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A review of studies on air flow and pollutant dispersion in urban street canyons
—development of physical model and mathematical simulations
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Abstract ; This work gives a review of studies on air flow and pollutant dispersion in urban street canyons.
Affecting factors on air flow and pollutant dispersions in urban street canyons are revealed by analyzing
the street canyon physical model and boundary conditions, which will provide new scopes for the studies
of numerical forecasting model and for improvements of simulation accuracies. Former studies show that,
the building layouts along the street and the variations of the ambient wind velocities and directions are
the main factor affecting on air flow and pollutant dispersion inside urban street canyons, while the
atmospheric instabilities inside the street canyons and the vehicle induced turbulence are main impact
factors on turbulent characters and pollutant distributions inside the street canyons, especially under
weak-wind conditions. Incase the street canyons with tree plantings, effects of tree plantings on air flow
and pollutant dispersions are can not neglected. The current empirical or semi-empirical models are
lacking in fully considering of the canyon real geometries and atmospheric conditions, resulting in the
simulated or forecasted results with large errors. Further developing of numerical model should focus on
the integration models that based on the Computational Fluid Dynamic ( CFD) method, with the real
geometries of the canyons and atmospheric conditions are fully considered.
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PN LA FR BT (Oke, 1988 ) o Il T BT A4 UNE S
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Fig.1 Perpendicular flow regimes in urban street canyons for
three different aspect ratios ( Oke, 1988)
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WS TEAET A A [RUE , 1 58 70 15 45 JiS B e A% i 2135 X
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Dabberdt, 1988 ) . Venegas and Mazzeo (2000 ) ¥ —Bx%
PN SR e BE AN XS PR A AE 257 I CO Ve B ) 2 45
R (P SRR SN — M) |, M Saa sk
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LI 25 5 7R CO MR BE R A J300 5 e i1 349 XU A
SV U 7 2 79 000 2 50 400 235 4 #9532 Wi LG R I Y- X
JXH 38 2 B i ( Rafailidis, 20005 Chan et al, 2001,
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T35 YL ¥) 1% % ( Baik et al, 2000; Nazridoust and
Ahmadi, 2006 ; i % B 55,2008 ) ; A AT BE 7 A —A
WE & ( Nazridoust and Ahmadi, 2006 ), Xie et al
(2005a,2005 ¢ ) AR L5 2R woR 545 N i S 4514
GG o3 A T AR S A Ry, X5 R BB
ANTRIBLALASS S Rl i ph A A ) BRI 22 S 5
2.2.2 ARSI

TG A% — M ST 1) e AR AR A 48 P 25 R
SATS Y B S B R L W RYE N
AR RN 25 R 23 9 R 3 XUE N K (Hu and
Wang,2005) . 1M £ )2 @30 AL AR 15
ERNITAHEME S, Klein and Clark (2007) Fl
Nelson et al (2007 ) % {E £ 53 545 K37 I 2 715
B feft 7 TOUP R U T T A B 1) 1 A AR
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(Mazzeo et al ,2007 ) WWANBH & v WL 45 4R35 50 7%
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Nielson (2000 ) 7 H 52 5 45 N & BL W] I 3 11
BRRE AP B /N5 i A8 TR R It ~F- 349 3 B A
4, JF A B A N BRI R AR E AR AT
1M Schatzman et al (2000 ) W 7EE 35 2] 155 25 P UL
E| IR E ) [ e =i 2yl [ I < 3 S I T
Nelson et al (2007 ) 3 44 o 2 45 5 %) 9F 4 5] 47
NI A Al g IR, B2 1 A A N OK RO ) L
IR S AETE , JFRE SR TS e W 7E i 15 18 J7
mJE G AE ¥ 4 3 fii . B J5, Gu et al (2010,
submitted ) XJ 3 3 &) 5 45 BOME B 401 45 2L 56 0F T
Nelson 5 N MM . Gu &5 X i 4% 1) F00(E B L8
R TR AT A8 TR A 2 W R e B0 s AR 7, R
MR R 3l b A A5 E B A P 5 kS, IR AR R AR 4
T A NS G AL 5 AR AR A1
LU AR A R AR BB X ¥ G W0 97 B0 5 i) 3k B
BH 2 ( Ramamurthy et al ,2007)
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JUfaf S5 R X B 45 P B 0 RO s ) 3 22 R ek
AT A TR = R gh, U H R
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ARSI T 5 Qe 19 I, DRI 0 TR 45 9 25 R0
I RINGE L Y/E I SN S NI | S R /N T TIPLO 2
R RT 2 BHEE SR 2S5 A R K2
5o WU (BOK ) S280 & AR IR AR K 55 T 2 B
A N B A 7 1] A €05 ( Baik et al, 2000 Li
et al ,2008b) . Liu I Li 45 A5 F X 4y 30 A5 2 7
BB A RR % B 52 KU (K ) SRS 25 28 JF:
L R B A AT AR A 53800 i 5 0 ( Liw 2004 5
Liu et al,2005;Li et al ,2008a) , 1 EL 37 W00 i 7~ 24
HARHE FRT 2 B8R B A — A
1E (Eliasson et al ,2006) , Zhang et al (2011 ) J& F 52
PR A B BRI AU BB (AR =2.7) R T4
W RAT—A e, JF B i 48 s G o A
50 & 45 R W) 5 B9 AR &, 1 Murena et al
(2009) X EEIRIIH AT (AR =5.7) 4K 5H /A
e 1 I A RRADL 45 R 0 s A R b A — A
Wewsgein . VEFHEN, 51 TR A BTSSR A
(SR AT BB TR R B S L, AR ) R A T 4
WIT R R VR, AN AR N T AR
AJ BB A7 e vt R 1] | SF A Jmy 55 (R 2R 5 W ( Murena
et al,2009)

TRAE AT AL AT | Jo R FE s 145, ™

SO 5 A NS Qe ) o A DL 5 R . i A0

AR =3 MR A N TG 9T B YDk B2 0 A 45 R 1
ANTE o BE DT ) A AR MR BB B2 1 48 IR I 1 9 5
eyl e 2 AR A 24 100 4% (Li et al ,2008a) o T
Zhang et al(2011) 7EXF—JEAR A 728 2.7 W5 45
AYRSEADL 45 SR 7R 15 A IS AR T 1 44 ¥ Y vk FE AN i it
THERAY 10 £, 0 H 5 SEBRI B 45 R A7 G 10AREF . A
X HEE AT NS Yk B TR 1 A B 1 R T A TR B A
PG G TR RIS =X ) T e 5 L DRI R 2 B A
HAAL

FAN, Gayev 5 F XU SE 56 1) J5 0 52 4
BERFY (A NS, TR, AR I 4R A ) R s
sl F 5 YL WP B R 52 W ( Gayev and Savory,
1999 ; Gallagher et al,2011) , Tokairin and Kitada(2004)
FHEAERALIR 7
2.3 BEXER G

RN AETANEK T 1.2 m - s B F
FZ S RIRS), MERGE/NT 1.2 m - s B 52
A0 R A H A [ Z 5 ) ( Depaul and Sheih,
1986 ; Coppalle ,2001) , ZETHFFKH K F1.2 m - s~
AT BL T, AU Ta] 55 48 2 1w 1 OC 2R 52 00 15 48 PN O 3

B X TE A AR R A Y
P SAT A I A4 A U 37 42 I ) 3 PR 3 5 i
M SEAA A B RN RS RSN
Wl 55 18 I 1 2H A5 JE 2 (Soulhac et al 2008 ; Yang
and Shao,2008) , &3 A K] B4 28 P[] A2 AL AR A
SRS NSNS 422 16 ( Balogun et al,2010) ,

A it B 28 B2 a5 e ) A S5 4R &
FRZE B KT 1.2 m - 57 i, X)X
2 N5 YA B 521 ( Schaefer et al 2004 ; Pospisil
et al, 2005 ; Rotach et al,2005 ; Kumar et al,2008a) .
Xie et al(2009) FIBFFE R W B4 N T5 Y ik 2 5
A TVUER XU | JRUTe) A7 AR 4 B AH G, Balogun et al
(2010) XJ FEFAF A XGE 73 A7 LI 285 2R 7w, 4 T
HB A AT/ AR (5~ 10°C) #H5 XF 155 4% N i 3 7™
A

Michioka et al(2010) X 2 7 5455 Y il AL 2%
H R BN R R AR R R S RS NS
geim SME R E R S EA B K
SIS SR B A N TS g W A BE L, Kim and
Baik (2003 ) A5 25 A 8.7 RV A8 HE 11 i 98 4 A
RESZ A T A N TS G HICRR IR o T 2R AL 155 XL
A SR RGH T ] AR AR RS2 SE I SR X
A NI B ) 28 M BT AN 138 T, 8 9 230
TR, Wi A AR 5, KUk 22 5 E (A —
2 (Gadian et al ,2004) , 7ELATERTSEH, R A
S5 AT 1730 A0 = 5 X ) 5, DR AN P
H ( Gadian et al,2004) , i 2 £ 56 50 E R X A4 B FH 52
2155 XS5 14 1 BR 1l ( Coppalle, 2001 ) , Zhang et al
( submitted ) BU{EBLI 45 H B |, 5 5 KE KL A8 4k
A N ER IR 22 D3 R/INFITT 8] A B A2 AL B
BIHK, AT XGRS N5 5
FIR) i ) R 3 L T IR R ] I R — > B
Ko TEAEEEB B TF Kb, an ] 52 BAE R I X
R AR LR WA S R s TS G vk
JEWRARH B,
2.4 HHERE

X BRSO A EE AR R RS, T i
A SR A 4 A7 7 B BELAS V5 Je W09 1, A AT 5
JuW1a) ME % ( Buccolieri et al,2011) , Gromke and
Ruck (2007 ) 11 Gromke et al (2008 ) X} &g AL A Xt 7
A WIS L9 BRI SR AT TR 22 KGR S 56
FEEBAUBIGY , 45 2R R AL AR 1 £E7E 23 BEAIR
AT BRI AU 14 0 B 4 P ¥ G ik S8 G HL 2 b T
AT DXTET B 1) 75 G 0 e B i 2 XU TR A 30 75 4
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Ries et al(2001) AU 58 K AR R 5540 F , A
WEARERAL B B 47 LU BR B 7 4% (I B R Sk AL 1Y 15
D) WIS B R 8% o EARFFEAF (2003 ) BF5E 45
R T8 B PSR AR AT 1 45 TS Qe AR 00 Y
SEMA LG X2 SR A AR G B B R B &
A AR IE 2 (v T AR 50 B 42 O R AL
TiAh Gu FEWF IR R B, A N ar AL AR 1Y A7 A
W RESCLS A A P R IRLBE 23 A1, 7 A [) DK BH 48 4 2%
RS IREEA N RS E I, X fifgat
A AR 2 P 25 S S AT B 04 B30 Wi B F 5
SN I L HAESI IR T

2.5 FHFSmR

A3 Bl A0 B A A ORI Bl A T AR AT B e
Wiy, JEH AR A ISR, X5 e Mk BE 40 A 5 4 B
MR B ok H 42815 50 i ( Pearce and Baker,
1997 ; Venetsanos et al, 2001 ; Kondo and Tomizuka,
2009) , L HAE 5 KA EE T ( Berkowicz et al, 2002 ;
Ketzel et al,2002 ;Solazzo et al ,2007 )

Depaul and Sheih (1986 ) X} 75 4% N X 37 ) il
ZERWIR AT AR W YO REIA B 7 m S B
M Qin et al(1993) 7EFL 5L 5 v & I 45052 i B 1k
F =AY VE R (M 12 m AU ) o Longley et al
(2004 ,2004a ) X F 47 A 25 U 3l 12 Rl 4
WKL) ( Longley et al,2004b ) WL 45 5 i 7~ HL 52 7
B WAFTENT A J7 1) 1) T 30, 42 50 5 i T R 52 Wil
3 m E B SEPRAET AT PN SR — BBEAE 20 m (6
JEME ) LA b DR M A2 04T B 0 1 A PN U 3 S
Wy A 52 e 2 7E 15 4 IR FK, Vachon et al
(2002 ) A3 375 592 8 Uk W 4 59375 5 i 38 24722 15 48 i
i AR , X 35 XU 52 0 JC B ., Ahmad et al
(2002 ) JAUT] 52 56 285 R S 7R 24 7 4 T XU 45 /N
LS Al A A AN S N RGO 7 7 3
Kastner-Klein et al(2001 ) i XUl 32 56 5F 55 45 i % 155
BN, 7R T 5 m A7 I 5 X 47 3k
LA TE] (R 52 M R . Mazzeo and Venegas (2005)
Rk 7 LI 245 58 53 B 4 375 5 4 D X BB 4 Y €O
WRIERRZ I | K 25 TO0RR ) ph XU R T i 570 2 I
CO W JE LU 18 A2 47035 5 ifd i N 4K 29% . Kanda
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