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Numerical Simulation of the Effect of Street Canyon Shape on
Pollutant Dispersion

LEI Linging, CUI Pengyi, HUANG Yuandong
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The dispersion and distribution characteristics of the exhaust pollutants emitted by motor
vehicles in the urban street canyons are mainly determined by the air flow structures, and there exists an
important influence for the street layouts and configurations on the air flow structures. Based on solving
the Navier-Stocks equation, the transport equation of the pollutant component and the standard k-¢
turbulence model for 2D incompressible flow, the numerical solutions were obtained. Nine kinds of
cross-section shapes of urban street canyons (two types) were constructed to study the effect on the
pollutant dispersion within urban street canyons under 3 m/s for the inlet profile. The results show that
the main vortex structure and pollutant distributions in the street canyon won’t change due to the sinking
of the vehicle lane. However, the pollution level in the motorway will increase as the sinking depth
increases. In addition, the concentration distribution of pollutants in the corridor was greatly influenced
by the height of the corridor. The average pollutant concentration on the respiratory plane near the
leeward side increased by about 5% compared to the reference case (case 1). The corridor depth has
little effect on pollutant dispersion in street canyon.
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Fig.1 Computational models, domain and mesh generation
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Fig.3 Streamlines and distributions of the pollutant dimensionless concentration in the street canyon under different working cases
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Fig.4 Distributions of velocity and dimensionless concentration on the respiratory plane under different working cases
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Fig.5 Dimensionless concentration profiles near the leeward and windward surfaces

1000
900 |
800 |
700
600 |

< 500t
400 |
300 |

L
200 F BB mme S E

—&— 1.0 9

- SRS S =
) | - Sﬁ.‘%‘!-ﬁ_l-gn ot e e e e T S G“M ¥ e i)
L L ! . o

-0.2 0.1

0 0.1 0.2

x/H

6 RAEIIANFEENTE 1 mAKEFENTROLTENRES

Fig.6 Dimensionless distributions of pollutant concentration along the horizontal direction of 1 m height

in the vehicle lane for different cases



5 3 1 WA, S5

B WAL X 15 Y W3 B B Y 289

ST 1) B CHL2H 4772 Bk 5% I 08 g ) 95 S ) D 4 4
WP ATIE 0L . B T00 1 HLah 418 75 Je K ¥ i
M6, EL¥5 e W e B2 7w W 25 P 000 14 70 A3 EL B E 20
X FER T E A N E R, AL
B ER RO ERNL, WK, T
Wal LR B, T 2~8, BLEh A TE TS Y ik
JER R B AR A S, F 2R T UL
By AR TE NS RE IR AR, 15 g A I 4
RS s ARaE /NG e IR 45 0 T A RO AN
TS REPAE R HABL . R, 00 2~6 HhAlsh
B N TS Qe BE KA 24, B A7 9 0 g 3
S5 N UL 4238 N TS QKPR R Xt
T2, 7, 8, BEE FUGGEMBEENE, Yl
TG PR It — 2N TAL 7 A8 i TR UL
WIEMIE, ML E S K . T0 9 /71
TN o3, AL AR5 Y ik B S A
R AES, X F 2R AE NN £ RS Y
SR, AEHS P BE A 00 1 D s o oh T A
B THES R LA A S e K sl i L sh 4
EAFE AL B, AR T IR

4 £ it

A FE T 48 A A] K 45 Ui 80 B9 Navier-
Stocks Jr . 5 YW UL oy iz 7 B RBRAE k-elit i
RS | R TR P A AR ) B A o R 63 A
RIS, WEET OF 228 Hiw ly 1 B9 4Tl fr
HEE LS, 7R XA 3 m/s 1L
T, A ST T A R 30 i AR O S A
T BhEE R RS Y o A U R 52, 459800 -

a. UL 45 AR 2 BUAR A T8 e 2y P 32
gERAG Y or A s FUEGE IS RS T DU
FERIRE I, MLBh 438 N5 YL AR B R ok — 2B i,
B Z AL h 418 IR E RS2 IR, A5 00 223 s e f
A 4EE

b. JBR 18 PN I5 YL W v B 43 A1 37 AR I =y B Y 5
AR, HNAT W g A Ak T XU B 30 35 Y 4 e
{EAIXS 2% T UK 24 5%, 32 JBRIE = JE R 52
5 JRUA0I A 3T B A PN R 3T T A AT T AL TS G Tk

S M
B35 3k -

[1] ASSIMAKOPOULOS V D, APSIMON H M,
MOUSSIOPOULOS N. A numerical study of atmospheric

pollutant dispersion in different two-dimensional street

canyon configurations[J]. Atmospheric Environment, 2003,
37(29): 4037-4049.
[2] NICHOLSON S E. A pollution model for street-level
air[J]. Atmospheric Environment, 1975, 9(1): 19-31.
(3] FEFR, MIUKR, SRR IR A R IE R[],
U R E (I IRFL2A ), 2005, 41(1): 146-153.
(4] YANG F, GAO Y W, ZHONG K, et al. Impacts of cross-
ventilation on the air quality in street canyons with
different  building arrangements[J].
Environment, 2016, 104: 1-12.
HEIST D K, PERRY S G, BRIXEY L A. A wind tunnel
study of the effect of roadway configurations on the
Atmospheric

Building and

[5

—

dispersion of traffic-related pollution[J].
Environment, 2009, 43(32): 5101-5111.
MAIDER L M, ELIE B Z, MARCUS H. The influence of

building geometry on street canyon air flow:Validation of

(6

[}

large eddy simulations against wind tunnel experiments[J].
Journal of Wind Engineering and Industrial Aerodynamics,
2017, 165: 115-130.
[7] SANCHEZ G M E, VAN RENTERGHEM T, THOMAS
P, et al. The effect of street canyon design on traffic noise
exposure along roads[J]. Building & Environment, 2016,
97: 96-110.
T, FIZAE, T W5 SRl st KN iz sh
S5 R BB SE[C] // 2017 IR e 2y
Bhep SHARELBICE G =), 1, 2017.
[9] CHAN T L, DONG G, LEUNG C W, et al. Validation of a

two-dimensional pollutant dispersion model in an isolated

(8

[

street canyon[J]. Atmospheric Environment, 2002, 36(5):
861-872.

[10] RODI W. Turbulence
problems[M]//KOLLMANN W. Prediction Methods for
Turbulent Flows. Washington: Hemisphere Press, 1980:
61-85

[11] WANG L, PAN Q, ZHENG X P, et al. Effects of low

boundary walls under dynamic inflow on flow field and

models for environmental

pollutant dispersion in an idealized street canyon[J].
Atmospheric Pollution Research, 2017, 8(3): 564-575.

[12] KASTNER-KLEIN P, PLATE E J. Wind-tunnel study of
concentration fields in street canyons[J]. Atmospheric
Environment, 1999, 33(24/25): 3973-3979.

[13] BRE, B, 2530 il i B s N T e i 54
R BOE A L[] 2 88 B 22 5 H R, 2009, 32(8):
183-186.

[14] XIE X, HUANG Z, WANG J S. Impact of building
configuration on air

quality in street canyon[J].

Atmospheric Environment, 2005, 39(25): 4519-4530.

(4. TLZ0)



