 pes e yo Ay sla Kl
oAl o3l L, sla Kooy iy b 5 S Ssome s

Ll (gwaige blue Judod jo o by, 0 50,0, 5 5l (o Gy,

Jbow o5 o> WY oleo VY

Joo oz ey hagn Jelos jslin 4 yol> gy 1o
‘S'.“ JLQ.C‘ la U’“"B) U"‘ L NG PR 00y )lS; j)).v L_SLQ:U‘J; U’““j)
Sl S5 slaals 551 I sleals F Sl Vilulas
o3l 5 (Kwgm OYolas silulaz (pl Jlosh ases (o .aigd oo
25 e oS5 JB e S gk gl ead gilulaxr &S o
yf] S¢ J.:b|5>

6 Large Eddy Simulation(LES)
7 Filter

b "aulo )5 092 (hgdae Olyzr Gl Ths et Sl Oy
el (S 9 ,L88) Gy Gloee polie (Bolai i 5 (s> 5o
G U oSl sz g5 ol 50 45 sl 00 s Lo Sy 2]
Sealizs 5o il bl 9925 Jlow by Sy Glaee (el
b Ssise Ol Sopw Glaee Jo polaie 4 Slowle &Yl
SYolre goae Jo (i yls 3529 ol 0,559 ds asline <o
(o ¢ T Sl dials plad gy s 50 &1 (oS sk 525l
stz = (@ s "ol Ohee polie 5l oy (65 5eSile
A B Siledde g e D9 4 Jlw (b Ol
bl s S 0,8 2ls gl eslinul b i 9o col S8
OYolas puiives (§33¢ (55lwdcd (b, 10 0,5 o0 O j50 ol
Wigh go Jo (SiaSl sile oo 45 @r (g oS gk gl
Slwle a0t @ 5L Jo 4 Y cds rils oé) e by, ol
55 s bl ol (s Slobos Lo S rizman 5 32,
03 S job 4y g Cawl S5 dlal g awsia b sl Jow 10 dgue
o gy 50 S9d gas odlitul by, (nl 5l (swaige slas )5 )
polae dcle (gl g, ouls (6 S lawgie Yol S
Al el gl c¥olas jo a5 julsn, 5 el (Sl
dlne (sl g oad a3 S L 0 Joeome S Djge 4 ed o
» bJoe ol Gundins 5,5 0 Oiee slagileJos lade o)
S o op 5 By yme ol lagy] 51 S50 50 OYolee slaws el
Sis, o MRS s Tk S 5w le sladsles g0
0 el @¥oles aSul s a4 jalsn; ol (g S lansie
49 039 Oloy 4 atunly Salen, AT (Lo yo oad i8S
oSl el 0 el ol (55, 52 (slej 65 oaSilon (lee
S 0590 cnl g 05l 092y oy sk j0 Waesls Sud g (o)
oS Ll jo B,k sl el (hey ol o swlel slacgagass
b 2 Sl 5 Sl ol 350 e ol e (Sibs B0
o iz, oab 6 S Lagie b, ) 3575 e o 59 ol
FB izmes 9 Slasle o g Slowloe (o) (o9 e S0

218 08 Sl ol 2B (05 Jsud

1 Eddy

2 Direct Numerical Solution(DNS)

3 Reynolds Average Navier-Stokes(RANS)
4 ke

5 ko

YALY



YADF 5 YAYA doio NFr e Jlo @ ojlaid @Y 093 (pS pool Sl cawidines 4y i

g 0

)

W | =

A=V

o1 e Lo,z el o Ll 09 e cyass dlime & g
uwg); BER) S| )‘0)9}).3 WL.A R )‘ g 00g wl.a..a wl) &J‘i‘
5ol 588 oy el 0als (B8 ol cpl (gl Jlade ol 5o LSl

! 00 U")S -If ).:‘).a u“-“ﬁr' U”‘ )o),u

o ¥T eily3 Uil e oleo Y-Y

53 oVl (s (2o b g (ST )5 5 5l (o sl
28,8 Sl e 1) eVl glgl ganail Cale lun fga
7y Folie glos,Sog; oai¥T elsil ganail (ol IS b
oresk) slice Lol s lsice |y g slrosi¥VT Jlis (gl s
A5l (e g (s slalais) adgi gie Sl Sl (eS Lo L]
(S5 e 0SS o) (Sds e (Gone o D) (oo
45 S0 (gm0 é 5 (45l 5 adsl ) ounVT o8 (ot
Eobo ;o 5l 5 0,5 g98 4wty bganaiil g5 (nl 5l S0
slalaze ;o oLl Koo Bk sy o0 G (Fo e 5 SARo%
ol 09,5 boses j5b & (s Glalame (a3YL) (soges
82 5597 wemST (8 005 ST sise c95) Jalis Loy
ool & DIV] egr axlge T ales duls O3 5 0y 03,565 0S|
IRCO P WP PR EL) R PP [P e

5 &le walz) can VT 5 a5 ol (65900 5 4355 () 4 4z
18 Cootl ootV Blyd oy b g Jml sanserd 5o (58
T lize 5l g0 ol 4 i leo 0 san VT val> @3 SuusTy,
Mgy B Oyso e 50 I8 slaoan VT ad iy 5 058 o0
Blao selx 0,3 355,00 line slooat VT iy o o (B 5l el
5 S 8L ols s PM ) 05,5ee Ve 5l oS Sl L lse )
Sblas s 00 ¥ g5 cpl a5 wabo PM, 1, 0y5,Sce VIO
Loa VT I aigd oo <l j585 4 el sladae 5o 5 009

o9y 9 PM g9 3l g sl 56,0 Bro ragh cnl 0 (59,80

3 Particulate Material(PM)
4 Discrete phase
5  Continues phase
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3 Bounded central differencing
4  Random Access Memory, RAM
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1 Discrete Phase Method, DPM
2 Inert Particle
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Table 1. Geometric dimensions and boundary conditions of the benchmark model
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3 Particle tracking
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1 Vortex Method(VM)
2 Subgrid-Scale Model, SGS Model
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Table 2. Characteristics of wind velocit
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Fig. 12. Dispersion of pollutant particles at 152 s
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Fig. 16. Contours of instantaneous x-velocity for t =150 s, on plane at z =4cm and streamlines on this plane
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