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ABSTRACT

In this study numerical simulations and water tank experiments were used to investigate the flow and
pollutant dispersion in an urban street canyon. Two types of canyon geometry were tested. The studies
indicate that in a step-up notch canyon (higher buildings on the downstream side of the canyon), the height
and shape of the upstream lower buildings plays an important role in flow pattern and pollutant dispersion,
while in a step-down notch canyon (lower buildings on the downstream side), the downstream lower buildings
have little influence. The studies also show that the substitution of tall towers for parallelepiped buildings on
one side of the canyon may enhance the street ventilation and decrease the pollutant concentration emitted
by motor vehicles.
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1. Introduction

The concentration of pollutants in urban areas due
to motor vehicles has become a matter of increasing
concern, as the amount of vehicles present in develop-
ing cities continues to rise. This is particularly true
in urban street canyons because the canyon geome-
try decreases the ventilation ability and hinders the
removal of pollutants (Nicholson, 1975). The ventila-
tion ability of a street canyon is mainly controlled by
the canyon geometry and the incident wind speed and
direction (Hunter et al., 1992). There have been obser-
vational, numerical, and wind tunnel studies to char-
acterize flow and pollutant dispersion in urban street
canyons (Depaul and Sheih, 1986; Oke, 1988; Hunter
et al., 1992; Lee and Park, 1994; Klein and Plate, 1999;
Huang et al., 2000; Baik et al., 2000). The flow in
street canyons is very complex due to the multifold
features of the canyon geometry and surface thermal
properties. The within-canyon flow is not only deter-
mined by the street aspect ratio—a ratio of the build-

ing height to the width between buildings—but also by
the prevailing wind direction, speed and structure, as
well as the atmospheric thermal structure. When the
approach flow has a small angle with the axis of the
canyon, the subsequent Venturi effect forces the flow
to speed up along the canyon. When the approach flow
is perpendicular to the axis of the canyon, vortex cir-
culation is formed; a feature determined by the street
aspect ratio H/D, which is the ratio between the height
of the building H and the width between buildings D.
The street aspect ratio H/D is a crucial parameter that
determines the feature of the flow in two-dimensional
street canyons. More attentions in recent years have
been paid to study the flow pattern and pollutant dis-
persion in street canyons with different geometries and
meteorological conditions (Oke, 1988; Sini et al., 1996;
Leitl and Meroncy, 1997).

Because of busy traffic and crowded sidewalks in
streets, actual field measurements of flow and concen-
tration are difficult to carry out. Laboratory simu-
lations using wind tunnels, water tanks, and water
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tunnels are feasible alternatives for studying flow in
urban street canyons. Physical and numerical simula-
tions are used extensively to study the flow and pollu-
tant dispersion characteristics in urban street canyons
(Johnson and Hunter, 1995; Sini et al., 1996; Leitl
and Meroncy, 1997; Baik and Kim, 1999) and tall
buildings (Kim and Baik, 1999; Wang et al., 2004).
Baik and Kim (1999), for example, investigated flow
in a two-dimensional street canyon using a numerical
model and found it characterized by vortex motions,
and the number of vortices increased with aspect ra-
tio. Wang et al. (2004) studied flow fields around a
tall building using numerical simulation and wind tun-
nel experiments, paying close attention to the three-
dimensional characteristics of flow caused by the build-
ing, such as corner flow, wake vortices etc. By com-
paring these studies, it is logical to assume that flow
patterns in a real three-dimensional canyon are much
more complicated than those in a two-dimensional one.
Previous experimental studies have seldom considered
the three dimensional structure of street canyon flow.
They have obtained the basic achievements in the re-
search of fluid experiments, numerical simulations of
flow fields, and dispersion in street canyons, and as
such the present study has derived benefit and inspi-
ration from the above investigations.

However, the results of the previous studies may
not be applicable in the case of street canyons in Bei-
jing. For example, Baik et al. (2000) studied the in-
fluence of the aspect ratio H:D on the number and
shape of vortices in a two-dimensional canyon. They
found that two or three vortices might appear on the
vertical section of the canyon if H:D>1. In fact, the
main streets running from east to west in Beijing,
such as Qianmen Street, Chang’an Street etc., all pos-
sess ratios of H:D<1. In addition, since actual streets
are three-dimensional, the flow fields are more compli-
cated.

The purpose of the present study is to investigate
the flow and pollutant dispersion in a real street lo-
cated near the Qianmen Gate Tower, the center of
Beijing City. The buildings on the two sides of this
real street have different geometry (shape, height, size,
spacing) and the flow fields caused by the buildings are
very complex, including almost all flow phenomena,
such as corner flow, channel flow, flow separation, reat-
tachment etc. Two approaches (numerical simulation
and water tank experiments) were carried out simulta-
neously, and the results compared. Since the geometry
of street canyons plays an important role in the pat-
tern of flow (Oke, 1988; Rafailidis, 1997), two kinds of
canyon, one composed of parallelepiped buildings and
the other of towers, were investigated and compared.

2. Research area

The study area was a section of a commercial street
in Beijing City, west Qianmen Street, running from
east to west. Figure 1 shows a sketch of the street,
which has a width of 80 m and a length of approxi-
mately 250 m. On the south side of the street there
are two parallelepiped buildings with a length of 96 m,
a width of 16 m, and a height of 33 m. In the east
segment of the north side, there are buildings with a
height of 21 m, while in the west segment there are
patches of greenery and a few one-storey houses.

In Beijing, the prevailing wind directions are north-
west or north in winter and southeast or south in sum-
mer, meaning they are almost perpendicular to the
axis of the canyon in Qianmen Street, which has an
east to west orientation. Therefore, tall buildings on
both sides of the canyon block the air flow and hinder
the removal of pollutants from the canyon, especially
in lower wind conditions. Thus the studies of venti-
lation in the canyon are mainly focused on north and
south wind directions and lower wind speeds, such as
2 m s−1.

3. Water tank experiments

Peking University water tank (length 16 m; width
1 m; height 1.2 m) was used for the fluid dynamics ex-
periments. Full details on the tank can be found in Liu
et al. (2003). The street canyon model, built to a scale
of 1:350, was fixed on a carriage and towed to move for-
wards and backwards to simulate the south and north
winds respectively. The model of the canyon was im-
mersed in the water and dozens of dye liquid release
points were set up. The points 1–6 in Fig. 1 repre-
sented the flow conditions of the south inflow, while
the points 20–26 the status of the flow and dispersion
in the canyon. In the latter, uniformly distributed re-
lease points were used to represent vehicle emissions,
and release points 7–19 near the wall and the roof were
used to display the flow pattern caused by the build-
ings.

As the model was towed in the water the streak
lines of the released dye liquid acted as a tracer and
the flow and dispersion characteristics were observed.
Photos of streak lines were taken with two cameras set
up on the top and side of the carriage, and different
dye colors were used to distinguish the streaks from
different release points.

The experimental liquid in the tank was water,
which represented the neutral atmosphere or a slightly
unstable atmosphere. At night, even though the atmo-
sphere in the suburb is stable, stratification in the
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Fig. 1. A sketch of the street canyon in West Qianmen Street in Beijing, containing paral-
lelepiped buildings. Numbers show the positions of dye release points in water tank experi-
ments.

urban boundary layer remains neutral or slightly un-
stable because of the effect of the urban thermal in-
ternal boundary layer. Thus the status in the tank
should represent most conditions in the urban bound-
ary layer. However, if thermal convection appears as
a condition in the canyon then the scenario is beyond
the scope of this study.

In the atmosphere of the urban street canyon,
the turbulent viscosity is superior to the molecular
one, while in the water tank the molecular viscos-
ity is dominant. The laminar flow in the model
might be similar to the turbulent flow in the canyon if
(Re)model ' (ReK)atmosphere, where (Re)model = ul/ν.
is the Reynolds number in the water tank (u being the
towering speed, l the length scale of the model, and ν
the water viscosity), and (ReK)atmosphere = UL/K is
the turbulent Reynolds number in the urban canyon
(U being the wind speed, L the canyon scale, and K
the turbulent viscosity). As in the present study u ∼
10−3–10−2 m s−1, l ∼10−1 m, ν=10−6 m2 s−1, U ∼100

m s−1, L ∼101–102 m, K = ku∗z ∼10−1–100m2 s−1,
both Re and ReK are approximately 103. The similar-
ity is quite qualitative since K varies with the distance
from the solid surface.

4. Numerical computation

The structures, which compose the street canyon,
were treated as blunt bodies in the numerical com-
putation. Numerical simulation is one of the most
important methods in scientific research and has de-
veloped rapidly over the last decade. The method of
calculating flow around a blunt body in computational
fluid dynamics (CFD) has been successfully applied to
the simulation of flow around buildings in the atmo-
spheric boundary layer (Baik and Kim, 1999; Wang
et al., 2004). In the present computation we have ne-
glected some details, such as the roughness of the wall
and street surfaces, the thermal differences of the ge-
ometric surfaces, the drag flow caused by moving ve-
hicles etc. However, with the aid of CFD the main
features of the flow fields in a street canyon can still
be obtained.

The capability of computers has developed so fast
in recent years that numerical simulation can now be
made more economically and yield more complete and
accurate results that have been verified by wind tun-
nel and observational data (Kim and Baik, 1999; Sang,
2000; Wang et al., 2004).
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Fig. 2. A vertical cross-section of the flow in the water tank with a low towing speed
(u=0.5 cm s−1), in a south wind.

4.1 Numerical model

The atmosphere in the urban canopy layer satisfies
the incompressible flow assumption. In the numerical
simulation, the atmosphere is assumed to be neutral
without thermal effects, so the thermodynamic equa-
tion is neglected. The equations of continuity and mo-
mentum written in tensor components are:

∂ui

∂xi
= 0 , (1)

∂ui

∂t
+ uj

∂ui

∂xj
= −1

ρ

∂p

∂xi
− ∂

∂xj
(Rij) , (2)

where ui is the mean velocity component in the ith di-
rection, p the fluctuating pressure, and ρ the air den-
sity. The Reynolds stress Rij = uiuj represents the ef-
fects of turbulence. Through introducing an isotropic
turbulent viscosity K, the Reynolds stress can be ex-
pressed by:

Rij =
2
3
kδij − 2KSij . (3)

With the Boussinesq assumption and incompressible
laminar flow assumption, the property Sij in Eq. (3)
represents the mean field strain rate, and

Sij =
1
2

(
∂ui

∂xj
+

∂uj

∂xi

)
.

The turbulent viscosity K is a function of the turbu-
lent kinetic energy k and its dissipation rate ε in terms
of k–ε closure scheme (Jones and Launder, 1972):

K = Cµk2/ε , (4)

where the turbulent kinetic energy k and its dissipa-
tion rate ε are the outputs of the modified k-ε model，

∂k
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∂xj
=−Rij

∂ui

∂xj
+

∂

∂xi

(
K

σk

∂k

∂xi

)
− ε , (5)

∂ε
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∂ε

∂xj
=− cε1

ε

k
Rij

∂ui

∂xj
+

∂

∂xi

(
K

σk

∂ε

∂xi

)
−

cε2ε
2/k . (6)

Now there are four unknowns: ui, p, k, ε; and four cor-
responding equations: (1), (2), (5), and (6), which
form a closed system of unknowns.

In the model, all constants are determined by an
experimental and numerical optimization procedure.
In the present numerical experiments, the following
values are considered (Jones and Launder, 1972):

cµ = 0.09, cε1 = 1.44, cε2 = 1.92,

σµ = 1.0, σε = 1.3

In the turbulent closure schemes the turbulent
kinetic energy (TKE) and Renormalization Group
(RNG) k− ε closure schemes are also used, except the
standard k − ε closure scheme. Tests show that there
is a large difference in using the TKE closure scheme
compared with wind tunnel results. The main reason
may be because the mixed length is only a function of
the height above the land surface in the TKE closure,
and it is not reasonable to represent the mixed length
in the high turbulent wake area of the buildings. There
is little difference between the standard k − ε closure
scheme and the RNG k − ε closure scheme, and the
results of both schemes are almost the same in the as-
sessment of the pedestrian level wind environment. So,
the standard k−ε closure scheme is the main turbulent
closure scheme used in the following.

In the calculation of flow around a bluff body, the
inflow condition can be set to be a constant. We as-
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Fig. 3. Horizontal flow and streak-lines of the dye tracer in the street canyon
in the water tank experiment with a low towing speed (u=0.5 cm s−1), in a
south wind.

sume the wind profile in the surface layer satisfies the
power law. The initial wind profile is:

u(z) = u10(z/10)α , (7)

where u10 is the wind speed at 10 m above the ground;
α is the function of surface roughness and atmospheric
stability, and α=0.24 under the neutral conditions in
the urban boundary layer.

The grid in this numerical calculation normally
consists of equal internal spacing. The geometrical
surfaces of the building are set to a bluff body in the
numerical model. The flow properties are fixed con-
stants at the inflow boundary, while the open bound-
ary conditions are used at the outflow boundaries.

The walls of the structures and the ground surface
are assumed to be non-slip, so the equilibrium condi-
tions can be expressed by:

u = 0, v = 0,
∂k

∂n
= 0 (8)

where n is the direction normal to the solid surface.
The wind is set to zero in the mesh occupied with the
buildings.

The computational domain is 312 m×264 m×80 m,
with an even grid mesh of 4 m in the case of an old
commercial avenue, and the total gird numbers are
79×67×21. In the case of tower buildings, however,
the vertical grid number is 31, with the same grid
mesh. The time step is 0.04 s.

The virtual compress method introduced by Chorin
(1968) is adopted, e.g. the virtual compress factor and

the time derivative of pressure are added to the con-
tinuity equation. The incompressible continuity equa-
tion can then be written as:

∂p

∂τ
+ β

∂ui

∂xi
= 0 (9)

The pressure p can be solved by an iteration method,
and then the flow field can be obtained by integrating
Eq. (2).

4.2 Numerical simulation of the pollutant
concentration field

When the flow field and turbulence field are ob-
tained, pollutant dispersion in the urban boundary
layer can be described as:

∂c

∂t
+ uj

∂c

∂xj
=

∂

∂xj

(
K

σc

∂c

∂xi

)
, (10)

where c is the concentration of pollutant (e.g., traffic
waste gas), K is the turbulent viscosity, σc=0.74 is
the turbulent Schmidt number, which is the turbulent
diffusivity Kc = K/σc, and the boundary condition is
assumed as:

∂2c

∂n2
= 0 . (11)

The air pollution in a street canyon is mainly
caused by the emission of vehicles. It is assumed that
the motor vehicles on the street are distributed uni-
formly, with the same speed and rate of discharge.
Since the emission of the vehicles is very close to the
ground, a uniform source area forms on the traffic lane.
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Fig. 4. Numerical simulation of flow in the vertical cross section at x=248 m in a 2 m s−1

southerly wind.

In the numerical simulation, the pollutant is as-
sumed to be released from ground level in the road
with the width of 36 m inside the street canyon, and
at these grids, c satisfies the following condition since
the ground surface is assumed to be a total reflection:

−Kc
∂c

∂z

∣∣∣∣
z=0

= S (12)

where S is the source area strength with a relative unit,
and is set to be a constant of 0.2 m−2. In all experi-
ment conditions, S is always set to this constant. So,
the calculated concentration c is also a relative value.
Numerical studies of passive scalar dispersion using
a similar method have been successfully applied to
the computation in city canyons (Johnson and Hunter,
1995).

5. Results and discussion

As mentioned above, under certain conditions,
such as weak inflow, or wind direction perpendicular
to the axis of the street canyon, pollutant stagnation
will occur inside the street canyon, and high pollutant
concentrations will induce environmental problems. In
this paper, we focus on the flow and pollutant dis-
persion in the canyon under north and south winds
simulated by numerical calculations and water tank
experiments.

5.1 Flow and dispersion in the canyon of par-
allelepiped buildings

5.1.1 Numerical simulation and water tank results in
a south wind

In the water tank experiments, flow visualization
was carried out by injecting a dye tracer into the water
from tiny pipes fixed on the surface of the model.

From the vertical cross-section of the flow in the
street canyon water tank experiment, with a low tow-
ing speed (u=0.5 cm s−1), two distinct vortices appear
in the street canyon (Fig. 2). A larger vortex formed

leeward of the high building, and by the streak-lines of
the dye tracer we can see that the pollutants emitted
from motor vehicles on the road, and from the land
surface near the building, will accumulate on the lee-
ward side of the high building. The pollutants may
be elevated to near the top roof of the building, and
then transferred to the wake region with the flow in
the high level of the canyon.

Figure 3 shows the horizontal flow in the street
canyon under the same conditions as in Fig. 2. It
demonstrates that the buildings in the downwind side
of the street canyon have less influence on the flow
and pollutant dispersion in the canyon. The wake
plays an important role in pollutant transfer in the
street canyon, and the numerical simulation results
show similar circumstances.

In Beijing, southerly winds with a speed of lower
than 2 m s−1 have a frequency of 16% per year accord-
ing to climatic data, and in such conditions, poor ven-
tilation will prevent pollutant dispersion in the canyon.
The flow patterns in the vertical section of the street
canyon in the numerical simulation are shown in Fig.
4. The vortices also appear leeward of the building, as
they did in the water tank experiment.

Figure 5 shows the horizontal flow field at z=4 m
in the canyon. There is always a horizontal vortex ei-
ther in the eastern part or in the western part of the
canyon, meaning that the existence of the buildings on
the downwind side of the canyon exerts a minor influ-
ence on the flow field.

The pollutant concentration distribution at 4 m in-
side the street canyon in the numerical simulation is
shown in Fig. 6. The maximum pollutant concentra-
tion appears approximately in the middle of the axis x.
The high concentration region has a shape consistent
with the results of the water tank experiment shown in
Fig. 3. With the same approaching speed and the same
pollutant source strength, the mean concentration at
pedestrian level may demonstrate the ventilation abil-
ity of a canyon. The mean concentration in the east
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Fig. 5. Numerical simulation of horizontal flow at z=4 m under a south approaching
wind with a speed of 2 m s−1.
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Fig. 6. Pollutant concentration distribution at 4 m above the ground surface in the
street canyon with a southerly wind of 2 m s−1.
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Fig. 7. Initial flows in the street canyon water tank experiment with the tracer emit-
ted from different pollutant source points (u = −0.5 cm s−1).

 

.  

Fig. 8. Pollutant concentration distribution in the canyon water tank experiment
(u = −0.5 cm s−1).
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Fig. 9. Numerical simulation of horizontal flow at z=4 m under a north approaching
wind with a speed of 2 m s−1.
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Fig. 10. Numerical simulation of flow in the vertical cross-section at x=240 m in the
eastern part of the canyon.
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Fig. 11. Numerical simulation of flow in the vertical cross-section at x=100 m in the
western part of the canyon.
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segment of the street, shown in Fig. 6, is 28, and is the
same for the west segment. This means that in a step-
down canyon (higher buildings on the upstream side
and lower or no buildings on the downstream side), the
ventilation of the canyon is mainly determined by the
upstream higher buildings. The configuration of the
downstream side (whether there are low-rise buildings
or not) has little influence on the ventilation.

5.1.2 Numerical simulation and water tank results in
a north wind

The north wind occurs with a frequency of 15% per
year in Beijing, and the mean velocity is approximately
2.5 m s−1. Figures 7 and 8 show the characteristics of
flow fields and dispersion in the water tank as the ap-
proaching wind is from the north, with a towing speed
of 0.5 cm s−1. The dye tracers are emitted from points
20–26, which represent the traffic pollutants emitted
from motor vehicles at road level. The same density
of the tracer liquid ensures that the tracers have very
little influence on the flow fields inside the canyon.
Figure 7 shows the initial flow pattern, while Fig. 8
shows the pollutant concentration distribution in the
street canyon. In the southwest of the street, corner
flow is the main factor for transportation of the pol-
lutants. On the other side, however, because of the
complex flow structures caused by step-up geometric
buildings, the tracers are dominated by the vortex in-
side the canyon and pollutant stagnation is observed.

Figure 9 shows the numerical simulation of hori-
zontal flow at 4 m in the canyon in a north wind of
2 m s−1. Figures 10 and 11 show the vertical cross-
section of flow in the north–south direction. Figure 10
shows the vertical flow field at the eastern part of the
street canyon with a building on the north side, while
Fig. 11 shows the west part of the canyon without any
buildings on the north side. From the horizontal flow,
we can see that a horizontal circulation induced by
the buildings appears on the north side of the canyon.
The flow direction has changed from north to west, and
that is disadvantageous to the pollutant dispersion in
the canyon. On the other hand, the flow in the west
part of the canyon is still from the north without the
block of the buildings. Figure 10 also shows that with
buildings on both sides of the street, a canyon has been
formed in the eastern part. A vertical vortex appears
in this part of the street. Such a flow pattern in the
east of the canyon may cause pollutants to be trapped.
Figure 12 shows the pollutant concentration distribu-
tion of vehicle exhausts in the canyon at z=4 m. It in-
dicates that the high concentration area covers a large
part in the eastern part of the canyon. The mean con-
centration in the eastern part is 38, while in the west
it is 31. This means that in a step-up canyon (higher

buildings on the downstream side), the upstream side
buildings play an important role in forming a closed
circulation. Moreover, a comparison between Figs. 6
and 12 indicates that the ventilation in a step-down
canyon is a little better than in a step-up one since
the mean concentration is 28 in the former and is 35
in the latter.

5.1.3 Discussion
From the results of the numerical simulations and

water tank experiments in the weak south and north
approaching winds, we can see that the pollutant con-
centration distribution is almost homogenous within
the canyon in the weak south wind, while pollutants
will accumulate because of the local circulation and air
stagnation in the weak north wind in the street canyon
of parallelepiped buildings. The cause of high concen-
tration is mainly the step-up notch of the street canyon
geometry. Under a low north approaching wind, the
lee vortex induced by the step-up notch in the east-
ern part of the canyon prevents the pollutants from
passing over the downwind high buildings. Therefore,
pollutants can accumulate in the canyon and high pol-
lutant concentrations may occur. Under a weak south
approaching wind, the lee vortex induced by the up-
wind parallelepiped buildings is the main structure of
flow in the canyon, while the lower downwind build-
ings can only exert a minor influence on flow within
the canyon.

5.2 Flow and dispersion in the canyon of
tower buildings

In order to improve urban ventilation, tall tower
buildings will be built on the south side of the street
canyon, instead of the parallelepiped buildings in the
new city plan. In the following we will discuss the in-
fluence of tall tower buildings and parallelepiped build-
ings on urban ventilation.

In Fig. 13 three tall towers have replaced the
two-row parallelepiped buildings in the south side
of the street. The scales of each tall tower are
40 m×32 m×60 m. The interval between the two tow-
ers is 36 m, while the buildings on the north side of
the street remain the same. If we define the struc-
ture of a building as length×width×height, then in the
north side of the street the total structural content is
147456 cubic meters for the two rows of parallelepiped
buildings and 230400 cubic meters for the three tow-
ers. Thus, in the reform scheme of the street the total
structural amount would increase.

Figure 14 shows a horizontal view of pollutant dis-
persion in the canyon under a south approaching wind
with a towing speed of 0.5 cm s−1. We can see that tall
towers play an important role in the flow field of the
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Fig. 12. Numerical simulation of pollutant concentration at z=4 m in the canyon
with a north wind speed of 2 m s−1.

Fig. 13. A sketch of the street canyon with tall tower buildings. Numbers show the
positions of dye release points in the water tank experiments.
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Fig. 14. Horizontal view of pollutant dispersion in the water tank canyon under a
south approaching wind with a towing speed of 0.5 cm s−1.
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Fig. 15. Numerical simulation of pollutant concentration at z=4 m in the canyon
under a low south approaching wind of 2 m s−1.
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Fig. 16. Lateral view of pollutant dispersion in the water tank canyon under
a north approaching wind with a towing speed of 0.5 cm s−1.

 

 

Fig. 17. Horizontal view of pollutant dispersion in the water tank canyon under a
north approaching wind with a 0.5 cm s−1 towing speed.

canyon in the weak south wind, while the lower build-
ings exert minor effects on the canyon flow. Figure 15
shows the numerical simulation of the pollutant con-
centration distribution of vehicle exhaust in the street
canyon in a weak south wind. We can see the result is
almost consistent with that of the water tank experi-
ment.

Figures 16 and 17 show lateral and horizontal
views, respectively, of pollutant dispersion in the street
canyon with towers on the south side in the water
tank experiments. They demonstrate that under a low
north approaching wind, vertical and horizontal vor-
tices will be formed in the canyon if there are buildings
on the north side of the street, possibly causing pollu-

tants to accumulate in the canyon. Street ventilation
would be better if there were no buildings on the north
side of the street. The mean concentration in the east-
ern and western parts shown in Fig. 15 is 25 and 26,
respectively. This means that in a step-down canyon
the configuration of the buildings on the downstream
side has little influence on ventilation as stated in sec-
tion 5.1.2.

Figure 18 shows the numerical simulation of the
pollutant concentration distribution of vehicle exhaust
in the street canyon under a low north approaching
wind. It can be seen that the pollutant concentration
is higher (36) in the eastern part of the street where
there are buildings on the north side, and lower (27)
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Fig. 18. Numerical simulation of pollutant concentration at z=4 m in the canyon
under a low north approaching wind of 2 m s−1.

in the western part of the street where there are no
buildings.

The mean concentration at pedestrian level of the
whole street is 31 in Fig. 18 and 35 in Fig. 12. Under a
south approaching wind the mean concentration is 25
and 28 in Fig. 15 and Fig. 6 respectively. These in-
dicate that ventilation in a tower street is better than
that in a canyon composed of parallelepiped buildings,
whether under a south or a north wind.

6. Conclusions

This study numerically and experimentally inves-
tigated the flow and dispersion of pollutants in street
canyons with parallelepiped buildings and towers. The
following conclusions are drawn from the results:

(1) In a street canyon with step-down notch geome-
try (higher buildings, whether parallelepiped buildings
or towers, on the upstream side of the canyon), the
ventilation and dispersion of pollutants in the canyon
are mainly determined by the vortices caused by the
upstream buildings. The existence or configuration of
the buildings on the downstream side have rather lit-
tle influence on the ventilation. For example, in the
case with towers on the south side of the street, the
difference between the values of mean concentration
in the eastern (25) and western (26) parts in a south
wind is small, even though the western part contains
flat patches of greenery and in the eastern part there
are low-rise buildings.

(2) With a step-up notch geometry (higher build-

ings on the downstream side), the upstream configu-
ration of the canyon plays an important role. If there
are lower buildings on the upstream side of the canyon,
vortices can form in the canyon and the ventilation de-
teriorates. If the upstream side is plane (without any
buildings), no vortex forms in the canyon and the air
flow may pass over or around the higher buildings. The
ventilation may therefore still be in good condition.
For instance, in a north wind the mean concentration
in the western part of the street with the towers on the
south side was 27, much less than that in the eastern
part (36).

(3) In the case with towers on one side of the street,
the ventilation in the canyon is better than that in the
case with the parallelepiped buildings. According to
the computation, the surface mean concentrations of
pollutants with the towers on the north side of the
street canyon are 25 and 31 under south and north
winds respectively, less than that with parallelepiped
buildings under the same wind conditions, which were
28 and 35 respectively.
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