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Abstract

With the increasing use of motor vehicles in cities, the amount of traffic-related pollutants is growing and affects
indoor air quality. One of the influencing factors for the pollutant's penetration into the urban context and the
change of its diffusion speed (depending on the air velocity) is building form. The purpose of this research is to
investigate the effect of building form on pollutant concentration and air velocity inside the building. The method
in this research is applied and mixed research. For this purpose, 3 common building forms have been investigated
in district 1 of Shiraz city. These forms create 12 different urban contexts with four 90 degree rotations in a regular
pavilion-shaped context. Each context is placed in the vicinity of an urban highway as a pollutant source.
Examining the cases has been done through CFD simulation. Steady 3-dimensional flow using the SST-Kw
turbulence model has been used to simulate the cases, which have been numerically solved based on the Reynolds-
averaged Navier-Stokes (RANS) equations. The validation of the CFD software used in this research has been
done in comparison with the wind tunnel tests and has yielded acceptable results. The results showed that the
building form has a significant effect on the air quality inside the building. Also, based on the results of the TOPSIS
multi-criteria decision-making method, the best and the worst building forms in order to increase the air velocity
and reduce the concentration of pollutants inside the building, respectively, related to the form with an overhang,
facing the windward, and an overhang, facing the leeward.
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Introduction

According to estimates, about 91% of the
world's urban population is exposed to various
types of pollution (WHO, 2016; Pepe et al.,
2019). Air pollution in cities is caused by
various factors such as the activities of
industries and factories, traffic of cars and the
use of fossil fuels for cooling and heating of
buildings. Meanwhile, the traffic of cars in
cities is one of the most important factors in the
production and spread of pollution in urban
spaces (Zhao et al., 2020). The spread of
pollution in urban spaces depends on various
factors, including meteorological factors (like
wind speed and its direction), urban
morphological characteristics (such as the
geometry and arrangement of the buildings),
urban density and the location of the pollution
source (Blocken et al., 2013; Di Sabatino et al.,
2018; Hang et al., 2015; He et al., 2020a, 2020b;
Miao et al., 2020). In this regard, the role of
urban morphology in the spread of pollution is
one of the fields that has received less attention
in urban research and environmental design. In
most of this research, the relationship between
urban form and air ventilation has been
investigated and in a small number of them the
relationship between urban form and air quality
and the pollutant abundance have been studied.
(Yang, Shi, Shi, et al., 2020). As mentioned
above, in this research the impact of urban
morphology on pollution spread caused by
vehicular traffic is analyzed. The purpose of this
research is to analyze the typological form of
buildings in an urban context in terms of indoor
air quality indicators. In order to measure the air
quality inside the building, two parameters of
the pollutant concentration and the air velocity
will be examined. According to the objectives
of the research, the following questions are
answered in this research:

1. What effect does the change in the pattern of
the urban context (affected by the change in
the form and arrangement of the building) have
on the penetration of pollutants in the
building?

2. What are the characteristics of the optimal
building form in relation to the pattern of wind
behavior to increase air quality?
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Methodology

Based on what was mentioned, in this research,
the impact of urban morphology on pollution
spread caused by vehicular traffic is analyzed.
The pattern of urban morphology is selected
based on the form of existing residential context
in Shiraz city. Among the pollutants affected by
urban traffic, , which has the highest
concentration and abundance (73 ) in the annual
concentration chart of Shiraz city (PlumeLabs,
2022), will be investigated. The research
process is carried out in such a way that, in the
first step, using Grasshopper software, different
alternatives for the residential building form are
generated. In this step, form generation is
performed based on two variables, volume and
relative compactness. In the next step, among
the generated forms, the most similar options to
the existing buildings in the residential context
of district one in Shiraz City are selected. In the
third step, the types of context that can be
extracted from the rotation of the selected
building patterns are determined. The
determined contexts are analyzed in the fourth
step using numerical simulation in CFD, and the
wind velocity and concentration of pollutants
within the target building are measured. Finding
the best building configuration in the context in
order to reduce the concentration of pollutants
and increase the air velocity (in the target
building) is the last step in this research which
is done using the TOPSIS MCDM.

Results and discussion

In this section, the results of air velocity and
concentration analyses inside the target
building are presented. For the reference case,
the increase of concentration along the
longitudinal walls and its decrease in the middle
part of the target building can be seen. For
Configuration A, in cases A-01 and A-03
depending on the direction of the overhang, the
pollution diffusion pattern has been transferred
to the passage in front of the overhang. In A-02,
in addition to the north-south streets, the wind
flow containing the pollutants has also been
drawn into the east-west streets, which has
caused the accumulation of pollutants in this
area and its entry into the interior of the target
building. In A-04, the negative pressure area
reduces the concentration of pollutants in the
south face of the buildings (due to the increase
in the wind shadow and the decrease in the wind
flow containing pollutants). Therefore, the
entry of pollutants into the target building has
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been reduced. For Configuration B, cases B-01
and B-03 have similar behavior in pollution
diffusion patterns in the context. In case B-02 in
the target building, the concentration has
gradually increased from the sides of the
building towards the middle. In Case B-04, in
the target building, the pollutant concentration
is low, and the particle dispersion is uniform.
For Configuration C, in cases C-01 and C-03,
Pollutant accumulation is on the front facing the
facade overhang. In case C-02, the middle part
of the target building has the highest
concentration of pollutants. In case C-04 in the
target building, the dispersion of particles is low
and uniform.

Conclusion

The main purpose of this research is to
investigate the effect of different building
configurations in an urban context on I1AQ. In
this paper, reducing the amount of pollutants
and increasing the air velocity inside the
building are considered as two research criteria.
12 urban contexts consisting of the most

common forms of low-rise buildings in Shiraz
city in a regular pavilion-shaped urban form are
considered case studies and are simulated in
CFD. Based on this, the most important results
obtained are as follows: The rotation of building
blocks in an urban context causes a change in
the pollution diffusion pattern. In this regard,
the form of blocks and their filled and empty
spaces play an important role in the diffusion
pattern. The average concentration in the target
building in configuration C and configuration A
are the lowest and the highest, respectively.
configuration A with an overhang and
configuration C with a facade overhang have
the lowest and highest air velocity in the target
building, respectively. The results of using
TOPSIS MCDM showed that A-04 and A-02
are the best and the worst examined cases in
terms of 1AQ. The results of this study indicate
that the dilution of polluted air in the interior of
the building is strongly related to the form of the
blocks, which depends on both the form pattern
and the way the buildings are arranged and
rotated in the surrounding context.



-
;b-""ar'! = A

) » ° ° . .
iy /{f ey //.»L{.»U"’
VF+Y )LQ;{ SY D)LQ-M.: ¥ 0)9.3

YAANAY N o (Sog S LLs  YAAV=-5FY : ol LS
Journal Homepage: http://juep.iaushiraz.ac.ir/

g e
ilnio 2axdllao 3 90) & pteud (sigSno Cly 4 gV CUAE § Igh by g1 e lus 08 i

(51500 o S

u‘)"l ‘59“4[) ¢Un)’twl .)])T oKy ‘Cyub ..\>|5 ‘d)la.:.c ‘_5);‘{.) ‘_597:..»)‘.) :‘_9".05 Olf}b
O‘)ﬂl ‘G?‘*‘lﬁ 459.»[::‘ ol&usls (odigs § (S8 081 ¢4 lare og)f )‘.:.Jl}b . *d).\.;é ’A;' u.l&
Ol gty oMol ST oSl crguly 51y (g5l jaed g (5ylano 095 il U 5 gy ogias

VEY/oR/F 25 s AV-BY o VEV/VIA 1l
e
155 5505 o |y J81 (sl oS 5 ol 03y 4 55 Sl 1 30 sloosi V] e Loseed > i 45 oyl eslial ol LT3l
Ui 5l Bum plplo ] laadls ) (lg o 4 atanly) ol Uil e g poi 9 <8l 4 baod YT 3985 5 )35 56 Jelge sl SG amd o
sl 155 5 )5 €95 5|yl (i > e gy el ezl S5 (glon e pus g oAV CAlE el p i 3 )yl
S Bl 3 238 (i3 2 lee blap )b ol Wb )18 a0y 3)90 1 1 S allaie 3 g0 gy p R Y Sl Baod bl jslais &
oy ool 485 18 a0V wie leie 4 (650 bl SO Spgline 5D Bl S e Sl ciglite (g Bl Aged VY (plite (glalads
390 Wdiges (gl and caasr SST-Koo (Saasl Jao jl odlitwl b (sam o <ol (b ys ol adply plosl CFD (g3l a3,k | naiges
CFD I3l o5 i yliel .ol 0 J> (RANS) S gl gl 55k 3, ¥olee (wlol (6348 iy & &5 ol 48,5 1,8 odliud]
ol pyd aS ol i ol Cul atsld ol jor 4y Jod b gl 5 ol 48 )5 ploul oL g5 Slislesl b duolie Gizs ol 4o edlaisl 350
2 SN 5 g e ol 0)bae A2 (635 el hg) @B ell 2 imed )l Gleilo (19)0 lgp CudS (R JB 8L
Stoliy 93l S 4 gy edlo SV (Sualig b b 4 bgrpe ooy s 0193 sloosiy VT cale (1alS g lsn oo puo G381 okt 4 plasbls
Gl 2l Cga 4 cady le S
(CFD)) ilolee &V lwr Kool dpt s iy o5/ iy S o lazsls 82 6045 60514

CAL 55 oai VT CAAE g 1gd Cas g 3 Hloidls 038 JF B L(VF+Y) Uiy )5 g 5 551 e eyt 0550 e JLoS 13 Liku]
AV=2Y (AWIF 6yt bauomo dngi 5 (630540l dolilnd of 31 pandd yerdd S albaio tandllne 3550) 5 s (SgSwune

$yed 151y ¢ oMl 3T o8zl 2 5l By © m

DOIl:

<AWVIYaFaY ;805 « aliakbarheidari.iust@gmail.com : S g Sl Sy (s)a 181 e 2 ghumo g . ™



gA VY Jlog W oylos Foyg0 ¢ 6 ot Jaumo drargd 9 (652 ydolipe

dodde
(Nakharutai s o i 3o 5l iw 039l (clon o Cumes 1 2o)d A0 FVY Jlo o Sle cublige olojlo pusgs ol 5
2 i when sl (§ 65 (Slgn i NSt (sl Sl L b pe (lon (slmosi YT dga Giuns 41505 09Nl et al., 2022)
(Jareemit et al., 2023) cuwl 039; (5,85 o0 5 drg85 Cilisto gobaw (3l Co (bl slaoay VT SuiST, addllas S claans
w5155 9 00028 (sloyaes 53 0ag 4 Lo)S 2o g g (Sagll [ialS' (el 03,208 ysbo a5l oo (IS (gl S (5 0 a5t
(Feng etal., 2021; Yang et 35 s leidlo 9y 45 (g0 ke (Sl J! gl ole ay a8 by oyl ) 9.5 o o3lius]
al., 2020)
Sl ol CusS395 (bled d W Jlo b pglore 51 g (2B ploj Cunl (e ] (2D 2 Iy s YT 5 1 (3L el
Mostafa-zadeh & ) 54 0 gmmme (dligg 9 (dae Cans (dbail ppo CMSEs | (S lgis 4 (rawg S5 4 (3D
.(Savalanpour, 2015
wiLe) ulidlsn Jolge 4 ol Ll dlon 31 &S 31> (S iliee Jolge & y2ed slalid g 3 (Sogl Lzl IS s &
oLl (Sagl gie Cuge 5 s pd oS15 (lagleile Ll g awsin Wib) o SPshiee slaShy b a5 Cep
(Blocken et al., 2013; Di Sabatino et al., 2018; Hang et al., 2015; He et al., 2020a, 2020b; Miao et al., 2020)54e
Sl 5 35 Cgonl 2925 b & Cunl (93)lg0 alox S o Sogll il (lals )3 055 4 SRS S3lsdrge LB bl ul 52
oobeo Olegdse Jg s pi8 S &S Cnl Jls jo cpl (Yang, etal., 2020) cuwl 43,5 1,8 ds o5 5y90 oS oo (Sl g (500
rob gk il aa ulwl es 4 (Sabunchi et al., 2020)u8" o b 1y (6590582 5 £38 dbu] ST wlge Glusgas il
I 315 (elo S iomias polite &y sl 510 (clgn S a3l 5 51 a8 €8l S 3 bag ozl pyd Koy Juboo
pyd bl &S sl oyl g pols Buiod (5,8 b daled eolatwl Ly 900 (sled sy g Ly 4y (63959 (sloosi VI clale o5 yiel )l g0
B 2 nl & SYlgs olasl al 2 Bl e 010N (9 (G9Sie Lo sl 1 JIS,80 alge 05 e 5l (S 2l ezt
s b

0,1 glazlis 1 sty ¥ 3985 1 (5,60 d (ol Sl g p )3 5 51 Slio) (b 2l (6801 )3y )

Sl s lo CapieS Lal38l gl 2 )by oS b bls)l 1 dgy Slaidlo p b sladascin Y

S (55 (o g Ay

b ot Lo 5 > (Schwela et al., 2016) ol ons il Lol 5 o815 51 (slb gy odas Ko Ky lsis & lgn (5ol
(Fernando 1S so dgdme 1) lamodis VT S0y does 13 g a0 Ciuns |y I (b y> o 0 K35 Sloidls (sloog )5 YU 1S5
005 o oS5 0 gl > b laee o) alie Sy 4 b lls paw (sl 5381 )by et al., 2001; Ng, 2009)
a e 45 g e 03]y ol & g Nsd e BBy B & 6 y0d Sudlyi jl b sbaoau VT (e ! > (EPD, 2022) caul
(Lietal., 2017) 545 0 J5I5 (slsp cunsS p asais il il

ol 4 D Jlas a5 5. M o0 d9ut ) (S (U8 e BB g 4 o (Slb g sy 40l b s 0h (55519890
58 ool ool (S350 50 s 65 (559359)99) U5 2 IS 85 slo,5i516 25 ke 5| S (Shi et al., 2018) ams o ial |,
(Geekiyanage et al., 2017)5)ly S Hlaidlo dwdin g Gleidlo (shb g )kd ke (lidlo b She 4 Hlidle <59s8)50 o
Seliie JS (St pm e 1lS nal)] 5ol 5 ki 4, gl o ol ) bo ol cazil ety o )l Lo o lop 9
Ol 4 598 0 Slom] platie wglite (slap )8 L oo (ol la St slael b ()93 5l 355 00 w0 9 Cagy ey il Sedlw
3l b ol (ol bl s )8 Sy 3550pn 4T (Sl Sla S5 o lsiol py o8 by ) ATke o lapd
3000 (ol s €l (Lad op b 1 gplane? LS 3 S (S .90 sl y3 ((Mansouri, 2000) wisl’ Salea ' cluwls
il 00 431y bl Byxe 4 pj )3 45 3535 0 il polate pyd A Car Lo 05D & o5 b Al o &5 p 13 Cluoguad

! Measure
2 Proportion
3 Harmuny



et (SsSame iy 53 00 VT e 4 lon s pus yy aiils py 4 1)Ko 5 oS

i3S o paal a b sl ) )b il Solite sla S g yalob (guiSiwp b D dgl; o

..A.Ifuo (o |) OT L;,mlla Lglmo}‘.\jl ‘P)é )‘ Lo Lgc\LoLé
sl IS 36 ] o9 el e g JS Sl 0,8 o0 )8 sy g Sl 3350 o1 5 8 &S (glodgazme i) s
(D.K.Ching, 2022) b e 535 136 o (wolisjb g Syl o Lo cubld oy Glybl ()l 5,008

0953039 dargi el o Canl b (5ldd &y s oty ] 8 5 51,31 (gl 5 caslio 515 (glid dbul ezl p 8 (S 5l Lol an
A8 by JBhe @ gl o Canl (s 900 Lol (lp)l8 0y 5 Ceadls Jelge i (ol 5l (o plgie 4 (3D baee 4
CJL\M ‘O‘-’.] 5 ogMe 23, Sog b lesd b b e O ‘51911’ Ay uwl)gl 4 5k oleis bl J3 b L;Lm).bn\ﬂ Uoye )D (58S
S oyt 5L 31 (glop pdaw oS Bgd bl ol () Gulwl p ub (B slaculd § Slidle slaojls 5 p,8 ¢ Sladls
[(Senitkova, 2007) sl ol Jebze b b b die Joloe clale b ail jly)e5
S35 slad ;> laoauy VT ials a4y g o 45 sl oo ygiS1s 5 (S (o S5 g (559098590 combio (b A5 a5 oS gbo len
2z lon (Sogl (SuSly g b ags )Shos 1 (646 (S35I58050 5B () 4 3 xte lilllas adIS ela Jls 3 S S8
(Feng et al., 2021; Yang et al., 2020) wlasls s oduz 9 (5 0ed (whito ;3 4> o0l 5 Sleidlw Sob wlio

B dlday - Jgoa

. . 099, R . . oy’ Eyo90 .
idats LAud | gt B - KVIvE)
S adlhe | dily 7 ¥l | ol z
oot NO P Cérdenas
gl S¢ll oy alal ; _ 2 s .
” uS...?j u“ i =S Ch A SRS (SuSTy g o515 PMy,, P ﬂ Rodriguez et
s ke s e T S0, SRS al., 2016
| A5 s 5 oSl
(st 2y (2SS oz D .7 U Sl e 5 55 55 co TP Fanetal.,
Sy (2 A58 oy .
’ ] il LMA, . . . £ sl Ramponi et
S gl CFD 7w | bR ol 0ahe g s o815 - :
L V, @ e al., 2015
bl bisjlge sl
bl Sl gy sl Lo
o sl . ) Har Silpd R
JUSEIES Jam ' uLm' e c b el il 5 £lis) . £ de Zhuetal.,
cew ) 398 lyd clale CFD (UI;P) TN 2021
obls
Cngj Mo il i s
b S sl ogily e | CFD | C, T glatslo il 5 ¢lis) _ | e Aneral
3
Aoy Sledlo b
oao VT Ll g5l s 5l b s o )
03 Syl By oS | CFD | GV | e pleblojiblo g i S5 | _ Piif 005
G bae o o oS c
@39 2 J S oo ol '/"wu: RC|_’| V+ b alolb g ol s (s glis)| oM pA ¢Sl | Lu & Peng,
01 YT (e3gae5bLs 03 3 b Cfl;s TK’E ' 3% ! s 2023
alyslss 9y JSSl ) e S oS
- SagS - - FR S Alwetaishi &
lya ¢ 1y a5l b Jss h
9““"”5??’3‘5‘5’* 73k s/ 4 25k J5s - ezl Gadi, 2021
D 3D
Sh CFD
My 9 LgLoJ D)glo& Iy Q L wy 92 LgLou) NVDSFJS...: . B
. . ’ - i ST (Taoetal.,
Slod cuaS b a5 L CFD LMA, laaz ) 0318l (561 5 (Ll 4503 _ sl 2022)
Jsb VE Sla G 5 s 165 dgp (00l ©
s aliseo glgil 156 oy . C, s Wugch
Pl , o u en,
o1 il y SsSs s | CFD PER. ok SidaiSeSe sl co ey 2023
Sl sl NEV °




y- VY Jlog W oylos Foyg0 ¢ 6 ot Jaumo drargd 9 (652 ydolipe

. . ) P . . ©ly3 Eyose .
Dot Bud JEno guiin B [-KIWe)
S e | iy 7 saig¥l | ol 7
Sl elylas) st )y CED c W)l g plaidlo dolb ol cox oM SR Niu et al.,
U 03 3 g caiS e oo 2 gl 2018
iy S ot ) P e Ng & Ch
25 (el (2bi) = Lo . N g au,
sl o g 7y loiS L . L
ks ola CFD C,Vv Slel s g ladlo g pidebs CcO 5 lais 014
obls
9 0L oSl (o)
0y y oki¥T SuSly ol D C.V. Sl o 5 i IS5 CoHg, | P2« | Nguyenetal,
bl sl s (sl TKE e SF, el 2019
Oglie (qwdin
STy 5 ol ile and . el | h cal
. i 7, uang et al.,
. o |
Oblks 03 S5 ey CFD TKE chi glis) o JS - el 2015
R

VFeY B0, 5 i aie

Py bollo (id 2 daglotle (bl g9 daglls (ye labls o515 5 el (g o yially Joo & lagingly ol )
& 53d A g iy ey il ol Gl & Yaens 5 Slidod ol @l Sibpie i slacdl il sl
450V Jg > (Ewing & Rong, 2008) 53,5 o oxie jluk g pllo (628 Latee <S4 bl 9 1o iS5 19 41505 392 y5late
ol bl BB 53 050 ¢ 558 Jgdn Jalod 51 .ol o &l wladss oyl )

(Liu et conl ods plosl (6 ya ca0,5w b o)) (Stased 9 (0 sSsl 13 baoss VT w55 40 (slodiulis davgi cpudl (claJlw ,
S3999y90 il g Wlals (o yed wlie (D Egdge owyp 4 yidw Slllbs cpl (Jb ol bl 2021; Zheng et al., 2021)
lolaoms ;3 1) lon CudS 5 50 S598)90 el Sl ol iy ol 4B S plonl )05 4y 0V 5 5o Gl s
9 EWl s e p)8 sl 4S5 oy )90 S JBI lgp CudS p Egdge cnl U I g Wlodls plol plae dlex Sl (S
CaieS 1 ol 1l oS st oo el o inre alox ooty JS 5 Lo IS5 odlal s el i S5 daglazilo iul)]
Ol BB, )8 gy 2 3590 I stimgy 53 45 lmoaty VT oy ot alox Sl il 48, )8 o) 3590 (ST il 455Ul g Igo
oslizol 350 (5 iy Slinios 1> CO daori¥T oyl cym 1 3,5 o)kl SFy (CoHg « PMys JUFPPM,; «CO (NO,, PMyg, SO, 4
sl &85 115 o 390 36 Liuly (sl yiite (lyie 4 oa VT CLE g 1gm s pus e 93 o ytimgy iy ool 4B S )13
ol 04 03laiol (gd% dw (g5ludo | Cliuiss ST 50 5 Cawl 0399 CFD (g5luwduds logas lisiss oyl 43 ooliiwl 350 5o,

BaoT (99 9 3190

Dy 0 43Dy i blog KBl 5l oAb (Sogll il ogon p el p) 15U Ll a4 Glagd cpl 3 A plgis dopl el
8l p b ool 1 (06 Bl oS LBl Sl pad S it (FgSne (slaplalu pSb (imgl 53 )y 350 (Silol dnel
g bl o 5V (s a5 NOp YT ecs e Sl 51 e (clmod VT oo 51 05,8 Bl pmd 10d 5 3990 (SgSme slo
ol 4 oo anlys (Plumelabs, 2022) cé)5 )15 wyp 3590 sl i o cldale 4Vl lages p3 (v g /mB) Jlgl,3
obe SeSame il S5 5 et lu pyd Gilisee (clagsl Il (GrasSOPPEr 1sél o 5l oslazwl b gl p5 55 oS 3,5 pboil g0
Sgloadlo & a5 oy Sannd 0dd 2g Glap s jl et als o )3 03)5 Mg (3088 pd g e e 93 (el 4
015 5l ezl (go8] i 1 4 bl glyl pow Al ye )3 50 OBl o S, adlaie SgSams Ol 3 3g3g0
28,5 )8 Jilos 3,90 CFD ) (o0 (gl jl odlital b pylaz al> jo )3 00 (s (SlacBly .35 (s lidgy ol 5l B
ssbate 4yl 5> Szl b (e (8L C8)S 118 (iomi 3)50 <Ly 5> Bun (el (90 Weay VT Clale 50k cs
X (635 aons gy 3 odlitul b a8 D9 imgh oyl )0 dls yo 3T (Ban laiile 1) loa cas g iul33] g laoanu VT clale jials
o a5 dojlias 4 a9 L a5 30 3529 (615 mroeal sl Jline (931085 9 4T (ol (Bg) cnl ) 28,5 Pl B 0o
ol o Sl 050 B oy 31 Slojl i ke JT ol B st ST o) | lniges (st 45 g, g (642 45) ol



S (S5Sme Bl 53 0V e g lgn Copus ol pf 5l 10 e 5 IS r

axlllao 3,90 2390

4o 9 25 b Ol weldl cngS oty atd (olul  (SCI, 2022) ol )8 il 350 9 lnl Sz e ooyl
ol 5o AVl lod lawgie ol b YL g ilale Sy ginw oSyl gl & a5 b (Landofaryan, 2011) ¢l (BSh) s
(Tutiempo Network, 2021; Mohammadi sl asb 5 yie £/FA 3L 4Vl ce puo (1:5ko 9 31,5 8l a3 VWY i b &y s
EPW data (2007-2021) in )() JSb) cuol oy Jlod Canws jl joad e b s &l LS 5lke .& Roshan, 2009)
.(Climate Consultant 6.0 software

A Colue opyido @l Ve 5 F N Gblo g picaresy ¥ o Vo) dilale oS cunl oid LSl ddlaio 03jl 5l 5l ped
64 Sl 3l oAU smoa VTl (oYL sy ¢l dibaie (e Olsis 41 o 5 2wy Olyis 4 oo Sy dibais b
ool (e 4 (Javanroodi et al., 2018) s (4o ¥ UV () glas)l o8 dalaio opl 13 39350 (slayleidlo e 5l 055 o)
b a8 )l 5 adlate (pl )3 9290 (sladiged olil 8L (Sl 5 laplaitlo )5 iaghs cal )

(EPW data, 2022 :zwie) (oo Crons) 3 omnd st a3l 3WIS ((Kamrani, 2013 :awio) (Cowly Coomw) 3 panid sponsd duiils 1Y JSd

BT (5390 (sladiged

leiilo 8 g

oslizl yla oS I3 o 53 (aGOTEGAtioN) s 31 o )g 31 19 g5 solite s iy el 3 e o)L (] 5l et o wSilen
JSizie g3 a8 W a4l AX AX A sl b caSlo 3l o A5 (slap y8 s oolitwl (WASP) cawy 35 5l jolaie oyl (sl i
Ldg caliseo | 55 uid colpsd g Colb o sl aS 05 8 Ve Wlgi (isu cpl (g A YX YX Y olal b (oS J5ho YV
A35 1 &5 g Jeate ;5035 4 4 31 b ol clasbo () 385 Giyes a3 058 53 lnpsd cul sl snlys 53 (¥ JS5)
il odd LS 1o py8 50 5l Wilet ol g Al 4 ) LSS p,8 S Wb el wgs (CONFiguration) (slasie S (Y <l

-

® (8 (glulp[»[® @& W

x / g8 LSy eD - e

A || Ay “5’& -ﬁ/"

& & | 3‘?\5 o"_ /_&

Jil s w @ vlde 8w B w8 BB S
b BSR4 I AR Ok

E i L @Gees e w

230 0518 ‘IVJ v | &“a 'g'\>'*‘
% U @vec s s

E @ oo |daee ae|s

(055,15 sate) (G Caonw) 0,8 g5 (amilsh o Canwly Choww) 2l () 5 20 Mg Sloib L 0,3 o Y JSLd



I WV Hlee WY ojloss oy ‘d).yf}hpuwy,kg}g)«bﬁ

S 0,8 el
Sl (el Gtalf) 303 & S ladT (530205 0955 5 lagl i dnglasils BB 3 31 58, 0 185,80 sla el ) S
o il sanliv LB sledle gano,Sy oo gy s S dalaio jo .(Allegrini et al., 2012; Niachou et al., 2008)
5y 3 (S plaio sl S gy ul o 31 Y Jsn) e b e g lite (gl (35 0 e bt o ¢ Jniio o
390 8290 Saiged oo )3 4l oS plyie a4 oSl cnl ool (e sl jlind o 53 (SoSume L (g0 Sy slagSl
85 58 salatwl

3l e 93 (5 e 8L (ot L T £l =Y g
o (glalads o U gladads

VF-¥ cdlf.\i)li} e

ot ) i 3p29m Slaplorilo b s gt 5 905 ¥ I8 el )5 oo 53 045 3 8 905V s §
Jols Sigd ol 3 (69590 Sige ad edlitl (9390 sladiges Sl Mg slate 4y p 8 Y (ul ) bl (e S Sl
15 G ezl (F JS5) el 1 Ll 55 lazilo VF 5 Gt ezl o5y ) JSuite o Akt plate (glibais (55801 | ylacdly
90 byl 9> ayan chyld leidlw cpl.cwl YOL X AW X YH slal b S Lulatine conSo s )8 sy (69550 (sladiged plos
548,85 (63590 sladiges yd il oy JS clalaidlo plo ol (Bod Cgin g 0y Jlod dgen 93,0 ¥ XY M2 olal b oy
Slbl ) plaie oo & 4Y 93 3 (C U A ) bl glop b | ol 2 a5 o ol 1l 8 dlo po > bl 801 Y
dop s Cilisen 0g2g 3 0k U Jolod slaie & (538 oo 4 (0)8 Jlod) 2b Cap (39 Gl i b A oy B el
s oMo (¥ Joda) 8l 5] digai WY 4y (43,90 diged slocdl sliai i )5l 4 5 3,5 Jlasl lop by (glex 0 A (5 2 Sl
odimd LS lesslo YF plos )] p3 a8 w48 )5 L5 s &0 dged (lgis 4 0 Bl S gy cpl )0 (6350 dged Bl VY oyl
o ¥ e b S e g ol 53 5o gt Y ) S oy otn el g sl s S 7

(1 J53) ol sl . Sl 2 Bl

(\\°~Y ;"Jlf.x})li} éMA) Ui dth9.M 9 Lu.o 4:90.0 c.db '0)3—‘" J&w



et (S il > 0 VT Bl g lgh o gy el pyb 5 2] Ko g oS w

Byloid b (68 y2 0950 9 Lloidlw 0,8 (5 s SOl & dagi L (63,90 (sdiges —Y Jou>
2 3pge Slasilo o

R o) 3 0d Mg p )b ladiges (2leg o)

s il
oy
OnEEEs
g 8 s EDDEDID
| OEOmEE : 5 | DDmO0
/ HEESIEIEI=]S] : H Himaagy
\', FHEEEE DO0Om
A-01 A-04
DOoOoOoo
El=l=l=1=
| ee5E8 | |8 Scooo | /00000
|S5=cc | |jcoman) § Sesss | |jonmoo
p H Hininjuin H 00000
\ El=l=]=I= I0Ooo CoogQs I00DO
B-01 B-02 B-03 B-04
O @ @ o o =l=j=]=] DOODDo ddddd
{ ooooo | EEEER| |} ooooo gggﬂgg
f| Goomdhd | |2 )| comoo | |§
,L/ i sonoo | [2g95e| § ooBos | [laseas
C-01 C-02 C-03 C-04

\f’Y ‘Olf_\.})‘.i} !éf.l.o

523390 )38 0 (P s

Bady et al., imgh ol p )l38l oy cpl oriaw)liel il o Autodesk CFD (2018) ,ils yimghs 53 oslaiwl 3y50 38l o3
el sl &1 o Cand 4B )3 gyt 390 55 el | Sl 1o o o gy > sl 48,8 ol 2011
3 e o ol 5 (150 %) ol €5 LB 5 ok 59 5 A g5 ok i s sl 3L 3 (F JS3) ol 02 plnl B
Sl oy el B ods odls JIy8 ol Bgs 8l jo 10,5 dortn S (65 0 odd bl Jdo .Cawl 48 )T 1,8 solatw] 550 )50
ol 0 &S Cowl oas aB,S 8 flod 3y50 Jde Lol 3y58 0 ca> s Bady et al (iagh )0 g el ol calise slacas
eyl ) laoau YT clale g ol ce yu (slayloges LB 1 (gl dud gl .ol 43,5 ploul 0° aygly cov ks oo Hlsel ¢ imgh
P9 e )l Jao (35 50 SLad ) (mej gdaw I gyt V.0

)5 3 oolizal 3,90 b i) sl g i 5 (Sopin (sl Jgbo (sl Joheo V- FFFVA 45 S, ISt Sloslons
1 ool o &l)) 0anWT ke g lon sy puito 93 ol (S Hliel diges ;D o &8l)] ol 4l 4 dogi b (F JSKo).cansl
lodly wyp jslaie & cui 5 opl A il oad edlatnl (g0 Lol b (63959 0 Solite (slacis yu b e Jde 90 j5 iy oy
Lyl (x5 5 ol osid odlitwl (650 Lol yd (63959 ;0 /YA M/S o ¥/8 M/S lacee po | sy @ 0ao VT cdalé g lgn e po
cq2SST k- Sasl Jao b oS5 ;5 RANSEOL (o dw &Woleo iinghr ol 50l oad Jlos! oo Kbl jLié ¢ 500
0¥l (el V¥V e-e0m? /s il Cops YISl s isu 50 .l piob o515 00 (5l dud b y> 5 ol o ool o
ey o 90 b LI 2 1y 1) (Yo VY) Sl Sed g (i gl ()00 sloodls 9 CFD gl dunlio & IS0 .Cawl i 5)lg ¢yl
pSle 3,13 39> gExperiment g CFD zuls yle (60 biws Ubail cdgu5 s oamliie 45 4655 leds amnd o L lnoaiy VT clale g b
Fb g saise silodend a1y 138l 5 el plgiee cnlpli il Y dmoay VT cale (glyy 9 730k sy sl U
Dged Aol



I VEoY o W oylos Foygd ¢ 6 oot Jaumo dragd 9 (639 sy

I 111

B

I TTICITT

|
1] 1T

eie) (Gl Coms)AULOTESK CFD 1381 055 55 o lwolon dSiund g (e Coms) soims ] Juto 53 W ybld Lyl —F JSs
(VF-Y 53,5

Mean Velocity Concentration
o3 120
025 -\. 100 L)
] .
.
5 @
K] E
S oss /Aw. g e
S .__'/. . g
5
01 /. 5w i
| S .
005 20 LR
o 0l * X
o 01 92 03 04 03 06 07 08 03 1 u o 01 02 03 04 0s 06 07 08 03 1 11
it /L

* Experimental —o—CFO ® Experimental —e—CFD

2T ClE 5 (i Coomw) 3L ey« 2ian T 45 CFD g 3L Bigd gl duany e ) S5

(VFY (B0, o) (ol y Coomw)

CFD 5 (g5lw aoms Oloulas

YEY X Y¥AmM? Joleo (Slasls atels slal ((H = AM) aisb o MA il sl loaislo glis)] (6390 (sladiges j> aSul & dr g5 b
Cawl o odlawl gag b (e I Slawloee dlaly o e aSid cale o (F ISE) Cusl oad 48§ Sl b H X D X W =4+ X
0ad 031> L Lis diged e (soSI & JSS 55 30y jliwgs 50 YYADYYD L AYYFYYY 1o 5855 (6350 (sladises jd la Jols dluss a8
M/S s pus dold (6355 50 Canwl 0l 03kl (g3l Jdo p3 28 byl cod (ABL) g5 (550 Y Slasuio jl (ibgh cpl )0 .ol
90 oy> by Fr Omtred (Cuwl ol a8)S Jla 13 jae  (Soliel HLid alely (29y3 3 935 Sl a3 VAV slos 9 £/FA
03] Sloglss b dlavdiges CFD (gjlw aud (gl e > (sl yal )b claulais polo .ol o 48,5 Jlas 1 0T wate (gl =, ) YISl
oy oplpls b wNOy (63)90 sladiges D Julot 390 0an VT a8 cglds cpl b (F-F isu).cowl luSs o jlsel )3 o
A 3ylg YIS s isw o« VoYe--am? /s L)

(VEY (05,55 spuio) Uno digad 53 (Gl y Crowr) Lo (591 g (G Cuow) (T lawlxo (gdiold :F JSUWS
LaBL &yl § Cou
Gun plaiblo 59, NOp 0au¥T cbalé g lgn oy yiiio 93 b b5 13 (63)90 sladiged (silo dund gl Julos 4 (150 ol 5
A hey 5l edlatel b g Wgd oo duslie (6l 3)lkisl polie b o oo 5l Jols guls s 244 o0 aisl,y (target building)
g oo (Do At (Sladiged sl 0)lne



et (S il > 0 VT Bl g lgh o gy el pyb 5 2] Ko g oS va

PO
505 cbale onmy L ol ) el hles ygsls 14 a5gSilan amd oo Lt Lus diged (slp |y NO, cdale glayslS'V S5
yobo 4y glos JS 5 Wmoay VT lale g5 oo osnlie cdly M 55518, 45 65Slan sl laodiy VT oy clale onims L 5o,8 5
03,5 s 01T 1, S0STy 565l batas o & slezilos pyb s b G plailes GBI 3 Lol sl o 038y, c815iS,
cble alEl s plasdlo (M ,g5l8 ) .l 4l jals eun ¥l cbile Gan lasle Glbl godgime ;> 45 (gligS & ol

(Y US8) cal samlie BB L Sle iso o o piels g Job clalgss slazal p

(VFo¥ 55,155 raie) Uno digod (gl il (giils -V JSUS

Sy Y10 g5yl )3 9 561 Jgb jemme slial (3 1) G laid b (9, os VT cdalé g lga sy (30 plie coip A g A IS5
Cond 5 pSady Ol NOp clale dsn (295 9 5395 Syl (5o o e logas ol 1 w3 o (LS (e o ]
53L Caoms & 301 350 3l 5 (dgm0 s (gl clale Jade (6399 audiih Ay Cons alold yiulal b el anisly 5U1 Jle Lisu 4
2 lgp o 85 55 cpl )0 3905 55 BT (93 sy palie L B3I 53 K ol (A JS8) cwsl (J9p cund > o295

(A Jsd) 3,0 515 calpsy 9o 4 BB Sle (150 )3 9 (See Gl ST 5 gl (o5

Caoncentration Mean Velocity
[B17) 14
10

w02
H 14\ /
2 0
= = 12
S now £,
] z
5 oo Fo
5 2o
000
o 04
z

0092 02

009 0

01 2 3 4 5 & 7 B 9 10 11 12 13 14 15 16 o z 1 € 8 0 12 kY &
length Of rooms [m] length Of rooms [m]
Lo dig0d (1 B laidlw Job 3 0T Clile -4 UK o diged (510 3 ylaid o Job 43 g s yus —A JSU5
(VF-Y (505,155 1xe) (VFY BI85 rae)

A oS!

P390 sladiges sl |y Ban ledls gy cdale g lan cayus Joges « NOp clale (gloygilS sy a0 VY g V) e pglas

bA-0L o o] gl Ae (id 2 b oS ol (Swel iy b £ S 0 )5Sl ol o 4l 8 amd o Lt A S

el 15 3 b5 SISl oy bigye ol g 31,5 IS5 A-O4

A A Wiged 93y )0 &S i ol e <l Sogll Lisl g6 s LSS (b8, (b A-03 g A-01 cla S @
cble A-03 3 A-01 5 oS cip ol @ ool adl, Jasl Sasl o blis peo 4 (Sogll jLisl (o630 ¢ Sl i c>
ol il il Ban sl (B3pb g o) pleo ) cud ) 4 s Y]

sgbls b o oy Jled Glagbls j 4 01Vl (ol ol oy ob & culy ag )3 (Sl i il LA-02 5 @
San sl 3 clad 4 ol 395 9 095 ol 53 o VT coilil el Joo cpl 48 Conl o0 00niS ob (oye— By
ol 005

oleb b oo cdges p boanV clale gals cel i jLid odgame «(db 4 gy dpen ;> Sel yiw Jaiul) A-04 5 @
ods amlS un ladlo (9,0 4 bosu YT 399 51 cplpli 395 o (sau YT (gols b by ials g ok wle ilél s 4)

(e JSs) el



I WV Hlee WY ojloss oy ‘d,whpuwygkg}g)ubﬁ

sanlio A-04 5 A-02 )5 s 4y Ban el 5 NOp cllale (1S g ot A (0 )SbilS 13 35250 (gl S (o ]
(VY JS) ol o oamliie A-02 9 A-03 13 Cip @l ey lime py5eS 9 oy i owied (V) JS5) Cansl 0

A-01 A-02 A-03 A-04
(VY (BI85 rasie) AgSIN b (5 poend €8l 3 Loy VT Cdiale Ll oIl pguils ) + JKu

6 7 7 a9 a0
length Of raoms [m] length Of rooms [m]

A gl Bad ploidle Job g3 Ip s VY USG5 951 glps B el Job 40 auig VT Clilé - V) UGS
(VF+Y (55,155t xke) (VF+Y () B5,I55 s aie) A

B oI
4,8 JS5 B-04 b B-0L (slopus o) (slaz 0 id 2 b &S sl 8L 3 G oty )s8bslST pl 53 0l ) e oo oLt B
il j dlge Jold (pd sl ol 4 bgapo (sloaibly (o yagee -l
oo bls 53 (Sogll HLiml S 95 o 50 isiwn alie (6)b3) (ol cdb 1 (Sooll wjgi ogo0 ya ;I B-03 g B-01 (clay S —
—b o pials oan YT clale T Glybl edgase 45 3L b Sbul b ciua ladle p3 a8 canl b 5> ol sl 0bj g 8 lgisG b 45
cble laoladle g ghs 3 oy S clabls 3 cwl el seom Job clacbls s oau YT cdale B-02 S )
S 50—l 4l il Bl go,5 4 NO, clale ] aile o 4 bl (glao, S 51 ua lasdlo )3 oyl plo ol 5L 5 oas YT
2 onlpls aibce SWl s oy Bb slapbls 50 g o) e g Jled slapbls o eunVT clale B-04
B i 55ilS )3 dgnge slo Sl 1OV JSE) Gl cBIeSs Sl SasSTy g o8 ean¥T clale Bas sl
Olee ooy = (W JS5) sl 0ids odaliie B-04 4 B-02 oy bgyye iy 4 Ban slaidle 0 NO, clale oy ieS g oy i
(V0 JS) ol o oamliie B-04 § B-02 & bgsyo )] oljue o yieS g B-0L &y bgyjo can ladil )3 I e puo

” B-01 B-02 B-03 B-04
(V¥ (55155 i) B oSN Uy (6 oo Bl 3 Wronig VT Cle LT g6l g5 1V Y JSS

# 100 B 100 o
5 £ et
3 ¢ 0
;SO §

&
w“ )
- P
N 2 i
. o

D01 2 3 4 05 8 7 8 5 111213 w5 s

012 3 4 5 5 7 8 5 1011213 14 15 16

length 0f rooms [m] length Of rooms [m]

om0l =oB02 =ep-03 o= P04 —e—(01 —o—(-07 —8—p-03 —o—B-04



et (S il > 0 VT Bl g lgh o gy el pyb 5 2] Ko g oS W

cio) B o1 gy B loiilo Job 43 Tob cas puo 110 K5 951 (511 B ylaii b Job 4> aia¥T Clae ) F JSS
(VFo¥ 55,5 (VF-Y (535,55 tai0) B

C 51

S 0 39350 sladiges (sl ]y Ban laidls 50 (lod Co o g Clale Jhrges c NOy clale (sl gl iy 4 YA 5 VY N S

C- 5 C-01 elopusS ol (sl o Ar (2352 L &Sl lod > (Saol iy b o S g5l ) o 4oy 8 o 5 C

il 25 3)lge Jobd (i oSS () 4 bgyye (sladidly (o jiogs -l S JS5 04

C ) Lo (Sselin 4 gy (saren 50 0du VT xe50) ditwds il o  Sogll sl (> alie g k3, (¢lyl> C-03 3 C-01 (slo S @
cbale 8565 oy i €035 a5 canl Jlo 13 opl sl 4,5 S0 G pledlo (3,05 (isu p ean YT cldale oy iy 01
ol 04 sdaliio laidlo (o) ages 53

ol o 3500 pleo | pin oy6— B0 labls )3 osn YT clale ol db 4y cuty b (Saeli (l)h a5 C-02 S > @
L Lmox‘.l\ﬂ clale i cp i gl puS cpl o Gua ledle Sle Lisuy cpicren

b lodlos 3b 4 oy agus 53 9 0bj ogn— Jled o bls 5 san VT cdale wwunl b 4 gy i (Saeliy a5 C-04 S > @
(VF JSS) cunl c8leiSs 5 oS QI)S S8y Gan glesdle o cplpl ol 58 (3L b oagm)

C-04 COlaJJoy)Aw))mdmumu)bNOZ clale u},&ssww‘cw,@mm?ydmwu o

m ----

C-01 C-02 C-03
(VoY (55,155 gui0) C 981 L (5 e € 4> brosia¥T il Uil 6951 puils )5 ISl

UpUref [%]

NOZ2 concentration [¥]
8 o
& g

7 8 s 10
length Of rooms [m) length Of rooms [m]

———C03 —e—C04 ——C01 —e—C02 —e—C03 —o—C04

o) C 981 (gl B ulo»l.w J,\a): lgd G g = YA U o)1 (g0 B Lot b Job 5 ouig VT cdalé - Y JSUS
(VY (B, (VEY (55,55 :200) C

a550ken lodly L (g bl 5 luliwl b duglis 1> (60)50 (sladiged 0 |y NOp clale g lon s o (3:50ko cud i & Vo 9 3 S5
78l 3yl jloxe s 5l 168 G p GBgT (nl 3 np 290 Sladiged plod )3 Cunlig Igp S p b bLS)I 3V S ) &S
JS5 (08 JSK5) canl B-01 & bgsye ol lsse o yidis 9 B-04 5 A-02 &y bgspo ol 5 (63390 (sladiges > s pur (pp yiaS oComsl
Oliee Cpyiin & sl Jbs jd cpl il 0ads odnline A-04 4 B-04 » g a osn Y] clale Oljee pyieS &S amd o Hlis Ve
sloau ¥l clale 4l 35 C-01 5 B-02 AA-03 A-01 A-02 45 05Mle ladiged Hlo 13 puizmen ol sdalie JB A-02 > -

¥+ J53) 53l 531 osn o390 § 53



YA VY Jlog W oylos Foyg0 ¢ 6 ot Jaumo drargd 9 (652 ydolipe

150 00
160 350 ASHRAE Standard
F ue 300
é 120 30
£ 100 -
£ 5 200
g @ 3
§ S 150
S e
S 100
: I ebebeleh
0 o 1
@“Y' FTELITLSFISTFS TS S S 3@‘" wa SELEFTIFTILSFTSESS T
case study case study
dgod > oYl Clale WSk -V v USUS (63,90 s L duslie 43 (63,90 sdiged Cho (1SSl -V IS
(VEY B0, s xie) (6 ol 35105l b iy B0 43 (VY (805,155 s xie) (6 ! 3 515l

Slon CuiS 0uiS s Jolge lgie 4 diges 50 lon ey iol33l g Lo yye0 4 lmos VT 3ei5 ialS jimgd opl > aSol @ asg b
S5 51 bl e 3905 ol |y ges oy iaints los oo G985 odel Cawd a4 ol 51N W) 5 i ae (IAQ) 9
G35 o (6l slre (035 g Al S (oolawd ¢ gy ol ) b ooliiwl jelate pl (5l (MCDM) sl (50 )kne > (615 puoua
g 03l olasl SIS 6ye G gl 51 <K yn 4 4SOl b g W a4y Col oo a5 dajlne ) dngi b 4S5 1> dgng
odalie plie cpyiee | slasgerme a3 cpl Sl (o sl 29290 a3 e Sl (055 S 93 Sl ealiul (g cnl el
clacdls oy in Jolis 1500 4uj5 0985 0 0awel (pSew <l o ie)ute JT o] Mol 4 cul B35 sl s ylo 43 0l
S5 o3l dly piomen il e b oo cudle (gl w15 o b yline 395 oo 0anal ite ST o] 435 Ml &8 cusl Son
D9y e Jlonl b et JT ol 5l lndiged (odis 45, g, YV S > (Hanine et al., 2016)..50 cglize Ly o 35 Ll

(VY JSC5) ol ons 1)) pols yimgd 53 o] 2ol ol yed 4 sl

Gt

by € e
T I
ol andaa| TS
Culd ' = !
i i jpoa| &
ey R =
E coa| b :
Guligss | L e
- 1 |B-01 R !
dloy N |5 o
+ i leasel %
. . | v jeos|
Aplae iy, Greos | — i
5 Jond i, | €92 i
- * i o3 !
E co1 < :
039 Al | -
R S i [aos ’E i
¥ 'lam| G :
i sl
wteds | |
W oaha o :
——— ..
Lé—'ﬁ alia dod
S e

(VY (25155 i) et by 1 030l U it JT 5] 6 ot JT st 51 Wntiged (g8 4 2ig, ~Y) JSU

B-04 9 A-04 > iy & 505 Copw ialjEl g NOp clale ials (slajline jlas 1 i cpyiae cmmli 09y gl (ool 2
Gl 05 odaliie B-02 9 A-02 15 iy 4y j58 0o (slajline Hlats I ladiges op ity oS Cunl Jbs j0 cpl ool o osaliio

gl 4ily) g (5 o5 dopis

i ol 93 ol L 1193 celn i 1 o Bl Sy 5 plabl b Cglie eIl H3b oy pdl a0 Lol Gt

D8 e ae (IAQ) Lad eyd (slep cunsS 00iiS s ol 90 lgic s Lad 1900 (dlgn Cusyu i0l580 oYl Olise LialS

sllais (8 S8l S )3 e 1 53 A peelisS (S saplaidle slapsd cn ) Sl JSuite (6390 wiged VW Cal 485

il 25 b & ool Gl S (05 e olsl ol 2 B (3l 4 CFD 3 5 &S s )3 (63,90 (sladiges lgic 4 plate

oSl py3 blol (ul 3 2500 il ol )3 (Sagl jLaml (6801 1o jois ol (606 Bl Sy o Sl slaSsl Jis 2 @
2 soge 5 L] 565U 51 el JB gy slald



et (SsSame iy 53 00 VT e 4 lon s pus yy aiils py 4 1)Ko 5 oS

ol HI5 336 0l by 6o s o B ledle S5 idatins (xS 0,8 C-02 9 B-03 B-01 (sladiges jo
wle S (Sl LA oSl g Lo o (Saeling L C oSl 13 dgn50 sladiged il )0 Bua el p NO, clale 450le
HLid 0dgamme doul s w s o (Sl (glyls )8 il eolitul &S cunl pxe (pay cpl iCanl i oyt 9 opyieS S A
oleidle oy (lad 4 1y g1 Lﬁf)?ﬂ Lo Cyguo 4y ol ok g o Ol b edgize ) u?asﬂ oS S i cuely o e
by 29390 glaleilo ;500 ey 4 (Sogl JEsl Ll el wsle (SIb  (Saolin )l py3 Jlie )3 g 1S 0 culin

Dy 0

Wl 00 saliie Bun leidlo 2 NOy clale l5ae o yieS (B-04) ail ol & cuiy by S yisy o5 b 0 B oSl o
sdalie Bun sl P NO, clale liee oy iy (A-02) Cunl 48,3 )48 0L Ca 4 cudy (Stoli a° s 0 A Sl o
Lol 04

258 Sl i 4105 > (Saaling L C oS 5 sle oS (Saolis b A 501 ke oo 4 om0 290 535 o

090> sLad 3 g s (e (ki 9 (eSS 85 4 B-OL g A02 gy cul )3 ()2 390 sreiges (e ]

Lt BAn lais b
@ gk ol )3 090 lgn CudeS ouiS e Joloe plgie 4 01V CLE g lgn Cs g lojan 3 (B)S Sl 5
Cbdisel (5l g cpye cdy & A-02 9A-04 4S5l L (MCDM) Lupusls (g0 ke di (6565 paonal S5l o0liiunl
(o)1 1,8 0l s 4 iy (Saeliny A-02 55 45 50l 8 oL s 4 5y (Sl A-04 55) sitwa TAQ L 51wy 390

va

o ol La o aSsly b cloylislo b s 4y ozl LI31 (slad 3 o381 (dlsp 05 38, 4 cal o 51 S adllas oyl il

390 % e Sgiin & dlie (ol ols ) (Siwy Ggeli <8l 3 bagledle i3 2 5 plodr 05 & o2 5 p)8 N 4 o2
asdllas () )3 003 48,5 L35 )3 dguome (gl el )l &y i b oS oo SKaS (605 il > SIS o T il aisle lap s lods byl

Dgus Llod Lilgs

References

1.

Allegrini, J., Dorer, V., & Carmeliet, J. (2012). Influence of the urban microclimate in street canyons
on the energy demand for space cooling and heating of buildings. Energy and Buildings, 55, 823-
832. https://doi.org/https://doi.org/10.1016/j.enbuild.2012.10.013

Alwetaishi, M., & Gadi, M. (2021). New and innovative wind catcher designs to improve indoor air
quality in buildings. Energy and Built Environment, 2(4), 337-344.
https://doi.org/https://doi.org/10.1016/j.enbenv.2020.06.009

An, K., Wong, S.-M., & Fung, J. C.-H. (2019). Exploration of sustainable building morphologies for
effective passive pollutant dispersion within compact urban environments. Building and
Environment, 148, 508-523. https://doi.org/https://doi.org/10.1016/j.buildenv.2018.11.030
Bady, M., Kato, S., Takahashi, T., & Huang, H. (2011). An experimental investigation of the wind
environment and air quality within a densely populated urban street canyon. Journal of Wind
Engineering and Industrial Aerodynamics, 99(8), 857-867.
https://doi.org/https://doi.org/10.1016/j.jweia.2011.06.005

Blocken, B., Tominaga, Y., & Stathopoulos, T. (2013). CFD simulation of micro-scale pollutant
dispersion in the built environment. Building and Environment, 64, 225-230.
https://doi.org/https://doi.org/10.1016/j.buildenv.2013.01.001

Cardenas Rodriguez, M., Dupont-Courtade, L., & Oueslati, W. (2016). Air pollution and urban
structure linkages: Evidence from European cities. Renewable and Sustainable Energy Reviews, 53,
1-9. https://doi.org/https://doi.org/10.1016/j.rser.2015.07.190

Di Sabatino, S., Buccolieri, R., & Kumar, P. (2018). Spatial Distribution of Air Pollutants in Cities
BT - Clinical Handbook of Air Pollution-Related Diseases (F. Capello & A. V. Gaddi (eds.); pp. 75—



A- VY Jlog W oylos Foyg0 ¢ 6 ot Jaumo drargd 9 (652 ydolipe

95). Springer International Publishing. https://doi.org/10.1007/978-3-319-62731-1 5

8. D.K.Ching, F. (2022). Architecture: form, space and order (Z. Karagzlou (ed.)). Tehran University
Publishing Institute. https://yektabook.com/product/6165/mamari-farm-faza-o-nazm

9. EPD. (2022). An Overview on Air Quality and Air Pollution Control in Hong Kong. Environmental
Protection Department.
https://www.epd.gov.hk/epd/english/environmentinhk/air/air_maincontent.html

10.Ewing, R., & Rong, F. (2008). The Impact of Urban Form on US Residential Energy Use. Housing
Policy Debate - HOUS POLICY DEBATE, 19, 1-30.
https://doi.org/10.1080/10511482.2008.9521624

11.Fan, M., Chau, C. K., Chan, E. H. W., & Jia, J. (2017). A decision support tool for evaluating the air
quality and wind comfort induced by different opening configurations for buildings in canyons.
Science of The Total Environment, 574, 569-582.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2016.09.083

12. Feng, W., Ding, W., Fei, M., Yang, Y., Zou, W., Wang, L., & Zhen, M. (2021). Effects of
traditional block morphology on wind environment at the pedestrian level in cold regions of Xi’an,
China. Environment, Development and Sustainability, 23(3), 3218-3235.
https://doi.org/10.1007/s10668-020-00714-0

13.Fernando, H. J. S., Lee, S. M., Anderson, J., Princevac, M., Pardyjak, E., & Grossman-Clarke, S.
(2001). Urban Fluid Mechanics: Air Circulation and Contaminant Dispersion in Cities.
Environmental Fluid Mechanics, 1(1), 107-164. https://doi.org/10.1023/A:1011504001479

14.Geekiyanage, D., Ramachandra, T., & Rotimi, J. (2017). A Morphology-Based Model For
Forecasting Cooling Energy Demand Of Condominium Buildings In Sri  Lanka.
https://openrepository.aut.ac.nz/server/api/core/bitstreams/090325f7-cd93-462d-
aed5712f27b6ebd9/content

15.Hang, J., Wang, Q., Chen, X., Sandberg, M., Zhu, W., Buccolieri, R., & Di Sabatino, S. (2015). City
breathability in medium density urban-like geometries evaluated through the pollutant transport rate
and the net escape velocity. Building and  Environment, 94, 166-182.
https://doi.org/https://doi.org/10.1016/j.buildenv.2015.08.002

16.Hanine, M., Boutkhoum, O., Tikniouine, A., & Agoulti, T. (2016). Application of an integrated multi-
criteria decision making AHP-TOPSIS methodology for ETL software selection. SpringerPlus, 5(1),
263. https://doi.org/10.1186/s40064-016-1888-z

17.He, B.-J., Ding, L., & Prasad, D. (2020a). Relationships among local-scale urban morphology, urban
ventilation, urban heat island and outdoor thermal comfort under sea breeze influence. Sustainable
Cities and Society, 60, 102289. https://doi.org/https://doi.org/10.1016/j.scs.2020.102289

18.He, B.-J., Ding, L., & Prasad, D. (2020b). Urban ventilation and its potential for local warming
mitigation: A field experiment in an open low-rise gridiron precinct. Sustainable Cities and Society,
55, 102028. https://doi.org/https://doi.org/10.1016/j.5¢s.2020.102028

19.Huang, Y., He, W., & Kim, C.-N. (2015). Impacts of shape and height of upstream roof on airflow
and pollutant dispersion inside an urban street canyon. Environmental Science and Pollution
Research, 22(3), 2117-2137. https://doi.org/10.1007/s11356-014-3422-6

20.Jareemit, D., Liu, J., & Srivanit, M. (2023). Modeling the effects of urban form on ventilation patterns
and traffic-related PM2.5 pollution in a central business area of Bangkok. Building and Environment,
244, 110756. https://doi.org/https://doi.org/10.1016/j.buildenv.2023.110756

21.Javanroodi, K., Mahdavinejad, M., & Nik, V. M. (2018). Impacts of urban morphology on reducing
cooling load and increasing ventilation potential in hot-arid climate. Applied Energy, 231, 714-746.
https://doi.org/https://doi.org/10.1016/j.apenergy.2018.09.116

22.Kamrani, A. (2013). Map of Shiraz city. Urban planning online, Iran's specialized urban planning
database. https://www.shahrsazionline.com/?s=Shahr+Shiraz map

23.Landofaryan. (2011). Shiraz. Landofaryan.tripod.com

24.Li, Z., Xu, J., Ming, T., Peng, C., Huang, J., & Gong, T. (2017). Numerical Simulation on the Effect
of Vehicle Movement on Pollutant Dispersion in Urban Street. Procedia Engineering, 205, 2303-
2310. https://doi.org/https://doi.org/10.1016/j.proeng.2017.10.104

25.Liu, M., Chen, H., Wei, D., Wu, Y., & Li, C. (2021). Nonlinear relationship between urban form and



e GRS sisSme cly 53 01T CLLe 5 lsn s ol pi 4l 1), e g JloS AN

street-level PM2.5 and CO based on mobile measurements and gradient boosting decision tree
models. Building and Environment, 205, 108265.
https://doi.org/https://doi.org/10.1016/j.buildenv.2021.108265

26.Lu, K.-F., & Peng, Z.-R. (2023). Impacts of viaduct and geometry configurations on the distribution
of traffic-related particulate matter in urban street canyon. Science of The Total Environment, 858,
159902. https://doi.org/https://doi.org/10.1016/j.scitotenv.2022.159902

27.Mansouri, b. (2000). The concept of shape in Western architecture. Architecture and Culture, 1(1),
131-135.

28.Miao, C., Yu, S., Hu, Y., Bu, R, Qi, L., He, X., & Chen, W. (2020). How the morphology of urban
street canyons affects suspended particulate matter concentration at the pedestrian level: An in-situ
investigation. Sustainable Cities and Society, 55, 102042.
https://doi.org/https://doi.org/10.1016/j.s¢s.2020.102042

29.Mostafa-zadeh, A., & Savalanpour, H. (2015). Study and evaluation of indoor air quality. Tehran
Municipality - Air Quality Control Company of Tehran Municipality.

30.Nakharutai, N., Traisathit, P., Thongsak, N., Supasri, T., Srikummoon, P., Thumronglaohapun, S.,
Hemwan, P., & Chitapanarux, I. (2022). Impact of Residential Concentration of PM2.5 Analyzed as
Time-Varying Covariate on the Survival Rate of Lung Cancer Patients: A 15-Year Hospital-Based
Study in Upper Northern Thailand. In International Journal of Environmental Research and Public
Health (Vol. 19, Issue 8). https://doi.org/10.3390/ijerph19084521

31.Ng, E. (2009). Policies and technical guidelines for urban planning of high-density cities — air
ventilation assessment (AVA) of Hong Kong. Building and Environment, 44(7), 1478-1488.
https://doi.org/https://doi.org/10.1016/j.buildenv.2008.06.013

32.Ng, W.-Y., & Chau, C.-K. (2014). A modeling investigation of the impact of street and building
configurations on personal air pollutant exposure in isolated deep urban canyons. Science of The
Total Environment, 468469, 429-448.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2013.08.077

33.Nguyen, V. T., Nguyen, C., & Nguyen, J. (2019). Numerical Simulation of Turbulent Flow and
Pollutant Dispersion in Urban Street  Canyons. Atmosphere, 10, 683.
https://doi.org/10.3390/atmos10110683

34.Niachou, K., Hassid, S., Santamouris, M., & Livada, I. (2008). Experimental performance
investigation of natural, mechanical and hybrid ventilation in urban environment. Building and
Environment, 43(8), 1373-1382.
https://doi.org/https://doi.org/10.1016/j.buildenv.2007.01.046

35.Niu, H., Wang, B., Liu, B., Liu, Y., Liu, J., & Wang, Z. (2018). Numerical simulations of the effect
of building configurations and wind direction on fine particulate matters dispersion in a street canyon.
Environmental Fluid Mechanics, 18(4), 829-847. https://doi.org/10.1007/s10652-017-9563-7

36.PlumeLabs. (2022). Air quality in Shiraz. Air.Plumelabs. https://air.plumelabs.com/air-quality-in-
Shiraz-tvV9?utm_source=accuweather&utm_medium=current_ag_widget&utm_campaign=#ael16

37.Ramponi, R., Blocken, B., de Coo, L. B., & Janssen, W. D. (2015). CFD simulation of outdoor
ventilation of generic urban configurations with different urban densities and equal and unequal street
widths. Building and Environment, 92, 152-166.
https://doi.org/https://doi.org/10.1016/j.buildenv.2015.04.018

38.Sabunchi, M., Zabihi, H., & Majdi, H. (2020). Semiotic approach to form analysis in contemporary
architecture.  Arman Shahr  Architecture  and Urbanism, 13(30), 139-149.
https://www.sid.ir/paper/202282/fa

39.Schwela, D., Haq, G., Huizenga, C., Han, W. J., & Fabian, H. (2016). Urban Air Pollution in Asian
Cities: Status, Challenges and Management. Routledge. https://www.routledge.com/Urban-Air-
Pollution-in-Asian-Cities-Status-Challenges-and-Management/Schwela-Hag-Huizenga-Han-
Fabian-Ajero/p/book/9781138986589

40.SClI. (2022). Statistical Center of Iran. https://www.amar.org.ir/english

41.Senitkova, 1. (2007). Indoor environment parameters for sustainable buildings design. Selected
Scientific Papers/Journal of Civil Engineering, 2, 35-48.

42.Shi, Y., Xie, X., Fung, J. C.-H., & Edward Ng. (2018). Identifying Critical Building Morphological



AY VY Jlog W oylos Foyg0 ¢ 6 ot Jaumo drargd 9 (652 ydolipe

Design Factors of Street-level Air Pollution Dispersion in High-Density Built Environment Using
Mobile Monitoring. The Univercity of Liverpool. https:/livrepository.liverpool.ac.uk/3159222/
43.Tao, Y., Yan, Y., Fang, X., Zhang, H., Tu, J., & Shi, L. (2022). Solar-assisted naturally ventilated
double skin fagade for buildings: Room impacts and indoor air quality. Building and Environment,
216, 109002. https://doi.org/https://doi.org/10.1016/j.buildenv.2022.109002

44.Tutiempo Network, S. L. (2021). https://en.tutiempo.net/climate/ws-408210.html.

45.Wu, Y., & Chen, H. (2023). The diffusion of traffic pollutants in different residential blocks based
on spatial morphological clustering. Building and Environment, 228, 109860.
https://doi.org/https://doi.org/10.1016/j.buildenv.2022.109860

46.Xie, X., Huang, Z., & Wang, J. (2005). Impact of building configuration on air quality in street
canyon. Atmospheric Environment, 39(25), 4519-4530.
https://doi.org/https://doi.org/10.1016/j.atmosenv.2005.03.043

47.Yang, J., Shi, B., Shi, Y., Marvin, S., Zheng, Y., & Xia, G. (2020). Air pollution dispersal in high
density urban areas: Research on the triadic relation of wind, air pollution, and urban form.
Sustainable Cities and Society, 54, 101941. https://doi.org/https://doi.org/10.1016/j.5cs.2019.101941

48.Yang, J., Shi, B., Zheng, Y., Shi, Y., & Xia, G. (2020). Urban form and air pollution disperse: Key
indexes and mitigation strategies. Sustainable Cities and Society, 57, 101955.
https://doi.org/https://doi.org/10.1016/j.5¢s.2019.101955

49.Zheng, T., Li, B., Li, X.-B., Wang, Z., Li, S.-Y., & Peng, Z.-R. (2021). Vertical and horizontal
distributions of traffic-related pollutants beside an urban arterial road based on unmanned aerial
vehicle observations. Building and Environment, 187, 107401.
https://doi.org/https://doi.org/10.1016/j.buildenv.2020.107401

50.Zhu, L., Ranasinghe, D., Chamecki, M., Brown, M. J., & Paulson, S. E. (2021). Clean air in cities:
Impact of the layout of buildings in urban areas on pedestrian exposure to ultrafine particles from
traffic. Atmospheric Environment, 252, 118267.
https://doi.org/https://doi.org/10.1016/j.atmosenv.2021.118267



