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mohammad | Factors affecting air quality and controlling the
Kordavani pollution distribution in urban canyon streets
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Associate Professor Abstract: Today, due to rapid urbanization, population density growth, and lack of

sufficient space for construction, the tendency to build high-rise buildings has become

Masoud Kharati widespread in large cities. This has led to the rising of a particular form of an urban
Koopaee | structure called the urban canyon streets. The shape and topography of urban structures

Associate Professor, have a significant impact on the ventilation and distribution of air pollutants in different
Faculty of Mechanical @ areas of large cities. In this article, firstly, air quality metrics and standards in different

_ Engineering, Shiraz countries are reviewed and compared. Then, the effect of different structural factors on the
University of Technology,

Shiraz distribution of pollutants in the urban canyon streets was studied and compared. The
results showed that factors such as building configuration, wind speed, wind direction, and
tree planting significantly impact ventilation rate and air quality in urban canyon streets.
However, the thermal condition of buildings' envelope, the covering type of the road
surfaces, and the traffic rate have relatively more minor effects on the air quality in the
urban canyon streets.

Keywords: Air pollution, Urban canyon street, Pollution, Air quality index, Traffic.

omidvar@sutech.ac.ir . Jstue soics s ™



VFeN S g 000,53 g0 o)lads (055 5 (o Sl

Slas sloads 5l osliiul s [VV]51 (slas 1o ous S5 o
Sl iloans aS ! alauly a4 [V Vo0 o lal soue
2bo 5l Gadie 4 g Jange wupe g S Ll 5l goae
D30 G gyt yid i 00l ;53 Gl la by,
u)‘ sdes 45 Qg o0 J.ch ‘) 059> L)"‘ e w)f
sy 0eNle Gdae p e gous slagsluand
DAcl S5 als 5 s5loacs o WSgiwh gl
LgL(bua>Lw ‘M‘ 5 Sl 00l ksxw)..olD- M 30
Gblie jo lso Sodll i 5 opSojluil @y 5 5008
50 00,5 duslie g Byme o] 4 by e slas aslinl 5 (5,00
Oliee e 50 s Jloe 9 605 DL 03 oaay 4y caslol
hliee Slidss . Cavloads 41315 5 059> ol ;0 0¥ mlaw
G slapbls slee,s jo SouVl lasl e o 4
o, al, rizen 5 1 2 f5e Jolse 5 ol amlys byae
e s solls sleoy ;o (SanVl mlhaw xS

IRWARCYPES

98 CorS (rnni (sl a5 Ll g lgn Sogl -Y

s ls (Sogll Sl o (3155 (gl s, e Sl
LTlse coiS slopasls jleslinal poye 4 o Gl oMb
Jsn CuiS slaasls o calflsn Sogll slaasls
Cugz 60 linl 5 od oS 5 I Fosll 4y Lgy e oMb
cloyig, b oo 6)5160’.' sloools o9l oo &Sl anslis
Ol gl co o axly aslh SO 4y g oad aesd il
loSirog 5 gilualel Glapiuw &5 cwline ol
S5os diate b y9a8 4 dihaie b ;a8 SO 5l Clél lga Syl
Sl 0ad 4B pdy by g (Sm @Bly 0 45 Cewl Dglins
Olot 9 w8k celio 1n)925 den (sl 45 3l 929 (2USG
ples slp Sl P ls Sy pateine (IS By S ol
D alsses Gy gble g boygas

il Log e oS asls e el Gue
sy goue arls O algn slaoanVT 5l ool (6 puSojll
b olsise bl ) g el lie mannilSo 51 onlial |
AL gl aialgol (b Jlae G 4 550190 (185 LS
Dalocs, Jlows! loa cuis

il 5o LB asel> ol pgas gl -

Loyl (oD 5l ot L0005 51 (S 0502 s (S0
aS 0,8 el Ve o f Jlo jo Slea cublage glojle .ol o0y
drwg 50 6o ,5iS 10 o e 9 50 IS 5l oo ,0 YO 050
DIsls cons Jame Jolse 4 g yob & Glgs oo |,
Ol 5bre g ool ciyas a5l lga 4o nesss Y] chw a5 gl
el oo ¥T | (om0 50 Do Vs (28,5 184S, 5k
Fog gl e Iv]as aales o, 5 ol slags low dyais
FIV 5o el lgn Sogll a5 0o 5 aseie cwyp SO 0
s Vit args LB o8, G oS sed e Jlo 3 4 ygnkes
el ol ol acsl> 1o Sl ol 8l 59, » a5 (5,50 adlllas
ooV i v il o bls a4 as sl ool lid al
L e ol 3l cpl joay, 0,8ee i oS b wiles o o5
el 4T LT oS el ol ol § mte Jlgw S5 [F]asls
aitet grilio b Jlog L 055 00 T9 (Sogll ol 9525
oo Jolge b oisS o gl 03 511 Sloan¥TL s ¥VTas
St g lee  Fogl wais cel a5 W5ls 0gg 5 (5,500
Ol iltiar g (@lolid b g 098 o0 loplusl Caadl izl
et S92 1) (6 00 Sls Sk g o0 Gl 42 B Julge
oo ¥T 4505 (0956 lga cotS 1 138 56 Jalge 51 S
IRl 2 ol jo ol et bl )3 0ad wly
oolaiwl (gl o jps DS j0 jeam 4 baludl 5L 5 Cuxex
Sleizlu slad 555 5 B,k Sl g (6 4d UG
u.\.a] S99 h.A.cL’ d.».:).AA.».lJ ‘_nguLo.oLw w‘ Cwlosls
o0 d! g el Ol 050 Blyie cod slofy 6 0ed slabsle
b e Jolse p Wl 0 Slagbls o) il
0,0 [#,0]asl 35 50 ol gz g 0l S s g oS
Slyp CedS 59y 2 L B Gt Gxed slagbls
Slp Slllas sos 4y S 5 0135 oo 3ble ol LSl
Slsi sla Sogll JLal 5 aye3 0520 g CoheS o (o) 2
Sl oole (18 laie (g9, i | e ol o ends
w1y s sl bls 0,0 o oo VT jLal sasay ¢ lisi>e

@ lgion oS Wlools 13 adlllas 5 (o) 2 9590 (Al 31
oinlesl Ly-al sy Fe g slwanis ‘[/\‘V]ks;l_x,,a & S o3l

4 Air quality index
5 Air pollution index
¢ Indexing

1 Urban Canyon Street
2 Reynolds-averaged Navier—Stokes
3 large eddy simulation



SlSe (gdige 4 585

(oo 1y (Sogll laia )90 Sy 32 4 Ceol e

Eyte @lagasll oSt SAl 598 sla Thy 4 azgi L
odd (Byre g dnwss Ol v ;0 Igp CudS e
CohsS Sloatlh (n Fe Sl G N gaz o oS el
el el 5550l 4 B Ol )0 9250 slon

OhlSen 5 (Slgo 5

2l oy 5eSile g o ¥T plo (gl (528 BB Y
S ams e g5 Sloy (S5 ek Sl ol Y
plscsle Bl Ige oy CoS saiaoplid lse (Sogll a3l
et polie 4y Cel (S Igo 00Vl stz b S, il a5yl

(S (Joud B
AL G a5 s gy Sl el pledd 5 Sl -F
3> 50 oan ¥l dse cdale a5 by opl of )4 lsn Sogll

Daloszse lsn cots Glaasls it 3l oy opn ) Jsor

L
Syl L bas T plojlw b glyb o8 J 9 oS’ Lo
>k
Oak Ridge Air
Lo ypels OIS 50 l90 oS Cepmdg b)) Thomas and Ott Vavs | Quality Index
(ORAQI)
S5 g0 ooliiul pyas 4 l90 CuheS Comdg el (35S sl U.S. EPA, AQI 1A AQUI gyggm o
1 65t lsn S8l 5l slonuzmn 4z, 4 shiws Sl API 5| aslicl Integral Air
) Bezuglaya Y44y | Pollution Index
5 (o0 o0l (IAPI)
Air Quality
o lailinl 4y a5 b 9o CuiS Sl iy a5 Singh G Y.of Depreciation
Index (AQDI)
(PM10 503 NO2 «SO2 «CO) ,lxe 0¥ gty o 5 1 ol s Aggregate Air
9 OlNg e 4 (Sloy MBI (sl st 2ls)l slas laibiul (28,5 Jlas o Kyrkilis Y--¥ | Quality Index
B RRVTOC PRE VR QL...S‘ Codlw Jaa> (AQI)
: Common Air
Sy Olo 3o el Slgp oS alie CITEAéEr(IJI :rolect, Y--A | Quality Index
P (CAQI)
New Air
s D yge0 s lod oy iy yx5 (gl Bishoi Y.-q Quiality Index
(NAQI)
Al aihie SG 6lge S Cundg 390 50 gl 4 Sle, eI sl . Pollution Index
Cannistraro Ye-q
GRS AL Laiye pe 9 Spel oo 9 S pe Jlad el (625 o5l
MLM Lglj"' ool.J d.:e) s_i: 9 ‘9_‘2 U’Js..o.m L;Lb od.uyi ua).xA )D uLo).o.h The Aggregate
olgzds asli wlie G om0 @)l S Hlas b ootV jo i o Sciard KRR Risk Index
bl sl el Ss asls yolie S o Jges |, S, b (ARI)
VAT E JAON | OO
ol ot olgii lop CaninS L5, 6y drdr om0 ,S0s, Mandal Yoy | Fuzzy Air
=0 (29 ) XRA=Z 7 29) A Quallty Index
AQI Based on
- Kumar and Goyal Yoy P?\Iﬁ';vag:JI:al
Model

1 Eclipsing




VEOY 5 50005 090 o jled 050 5 (oo JLoo

Aoz 5l a5 coul Ign (Sosll (el Sgzr 5 ooy VT Lac]
@ olgee Jlog cpl 5l ead jaie GlaoauVT o sals
(PM25 5 PMI10 Yoo ol,d cdidgud (sloiy,Seyomn
S ol y ple ofslails wa Soleg)l sla Sy 0
LY Toges o Ll

o la oS slaasly ad aus o jobolen
ailaia ) 158 o olul il 1 g 58 oo S5 4o 1) baousy VT
229 9 o (IS slacaslw (2 ldl s> Cusdge 4y axgi L
looau¥T glgil anslie & ¥ Jgoo [V VoS o oY1
58545 jsbolen jlop co b )sldS 5l (S )0 (cwy 0 )50
1S B dilaie b i8OSy 5l oy Syse sbroany VT sl
3 Lo VT cdale s lasbiwl s> ol Sglite 50 adlaie b
Sglae alizee (slo gl (o g CodS Ll s lp
PRV > r chle o labinl sgus a4 T Jgus o ol
ol 00U o)L.i‘J ULP Lng)?_iS)" 3,3 6‘)—.’

Sl (smige 585

2l Glez p0 l9a CodS Glagasls on e 5l (S
oazie YL s Jao 5l cbblas lojle Lawgs a5 !
g ) akal, Gelul 5 Lo o @y el zn o pSeslail b
g dle ¥ Jgoz 5l ooV jo b canlizte Sledo gl

.09&@ EARRY
Iy
Ip= m (Cp-BP1,)+1;, )
bl ] o oS

el P oans¥T (gl ln oS el 21,

o BPyyr U seaie lgp CoiS s Ls e iy

o BPy, L ke g corinS el Jlada 21y,

ool Cp 5la b 35,3 45" S abai :BP,

el Cp sglas b iS55 oS St abais By,

el P ooV (gl (00 ,5) ooy (g uSolasl cdale :Cp
v odal Casdy dae s Gl o bl cpl

Sy ol cawgie cogs gatws Gid 4l I (SanYl

g5 Ghpands SUsks 5 @Il (ulas slaog S

aliges gloil caliss 4 5L lga  Sogll (e anls (sl

Sly e e P90 i ilug 59551 el looas Y

Dallge coss caks bl ¥ Jgon

- s:. .bl.iia’

c—e/-04 - --0f <[-VO/f --¥/f coefoY¥ eefeOY -y o>
N EAI - 8O-V OF VOIO-Y/ - £10-9/f <[-¥0-+/\FF [ OF-+/ IR Luwgie
ol
sl
NN SAYO-- NP VOO-YOF YON-£0/F aU6-\Y/E <IVFO-+/YYE NARAERY I IR
sloog S
u,u‘.w}
NEE VERVARTN DAY AR YOO-YOF £OI0-10-/f VYI0-VO/f SIYYO- /Y- F NirAEy AN VOV - oLt
SNNE-- YV NARY L 2 - YOO-FYE VO /10-Y0-/f VOID-Y - /F AR Y2 - [70-VIVE Yey-y.. :L;U
AT - fYO-0-F YO-/0-YO-/f Y. /0-¥-/f [Fe0- A+ VIYO-\/5F Yer-f..
) S ylas
NI Oeb-5-F YO /0-0 - /F £./0-0-/f cIA D=V F VIFO-YIY - f V-0 -

Bl i plaS e 550 dwle aiele G 5l polie gl po g atele Caia 3l polie Gl o2 el e AQL Loyl )l jo el 205

Ded 155

dloe el G o5l adale leolatal b ol SYL L Y-V AQI Jlade 59, 51,8 < /YYF 5l atelos cizn 3 (B4 (V)

3 Volatile organic compounds

1 Break Point
2 particulate matter




Sl (pwiger 588

fSen 5 SHyo.S

DF]9aS o st e lacslow wlol p 4ol L 1985 18 30 oy 390 sbroan¥T glel ¥ Jsu

a2 S50 ooV g3 L s
B;;fe%(:‘) As | NH3 | TSP | Ni | Benzene | 03 | Pb | so2 | No2 | co | PN FM e
X [ X | X X[ X| X X X | v |V |V |V |V | e
X X X X | X X V|V |V |V |V |V |V ] oy
X X X X X X v v vV |V VI VI V]
X X | X | X |\ X| v (VI V|V |V V|V V] o8
X X | X | X | X| v (VI V|V |V V|V |V ]| e=es
X X | X |V \v| v |V V|V |V |V VI IV o
v Vv XV | v (VI IVIV |V VIV |V ua
DV ,0a5 51 5 50 oan¥T cbale s lusliul sga F Jgon
s ¥VT cdalé s Jasbiwl oo L pis
03 S02 NO2 Co PM2.5 PM10 adlaie
120pg/m3 125pg/m3 80pg/m3 10mg/m3 25ug/m3 50ug/m3 L, 4ol
140pg/m3 140pg/m3 80pg/m3 9mg/m3 35upg/m3 150pg/m3 oazie YL
200pug/m3 150pg/m3 80ug/m3 10mg/m3 75ug/m3 150pg/m3 o
180pg/m3 80ug/m3 80ug/m3 4mg/m3 60ug/m3 150pg/m3 NNTS
5 vl obess  slozasly YAl lasle S LS 0y Y

il 0925 oy Sl e Jolpe abex 5 (Y] S8l
ey 4 dalsl o aiiis 6 d slog bl 0)0)‘3‘;‘)‘;in

s sl 4l Jelse ol 5l Al e

IV ]S g0 50 (s LS 0,0 51 (liged ) S

Sire Y Cend ioml G lead olele aY
o5 logiios oan¥T 5 ol SousSTy by Sis Tis 0
s ol oy [VFlosS o 18 150 oy 5 @lse 5T
by (LS a5 098 o aiS SlalKe 4 ) IS allas
Sopige aalis hlug 9351 51 45 (29,5 090 ke (SIS
e aS ol u’_'jl.n...a A (5‘)“3 “)9':"(5" o..\..S‘).' 9 C)l.>
Pydse lgn slrounl (byme po LSLe (285 8 &
oau¥T (SasSTy dea b, sla Shg 4 atas (ol plo
ove slagiluans iy o adl casS 1,5 Wl so
53 lg5 o (aseee alse 51 oS 5 b Jale S D51 Ygane
L OMYT ‘;a.,Slf 0990 L) 9 Ol ) usLﬁ) 00)9] Sg>g2
copd Sod plii Jelge a5 WSL Fge b OLLS o)
ESYESORCAIR | § 4 [PRYCHIR M £ 4 J INCPSN | 4 § JN SO
TP RCHR SURCH IR I | A ¢ P FORRORSIRCH (| 7Y PRYPS

2 Urban boundary layer

! Urban canopy layer



VF- ).us;)‘;))} P9 o)Lo.;b spSJQLSM}JLMJ

Cond 2alS b canl ot ¥ SG 5l &5 jshailen
W g, Ceow 98,8 40 dw Gy od¥ clale e g aie
cbile Gliee gykaie S RIBEIL T JSS Billae 5 koo
ssb s S0l 5 ol g Caemgd o 40w (g o]
b oo il 6 pSaitr

als 5 s> S sl ools lid ool aule gl
oozl olael o oVl clale wje s 4 e
el 0als LLE 0,0 j0 Al (g ke o U ba el
IS Gillas axly (g ke cons b (Ll 050 gl Jlie j5boa

) - .

S9z9 T ol Cand (gl 5wl S SO L i o D
Ded o HLLE o FYRVRN] &9 Sl als 5 g0 jis >

/
J;:)‘u_ R ! (Lo :;.-J Slils

I¥¥IBIH =1 gl (bl 0,0 o sy (lowloe 059> ¥ IS

55y Gl (05 Fomse oS wed e s @l

50 ¥l Bio g lgn asees sl baplasle glas )| (g0l
Gl oS obml cel 5 conl Fogllae 608 GLLS o)
G, S gy opl 5l ol aales Ll o0 LSl (gl e
Ole 5 00T (SsSTy 006 1 pzr s Ll 36 Lz o0

cbls aslg> 6l bl 0y 4o

i —
it e o > Ol
—_— Y
e s P
4
P lﬁ - 0
INJT /

Slle (i 585
S s o pb i —V-Y

00 3 by ey sl byl e 5 S
eyl Cod) Yihte e e sud slaglls
Glae bl pl a8 ol (s oy @ plasle
e o Glize Sbyo ), 4w ool plxil Sladllas

[rylesls walys ey cilises (AR) (s lass

(AR<’/Y1)YOA.§:) |..\>.- )\WU 6‘9’“’ uL’J’ -
CIY<AR< VY als )5 alslos slga b > -
(AR<+ VY SipasSsl (6lo bz -

lae SLLs o0 YY) Ken g ol> Yoo ¥ Jlo jo
Giloterd SaS a4y Dglite (55l laces sl |, VUSS
Joe 4w 51 RANS Joe bl pp cbeld lasee (0 9 (g00e
3,5 Realizable k-e 3 RNG k-e o lobisl ke Kol
Sy (S8 aels glils (Ll ojn plassls 18 o)y
S slaie s 3 a8 g gl )l e +IVF g oye e < VA
sl o 15 L s LS poe s ezl glis,) sl
Oz el Gaus J po (Ll 00 dges O yso a0l
5 o leY bl b pe Sl a1 SO lgie a1 58
Gup ol oy a sl p ¥ 2L e /e Y
o Y g0 a1y alies (ol os5le sole gl oyl 0l o
Soge @ plgiee | LS 0y )0 e a5l 2L
15 ol oan¥T g lgn IS U 53l o515 azasl ol
Somnd lp oy crl )3 sls 1B aslllas 350 285
i o)lsed 45 Al Lasis ¥ USE las S ki
oo ¥ alasly o |y T g5 oo 45 oumy y90 00T il
Sleisls lis )| H sl (bl oz yuS C 5 50 45) 390
OBl oz Sl 25 Q 5 ol LS e Jsb L e
S gy e ) i Sl 5oL S ol (e
o] clile e WY USS e ol laglazsl
s b S 5l (guelal &0 4y S0l Cuas )0 a9
9o o ¥T il a8 g0 40 Lol aily o el Lzl
Cowd Gl GleiBlo ol a5 Ceos jo -1 IS0 Gillas oy
el Sl i s b L s

_ CUppHL
Qe

K QD)

"Wake interference airflow
4 Skimming airflow

! Aspect ratio
2 Isolated roughness airflow



Selle (i 4,85

009 =

008 =

007 =

S N S N A o & §
i S,
0.06 008 0.1 0.12 0.14
X (m)

Ley] asly 6 laie s sl s 5 S5 39,50 IS

ob e il -Y-Y

by p ol ez SLdYrl veara gl o o) Kes 5 Sila
SeS 4y SYsb Ll 0,0 G o oau¥l SaisTy, 5l
sl sl 33 o5 5 e SV Sasliss s,
Obeizle g0 Julds anlllan 0,90 dwain & IS Gillas a0 ,S
OLLS Jsb Cd g wiloads (5 e ;0050 Slilge 4y oS aslie
rhw b plaasle o oog Vel plasle glas)) o
Sge a4 SVl b dge mte oz wivg: om0 ahie
79> 5 Laml B ag ool aad (UL &S 50 s5lse
b ol sl gl a1y bas F L slosl> (o 9,045
oo ol ol ey b 0,555 w5l 155 oo, 658
2 el UL jme 5 0l sliwl)y (e sasly o F IS o
s b Sl Saliys S Sy 51 oy
g o lailisl ke  Kiasl Jae g RANS c¥oles (wlul
@ gl ool b mls (miliel s 0lyr oS it
s 5l o oy o ool b g3 Siale;l 5l sawel cws
SRR ANTC 0N FARFESR PSR FARFE SR I TRUVES

A bl (4,0 A0 g a0 VO

line sources
/

Ol 5 Slss,S
0.07_
- e«
s ——— — -1/
D06 mam—. = | & ——————— 14
-"‘e —— —_— WBeUs
_ o Y BR ymbols are the measured
,_.é‘ 0.05f= 1 . 1996)
:ii \ Lines the calculated data
=3 ey %
- 0.04 - daal
3 Fioq 8
2 oo3f!! |
— ol B
E 1 £
= oo2fii !
SR
o ST
0.01 g PO '
3%y '
ok P e T r—
o 50 100 15C
all
007
o006
> o005k
=5 F
2 oosf
) -
— oo03fF
£ E
- ooz2f
001
ok
<)

(glaie las tate o gl o 09 a..\.;.;}ﬂ clale VS
ol s g S 50 (@ eVl leisle LT ol Cons [ (Al
Irvlews b olasle

02
- - — 0030 S
i BH:3
i) . —— m‘f"’*
T — L
o) | Py
J L - o w w Wndwadsd
- BHs3
h e - — = = Windwadsde
- BH=
9 01 - e = Windwad nde
g E BH-I
’E‘ i Lines are the caiculated aata
I =
005
0
10° 10' 10° 10° 10 10° 10° 10’ 10°
Kiw 03 ke

;:foLgsole@”gM)o@queax.ﬂTgkléfJ&Z
Irvleslice slags e cons sy leislo



VF- ).05»)‘»))? sﬁjo O)Lo.:a ‘Ni'ﬁs“JL“‘

1
K
45
40
Wall A 3 WP
30
WallB 5 o
20
15
10
a=0° a=15°
|
K
‘ 55 /
p ‘ 50 ; ’
o 4 0\\'/"
° 40 ’§ ()
\ e
o 35 é‘?\\
‘ 30
20
10
a=30° a=45°
’ K
1 70
| = 60 "
| N 65 s Q
1 & ;? 50 $ s
| 3’ 40 g
1 30
l 20
10
a=60° a=75°
K
80
70
Il 2 B
M w
20
15
10
@=90°
bz slaaygly plp o lapleaisle 652518 Cundy ¥ S5
Ivvlst

(PR R 8
Sloy 0505 n 8 oo b o (592 Ly g, 50 o)l
loplazs b i o s (o 05 el 95 b oS
gl ;0 Larme (sled 395 digi 4 45 9d o (e Tk
sbwl )l bl Ll g aS e 05 ) baplensle
5 9> Gl Candy a5 cal ools (las Slallas oS
32 Ol Sl & 5ol )5 pleidle iz sla)lens
IYFlass oo e bl slaoys yo oan VT SassTy
55 Sedyet G g a5 e s Glsise S sk 4
gl Jolis (Lol o)lea ¥ 1) w55 o0 )8 ol 05 (5,00
Sges D)9 4y sl jo> a5 LY Celu Jlo Hob )i

50

45
40
35

30
25

10

90
80
70

50

20

20
10

Sl gwiige &y 525

line sources

TA K

— i

0. 234 0.35H
W=H

VFe) 15 g0lo,5 pgd o)led 050 9 (o Jlo

b ain Jlez lcandse (0 LlS 0,0 awain (W1 7SS
LYY Lls s o oa eols 15 sany¥T wles

S5 5eSboe lale 0l Caas Jlsas (55, 2 Y USS Gullae
s gy cale Sl polie 5wl oo Galidl Sl o b
a0 yao 0 a5 Gl gl o S g4z 0 VO @ a5 ;g
5 eils b o Hlgs j0 (bilae o a8l e Blas] cca]
ax,0 ho 045 i s g9, p osn VT cdale ST
5995) ol i £5,) 55 plol s sl iy el
oo a0 JLS 50 900k yoms jo cdale 1 in (20 V10
Sy a0 F, il a0 VO plpaas LK LSl
o 320 4 S05 $9p00ly e p3 Sle o iy oS
polie O Jaaz ;0 098 s0 cdwlive ax 0 o a leg o ok
Sy 2 Koam o ooVl clile (:Sike 5 eoSbo
A g 0 [YY]ewl oo 00,91 B g A leisles slaolgs
WJle Hlgiean) w0 Gl jlon @ aygly b 5 Slee ciale
Sl Gloy plp YIAY a0 Q0 L plpa cod Sl clale
svbar A les (g9, cdale 1 She (sl 4z )0 yho 0L aS
9 slacez 1S e lp B lps I i ey JB
So 2 SR A e 59y p oble mSlas il Sgee 5 ble
B s 31 it o ol 2 390 5 bl slo g S

el (55, 2 0an VT amy (y9s Cale olie O Jyor
[vy] lesLo

ob cag | O D9 cble o SSle | aw (g cdalé pes Sl
(4> ,9) A g B g0 Al B g0
AR AR ya/.v Ya/-A

VO a/f# f/aA Y- VoI
Y- VYYD Y/£a FAIAY YI$A
o VEIYY YieY OFIVY VIvE
I VYIYA AZAR YEIAY YA«
Yo YY/f4 [NaY4 IRRTAR VEIVA
. YAIYO Vi A YYNY VEIAD




. 3 AR=4,15:00

v Sl Al

iz slaal o (Us) o Jloys ey 5 by olos A JSC
¥ ok cad 9 (F-) SV Y (g kaie Cad (gl 0,0 (635 yo
ool 5 ojlens iule TL g Lo)S gy Loyl i b (A0 oY)

Irolacs s b caz 5 55, celo

ool O gy Wil -F-Y

ol 23y Sl YoV Jlo o [YA] s 5 (5
3,90 1y 60 L 0,0 o o sanYT cdale  gals ool
aS o>l olal s b L3 0,0 G Loyl Laiols J18 oy
gl 9 3 Yo b pln (bls (e g plesbo glis )l ol 5o
B3 by paslid aenST 65 S5 gl S8 a0 Ll
a caSeld 138l e 3 SS a1y Ve 51 S Billas 1) 09y 00
On @bt STy 85 Sl o by gamY Ojge
Silwads Lo jlgrs alod (sl beden (550 .la}.i,ngo..\;%YT
Olee 5 (s Cagby Olpais o5 (Giluacd (nl )5 .0 S
SR gy 45 00,8 asin wg b ad,S s o b
g oS G5 slresn VT clale  zals cel ool> mlaw
A 2let do s FIVY 5 VIV (e 4 oS (60 (59508
Cagby Gl b oS wb pasiie gy p nl 0 ol pepdle
Ol Gl Gil8l b Jg Liels eanVT clale e s

L8l salss ol38l o VT clale zglaus

TiO2 Coated Road

I¥0] S81,8 & g0 a5 oy 8590 LS 0,0 4 IS

OhlSen 5 (Slgo,S

5(@.,0& Mu)ﬁfobwoﬂxo s(wl.’tsnw)éiaw).:
5 0% <85 Sl 0 (b sl ¥ cell) sk 4 g o)les
3 56 iale S Sl oy a0 YY) Jlo o [Y0] o) SKen
ORS  b GllS 0y o slaojlns 2 o e U
ol pasly A s Gillhe cglate golul slacas
3 Ngh 08 aej haw b 2ok o)lps oS Sy el
Cogd ol 4l )T ST 50 T (Y 5V cdl) Gas o5 slooyo
S glals I g0 Jksle (Y o F ) Guos slooys jo g
0y0 ;0 lgp CeaS g Eel A Wigd oo o slals 5
2 o5h 08 sk a5, s o oy Ll apde s
agosls IS5 s Jol als 3 (F cdl>) Gas o5 slooyo
Sobien sbml oy b (S )0 (2P Al S Sy gy
)L:.>L.u u.’:‘).?ﬁ lJ (/\ ;,JL>) G 6Lbo)¢ 6‘)-‘ Oyprodd

WS oo a8lol b Y ar ]y 2,8 a5 S k>

AR=1.1,Neu

AR ES A A ES

AR=1.1 0 12:00 ¥ 3 AR=1.1,15:00

B adl> 7 ol



1) ).ujb‘b)—‘> P9 e)l.o...ﬁ ‘QS"BU;"JL‘*‘

gl 1515 05 oo Jos 6505 OLLS 0,5 55 03ly Olnle
00 ;9 lgp CobeS  Fge Sl Jalgs 5l (o (LS by
030 59,0 Slep caaS IS jeb 4y el 6 d o bl
Fomb Sy oSy b el pdg 5l &S Sl olls

[f 1o ales ssllas 59 on ooliul

‘chup): -\-V-0-Y

3o e sl gl a5 Sy ccanl ools ylis clabss
clale fals 0gd ge ooliinl (LLS 55 50 50 &dly ez S
Oz 90 Sl eslatnl 4 cons 1) (s SaSTy lyl
ol 5l oS 5 ool ccyaizman [V Jans o il il
lga oS Al (sl fe aoms S8L)s slp ez
5 JlesS [fYlcilons aog b slapbls o0 5o
Oles 2 oz 56 Syl 4 YoYY Jlo o [FY] ) Sen
adis by 5l o3b slooan VT a8l 5 cogas clile ayjes
O ed sladle SIS0 Slae Sjge 4 )50
03U e dliad (Sl 1y D929 a5 w8l o QUT Ao
b loaty VT (sogee clile w598 (liee (225 s LB
clale 88l m 65 mlelolo 6w VIV LY glas )l o aoy0 VY
Ol )9 izme (bl ol i g shie Ol ,SG ooV
SaolS e p oo YT El)d olasl a5 ool asive Libgh

)15 536 by s Jansgs il

olis 55 -¥-1-4-¥

5 2LS sla g 5l solatuwl b o)Ll 5 i a5 jshailes
sl 75U WilgE e s e Sl )0 jo S s clls
Asl ansls gble cpl o lse cuas (o
0,0 S5 o lgp CudS dgp sl LSy clilS o
cilS oS oS cils dxgi a5 ol 4 Wb g bl
S s Gl 2 tzy JB sk a4 as gl g os o
L6105 oo 3l adis olog 55551 51 (86 sl ¥
o ylesslo glas o3l b Lz yo 4y glas | ojlail a7 ol
gl H a8 TH b TH) asl ol sopo S50 &
o Sl jo 6 pKeiz job 4 lga Jobs 5 (Lol

B Wind direction

Sl (g &y i

wW

Leeward wall Windward wal

T Pollution inlet
>
- A4

o 50 Gm)

IY0] 5 5 (55 Lawgs ooy 3550 SLLS 08 VoSS

&lgo o929 F1-0-Y

St Sl 0,0 wsts 2 Fige lye Ol oe I Hsba
S8 90 3l 55 g SRR s (SRR i Y )
O Gl e S milge a5l [¥#]sges P W
o Lil ot alS b shls a5 Sleasis s g ol s
SOk slagy09 4l e JodSe it wlge alex oS
P S9rge Syo &lye pizen 5 Lol Skl o eud
5l b Gy Sogdl 34 als el aS daol 5,5 ail>
o Lol webios (Ggfmn Bblie 4 lagyoes wd g ol
0gd dxg ol el p3Y a5 teal Bl aiSs [¥V]oges
S 2t glo (paiz G (JB slalad 092y oSl
Jobe @8ly jo 288 ks JRSS Glaie 4 (g oed )
43,18 wlge (S13 Sla Thg & (K Slys G395 b g 0o
JB slalas sezg (Jlo plore 4 lapl pledez 09 4
o5 el 0Ll anile o 0ad Sb slag 055 e lsie
&lge [¥AlE 5 i o Joddsuis milge lgin | o] aS o4
5 NS ogm, (oSl Gkl plee i, 4w b
Aga (Sogll gl 20l 50 il oo aiload sl iaSTy

Iralast s

foelseio gilge —V-0-¥

S Glgre g Lz 0 g basis o alex 5l aLS slo g
oSl dadss blug 59550 e &l oy Jodxie Bl

! Hedge



SEle (pige 4 223

b puSoly —)-Y -5

S92 & aes glaojle by Sob V) S gl
58 oo VT clale 0,5 558, 6l Lasin slooloisle
Ulye o St ahom 508505 oo 1,8 onliiul 3,90 Ll 0,0
Lo 5ok jlosliiwl .ol (LS 00 (slad Sl pas b S0l
2o, YV B el i yo |y oo VT clale #slans wilgs o

Lerlans Lials

(i m | n
A B

TEV] ol (sloo,lgns b puSob (0 g ol (@l VY S

0.3
04
03
02

IO.]
0

ObLs 0,0 j0 00l Jlo g ey slajlo g bglas VY S ol
LRVl il o o fgas b 50l () 5 55k (@) sl

U/ U ey

ool 00 YL b ylss L -Y-Y-0-Y

e o 41 (glad e wil sbalersle 4 VY S gllas
adle JBg Oyge @ lagl Jol b iSen il Yoars a5
St el plaiSle 4y (6 3y3085 G Sbml b aS 09l e
Obs] s gean 0 oo ¥T cdale e malSy ol Ll
colb s Laoe baojle ol a5 Cenl S5 a3V 098 o0

OLSen g (Jlgo S

Juo o Y-l ol Kan 5 Lo lgldsl [F0]ab oo s9u0 LLS
olye a1y Togiel 9 ' ojsrslaasst ks, YY)
S5l eolawl b 5’3‘9 Obls 0,0 G o LasSTy L;Lm..\;.gﬂ
STy Jae S L olyen Shoslre @Vl Seoliys Jouo
A adllae 590 5 > F sl 30 2l Joe 5 (olerd

sasols
ot b plond slo STy ads 5l Jol <l jo =)

Al e S350 43S

KA FE PP g P EPRWPS W KA PPN
2ol ool> JLS yo S0 aS Wl (8,8 paw Sl o Y
Pl S IS 58 s aleerd la STy g wlond
Al ad,S las o +/FY C 02U Lidy 85wl
g il alls col> LS o lis e ke cdl ¥
S s o155 8 415 L85 5o 5 e oSy
A a5 L s V08 Cs s gl s

Oloee 4 3k Sty 20 2 3l a5 ols ol s
S92y b Sy &5 a8 o g Cubls (S (L
o ooVl cbale 5 cs o zb 5 3,k 5l og 5l xe
ol ey 15 009s )0 Sre g eS 0L Ceyw a5 Slal>
Sl ln o bl g leeanVT 055, el (el
8,5 azm (g se aiSly pl @y azgi b abge oliend
JB8; 230 gl (Sesludgl Sl g (ol sl 1Sy a5
D1 6550 Sl labls 00 jo iy STy sleoas Yl
sy plabe (Sealpsgnl Sl b Gllae oy
2wy a bagilel ) 05y GleaST (e cdile
WGl o o s Ll aoys O) b cdls o 5y
b gmels as e

foelsio o ailge —Y-B-F

bl Sl la Joregil 4 (o0 S0 8 wlgo alox
ol ol oo 00 oYU sloylisle o 50l R Sgo &lse
3 Gt Oyl Jodsie e milgs 5 (B 0ged o)Ll
A 4 g g o 090 3l iU soaY SauSTy, egou

il waleS lg CuanS e

5 Noise Barrier
¢ Lift-up buildings

TNOy

2 03

3 Carbon Bond Mechanism 1V
4 Leaf Area Density



VEY S 50005 pgo o )lads (650 5 (o Jlo

S \Y oy a ol bls as Lk o0 5o oa¥T clale
spaze 7o WV el 4 glagletslo bawg e Ae Job 4
CSsls )0 Sy als S gilednd (i, SeS @] cenlond
Ao 1y e dbse dlle ez gl s S (gjleans
A0l S e LS 00 )

sl a8 18 ol cuiy g ol g, 0000 g0 0 b SIL -Y
Aol a8 3 180k 4y gy 0,le0 0 ladd o SIL -Y

Aol ais 3 18 ol 4 iy o)lgs yo Ladd o SIL -F

G (o i el oS0 gy Lalud 1 S5 L slhae
5 Sy SNL 0925 a5 0l d2les LS 00 40 caYI
oSl lop CodsS 03,5 o po 1) b i b &
NIRRT PES

30 S sgzg kit slacdl  Glawlin ¥V Jaas o

Lol odel w0ads (g5lwands Ll 0,0 0 ST g il

) 0
l l&wm“

L
%
1
15
{0
§
0
0 @)
00 ;0 oS 8.5 L s alises lacdl> VY S
Lol 6L

Wil SIb Ceow 9,8 (o b SIb o g0 50 (]
Al S ol 4 gy Coas (0 sl SIL LT 0L oo (7

Sl gwiige &y 425

395 LS Le g lple gl ol e p iolidl alalgs (gloaisS
3l ookl &y 5o .[Y‘?]AJ.;SLSAJ Sloul Jls 0 s Jgad (o
od;..;_‘)” cbale e U‘?"LS" ou 00 3 YU sloyleizls ig,

ol rals # Jaaz sillae |y o

b olRails jo il by sta b WL olasle G VY USs
TFAISSS S ppa Sila oSS

[falolib oo oan¥l cbile alS o l5ae & Jsox

O g Jlaibs e p YU | sanYT cdile palS 5
M) pleslo (20,5 4)
&S o0 adlb YE-0-
Jol 4is Ya-YA
p9d adb £-Y0

OR,5 S )0 (S ey s 1 el il 50 YL (V)
s a5 oy gebaws ) e Vo adl jo 6l 4y Dlie JB (glas SO
wilazs 518 Slasle slaggin alols ol

oSIb ol F-Y-Y-n-Y
Jolse 51 (o a5 wd patie ol el lagew; 2
S bl loe,s jo can¥T cdale e » 138 50
SasSTs 1 oS STl e blezile o oSl 352
abhulg  goae Glagiloacs  gien yo eawYl
S8 el a5 35 pod 4385 Sla 50 cwain slagsluesle
2gin bl 03 10 09250 slaoaL¥T Hlie (135 (e
OS5 H pe Coeal 4 3 by Lo o pldios allis g
@l @ Gloand jl Jol> @l gad S5 cez oSl
56 [T g K55 YoYY Jlo o slaxslsy adl
Olee 32 553k g ok 4 gy laplassbo jo lapSIL Gleas



Sl (pdiges 4 555

o oy Lok Lo Ciiaw § (gt pSy ol 51 =5 =¥
Slroau VT FuSTy o926 5 ,tsle  baplaslo o S
5 Sleo AYAIS IS o 51 ol o0 ,o ody
Gl 5 ple olKails Sl Bgs 5l eslanal L [ov] ) Ken
5 obitle Gl Glagan S b o) n 4 S
SISy sy, » bolesle e IS4 56 (ioren
bl 6,0 o 610 10 S slas ba T ozl 5 baoas Y]
(999) ooVl cdale asud 8 ,las o 1) Calizee cdl> A (6 0
W37 pSoslwl g (STl gy bl 2 lreys JS1s 5o
i bl ol el saal V8 USE s ol il oS
e S Ll ¥ 050 @ bplansle oS Sl s o0
sladls) wS o Gbls Byb 5o jo gl sbnl S il

Seons 5| i Sb g S 3 oan VT CBIE e (F 5 Y

Lol S0l
b =
Line source X
L Y e )
Line source x
b ¥eda
Line source *
Sb -
Sl
2L
ab

Line source~f] o

aEEN
Acdla

3,50 HLLS 0,0 10 o yleiSl calire sloguis, S VO S
Lov]aslas

Vs

Al
——
E
HE B
S

Line source =~ o6

OLSen g (Jlgo S

10 Tany gl 5 basgio e pus 2SI 36V oo

? ) ? 79 B} ? 79
OSb og> oS e S S og>
9 SR )° 9y Seomw pd 4 Sy Comw
Coww ob 4 ab
RWSRAN RWSKAN RWSCR B ‘
—s
. . . k},;mls . A . ‘;&ls ‘\J. . . . k}imls ;
e s e R .
el 4 el 4 e ads | T
S ggn | oSL e oSk e
RV R4 Qo A Qoo VP
. s . &‘)’é‘ . - . &J},é‘ . s . L)ipi‘)’é‘ . l. .
[V ESRY > Oy cdla | g
oS e | oSIL e oSdb

@ bU yed w8l 5l aldI LYoV s Jlo o [0V ale 5 Ujge
o575 » oS 9o (Bl salols 5 (SIb Gee S (o)
Ol yo Sl Voslul caes b SLLs 0,0 30 IRCANI RS
sl Geoe slobls 00 10 ooV clale Wals [0 e
Ol Sl ot sagi 4 (SIL dgzg bl (nl 2 09
sanYladale olie yo oo (Hlels sl sl iy
o an [BY] )5 5 655 YoV Jlo ,o el 38 506
bbb o o cbolss Saely ol |, calise
Glae byl wd s L s calise gk gbcaws
@ 1Y sl slales 5 bala gl MaoSIL L6 VS
5 2, leard Slubre cYlw Slus S
556 G i LGl 5 55U (58T (il a0 o5 audly s
5 il amlys UL 0,0 o ean VT clale Lzl 1,
olidl aalgs 3lasl iy o ¥ olal Cand j0 Dl () Jaiws

Y el
L0716 e GLLS 0,0 ST o oSIL @l slacdl> VE S

\ edl- ¥ edls

3 Wing walls
4 Light scattering technique

! Balcony
2 Overhang




\\°~\)§so|o)5-aﬁgbo)w‘msﬁ55g5‘“ujt”
o s STy -V-Y

Sllore apa ol ez bslwosls o 5 Lol 51 (S
O et Gl iSly B85 o bagiluand (o
ol oa Y] lio 5 lag 095 59551 5l oads piiie ooyl
soa¥T 55T ool Ken 5 Slls)ly aiS gl
SlaS 5 ple 5 GrSaSgige wiile (LLS 0)0 )0 35250
28,5 ki )3 1 o Mes slaais Glyie 4 i oo | (S
0085 b beas VT ol cyols 23Sy sl p5Y ylej o 1
Sl o 5o boan YTl a8 ol Sbej 5l i e
Sl 353 Camal o a5 Ll (@l plepayls jpax
A ISl 55 055l 0 s ialox 5l laoasy Y1
i &S NO oz 0,55 0 lojng Comnl 51 as ol
B3 1) 90095 (25,5 5B Ol 4 oad i NOX
a Bk 5l B aws oo STy 92 )0 S92 ge (35l b s oo
39 55593 LNO2 .aiSadss NO2 ¢ ygemsl i 25Tg o Mlas!
Jos OS]t slo ooty 9 NO & i sljsle j58 jga>
03 5 ools STy 5T b3S slo 00!, 058 o
S S8l rizen 3 JI Gl 5 wiS e oy
ol ol s oo bl |, NO2 & NO Lo 5 oS e
56 o L 4 ool LS (sl ;0 03 g NO2 NO clale
il s cou asl wan¥T e lesl mhaw § dase clbale
by 0505 oo 58 5 )18 JTolaS 5 cbale 5 and o

Ivelass o glo ) o zaSTy cpl A-Y

NO +0;— NO,+ O, )
NO, +hv + M —- NO +O+M 48
0O +0,>0; )
H+hmh+OH —R + H,O *)
R +0,— ROO" )
ROO™ + NO — RO~ + NO, )

JEXSTRUNE AT Xy IR RPN ARCEC S
S o gy b gl i

Sl x> —A-Y
Glsp CohsS Condy ] SaS 4 g oo 45 (69190 51 S

elS slp O weisy o 1) e sl bl e)o
&S el G550 4l hley ssw 3l sy sleoan Y]

SlSe (e 4 585

5 Vb a g, K& GlogS O )90 @ lagleisle il &5 s
P sa ¥l cdlale Ol o (Acdle)ogl aisle ol 4 g, b
20 g A5 e bl lodws Ol s 55 o] (SoS1y ey
S S0l oy oanYT clale SIS ok 4 el oy
—logS hiw oS 5 5l Azl sl ol 4 5) Cao I iy
Caoms s 50 oo VT 55 o3 54 solizwl (F cdl>) mlames
@) SlogS = mb 4 g, losS i S 5l ST g Sl
Ceomws (YL 50 oa VT 38 05 vgd solatw! (A ) b
s slopleisle Jand slaciin o 2y salss 5ol
SIS 50 oot b 56 6t OLLE 00 S o
5 09 Ol bl jo ean¥T clale lie g eanYl
oY Gyl sasdlas G YoVA Jlo o [0F] el
4 Sogll (FasSTyy 5o chies glisl 3l (05 Laseiie sl
o ool e il pll Slaslbre YL Soliys S5
ol 4 e Jlad slacain a5 Cuwl oads sols lis
Slay gl slul eV (S 40 g lgn Sl clale Sl
@ o lachin g Wgd o SOl Caows yo (Sogll ol

i dee oy bls 0,0 4905 (gl Oy

100
190
%0

]

100

slecdls 00,0 655 0 dxmin o oan Y1 2 VPSS
lovlaats

\&



Selle (widige 4,85
S5 azms ¥

lgo Sogll slosliliul 5 Lbasls wyp 4 alie ol
Sl p3Y G505 9 B slaglon GialS sl 05lop e
Slasi a4z ;o 5 o9 Gl sl Syse w1y oYl
1y oad Sl Lasls il iy o) 350 sbroarsY]
@l Oad FE8s @lp el Folaebl LB e coaS
I, oo ¥T sliowd sla ioSly a5 slo asls 5| ols
4 Sed Slgbls 03 ged oslitul WpS oo S5 5 o8
al glaplesle bug GLls 45 05d o0 45 olaSe
ls Sogll agacs Eely ba Lol il ood ablsl 4 je
L] udls 5 03,5 g3 1) Sl (sl S 45 055 0
oS S9er Sl e Sl S (S 9l Sl 4,
2 P Jelse (58,5 S5 5o bl (53le el (s 0 slen
Sz 3l Sy & (5 o0 4 Sl (65008 UL 00 gy
Blae (350 clls s Ol 31 g ke cons (e oL
o )il 4l Jilug (ST pliee S8l ¢ 5 i Ol
WstS Sgete y Doliie (5,56 oad ol Jalge 51 SG o 350
b elge 1y 586 G iian a5 3 )ls (08 Sla bl oo
xS wAle ol cax ol ceye (gibite o
Blie ,o Ll ai)ls ol o cals o chie JS5 lexs Lo
heitle gl o)lss siale,S s &l |, 56 o aS
0 S oo Ll 4l blug S35 25 5 oolr (a0 b
Syl (S 5 5 (el SIFTG a3 Dlidos
@@l G S Suop @ el a0 18w 5 e
9 oS o0 S8 (6 slapbls 00 ;0 9290 slacoaily
WS o gS60p My Cdl a Jlowsl Sl 5l b gy
woye Oyl g olpde 4 Wlg o i )l @b
el (Sl Cawys Co e 53 Gy Lo 9 (53l g
SaS S5 sl jd jo lop CudS S 5 6 ed slojle

L los

OlHlas! g pide Cow b -0

(S e
sl s AR
Cp ssbus b 555 o5 St abis BPy;
Cp sl b iS58 o St abis BPp,
Poai¥T sl (0088,5) sas (6 ,uSojlil cdale  Cp
aedygs e v
P oan¥l sly lsn ot msls Ip

OhlSen 5 Jlss S

5 Sl 505 plyl b Glies slatsy Gayb Sl olgiss
oS ladss bluga oo gojlal pac o S8l aom rals
Syl 0g03 08,90 5 5yl 1, L;..\J.gf)” 00l yts sla JSlo>
BB byl Yeve e e ol K 5 SoBy
0,0 S5 0 g uaS ool S8l saze 20 lojles
L] il J18 (o) 3550 1y QL] BoST,S 05 0 Ll
AoV g o S Y7 Jald o5 Glls SV JSE il
syaze o VY UVA el | L Slagleasle lawg a5 Job
‘f)y)uvb‘)byo..\m

Wl 93 2 50 (Y Sy Bd> L LS ghatle (05 S0 L)
O el ;o Segl SYe jlce i mSlas 05 sgame-Y
el )3 yieghsS

2 Sems ) 5 Gl lagposs haid 0,5 e Y
Wijlo 1y YL L F g0 o lusbinl a5’ SlaoLls

S Glae gy ol Ho sl L Sbsl 9se 1,
el a5 o9 )l 0,95 08, ¥ gyl (6l Az (A
-\ 399> PM2.5 4 PM10 clale a¥ls Sk ials

Sedoe Y+ L ,i NOX (sl 5

L08] lod S551,5 65 53 (gt 3590 Sl VY S5

i vl v2 v3
é o == 00
4 02 i
c 48 13 14 -\ 5
% a1 =4 52
o
>
o
-] 69
o-10 84
2 03 Substance
-] PM,,
§ e
s NO,
®.20 NO,
i |
o
Q
c
S
o 238
£
§’-ao
E -293
o
L8] oas YT



AR ),:.'{5.)‘.))5 P9 o)l.o...ﬁ ‘WSJ..BQ;‘JJL‘J

[9] Gromke, C., & Ruck, B., Influence of trees on the
dispersion of pollutants in an urban street canyon—
experimental investigation of the flow and
concentration fiel, Atmospheric Environment, Vol.
41, No. 16, pp. 3287-3302, (2007).

[10] Allegrini, J., A wind tunnel study on three-
dimensional buoyant flows in street canyons with
different roof shapes and building lengths,
Building and Environment, Vol. 143, pp. 71-88,
(2018).

[11] Dallman, A., Magnusson, S., Britter, R., Norford,
L., Entekhabi, D., & Fernando, H. J., Conditions
for thermal circulation in urban street canyons,
Building and Environment, Vol. 80, pp. 184-191,
(2014).

[12] Chew, L. W., Glicksman, L. R., & Norford, L. K,
Buoyant flows in street canyons: Comparison of
RANS and LES at reduced and full scales, Building
and Environment, Vol. 146, pp. 77-87, (2018).

[13] Salim, S. M., Buccolieri, R., Chan, A., & Di
Sabatino, S., Numerical simulation of atmospheric
pollutant dispersion in an urban street canyon:
Comparison between RANS and LES, Journal of
Wind Engineering and Industrial Aerodynamics,
Vol. 99, No. 2-3, pp. 103-113, (2011).

[14] Reiminger, N., Vazquez, J., Blond, N., Dufresne,
M., & Wertel, J., CFD evaluation of mean pollutant
concentration variations in step-down street
canyons, Journal of Wind Engineering and
Industrial Aerodynamics, Vol. 196, pp. 104032,
(2020).

[15] Akhter, M. N., Ali, M. E., Rahman, M. M,
Hossain, M. N., & Molla, M. M., Simulation of air
pollution dispersion in Dhaka city street canyon.
AIP Advances, Vol. 11, No. 6, pp. 065022, (2021).

[16] Niroobakhsh, A., Hassanzadeh, S., &
Hoseinibalam, F., Flow and pollution
concentration large-Eddy simulation and transition
conditions for different street canyons and wind
speeds:  Environmental  pollution  reduction
approach, Urban Climate, Vol. 35, pp. 100731,
(2021).

[17] Zheng, X., & Yang, J., Impact of moving traffic on
pollutant transport in street canyons under
perpendicular approach wind: An CFD analysis
using large-eddy simulations, Sustainable Cities
and Society, Vol. 82, pp. 103911, (2022).

[18] Zhang, Y., Gu, Z., & Yu, C. W., Impact factors on
airflow and pollutant dispersion in urban street
canyons and comprehensive simulations: A review.
Current Pollution Reports, Vol. 6, No. 4, pp. 425-
439, (2020).

Sl (i &y i

BPpy; s slate g0 coinS a3ls Jlaie iy
ST Jsl, R
BPp, L slaie lsn coiS a3ls Jhaie [,
sldoles ¥ cadVaye Joo  K-€
ST Sy s NO
3165 s NOy
O35 slast NOX
o398 Os
oS35 Oy
Fag)Sen Vo 5lieS B glls 5 )5 PMyg

&y -F

[1] Pruss-Ustun, A., Wolf, J., Corvalan, C. F., Bos, R.,
Neira, M., Preventing disease through healthy
environments: towards an estimate of the
environmental burden of disease, World Health
Organization, (2006).

[2] Organization, W. H., Global health risks: mortality
and burden of disease attributable to selected major
risks, World Health Organization, (2009).

[3] Organization, W. H., & Environment, W. E. C. f,,
WHO global air quality guidelines: particulate
matter (PM2. 5 and PM10), ozone, nitrogen dioxide,
sulfur dioxide and carbon monoxide, World Health
Organization, (2021).

[4] Brugge, D., Durant, J. L., & Rioux, C., Near-
highway pollutants in motor vehicle exhaust: a
review of epidemiologic evidence of cardiac and
pulmonary health risks, Environmental health, Vol.
6, No. 1, pp. 1-12, (2007).

[5] Nunez, M., & Oke, T. R., The energy balance of an
urban canyon. Journal of Applied Meteorology and
Climatology, Vol. 16, No. 1, pp. 11-19, (1977).

[6] Lien, F., Yee, E., & Cheng, Y., Simulation of mean
flow and turbulence over a 2D building array using
high-resolution CFD and a distributed drag force
approach, Journal of Wind Engineering and
Industrial Aerodynamics, Vol. 92, No. 2, pp. 117-
158, (2004).

[7] Richmond-Bryant, J., Isukapalli, S., & Vallero, D.,
Air pollutant retention within a complex of urban
street canyons, Atmospheric Environment, Vol. 45,
No. 40, pp. 7612-7618, (2011).

[8] Karra, S., Malki-Epshtein, L., & Neophytou, M. K.-
A., Air flow and pollution in a real, heterogeneous
urban street canyon: A field and laboratory study,
Atmospheric Environment, Vol. 165, pp. 370-384,
(2017).



Sl (pwdign 4y i3

[29] Gonzalez Olivardia, F. G., Zhang, Q., Matsuo, T.,
Shimadera, H., & Kondo, A, Analysis of pollutant
dispersion in a realistic urban street canyon using
coupled CFD and chemical reaction modeling.
Atmosphere, Vol. 10, No. 9, pp. 479, (2019).

[30] Zhao, Y., Jiang, C., & Song, X., Numerical
evaluation of turbulence induced by wind and
traffic, and its impact on pollutant dispersion in
street canyons. Sustainable Cities and Society,
Vol. 74, pp. 103142, (2021).

[31] Alamy Stock Photo., Broadway urban canyon,
URL https://www.alamy.com/stock-photo-
broadway-urban-canyon-soho-manhattan-new-
york-city-124313203.html, (2016).

[32] Oke, T.R., Street design and urban canopy layer
climate. Energy and buildings, Vol. 11, No. 1-3,
pp. 103-113, (1988).

[33] Chan, T.L., Dong, G., Leung, C. W., Cheung, C.
S., & Hung, W., Validation of a two-dimensional
pollutant dispersion model in an isolated street
canyon, Atmospheric Environment, Vol. 36, No.
5, pp. 861-872, (2002).

[34] Yazid, A. W. M, Sidik, N. A. C., Salim, S. M., &
Sagr, K. M., A review on the flow structure and
pollutant dispersion in urban street canyons for
urban planning strategies, Simulation, Vol. 90,
No. 8, pp. 892-916, (2014).

[35] Chen, L., Hang, J., Chen, G., Liu, S., Lin, Y.,
Mattsson, M., Sandberg, M., & Ling, H.,
Numerical investigations of wind and thermal
environment in 2D scaled street canyons with
various aspect ratios and solar wall heating,
Building and Environment, Vol. 190, pp. 107525,
(2021).

[36] Buccolieri, R., Carlo, O. S., Rivas, E., & Santiago,
J. L., Urban Obstacles Influence on Street Canyon
Ventilation: A Brief Review. Environmental
Sciences Proceedings, Vol. 8, No. 1, pp. 11,
(2021).

[37] Huang, Y., Lei, C., Liu, C.-H., Perez, P., Forehead,
H., Kong, S., & Zhou, J. L., A review of strategies
for mitigating roadside air pollution in urban street
canyons, Environmental Pollution, Vol. 280, pp.
116971, (2021).

[38] Gallagher, J., Baldauf, R., Fuller, C. H., Kumar, P.,
Gill, L. W., & McNabola, A., Passive methods for
improving air quality in the built environment: A
review of porous and solid barriers, Atmospheric
Environment, Vol. 120, pp. 61-70, (2015).

[39] Jeanjean, A. P., Monks, P. S., & Leigh, R. J,
Modelling the effectiveness of urban trees and
grass on PM2. 5 reduction via dispersion and

OhlSen g Jlso S

[19] Kanchan, K., Gorai, A. K., & Goyal, P., A review
on air quality indexing system, Asian Journal of
Atmospheric Environment, Vol. 9, No. 2, pp. 101-
113, (2015).

[20] Gonzalez Olivardia, F. G., Matsuo, T., Shimadera,
H., & Kondo, A., Impacts of the Tree Canopy and
Chemical Reactions on the Dispersion of Reactive
Pollutants in Street Canyons, Atmosphere, VVol. 12,
No. 1, pp. 34, (2021).

[21] Fino, A., Vichi, F., Leonardi, C., &
Mukhopadhyay, K., An overview of experiences
made and tools used to inform the public on
ambient air quality, Atmosphere, Vol. 12, No. 11,
pp. 1524, (2021).

[22] Li, X.-X., Liu, C-H.,, & Leung, D. Y,
Development of ak—e model for the
determination of air exchange rates for street
canyons. Atmospheric Environment, VVol. 39, No.
38, pp. 7285-7296, (2005).

[23] Huang, Y.-D., Hou, R.-W., Liu, Z.-Y., Song, Y.,
Cui, P.-Y., & Kim, C.-N., Effects of wind
direction on the airflow and pollutant dispersion
inside a long street canyon. Aerosol and Air
Quality Research, Vol. 19, No. 5, pp. 1152-1171,
(2019).

[24] Fellini, S., Ridolfi, L., & Salizzoni, P., Street
canyon ventilation: Combined effect of cross-
section geometry and wall heating. Quarterly
Journal of the Royal Meteorological Society, Vol.
146, No. 730, pp. 2347-2367, (2020).

[25] Xie, X., Hao, C., Huang, Y., & Huang, Z., Influence
of TiO2-based photocatalytic coating road on
traffic-related NOx pollutants in urban street
canyon by CFD modeling. Science of the Total
Environment, Vol. 724, pp. 138059, (2020).

[26] Sun, D. J., & Zhang, Y., Influence of avenue trees
on traffic pollutant dispersion in asymmetric street
canyons: Numerical modeling with empirical
analysis. Transportation Research Part D:
Transport and Environment, VVol. 65, pp. 784-795,
(2018).

[27] Li, Z., Ming, T., Liu, S., Peng, C., de Richter, R.,
Li, W., Zhang, H., & Wen, C.-Y., Review on
pollutant dispersion in urban areas-part A: Effects
of mechanical factors and urban morphology.
Building and Environment, Vol. 190, pp. 107534,
(2021).

[28] Nguyen, V. T., Nguyen, T. C., & Nguyen, J.,
Numerical simulation of turbulent flow and
pollutant dispersion in urban street canyons.
Atmosphere, Vol. 10, No. 11, pp. 683, (2019).


https://www.alamy.com/stock-photo-broadway-urban-canyon-soho-manhattan-new-york-city-124313203.html
https://www.alamy.com/stock-photo-broadway-urban-canyon-soho-manhattan-new-york-city-124313203.html
https://www.alamy.com/stock-photo-broadway-urban-canyon-soho-manhattan-new-york-city-124313203.html

1) ),:.'{5.)‘.))5 P9 o)l.o...ﬁ ‘WSJ..BQ;‘JJL‘J

[48] Zhang, X., Tse, K.-T., Weerasuriya, A. U., Li, S.,

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Kwok, K. C., Mak, C. M., Niu, J., & Lin, Z,,
Evaluation of pedestrian wind comfort near ‘lift-
up’buildings with different aspect ratios and
central core modifications, Building and
Environment, Vol. 124, pp. 245-257, (2017).

Sha, C., Wang, X., Lin, Y., Fan, Y., Chen, X., &

Hang, J., The impact of urban open space and
‘lift-up’building design on building intake
fraction and daily pollutant exposure in idealized
urban models, Science of the Total Environment,
Vol. 633, pp. 1314-1328, (2018).

Zheng, X., Montazeri, H., & Blocken, B., Impact
of building facade geometrical details on
pollutant dispersion in street canyons, Building
and Environment, Vol. 212, pp. 108746, (2022).

Murena, F., & Mele, B., Effect of balconies on air

quality in deep street canyons, Atmospheric
Pollution Research, Vol. 7, No. 6, pp. 1004-
1012, (2016).

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

Huang, Y.-d., Zeng, N.-b., Liu, Z.-y., Ye, S., &
Xuan, X., Wind tunnel simulation of pollutant
dispersion inside street canyons with galleries
and multi-level flat roofs, Journal of
Hydrodynamics, Ser. B, Vol. 28, No. 5, pp. 801-
810, (2016).

Wen, H., & Malki-Epshtein, L., A parametric
study of the effect of roof height and morphology
on air pollution dispersion in street canyons,
Journal of Wind Engineering and Industrial
Aerodynamics, Vol. 175, pp. 328-341, (2018).

Vardoulakis, S., Fisher, B. E., Pericleous, K., &
Gonzalez-Flesca, N., Modelling air quality in
street canyons: a review, Atmospheric
Environment, Vol. 37, No. 2, pp. 155-182,
(2003).

Bogacki, M., Oleniacz, R., Rzeszutek, M.,
Bzdziuch, P., Szulecka, A., & Gorzelnik, T.,
Assessing the impact of road traffic
reorganization on air quality: a street canyon case
study, Atmosphere, Vol. 11, No. 7, pp. 695,
(2020).

[40]

Sl (i &y i

deposition at a city scale, Atmospheric
Environment, Vol. 147, pp. 1-10, (2016).

Abhijith, K., Kumar, P., Gallagher, J., McNabola,
A., Baldauf, R., Pilla, F., Broderick, B., Di
Sabatino, S., & Pulvirenti, B., Air pollution
abatement performances of green infrastructure in
open road and  built-up street canyon
environments—A review, Atmospheric
Environment, Vol. 162, pp. 71-86, (2017).

[41] Gromke, C., Jamarkattel, N., & Ruck, B., Influence

[42]

[43]

[44]

[45]

[46]

[47]

of roadside hedgerows on air quality in urban
street canyons, Atmospheric Environment, Vol.
139, pp.75-86, (2016).

Santiago, J.-L., Buccolieri, R., Rivas, E., Calvete-
Sogo, H., Sanchez, B., Martilli, A., Alonso, R.,
Elustondo, D., Santamaria, J. M., & Martin, F.,
CFD modelling of vegetation barrier effects on the
reduction of traffic-related pollutant concentration
in an avenue of Pamplona, Spain. Sustainable
Cities and Society, Vol. 48, pp. 101559, (2019).

Kumar, P., Zavala-Reyes, J. C., Tomson, M., &
Kalaiarasan, G., Understanding the effects of
roadside hedges on the horizontal and vertical
distributions of air pollutants in street canyons,
Environment international, Vol. 158, pp.
106883, (2022).

Huang, Y.-d., Li, M.-z., Ren, S.-g., Wang, M.-j.,
& Cui, P.-y., Impacts of tree-planting pattern and
trunk height on the airflow and pollutant
dispersion inside a street canyon, Building and
Environment, VVol.165, pp. 106385, (2019).

Santiago, J.-L., Martilli, A., & Martin, F., On dry
deposition modelling of atmospheric pollutants
on vegetation at the microscale: Application to
the impact of street vegetation on air quality,
Boundary-layer meteorology, Vol. 162, No. 3,
pp. 451-474, (2017).

Lauriks, T., Longo, R., Baetens, D., Derudi, M.,
Parente, A., Bellemans, A., Van Beeck, J., &
Denys, S., Application of improved CFD
modeling for prediction and mitigation of traffic-
related air pollution hotspots in a realistic urban
street, Atmospheric Environment, Vol. 246, pp.
118127, (2021).

Chew, L. W., Nazarian, N., & Norford, L.,
Pedestrian-level urban wind flow enhancement
with wind catchers, Atmosphere, Vol. 8, No. 9, pp.
159, (2017).



ISSN: 1605-9719 Sl swikigpo & i

DOI: 10.30506/MMEP.2022.554983.2020 ! Silo oy buwiigen cyomil sode 4y pitd
ISME
e lw g wlico S0 NS > Cls> S 6.'>|).|a)g 6.5"'3["‘“)
. ) OLoLw
Sy G sy A * 6530530 Juls
e

e gle o5l easails
s Ol 50 (s Syt Sl (T (235 45 (silizme wolivo 0 (55,015 18 (5o 0nias 2 5l 039 0l oSy :::f:;%;jej&ii
GO Ay 9 (Z L Sl mlio o bt b oSiws b g Ak (gl el S 550 Sy o y5liiS
s Sy iz 5l e (omrp0 odiaS 2 Sda So (Plib gy (o) 4 lie Gl 0 09h o colinul
2dAZ 2 (s A JS o 5 ploil ((2b; Slslone 4 az g b osias 2 sl ailais g (b sl ons
63l s gl 28 > g 5lge 51380 05 50 [ oiad 2 (g A Jae s 2005 ST Slslome ol bl Lo
el gwilga 5950 pas g @S () 00,5 00litul ()5 (6K AT 5l omye slo 0dias 2 adg (sl
Sl (Hb Jds 4 s pdy 5lge GGl pae b g cenlial (Slgs (A i3z e o b siad 2 (09,5 5
15 g) o)lesd L S e i 2 (5 Ayl iyl ks il o oad ol b s Kol et ol

Mb@@;ﬁdbom»fd)uA.MMT)SLSIP|W)§LU R (ool allie
VEVPNY il

G 6,y 5lge wadgi o >l ox e 0aias > losaly sl olg M VN F A 500

An approach to design a pair of similar square gears

Khali Saman and manufacture by laser cutting process
alilpourazary *

Assistant Professor,
Department of Renewable ) S ) ) )
Energy, Faculty of i Abstract: Non-circular gears for their ability to create cyclic changes in the velocity and

Mechanical Engineering, @l torque of the gears in each revolution employed for various purposes such as robotics, textile,
U{g::'sngro'\g’;rs&?&; and packaging industries. In this paper, the design methodology of a similar pair of plastic
' square gears is investigated. The design of gear profiles was performed according to complex
mathematical calculations and the three-dimensional model of the gears was designed. Then
the assembly of the gears was performed in CAD software and their motion was simulated.
The laser cutting process was utilized to manufacture square gears. Examination of the
results and the absence of special errors such as the gear's inappropriate meshing during
rotation, improper backlash, or the impossibility of assembly due to incorrect dimensions
design, indicate the accuracy of the design methodology. Moreover, the use of thin plastic
sheets as raw material in the laser cutting process has prevented the laser beam from
diverging and technical faults of gear samples. Comparing the angular speed of the driver
gear with the lobe number also shows the accuracy of the square gear simulation process.

Keywords: Square gear, Design, Manufacturing, Assembly, Laser cutting process
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Review on the performance of brake by wire

Abstract: One of the newest braking systems in the world is the brake by wire (BBW)
system. This type of brake is controlled by electronic devices and enables drivers to perform
better compared to hydraulic brakes. In BBW, hydraulic and mechanical equipment such as
pumps, belts, and cylinders are replaced by electronic devices. Using this system, in addition
to reducing the weight of the car and its noises and vibrations, also reduces the braking
response time and makes it easy to troubleshoot the brake. It will be an important step
towards more controllability, electronic and self-driving cars. This article introduces the
basic concepts of brake by wire and also reviews the operation, development, and
optimization of BBW systems, and research areas in this field have been identified and
introduced.

Keywords: Brake by wire (BBW), Electromechanical brake, Electrohydrolic brake,
Automotive, Wedge brake, Regenerative braking
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3 Accumulator

1 power-by-wire aircraft brake system
2 on/off valve
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Power generation from jet stream

Abstract: Due to environmental considerations, the importance of using clean energy has
been signified. In this regard, one of the proposed solutions is to generate energy from high-
altitude winds or jet streams. On the other hand, in previous research, the issues of the jet
stream, the formation of high-altitude winds, the effects of climate change on the jet stream,
and wind power density in different parts of the world have been investigated separately. In
this paper, while summarizing all topics related to this issue, the effects of climate change
on these winds have been investigated by stating the layers of the atmosphere, the movement
of air around the earth, and how the jet stream is formed. The results show that the presence
of temperature changes caused by solar radiation and the creation of three temperature cells,
Hadley, Ferrel, and Polar, simultaneously with the effect of the Coriolis force on moving air
masses, causes the creation of a jet stream in the northern and southern hemispheres at
latitudes of 30 degrees and 60 degrees. Climate change has increased the amplitude of the
jet stream and its expansion to the north and south. Surveys show that Iran ranks 10th in the
Middle East in terms of the energy density of high-altitude winds at a height of 500 meters
above the ground. At an altitude of 1000 meters, in 50% of the time period, the west and
center of Iran have a wind power density of 0.3 kW/m2, and at an altitude of 10000 meters
and in the same time period, all areas of Iran have a wind power density of 3 kW/m2.

Keywords: Jet stream, High altitude winds, Wind turbines, Power generation, Climate
change
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Angular momentum = mvr
I = Mass
v = velocity
r = radius
m. V.
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Human detection based on laser scanning of

Abstract: Today human or person detection in various environments is important for smart
robots and autonomous vehicle in Artificial Intelligence and robotics. In this paper a new

method for human detection using two Laser Range Finder (LRF Sensor) that implemented

on servicing at home robot explained. This proposed approach is extracting a curve state

Farzad
Cheraghpour from laser scanner data and fusion of Legs detection and Torso detection. For visualization,
Samavati* used Rviz (ROS Visualizer) in ROS (Robotic Operating System) middleware. The results
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have been shown accuracy and efficiency of proposed algorithm.
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Fault tolerance-based control for vehicle steer by
wire system

Abstract: Steer-by- wire system includes an electronic control unit, auxiliary steering motor
and sensors that can reduce noise, vibration and vehicle weight by replacing mechanical
parts. This type of steering has more sensitive conditions than mechanical steering due to
the presence of electronic components, which means that these systems must be fault
tolerant. Important components of wired steering control systems include actuators, sensors
and microcontrollers. One of the challenges of this type of system is to be sensitive to the
malfunction of electronic components (sensors, power supply, and
microcontrollers). The purpose of this paper is to introduce fault tolerant control systems to
compensate for errors in the wired steering system. Therefore, adaptive control structure,
model prediction, two-way control, auxiliary differential control, re-control assignment,
robust control and variable structure are used. These controls can ensure the stability and

resilience of the system to uncertainty and turbulence.
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3 sliding mode control (SMC)
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5 H-infinity (Ho,)

L anti-windup
2 Two-way control
3 vehicle stability control (VSC)
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