[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25]

[ DOI: 10.6

Y

R D90 — iRy dlie

©: IAUH

ISSN: 2322-5602

94

VEF Lo /o2, JWo /65y g ol o)les ylas S

PO-WA Oladw

4y oo slapleisle 31 gled oS 51 2 (S 058 55U
(0545 Ol poar ke 01,5552 aallan 3 )90) (6 e (501,532 0 gle 3

L PR VCRRVC) N Ry SR VCUW) KW VY W v T

VEYAYIVD rdllio el gu
VYN wllio 5l 2o)b

DS

@ lasl cods b alasly ;5 a5 Cunl 039 13 cloand 13 poe SMiane I (SG lgn (Sdgll ¢ yhe (S5 )0 i e il 4 as i b
ool (555 (sl 52 205 S & g 4 gy Iyp S 8IS 5 Lo ity L ppdgn (ol ool a0 1 o ol
oy lus] joo g Syo il (spSols el a5 Conl Wiy )3 lae Cann oo Al (5505 (slod CutsS jolate pad 4 Cowl o A
9 Oisloyw sly (s clacdgw jl odlitul dagydgs 335 da S 5 plio emen olge by baad 5 oo Syl 54 0
35 5 s (Sl slaax] dyi 5 (Sogl sl 5 g5 Jele oot ) e 39 Sl Jud cul J csoye 5 ileS
ol 29y9 CutS 5 CuoS p (s590 it Milg o bjleidle (ghlome b pl byl (U Gladle 31 lase oS A5l o g yoe5
‘L;Bb 09#“’1)953 Ol cLbOT Joe g 031! 5 gl &Iy’\ & olev o Lmo] alos 5l a8 sl awsly o ylaid b 90 (glad 4 Libo..\.l.).Y]
sloau VT gals (Sl pys 56 4 pols dlis 1 wid olo polic b 5l olol cped 3905 0yl e g SIb o3 ¢l L g5
2 i s 5 slegly st (sla Sy 5 51 oS Jao Ve selito ol (sl agbien Sl (I3 (slpn cuS il 5 (K15
3590 o Wigad olsie 4 (Sl o1V Ll Sy lsie @) ol dted oS Spglome ) a5 e 52 a0 Gle ezl
8,8 518 g3l 4wl 5y90 (CFD) lawlbre ¥l Siolid (yogy 3l edlawl b Ly oygy0 4 (S8l clos ¥l 559 olie g ool
dlie ;o o edlatwl Clalas plod ol a8 )5 sl (YoVY) San 5 cpw ioh olelp ol ddllas o 1581 o5 oxiwliel
St (5 gia) (NO) 31 (53 3555 os2¥T Chle il J ingy ool 9 o5 s o b 1a8bm omiisl b las
oS S gyl S 5 dwdin Jdo cp g s Gide opl )0 (ol Bun olwl ol il o oolitwl loa cudlS iociw
Ol Sb Ligp sl 45 he ledlo d (TAQ) 31 (clon cusS yiolidl g oladlo (g 4 (Sdl5 ola oan¥T 3954
4 oS0 awsin sy )3 1) eVl 039y e i e io p3 b S0l g e lje oyt o b L SUL &S ol
&S ol o oySIb 5l 568 Sl cilye a4 W)y Sledy sluls a8 Sla oy SIb 3 can VT cdale ke pmismen losly olazsl 345
wiy oo splasls > (S cojgae Gill L oS s90 ctlyy iz Glgie gk crl ) (9w | ABloe Jb s i
b e il sl S8 o (Sagll cuslil olise

&b o5l

e st oS3 (TAQ) L1 (elgn S NOy 01T il ¢3Sl e po e laibles (CFD) ilsline &Yl Kialiy

Elham.mansourian1229@gmail.com ) gl « oMl 3151 oKl gl doly ((g5lo st 5 5yl 09,5 (s lomo byl ouwliid S as gol yils

Eskandari@yu.ac.ir (Usiumo 020 85) (lpal czamly zawly olKuisly ( aodige 5 (8 0uSuiild (g jlone (ole Cid gue g jloliwl
AliAkbar Heidari@yu.ac.ir Ol gl zawl sl ¢ wiine o (8 008l ¢ g lare ole Cin guie g jLutils s


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25 ]

Sy pS1 I (58wl dox ()l yguctio P!

Ao

2001: «Rijnders et al.) cuwl osds i pho (wills @ S sloglons inl38l 4 OT 250 gl u?b}ﬂ Eadg0 il crand b
Blocken et ) b asls b bl (659082 9 oD p 1y gllasl g ate GBls] 5 amwg cibs 1lg5 o lgn  Sagll il ;81 (411-417
Sl 0ad b i (S5 el (o 205 S 4 Igp S il g Loyl o p A5) b ggdge ol (1 2008: 1817-183 1 <al.
2023: « 2017: 189-206; Sin et al.c 2020: 106862; He et al.< 2020: 1857-1869; Cui et al.<Almeida-Silva et al.)
398wt LS| oyl 53 a8 1515 41,3 b S5g)l glgil (o yme 13 lan ey Casmen 1 ZAY dgds I e 3lae (89358-89386
01 o 193 5 ame Gy e b S & (5065 (Slop S polate (e 4yl ity (LS el o8 g drg S o sl
(2022: 108746¢ 2018: €532-¢539; Zheng et al.« 2011: 1594-1600; Shi et al.<Cao et al.) cul
it olacd g jl odlitnl dagpgs 335 bl 8 5 mluo clacdls des 5| alise Jolge 51 o yas pdaw p loa (534l
F S oo aw )3 Lagpags 33,5 bls)l ol )3 398 (o bl e cnl 5l o3)lge 9 b pleibl (iale)S g Gialoyw jolate 4
2001: ¢ 2000: 3713-3722; Janssen et al.<Fischer et al.) cuwl (¢4 slolad ;> (Sooll Liwl g adg Jolge o iege
51 eslawl (( 2005: 303-322¢ 2016: 138-146; Zhu et al.« 2001: 411-417; Tong et al.<3875-3884; Rijnders et al.
ogde godge nl Dgbo b o 1 il (2lmle ) (B Sl 90,5 il el (OB lajlE adg  egde i Lol
315 Ll (anditS a3 059 40 3,8l oM 53 (pgllasl @l 51 g o Sasie e Can ) Mo Slou] el 4l p
¢ 1993: 1753-1759; EPA¢ 2011: 275-288; Dockery et al.¢ 2002: 1233-1242; Chen & Zhao¢Brunekreef & Holgate)
¢ 2000: 11-17; Pope 3rd et al.¢ 2000: 1215-1222; Peters et al.¢ 1999: 470-470; Klemm et al.<2005; Gold et al.
(2000: 1209-1214¢ 1996: 927-939; Yu et al.<1995: 472-480; Schwartz et al.
1992: ¢ 1992: 2173-2178; Jenkins et al.«Colome et al.) 451,35 o Lo laidle foy0 1 1) 565 oloj 5l duo s Ae 51 iy 31,8
Lo olaasbo 9y 4 ()5 claosn ¥l 395 ials g S50 (clgn cutS il 38l oplply ( 2005: 303-322¢2141-2148; Zhu et al.
1992: 2141-¢ 2011: 275-288; Jenkins et al.«<Chen & Zhao) ¢l La et ls calw o (b b il o ese 51 SO
= e Jelse (2014: 1645-1655¢ 2016: 138-146; Zhang et al.< 2001: 231-252; Tong et al.<2148; Klepeis et al.
2011: 275-«Chen & Zhao) cewl bl IS5 ola S sl o yiote don jl 48 dituan 135,50 aloid b J315 4 lnos YT 399
aor Looa Y gl il g, (al38l b g Shals el atlgi oo cisnd g lgn Sl oS g2 580 b el ciliseo linl o polic (288
o3l g9 4 e oo polic oyl dlex j1(1997: 1689-1693¢ 2011: 275-288; Lee et al.«Chen & Zhao) w4 31y clas
2015: 153-162; Cao et <Aflaki et al.) 3405 0,Ls] g bnySIb g8 sl (slod (loidlos £1a5)] ygmmnl 68 ot sl Joxo g o5l]
2 oS IS sl Sy oy 4 dlie opl )3 osd adS 3lge e 1 (2017: 504-516¢ 2011: 1594-1600; Omrani et al.<al.
A5 dalgd aslyy ledle gy a4 (Sl sl Sodl e pials o] b g balessle
2 ol B8 5 ) )90 (b dngrs SS9 I3n g 60 1 (Sl LS el el sl gy ST )
5 st 5 Sl ) b slmosin¥T JLasl oo s I IS (oln  Sig s 4 gy ka8 o ol o
Slr gludd o ptmgsy wlosls Jl, B s 3y90 1y (oo ] Ll 1y SIL 8 48T (30 55 sl S5 4y oY el Sl
Al (s s Eal 438,55 155 (23500 S iy A 5L 53 (S5 01 il (5550 5 ] 3 5 el 435 plnd
L blsyl )3 .cd8 aals 8 ) 0,50 (I (sliad > (Sosll Jlaml ol o oS0l (IS5 slo S pols gl 5o
2390 i9m o o ol 8 €85 wali 1,5 185 1 U o g ozl cdtin csla iy (oS0l IS5 sla S
202)5 gl ) b

S5 50 ol s g i (e sla S5 4 e oyl 5 &S Wb e ol gpal a3 SIb dwdin yuie | jolate tdwdin i @

loads 8,20 Case_04 b Case 02 ;3 5)lso oyl ilosss ad S
2 Gl 48,5 S8 Ly dy50 lody 5 (o) 4 LSS ol s 5l eolatwl CIB > sl yls ke w30 dlde pl g3 el s pxie @
ol o Giled clio &g 4 d)lge iy )d 9 olodyi g0 4 olsls Case_08 b Case_05

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

—€
o


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25]

[ DOI: 10.6

VEoF o /ohd)ln Jho /o5 5 oy oylens ylas Gty oo Oladlae

Yv

ad poybo g leisle J515 glad CodiS' 85 )| o SUL 0,8 15U

ol oS 5 (gloa g b o olils b g o)y 5,8 SUL Byl G L 8yl 90 yo (Wing wall) (sl Jlasd b JU e i b Jlasd puaie @
ol 0ads 451yl Casel0 b Case 07 o 5)lg0 oyl sl

8,5 walgd 15 iom )90 )l b duslie ;) ladiges a5 i Ol @ yo diges lgie 4 35 Case 01 @
wlad o Laoa oVl chale ol .ol i 4l ) Jgacs )3 (63)5-0 (sladbiges Licsu ) Ladsged (ygmel s yidiy Olxiog
iy ol Sy Jald a3y (Sl sl 438 1,8 185 1o ey it e ey (S (538) (0L
7S Hlaie an (g oy 55 S 3l gye Froalol o sl ol iccwl (SIL s piles U Jgl dibs 5l &S cul il
339 (NO2) 31 (63 (59 0oVl s pps Sl Sl slmos V1 Lo 5ol ), 8 (Sl (slaoa VT Lt
28,5 algd 58
Ly iy 5 oo b 2 s 3150 oy o950 o Lo oSl IS (sln g (s &y il Cliiod (55T
oledln Bl slasd » (Soodl Lisl oS s g9d90 ol 18 an (Sl glajimgss 4 cowl Jls jo ol silash
5 Sl 3 Sy L oS 5l (YVY) S 5 e eclllon 4 olyre Lntngiy (ol o 1 sl
aizsl s 395 dalllae jd Lasl wges o)Ll aicib o wlod 5 T L aS” slaoa VT 5l oy doges cga op)linel SLLs (claoys
9t 00 315 4 055 (glod 3959 L 1y aa oW1 5081y g lom abgns ol aiwge sla SIb 4 Cons dtwgul (sla ,SIb o
oozen ((2023: 89358-89386¢Sin et al.) 35-5 o Laos ¥ 1l )3 cymle 53,5 )55 ime LinlS casly g dis o
G ol aoly Jy 8 myp 3)90 (SLLS (slmod 53 Laos ¥ (Suislyy ) Las (Shg 58U (VYY) il § S5
L e 3585 @l 9 0018 o 31 SLLS (glaoy jo Laoa ¥l SasSTy 0L L o sl 4 laySIL a8 oy oLis Lyl
Zheng et ) 355 e Lnoa V1 Jols oy (555e LS g Livoa W1 o lale (559 S0k Gl 31 e LS slooyd (os &
03l ol gy (533l xie U pledlw alols g lolg e 15U awyp 4 (VV5) o) Ken ¢ S (2022 108746¢al.
cie 3 el alols iol5 3l L as oy i Lagl sdoo ols sy J30s (lod cuiS 5 ol o510l g 45l Joxe «il)d
3 (YoYY) o lSen g jolio (—ou,S . 2016: 138-146¢Tong et al.) asb o ialS Lo as (63gy9 ©lyd cobale ¢ Sog )l
8l )3 aipo il sl pladlo 55y p a8l S anged Sl ookl L (SIL CoBge 5 awiin 1S () 4 395 Glagh
e o (gl dwsin py ity ye VO Ges g ,se ¥/0 oy e U SIL as il s Lol il aslyyy olien S g0 )8
(2023: 2174-2193¢Karimimoshaver et al.) 1l .
slag—is)h bl g g Csbge alox 5l (alb slajiall jl (B 1L 395 sl imgiy 5> L I ool
s 390 5y (sl o 3yt ot 315 (Sl Loy SILs 5 i S Sl g oy o3l o5
1997: 1-11; ¢ 2000: 579-585; Kindangen et al.c 1998: 385-396; Chiang et al.<Chand et al.) slosls )3
S 5 5 ey A (Yoo ¥) o)L g 953l . 2000: 80-95¢ 2015; Edi Prianto et al.¢ 1978; Olgyay¢Kukreja
550 o1 Lte (sl IaiSloy o> 4kl > o8l el 31 Tym Loy 580 1 S (b 5 310 (5 s S0
o3&l 03liiuss] § Al Cunnidg L cdled (gl 40 VD o) gLy 5 Coyus pnSlie sl laid s S50 o lea oL >
Eddy Prianto & ) xiosb e dde a5l J 30 clyn aub oS> yialisl ol SIL dgmg aS aisl s Loyl assles S
JoB o 4 wlg e oSIL a8 0Bl > 395 sl wyp ) (VoY) o) LSan g (,-dbse . 2002: 401-409¢Depecker
S hy S lye aa OloSee oS Sl pedaie pen 4 a1 Gl L S0 5 )5 ) lea gl (66K (g
2013: 639-¢Ghadikolaei et al.) >5-05 odliiwl 545 o leaidlio J 31 )d aub 4 3, o 3900 el 45 ()lone
&l b s b lapleilos 3 (g)lane (ol 5L sy 4 395 alllas )3 (V- F) ol )LSan g 5L, (645
oS g g5 Ao (gylane (b polis Sl (50 0,8 Al by (gye)S g gl iy blie o il il 4 ol
O g2y a8 ol Lt el a5 L)l i (gl s ool Ly SULs (guin Sy g (SIS (50 oS <o oy
Eddy Prianto & ) el i8530 a5l J3b 5l baly b dgago 50 o A3 (c0y puadi g 0y loglais 5| i


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

Sy pS1 I (58wl dox ()l yguctio P!

ol ) sl doMs aS ol 4B B )y 3y s dlite claimgin 1 geudge ol (20031 273-280¢Depecker
ol 0 &Y Joas 0 Sladss

(TAQ) (B> (slsn S (NV) (b drses 0¥ clale yy SIb 58b oy ) Joo>

S S Ao G by ey Ay it i e —— &r
oials eeel S 252y Sl Pl ke oby )
Juisl cu s o (0ke Numerical  AnSYs Sl (800 S P S s (Tagetal.)
4 gy slales b jen o)l > Fluent ;15 solaw ' s glesls ol (2023:105420
Do 0 b A Culy 9 0L b 4L
$5s0 2b 2 9L L L
laga sl gl 5 oSl 3
58 Lo e o=yl g ? (9o
. l_) . l_:
ol (J3b s g luSJ ‘j_i j)l.\;l
. . Ansys . T 9) 2 Bgw)L o) Izadyar et al.
Lod g J5b slon cey v Numerical Flue}tllt il omlel  adil g oSIL s (2028’: 10684;
ol (Hg el iS50 9 u—mlo:.l 9::
s st 6 gl wO R
e S SR eeb o (AQ) s S s
sl pleitle 405 3 Sles o sl By WU 5l S (1961
R ol ol g ) -
Db oo 3 yo (SgSwe s 3Ses 2
L gl lw SO o oI
2 Hs ded e b woes i » oSk fwm
Lson et (el eVl (S g b 4005 <)
& s b Sl . Ansys . ot T . " . 7 ¢ (Omrani et al.
Numerical il bl wolj g diars  —l il
yol)y g8 0 LialS el Fluent . e 2017: 504-516)
D Lo lesl w3
Sy b asts 2 0k 4l ’ e .
S

Al 4 s b g0 g2

S 1y 33U oy b el )b

il Clldyy BB 5 5)lge 8ad0 aidy oo ]

Pl sloingy o (Sogll o sl Jbo > ol d 485 15 oy 3y90 Ly 93 g o8I 1B daptmgy ST )5 @

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25 ]

Iy ks s b slalias ,> oVl SusSTy o)lge opl ,d alasslsy Was o Sagll jLisl ol 5 o SIb i 4 lascie ond

LgL\a.‘B )))Mu)‘ ﬁbf&”u)wfﬁw; )])5 W)X .))94 09)“) LgL\a_‘) ).) L%& Lm..\u\ﬂ )Lw.ul W) Pbu‘ L;Lmu@ﬁ)) ).) o

ol 03900 3 s el 5D

sl 039 e )3 4l Jolwg S5 51 (U (sl Sogll a5 plosl (sla gy 5 )yt 2390 (So9l] quie @
(S asio b ol Aol sile byzally 5y b (509l Ll csS) 51 lasblo wkin clo Sy Lid L blg)l ;5 @

ol 485 18 oy dyge 31 L p3 s oan VT ialS o gl o5l g e «lyd ojlul ol o

ool 48515 )y 3y90 by (S B b g g Lo S bl 2 oS 8l e laggy cnl Sl g0l ) @
L5l s b g3 sl )l ptalel g la codS o neb a2 o8I il (gl el (i85 (Oladow I (g dlass o @

Us.u.b Dgbd » JL) )‘y) 9 Lm}w)l; J?u 9 o)].)u‘ cJ9]o (Bes b ‘_)SJL )I L;’Lb‘_;);g bl.u)‘ JI 50 L 4...9; )1)9 )2 D90
R sry 2050 S sloodi¥T ezl (ool el ol ) pliSoe 185 48l Jlo 3 ol lond gly gy 250

ol 0 odlaiwl 3 Big Liulojl 5l 56 (629050 3)lg0 43 il 0359 CFD (g33e (g3l dnis l.c9o$ Yl opl o odlaiwl 350 45,

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

[
—€
>


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25]

[ DOI: 10.6

VEoF o /ohd)ln Jho /o5 5 oy oylens ylas Gty oo Oladlae

Y4

ad poybo g leisle J515 glad CodiS' 85 )| o SUL 0,8 15U

R syt 2)30 dadly yite Olgie 4y o oa VT e g0l Gl B> glon CudeS ()l ptall ¢y 3)50 Yl 5> @
lass 3

3j9 (b dagrd G 9 Isn (x9Sl o I 8L ad plasl sl iagiy pST )3 o)Ll (598 5> & wpSSlen
lmos ¥ Ll lie 1o (SILy (tin gl Sy (i dy (gl a8 48 sl Il o ol ol 4B S 8 )
Iy ey Dyge |y (Sg Ll o SIL 15 aS (0)lg0 p> ol 1D a piY el s sy 31 (clad > Sl b
3B oty I Sty iy sl 5> (Sop Il Ll (655 ol 3L g ol B pll S (slb o gy cailedls
Sy s (UL iy 5 cslorys ol i) SIL, IS (sl S o gl 3 ol (pad g ol 48,55
8,5 algs 55 (o) )90 S5
axllas 390 03900w

g Sl il H B TR e Wl (e WV Jlo )3 o ol cunl Gl il 350 9 oll b g 0 (p FCaren p Ol
S Ol g dtod (elsly 28l o Lol )8 5 lan Camaz  4ed eo)lae 5 o i o lojls YA Sl tortis ol
5 ool pws Cul b psin sble jl S o SKosle ax p YUY 739» Ses sblie > ol lon a8 conl Sid dos (slaald]
e 485 g Al 5 el o 3ym00m 5 lp (Sl | S0 bl 38 s & o Jlod ol S e
ko ul)_Q‘J d‘}_m 2 L;l_Aol LngA_gY] .J)I.) ).a)l_) U] &9y » Lmdul>)15 )I L‘Lob ‘_5.)9.” 9 [FPHS ;4>9~.) ;me)yy 9 Lh9)39>
ol 93 AS(VEYb YD ALy Soacolurs) Miwd 3o &lyd g 413 I SlS 5 () SanS gige 0,565 (clasnsS] (959, (sl
ol osd a3y 1ga 3 NOg osu ¥V & imgs
o=l o Haia e daalaie (cadl LYy aas)(VF YO AYD Al Sooculocg) bl o (6y0ed 4B VY g dalaie VY Jolds o050 youd M8
o Jlod a8l (g gbolie (0385 5l (S S I ¥ Jl (cobuee b adlate (ol 0Bl oo (I8 il ¥ adlate imgy
et sl Sy & gl gty LS Sl et g sl Qe @ 3y 5l e a9 (epde ded e ded sloel S5
il oo aloe VY g asl & gl ¥ adlais .l 00l dgioe ()lyon s ol y Sy an oy il s Cion dpd g (Slesdw puld
(VP ¥olo, 50 My Sapcluncs) ddl o ooz 3 oS5 (Sagl i (gl o ol S5 (V1o 50V bty Sapolocy)
byl (6138 31 00 OT 2 93055 (e Sl ot g Bus gla et b U ‘"j aold wl S5l Gl s (o) pea)
Bl pj gd 4 Gl nl ) (e
ol o i8S a5 )0 o Fr lawgie 39 50 dlold cpl Sle Clialie wlely idis olo ylaitls b oS o alols @
SR Slyos g (38 Cglae gl 0ad el Clalllas olwly )T Glrer deged O 00 9995 Sppee S8l i
Conl 048 dgwloe 9)395 150 W e (5)8 4 )8 g pf 4 3 I (lpea olS)5 53 9393 CulS g £y line dlig) IS
(VW ol oo Slyes 9 (8 iglas)

Olyez et o)) g Yaidato .o

(VF¥310,570 by (Sogcalocs) iaste) Ol b 4d ) pgas


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25]

Sy pS1 I (58wl dox ()l yguctio P!

i ', - e
Lo 23S 53 9,955 Sl J) (b sloor VT g ko lsis 4 o )3 el S5 b (SsSie (slaglazlis (g)lsmon Y g

soate do il ol S5 gl Sl b 53 (SIL (oin (Sl Shg g cnl ) Jile piile 18 Glgis Tl & 45Sles
0390 5oyl )3 I SIL Hledlo N0+ 5l Slue cudl p G cdalllas 350 039050 10 39390 sl et b ) (SIL sl gSl 2l Sl
il i b 4 ol @l 5 85 plx
edetss) plaie cwidin (goSI L (SIL (lyls dslllas 590 635000 3 I SIb (sla yleid b jl oo )d VY Jlie oy gillo ®
Lo)d YA laws cpl 5l cpiomad sl o cdio ol yls (gl 0o )3 FY 5 (glod s ol s (slyly dum s DA Slaw () 1 it (S
St S Byl S s b led gl e YY 5 S By 90 0 U lasd ()l
At (JS (oo g 0l o) plate et (wdin oXUI L SIL 1> adllae 3590 03ga5%e 53 41> (UL slaglesdlo 1o VY @
il o ol yls (gl as )3 ¥F 5 (o yi ol s (slyld s yn F dlaw oyl 1 aS

ol 04 0313 L ¥ gl )3 w350 sl SIL 5l ged i

4@ - =1 4 o
Oz e o) 55 igely (SoSame S lodybl 13 0nd gy oSl I pladiges ¥ g

B85 (09

3o o Ve Il Gudos opl ) ol o aislyy (Sl claosn YT blie 55 SIb i b sla Sig 5l (o dlis ol
13 aciglis ol A8l oSl 5 ] gl 4 ol o (gl dped it Al o Sl ples 1 Sl (glyls i B lazils
s el Slalllas ol Jig Stale] 5 osel sy gl olisly g ol 00 dglie oS )3 JU Jles g oliyyle ¢Sl i
335 o plosl CED gl Jio (sl

gy ©yg0 4 Ul gl Wlie > .l 4B S plol (VoY) )0 5 s gl olsl 2 ol Gimgly )3 )18l o33 (orias el
OB)5 s ) L oS b (63590 wiged £ 9 oSIL g @20l S S Jae ¥l 1S g2 (gl o wlonds Sk aosl
(53290 45503 V¥ gams 3 plyliy ol 005 48,5 Lai )3 ((BS) b 33 5 5 (WS) 3k & 5, (LS) 3 s ) 550 (55 13 e
2 el Jae jolaio dy gl SloSIb 13 8 Jho ol 4B8)S )13 (qw) )50 (VoVT) Sen 5 (oo gy 5 0)lEL o)
4o oS aBb Y 55 litel Gleile g3 ol g ol (AL VO ulide b Jho ol (¥ o) Cand 4B )15 () 2090yl g
LS 3 sl e gye ste $XV/D shol o oloySb sl H g 10H o yoye g Jgb oyta +/VE (2H) 4 o -/NY (H) glis) b sy
(B yrs) sl 0ds 4555 5 1 S3gl mste lgie o e st 0.042H x0.042HX10H slasl 4y s sn cigd, ¥ < lso
(F rgpas) col @b plosl JS00S5 5l (e ¥ Jolgd b g (LS @ g) s ©pglome )3 (g39es lad S olaial )3 agg S o5l

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

'


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25 ]

[ DOI: 10.6

e Ol o

.
”Hi

VEoF o /o3l Jlo /oS g oliy oylans b

R

A yorslo s bid L JA15 sled CudS G5! (SIb 0,3 il

Pedestrian respiration planes

Line sources
-
A W
P T

re— i e
PR, e (g) Discontinuity balconies

o ie] Jo it £ 55 orolie] 1o (550l B e (ttsels oS € Jao ¥ g

(g) Step-up conyon & BS

ol o o3l (3¢l mie lyic 4 4l p wpe yie 1.5066-05 clale (SFg)wlyels 1558 joilgw 5 5 (oxiw,lucl imgh ,
Gldasl g oo sanliie yrguad ;> 4 eSilen amd o L |y roa VT cdale b bLs)l 5 oy55 Joe s CFD o liel gl V pguas
pr ksl Glgiie Moo 2o F daosi ¥ clale (ol s Sk 4] 4 4295 L )l 3929 Exp 9 CFD @l oy (o0b Loy

255 b 3l gk (slacsdyge digel (il dend Caer 1) odlital 390 1331

40-
| Experimental
» 30- - e
S i ¢ = -|CFD
5
5207 .
1= 4 1
8 :':
10—
al .
:'-. [ L.
'___..__. ..,'. ' !.
| 1
F1 E2 F3 F4 F5 F6 F7 F8 F9 F1D F11 F12

CFD _oxuwjligl gl CFD g5l g gl dunlio Y g

Jesdlygiwd gillas Ladasges Jodoo jo aaly ol bl ol 48 )8 158 oolaiwl 350 (oxwjliel 0 & Sl aialy yolol p
aoly slal (b o 10 V7 (63)50 (sladiges > (H) glas)l a5 oyl & dsg5 b .l 005 odlawl (Tominaga et al., 2008: 1749-1761)
plool 31y (slas > CFD (gl dud Slusle Cusl ol 48,5 a3 )3 caSlo yio VAV/EXYVY/FXAS Jslae (WXLXH)  Sluwle
aS 0ab odlalwl (439 LD e jl oo 45D 13 S o B dule 350 laible J5I lase p3 oan VT clale 5 45 394 e
ol 03l Liwles Case 01 e (595 Apaas ;3 .Cawl o 13 yodeo DB F/D po (el (63590 sla diged 13 v ol dlaw

Case 01 LS‘)’ @L.ml?un\guw A):ya.:

PRAS D (o by £ (wimen ol o 4B)S i )3 jho (Sl HLid aiely (295 )3 9 Al yie T sy el (3959 5
o o3l leulass b dadiges CFD (gilo as (sl laadats plos .ol oss 48,5 Jlai )3 00V auie (gl /o) YISl g asl 5

ol 0 03 )y YISl Jlyin i 5 4l mpe so0


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25]

Sy pS1 I (58wl dox ()l yguctio P!

3090 V9o (P %0
dload Jlosl el olS” 4l & plaidlo Sy (g9, 2 (290 lodiges (Y siz) Cusl 48)S )18 w2 3)90 digad Vo hmgly ol
a3 o Gioled 1y b dges cpl 5l oyt sl (So ¥ Jodo b o JU Hlasd 5 oliyls cdwiin Bld 5l 4SIb g5 )0 ladiged glas

\
)

b (63,90 igad CunddV Jgi>

.

I o
| |
Case 05 Case 04 Case 03 Case 01
0355 b s 51 S NPT edto oSy o 4 Li5e
o ¥10 53 V[0 o FI0 )31/ o FI0 )31/ o F10 53 V[0

i
> -
.

i z i I i
Case 10 Case 09 Case 08 Case 07 Case 06
. . Jules Sk S ol 5 b lss S oo S .
JUless Byl o> (SIL JU ey )b S o SIL o e oS oy e 5 03 Byl dw j (SIL
o ¥10 15 \/0 o £10 15 \/0 ” i > o £10 15 \/0
Fio X102\ /0 o Y10 )5 V0
Guios sl

Y‘J9..\_'> 20 ol 0ds d,_.>|,)), mew Qﬁ)JNOZ b..\u\” clale U”L" u»lml PRI dlmd.;w W29 Ja.l?u L uu?!) U’I 50
plod bl o oa¥l ol clale Sl 50,8 &)90&3/1“,5;,‘]4&" ale [\SSLis 0y u-" S polas cpl )l oads &) by glS” 3 glas
Sges L dunlie ;0 ladlo jo 3 boau VT clale e (ogas )3 odel cawd 4 gl b o bawg ciody sla 5Ll 3550 13 b oy p

odnlio 1o yd OUYVY Hlade b ciSan aib 13 )] e oy it g oy +/+¥ jlude b pgs aibs 3 Case 02 ;5 oau¥l clale oy oS —

sl j g b 4 (Case-01) gy
£o5 ool 1 85 18l o oo 4k g pod dis | st pows A 5 CiSiod i 55 oty YT CAIE (53,50 (£lb digal soles )3 —
And e 5 1) (Jlite SlEb (63)50 diged y 53 01 Y clale Sl
oanliiie do)d FY/Y Jlude b p)los aibs 13 ol Jlade oy yidis g Aoy VOF Jlade b pgs aiib > Case 01 > oan¥l cbale oy jieS -

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

Cs) 045

Cow) 0445

'
—


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25 ]

[ DOI: 10.6

VEoF Sl /oh,len Jlo /o5 g0l a)leud yjlas Sl Janowo Wil

Yy

a8 po0s S loib L J315 slop oS Sli5y) g2 oS 8 U

sanlie 1o )d DV Jlade b pow aidbs )3 o)l e oyt g doyd +/Y Jlade b pyles 4t p3 Case 03 3 oan VT cdale oy S —
Ll 0045

odnlie 1o yd FY/OY Jlade b ciSen dib )3 ] Jlaie oy i g o> +/+Y o b pgd ails y3 Case 04 ;5 oa¥ clale oy pieS —
Lol 04

2oy YAFO Jade b ciSen dib 3 o] ke cpyidis g doyd o/+F Jlade b pyles aibs > Case 05 ;5 sanVl clale o jie$ -
Ll 005 oanlie

Loyd YAFY jlade b CiSon aib 1> ol Jlake oyt g oy o/+ 05 ke b p)les aib ,> Case 06 , oau ¥l cbile oy yes —
ol 04 oaalie

Loyd FYIAS Jade b caSom aib )3 )] Jlade cpyidin g oy /¢ ) Jlade b pylos ails j> Case 07 ;5 oan¥l clale oy yieS —
Ll 005 oamlie

odnliie Juoyd VXY jlaio b pgu s )3 o Jlaie o i g duoyd +/+¥ Jlaie b plo> aids > Case 08 ;5 oa¥ clale oy iaS —
Lol 04

odnlie 1oy NNV Jlude b pow b (> o] Jlade (i 9 duoyd +/VY Hlude b pgd aids p3 Case 09 )3 oan¥ cdale o jneS —
Lol 04

g WWY/¥ Jlado b pow g pogd lids j3 )] Jlade (pyidi g doyd o/+F Jlade b pyles adb p3 Case 10 ) oan¥l cdale oy yieS -
ol 005 saaliie Juoyd AY/OY

Case Form TOT PCT Concentration amount Floor Concentration Contout
No. pattern (%) (%)
Min VO¥% F2
Case 01 V--%

Max ¥Y/v% F4
Min Y% F2

Case_ 02 A Y%
5 Max VY% FO
Min Y% F4

Case_ 03 \Ya/A5%
Max 03/10% F3
Min -[+Y% F2

Case 04 20/Y0%
Max YoY% FO
Min 1% F4

Case_05 #Y/+-2%
Max ¥a/¥0% FO
Min /5% F4

Case_ 06 Y¥/EASY%
Max Ya/5v% FO
Min 1% F4

Case 07 iy %
Max YA % FO
Min 5% F4

Case_ 08 Yo/ V%
Max VAR F3



http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25]

Sy pS1 I (58wl dox ()l yguctio P!

Case Form TOT PCT Concentration amount Floor Concentration Contour
No. pattern (%) (%)
Min % F2
Case 09 \SVIOvYo
Max NH% F3
Min /5% F4
Case 10 w YYAIYY0 WY/ ¥% 20}
- Max
< AY/0Y% F3

(Total percentage) TOT PCT | jolaio 355 oo ,5 5%

el oy i g Moy YE/FAS jlude L Case 06 ;5 oan¥l clale oy iaS o 8,5 ams 465 ol ol 398 Jgdo bl
A3l o o pd YYAIY lade L Case 10, ouiyYl

Dges cpl 0 &S yeb las sl oas ooy i (o bl 3 lliw] b duslie (3 (63550 sladiges ;3 NO, clale 1Sl 410505 A pguad )
iy 4 gl le ;0 pisted (ol 0l sdnlie Case 10 )0 ol oy sii g Case_00 o clale e oy yieS 25 oo sdalie
Case_03 4 Case_08 Case 09 «Case_10 g 3 lubusl 50 ;| 08 dale Case 04 4 Case 02 Case 07 Lase 05 cladiges
Ad e i 1y (gl o)kl e 5l 5YL cdale i 4

300
250
200

150

100I I II|

Cace01 Cace02 Cace03 Cace04 Cace05 Cace06 Cace07 Cace08 Cace09 CacelO

[%a)
o

Gyl 3 ikl b duslio ;5 (63)50 lalllae clale NOy (1S5ko Ay guas

S 25 Al g oy

38 Ml 5 ol J5 4y (S5 sloost ¥ 3y9 (1alS 1 0l 5o S5 5 st Jio (g e i b s 3

oBalS slame Gimgo (il 53 0dd (g el Cal 48513 cw)p 3)90 dpe e leiBle o 3 (AIQ) (B lgp cuiS

CFD g a8 Jlai > Jb o g olyle i jlas j) cglisie (SIL aigad Vo abl oo (ol (193 4 (5399 (sloosiy ¥l clale

a baye cilale oy iy g Coyamate (pyieS LCase 06 4 by clale oy yiaS (65l 3 jlailinl (wlal ool oad (g5l dud

ol 5 0)lge Jolds 8uiod Cpl guld (p siens oyl pogMe LBl o Cuyaame (i L Case_10

e (eSS b sla ) SIb calisee slapyd lo 1S goz0 o)l (3L B elon cuaS p SIL wdin p)6 @

iy au (Case_04) JS_i gloyls ¢ (Case_02) oo (slaSIb ams o JWis) ladlo (51 (clad 1) laoas, Y]
JSs et o SIL b Case_03 a8 cawl Jbys cpl bilosds olailo J315 )3 00 YT 5959 jialS cel 1o yd ¥/AD 4 VF/AY
(Y Jgds) ol o plesdlus 31y (clas p oan ¥l clale (cao s YAAS iul3él el

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

'
4


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25]

[ DOI: 10.6

VEoF o /ohd)ln Jho /o5 5 oy oylens ylas Gty oo Oladlae

Yo

ad poybo g leisle J515 glad CodiS' 85 )| o SUL 0,8 15U

ol oyl sl Byl aw ja 3l (SIL wgad opl )3 .8l 0 Case_06 cdls oy yipe o5 o L s JU e g oloyls Jas 1 @
los oVl cdale susyd YEIYY ¢ SO/0VF XY/AY Lials el cus 5 4 Case_07 4Case_06 Case_05 .ol gloss
il 38l Ao )3 \YAIY 4 SY/OV YOS )i a1y ooV e lale o5 )5 4y 55 Case_10 «Case_09 Case 08 4
(Y9 )sleals
ol slagleilo )3 (KU o jpanme (I L &S 2905 Culbyy iz Olgie LiRgR ol 53 edel Cus 4 @l 4 g b K i &
Orter b Case_10 15 o5 (530 & him I & 599 sloosis¥T CE Wiy 5 (syeed cslashS s Coplra > o5 43,0
SielS b e Jls el ons sanlie L3 (clad 3 baoso VT cuilsl flise cp i (JU Hlgd Bb ¢ b SIb) cuygaxe lime
o) g Glie (nyieS L Case 06 ) g9 cnl oo Gials pletdlo J3b > (Sogll cuill olie (oS0 55 & )guasme
) it 5 3 g s & S0 | 5 eEe o 5550 ol ol s 5> ] atalie I (oo o 4
S35 oy 3y90 B slgp ciieS ) (el

Lluwiy o
1. Leeward side (LS)
2. Windward side (WS)
3. Both side (BS)
&be

Ol gl ol )35 (Sl GleMbl L (WAF) Loyl yes o)l e Slyes g sdCiglee —
(VEV,NY) e Soleolosy -
https://www.afkarnews.com/%D8%A8%D8%AE%D8%B4%D8%A7%D8%AC%D8%AA%D9
%85%D8%A7%D8%B9%DB%8C5/1207731%D8%B7%D8%B1%D8%AD%D8%A2%D9%8
4%D9%88%D8%AF%DA%AF%DB%8C%D9%87%D9%88%D8%A7%D8%A7%D8%B2%D
8%AF%D8%B1%D8%A8%D9%85%D9%86%D8%B2%D9%84%D8%AF%D8%B1%D8%A
A%D9%87%D8%B1%D8%A7%D9%86%D8%A7%D8%B2%D8%A7%D9%85%D8%B1%D
9%88%D8%B2
https://www.kojaro.com/research-exclusive-articles/121075-where-is-chamran-highway
.(\Y“de\f) e Colwg  —
https://www.hamshahrionline.ir/news/244831/%D8%A2%D8%B4%D9%86%D8%A7%DB%8
C%DB%8C%D8%A8%D8%A7%D8%A8%D8%B2%D8%B1%DA%AF%D8%B1%D8%A7%
D9%87%DA%86%D9%85%D8%B1%D8%A7%D9%86%D8%AA%D9%87%D8%B1%D8%
A7%D9%86
https://fa.wikipedia.org/wiki/%D8% A A%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D8%B4%D9
%87%D8%B1%D8%AF%D8%A7%D8%B1%DB%8C_%D8%AA%D9%87%D8%B1%D8%A
7%D9%86

— Aflakic A.« Mahyuddin¢ N.« Mahmoud¢ Z. A.-C.< & Baharum¢« M. R. (2015). A review on natural
ventilation applications through building fagade components and ventilation openings in tropical
climates. Energy and buildings< 101« 153-162.

— Almeida-Silvac M.« Canha¢ N.« Vogado« F.c Baptistac P.c Fariac A.c Fariac T.c . . . Almeida¢ S.
(2020). Assessment of particulate matter levels and sources in a street canyon at Loures¢ Portugal—a
case study of the REMEDIO project. Atmospheric Pollution Researchs 11(10)¢ 1857-1869.


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25 ]

Sy pS1 I (58wl dox ()l yguctio P!

Blocken¢ B.¢ Stathopoulos¢ T.¢ Saathoff« P.« & Wang¢ X. (2008). Numerical evaluation of pollutant
dispersion in the built environment: comparisons between models and experiments. Journal of Wind
Engineering and Industrial Aerodynamics< 96(10-11)« 1817-1831.

Brunekreef B.c & Holgate¢ S. T. (2002). Air pollution and health. The lancet< 360(9341)¢ 1233-
1242,

Caoc¢ J.« Yang¢ C.¢ Li¢ J.« Chen¢ R.¢ Chen¢ B.c Gu¢ D.« & Kan¢ H. (2011). Association between long-
term exposure to outdoor air pollution and mortality in China: a cohort study. Journal of hazardous
materialss 186(2-3)¢ 1594-1600.

Chand¢ L.¢ Bhargava¢ P.c & Krishake N. (1998). Effect of balconies on ventilation inducing
aeromotive force on low-rise buildings. Building and Environment« 33(6)¢ 385-396.

Chen¢ C.¢ & Zhao¢ B. (2011). Review of relationship between indoor and outdoor particles: I/O
ratio¢ infiltration factor and penetration factor. Atmospheric environment« 45(2)« 275-288.

Chiang¢ C.-M.¢ Lai¢ C.-M.¢« Chou¢ P.-C.¢ & Li¢ Y.-Y. (2000). The influence of an architectural
design alternative (transoms) on indoor air environment in conventional kitchens in Taiwan.
Building and Environment« 35(7)« 579-585.

Colome¢ S. D.c Kado¢ N. Y.« Jaques¢ P.« & Kleinman¢ M. (1992). Indoor-outdoor air pollution
relations: particulate matter less than 10 pm in aerodynamic diameter (PM10) in homes of
asthmatics. Atmospheric Environment. Part A. General Topics< 26(12)« 2173-2178. https: //dio: 10.
1016/0960-1686(92)90405-A.

Cui¢ D.¢ Li¢ X.« Du¢ Y.« Mak¢ C. M.« & Kwok« K. (2020). Effects of envelope features on wind flow
and pollutant exposure in street canyons. Building and Environment« 176¢< 106862.

Dockery« D. W.« Pope¢ C. A.« Xu¢ X.¢ Spengler¢ J. D.« Ware« J. H.« Fay¢ M. E.c . . . Speizer¢ F. E.
(1993). An association between air pollution and mortality in six US cities. New England journal of
medicines 329(24)¢ 1753-1759.

EPA. (2005). Review of the national ambient air quality standards for particulate matter: policy
assessment of scientific and technical information. O4AQPS Staff Paper.

Fischer¢ P.« Hoek¢ G.« Van Reeuwijk¢ H.¢ Briggs¢ D.¢ Lebretc E.« Van Wijnen« J.c . . . Elliott¢ P.
(2000). Traffic-related differences in outdoor and indoor concentrations of particles and volatile
organic compounds in Amsterdam. Atmospheric environments 34(22)« 3713-3722.

Ghadikolaei¢ F. M.« Ossen¢ D. R.« & Mohamed« M. (2013). A review of the effects of balcony on
indoor ventilation performance. Asian Journal of Microbiology« Biotechnology and Environmental
Sciences¢ 15(4)¢ 639-645.

Gold¢ D.« Damokosh¢ A.¢ Pope¢ C.c Dockery« D.« McDonnell¢ W.¢ Serrano¢ P.¢ . . . Castillejos¢ M.
(1999). Particulate and ozone pollutant effects on the respiratory function of children in Southwest
Mexico City (vol 10¢ pg 8¢ 1999). Epidemiology« 10« 470-470.

He¢ L.« Hang¢ J.« Wang¢ X.¢ Lin¢ B.¢ Li¢ X.« & Lan¢ G. (2017). Numerical investigations of flow
and passive pollutant exposure in high-rise deep street canyons with various street aspect ratios and
viaduct settings. Science of the Total Environment< 584« 189-206.

Izadyar¢ N.¢ Miller« W.« Rismanchi¢ B.« & Garcia-Hansen¢ V. (2020). A numerical investigation of
balcony geometry impact on single-sided natural ventilation and thermal comfort. Building and
Environment« 177¢ 106847.

Janssen¢ N. A.< van Vliet« P. H.c Aarts¢ F.« Harssema« H.« & Brunekreef¢ B. (2001). Assessment of
exposure to traffic related air pollution of children attending schools near motorways. Atmospheric
environment« 35(22)¢ 3875-3884.

Jenkins¢ P. L.¢ Phillips¢ T. J.« Mulberg¢ E. J.« & Hui¢ S. P. (1992). Activity patterns of Californians:
use of and proximity to indoor pollutant sources. Atmospheric Environment. Part A. General
Topicss 26(12)¢ 2141-2148.

Karimimoshaver« M.« Sadathosseinic M.« Aram¢ F.« Ahmadi« J.« & Mosavi¢ A. (2023). The effect of
geometry and location of balconies on single-sided natural ventilation in high-rise buildings. Energy
Reports< 10« 2174-2193.

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

'
o


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 |

hesar.14.51.25]

[ DOI: 10.6

VEoF o /ohd)ln Jho /o5 5 oy oylens ylas Gty oo Oladlae

Yy

ad poybo g leisle J515 glad CodiS' 85 )| o SUL 0,8 15U

Kindangen¢ J.« Krauss¢ G.« & Depecker< P. (1997). Effects of roof shapes on wind-induced air
motion inside buildings. Building and Environment< 32(1)¢ 1-11.

Klemm« R. J.« Mason Jr¢ R. M.« Heilige C. M.« Neas¢ L. M.« & Dockery« D. W. (2000). Is daily
mortality associated specifically with fine particles? Data reconstruction and replication of analyses.
Journal of the Air & Waste Management Associations 50(7)¢ 1215-1222.

Klepeis¢ N. E.« Nelsonc W. C.c Ott« W. R.c Robinson¢ J. P.« Tsang¢ A. M.« Switzer¢ P.c . . .
Engelmann¢ W. H. (2001). The National Human Activity Pattern Survey (NHAPS): a resource for
assessing exposure to environmental pollutants. Journal of Exposure Science & Environmental
Epidemiology« 11(3)¢ 231-252.

Kukreja¢ C. (1978). Tropical architecture. (No Title).

Lee¢ H. S.« Kang¢ B.-W.¢« Cheong¢ J.-P.« & Lee¢ S.-K. (1997). Relationships between indoor and
outdoor air quality during the summer season in Korea. Atmospheric environments 31(11)¢ 1689-
1693.

Mohamed¢ M.« King¢ S.< Behnia« M.« & Prasad¢ D. (2011). A study of single-sided ventilation and
provision of balconies in the context of high-rise residential buildings. Australia< Universidad de
New South Wales« Facultad de Ambiente Construido« 1954-1961.

Olgyay« V. (2015). Design with climate: bioclimatic approach to architectural regionalism:
Princeton university press.

Omrani¢ S.< Garcia-Hansen¢ V.« Capra¢ B.« & Drogemuller¢ R. (2017). On the effect of provision of
balconies on natural ventilation and thermal comfort in high-rise residential buildings. Building and
Environment« 123¢< 504-516.

Peters¢ A.¢ Liu¢ E.« Verrier¢ R. L.« Schwartz¢ J.« Gold¢ D. R.¢« Mittleman< M.¢ . . . Monahan¢ K.
(2000). Air pollution and incidence of cardiac arrhythmia. Epidemiology« 11(1)¢ 11-17.

Pope 3rd¢ C.¢ Bates¢ D. V.« & Raizenne« M. E. (1995). Health effects of particulate air pollution:
time for reassessment? Environmental health perspectivess 103(5)¢ 472-480.

Prianto¢ E.¢ Bonneaud¢ F.< Depecker< P.« & Peneau¢ J. (2000). Tropical-humid architecture in
natural ventilation efficient point of view. International Journal on Architectural Science« 1(2)¢ 80-
95. Retrieved from.

Prianto¢ E.« & Depecker¢< P. (2002). Characteristic of airflow as the effect of balcony¢ opening
design and internal division on indoor velocity: A case study of traditional dwelling in urban living
quarter in tropical humid region. Energy and buildings< 34(4)« 401-409.

Prianto¢ E.« & Depecker¢ P. (2003). Optimization of architectural design elements in tropical humid
region with thermal comfort approach. Energy and buildings< 35(3)¢« 273-280. Retrieved from.
Rijnders¢ E.¢ Janssen¢ N.¢« Van Vliet¢ P.« & Brunekreefc B. (2001). Personal and outdoor nitrogen
dioxide concentrations in relation to degree of urbanization and traffic density. Environmental
health perspectives< 109(suppl 3)« 411-417.

Schwartz¢ J.« Dockery¢« D. W.« & Neas¢ L. M. (1996). Is daily mortality associated specifically with
fine particles? Journal of the Air & Waste Management Association« 46(10)¢ 927-939.

Shi¢ S.¢ Zhao« B.« & Zhang« J. J. (2018). Effect of residential air cleaning interventions on risk of
cancer associated with indoor semi-volatile organic compounds: a comprehensive simulation study.
The Lancet Planetary Health« 2(12)¢ €532-e539.

Tao¢ S.¢« Yu¢ N« Ai¢ Z.« Zhao« K.« & Jiang¢ F. (2023). Investigation of convective heat transfer at
the facade with balconies for a multi-story building. Journal of Building Engineering¢ 63« 105420.
doi:

Tominaga¢ Y.« Mochida¢ A.¢ Yoshie« R.« Kataoka« H.c Nozu¢ T.¢ Yoshikawa¢« M.« & Shirasawa¢ T.
(2008). AlJ guidelines for practical applications of CFD to pedestrian wind environment around
buildings. Journal of Wind Engineering and Industrial Aerodynamics< 96(10-11)« 1749-1761.

Tong¢ Z.« Chen¢ Y.« Malkawi¢ A.¢ Adamkiewicz¢ G.« & Spengler¢ J. D. (2016). Quantifying the
impact of traffic-related air pollution on the indoor air quality of a naturally ventilated building.
Environment international< 89« 138-146.


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25 ]

Sy pS1 I (58wl dox ()l yguctio P!

Yu¢ O.¢ Sheppard¢ L.« Lumley« T.« Koenig¢ J. Q.« & Shapiro¢ G. G. (2000). Effects of ambient air
pollution on symptoms of asthma in Seattle-area children enrolled in the CAMP study.
Environmental health perspectivess 108(12)¢ 1209-1214.

Zhang¢ S.« Wu¢ Y.« Liu¢ H.c Huang¢ R.« Yange L.« Lic Z.« . . . Hao¢ J. (2014). Real-world fuel
consumption and CO, emissions of urban public buses in Beijing. Applied Energy« 113¢< 1645-1655.
Zheng« X.« Montazeric H.« & Blocken« B. (2022). Impact of building fagade geometrical details on
pollutant dispersion in street canyons. Building and Environment« 212« 108746.

Zhu¢ Y.< Hinds¢ W. C.¢< Krudysz¢ M.« Kuhn¢ T.¢ Froines¢ J.« & Sioutas¢ C. (2005). Penetration of
freeway ultrafine particles into indoor environments. Journal of Aerosol Science« 36(3)¢ 303-322.

VEoF o /ohd)len Jho /oS 5 oy oyleans ylas Gl Jawsre Oladlae

'
>


http://dx.doi.org/10.61186/hafthesar.14.51.25
http://hafthesar.iauh.ac.ir/article-1-2219-fa.html

[ Downloaded from hafthesar.iauh.ac.ir on 2026-05-19 ]

[ DOI: 10.61186/hafthesar.14.51.25 ]

The effect of the balcony form on the improvement of air quality
inside mid-rise buildings in the vicinity of urban highways
(Case study: Shahid Chamran highway in Tehran)

Elham mansourian, Master of Architecture graduate, Department of Architecture and Urban Planning, Yasuj
Branch, Islamic Azad University, Yasuj, Iran

Hamid Eskandari*, Assistant Professor and Faculty Member of Architecture, Department of technical and
engineering, Yasouj University, Yasouj, Iran (Corresponding Author)

Ali Akbar Heidari, Associate Professor and Faculty Member of Architecture, Department of technical and
engineering, Yasouj University, Yasouj, Iran

Received: 2024/3/15 Accepted: 2024/7/21

Extended abstract

Due to the increase of urbanization in modern life, air pollution has been one of the most important
problems in recent decades, which has become an important challenge in relation to human health. This
issue has become a serious threat to human life with the development of cities and decreasing air quality
day by day. For this reason, urban air quality is an important environmental issue in the world that
prevents human deaths. Air pollution in cities is caused by factors such as industries and factories, car
traffic, the use of fossil fuels for cooling and heating, and similar things. One of the most important
factors in the production and release of pollution in the air is the traffic pollutants caused by the traffic
of cars that affect the indoor environment. However, the architecture of the buildings can have an
effective role on the quantity and quality of the entry of these pollutants into the space inside the
buildings. And ... pointed out. Accordingly, among the mentioned elements, in this article, the effect of
balcony form on reducing traffic pollutants and increasing indoor air quality is discussed. For this
purpose, 10 balcony models in terms of geometry, parapet and wing wall characteristics in a mid-rise
building in the city of Tehran in the vicinity of Shahid Chamran highway (as the center of traffic
pollutant emission) were selected as case examples and the amount of traffic pollutant entering inside
The building was simulated using Computational Fluid Dynamics (CFD) method. The validation of the
software in the present study is based on the research of Sin et al. (2023). All settings used in the article
are in accordance with validation; With the difference that in this research, the concentration parameter
of the pollutant nitrogen dioxide (NO,) (source of pollution) was used to measure air quality. Based on
this, the main goal in this research is to determine the best model of the geometry and structural shape of
the balcony to reduce the entry of traffic pollutants into the building and increase the indoor air quality
(IAQ) in the mid-rise building. The results of the research indicate that the triangle-shaped balcony has
the highest concentration and the curve-shaped balcony has the lowest pollutant concentration in the
geometry section of the balcony. Also, the amount of pollutant concentration in the balconies with
fences is much lower than the balconies with wing walls. On the other hand, in this research, it can be
concluded that the concentration of pollutants entering the building increases with the increase of
balcony enclosure in mid-rise buildings that are located in the vicinity of urban highways. Meanwhile,
by reducing the enclosure in the balcony, the accumulation of pollution inside the building decreases.
Keywords: Computational fluid dynamics (CFD), mid-rise building, balcony, NO’® pollutant
concentration, indoor air quality (IAQ), Shahid Chamran highway.
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