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ABSTRACT

To assist validation of the experimental data of urban pollution dispersion, the effect of an isolated
building on the flow and gaseous diffusion in the wake region have been investigated numerically in the
neutrally stratified rough-walled turbulent boundary layer. Numerical studies were carried out using Com-
putational Fluid Dynamics (CFD) models. The CFD models used for the simulation were based on the
steady-state Reynolds-Average Navier-Stoke equations (RANS) with κ-ε turbulence models; standard κ-ε
and RNG κ-ε models. Inlet conditions and boundary conditions were specified numerically to the best infor-
mation available for each fluid modeling simulation. A gas pollutant was emitted from a point source within
the recirculation cavity behind the building model. The accuracy of these simulations was examined by
comparing the predicted results with wind tunnel experimental data. It was confirmed that simulation using
the model accurately reproduces the velocity and concentration diffusion fields with a fine-mish resolution
in the near wake region. Results indicated that there is a good agreement between the numerical simulation
and the wind tunnel experiment for both wind flow and concentration diffusion. The results of this work
can help to improve the understanding of mechanisms of and simulation of pollutant transport in an urban
environment.
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1. Introduction

The flow and dispersion of atmospheric pollutants
in the near-wake region downwind of buildings is a
complex problem. However, the prediction of likely
concentration levels in any particular situation is of-
ten an important requirement for which there are at
present no universally applicable rules. Therefore, in-
vestigations on the distribution of pollutants in the
near-wake region of buildings are necessary to under-
stand more clearly the complicated dispersion pro-
cesses caused by disturbed air motions near buildings.
The aerodynamics of wake flow, and thus pollution
concentration, are highly dependent on building shape,
length scale, and the boundary layer.

The distribution of pollution in the near-wake re-
gion of a high-rise building is strongly influenced by

both the scales of the boundary layer and vortex shed-
ding. Lateral and vertical mixing initially spread the
pollution over the width and the height of the build-
ing, respectively. The pollution concentration is also
influenced by the downstream extent and residence
time of recirculating flow (Hinds, 1969; Fackrell, 1984;
Hunt and Castro, 1984). Downstream of recirculation
mixing, mean concentrations are inversely related to
the cross-stream area of the wake flow. For a con-
tinuous source of pollution in the near-wake region,
the spatial distribution of average concentration rep-
resents the superposition of a series of instantaneous
distributions, characterizing the mixing process. The
variation within the series reflects the transient nature
of building-induced vortex shedding and the interac-
tion of the building wake flow with the boundary layer
flow. In the field, variation in the wind direction, wind
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speed, and atmospheric stability can also significantly
influence the overall distribution of pollution concen-
tration.

Several studies have been conducted to understand
the flow structure and dispersion characteristics be-
hind a simple building in a laboratory using wind
tunnel experiments and numerical models, e.g., Hal-
itsky (1963); Robins and Castro (1977); Hunt et al.
(1978); Li and Meroney (1983a,b); Hosker (1984); Hu-
ber (1989); Isaacson and Sandri (1990); Higson et al.
(1994); Snyder (1994); Saathoff et al. (1995); Macdon-
ald et al. (1998); Flowe and Kumar (2000); Mavroidis
and Griffiths (2001); Sada and Sato (2002); Mfula
et al. (2005). These studies tended to focus on ei-
ther the turbulence structures or pollutant distribu-
tions/fluctuations in the building wake under a fixed
release condition due to resource or computational
constraints. Generalization of the findings of these
studies would not be representative for releases within
the cavity region. Only few simulation studies of air
pollution dispersion appear to have been carried out
(Dawson et al., 1991; Zhang et al., 1992). In these
works, the flow field around buildings has been suffi-
ciently estimated with transport characteristics (con-
vection, diffusion) so that the scalar pollutant distribu-
tion could be derived from it. Such transport charac-
teristics would be appropriate for passive scalar trans-
port. Li and Stathopoulos (1997, 1998) attempted to
evaluate the air pollution distribution around a build-
ing by solving the concentration equation based on
the previously simulated wind field. They presented
the numerical simulation of air pollutant dispersion
around cubic and rectangular buildings by using the
standard κ-ε turbulence model. Olvera et al. (2008)
performed the dispersion simulations of buoyant and
natural plume release within the recirculation cavity
behind a cubical building using a commercially avail-
able CFD code and the RNG κ-ε turbulence model.
They illustrated the complex effects of plume buoy-
ancy on the flow structure and concentration distribu-
tion in the near-wake region.

This paper presents the results of numerical simula-
tions investigating the effect of isolated obstacle on the
flow and pollutant dispersion in the boundary layer in
an urban environment using CFD models under neu-
tral conditions at various locations in the downwind
region. Thus, the aim of the present work is to improve
the understanding of mechanisms impacting the flow
and pollutant dispersion effects related to obstacles in
an urban environment, also utilizing and validating the
corresponding wind tunnel data. A three-dimensional
model based on Reynolds-Average Navier-Stoke equa-
tions (RANS) coupled with κ-ε turbulence models; the
standard κ-ε model, and a RNG κ-ε turbulence clo-

sure model were used for the simulations. In addition,
a transport equation for the passive scalar was solved
to simulate pollutant dispersion.

2. Numerical methodology

In this paper, the numerical simulations were per-
formed using the commercial CFD code FLUENT
(Fluent, 2005), which is based on the finite volume
method to solve the equations of conservation for the
different transported quantities in the flow (mass, mo-
mentum, energy, concentration). The code first per-
forms the coupled resolution of the pressure and veloc-
ity fields and then evolution of other parameters, like
gas concentration.

2.1 Modeling domain

The geometrical model for the atmospheric bound-
ary layer flow in the near wake region of the high-rise
building is shown in Fig. 1. The geometry is identi-
cal to that examined experimentally in a wind tunnel
by Yassin et al. (2008) where a rectangular building
model of equivalent height H, 0.5H length, and 0.5H
width is placed in a simulated atmospheric boundary
layer of height = 3H, where H is the building height =
0.2 m and the profile reach 0.6 m in Fig. 2. The high-
rise building is modeled on a 1:500 scale. The building
model was placed on a ground plane as shown in Fig.
1 and this configuration represented typical environ-
mental conditions for the building model.

A three-dimensional modeling domain of 43H in
the longitudinal direction, 17.5H in the lateral direc-
tion, and 12.5H in the vertical direction was defined.
A 0.2 m high building mounted on the bottom sur-
face was centered at 17.5H from the inlet face. Al-
though the domain is slightly smaller than suggested
standards (Franke, 2006), no velocity gradients at the         Wind H =200mm  L=100mm   Pollutant source  W=100mm  x z yy 25mm  

Fig. 1. Geometry of high-rise building.
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Fig. 2. Inlet atmospheric boundary layer profile.                                              
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Fig. 3. Computational domain and mesh division.

boundaries were observed and optimal computational
requirements were achieved. The origin of the domain
was defined at the center of the lower edge of the
building’s lee wall. Gas pollutant was emitted from
the point source with a diameter of 0.02H, located at
0.125H in the building model. No-slip conditions were
defined at the solid surface. An outflow boundary was

defined opposite to the inlet boundary.
The domain of interest was generated and then

meshed using the integrated preprocessor of FLU-
ENT and GAMBIT packages. Fine cells were de-
fined near the building, where high gradients were
expected, and coarse cells elsewhere. Additionally,
six high-resolution mesh layers were generated near
solid boundaries. A mesh refinement test was per-
formed to identify the optimal mesh resolution and
ensure the results were mesh-independent. Flow over
an isolated building under neutral atmospheric condi-
tions was simulated during the refinement test. The
computational mesh employed was a conventional non-
uniform mesh, for which the optimal mesh was iden-
tified, consisting of 650 000 cells of average side sizes.
A typical grid configuration in the recirculation cavity
of the building model is shown in Fig. 3. To minimize
truncation error, cell-size increments were gradual and
limited to a maximum increment of 25% between con-
tiguous cells.

2.2 Governing equations

The fluid flow was modeled by partial differential
equations describing the conservation of mass, momen-
tum, and species concentration in three rectangular
Cartesian coordinate directions, solving for steady, in-
compressible flow, which after Reynolds averaging be-
comes:

The continuity equation is given by

∂ui

∂xi
= 0 (1)

where ui is the ith mean component.
The momentum equation given by

∂ui

∂t
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∂
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where p is the deviation of pressure from its reference
value, ρ is the air density, and ν is the kinematic vis-
cosity of air.

The species transport equation is given by

∂c

∂t
+

∂ujc

∂xj
=

∂

∂xj

(
D

∂c

∂xj
− c′u′j

)
+ Sc (3)

where c is the mean concentration of any passive scalar
(say, any pollutant), u′ and c′ are fluctuations from
their ui and c mean values, respectively, D is the
molecular diffusivity of the pollutant, and Sc denotes
the source of pollutant.

The Reynolds stress and turbulent flux in Eqs. (2)
and (3) are parameterized in terms of grid-resolvable
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variables as:

− u′iu
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j = νt

(
∂ui
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3
TKEδij (4)
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νt = cµ
T 2

KE
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(6)

Sct
=

vt
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(7)

where νt and νc are the turbulent viscosities of momen-
tum and pollutant concentration, respectively, and δij

is the kronecker delta. TKE and ε stand for the tur-
bulence kinetic energy and its rate of dissipation. The
value of cµ = 0.09.

The turbulent energy transport equation is given
by:
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To model the turbulent dissipation rate, the stan-
dard κ-ε model (Launder and Spalding, 1974) and
RNG κ-ε model (Yakhot et al., 1992) are adopted here
for computational efficiency and accuracy. The RNG
κ-ε model differs from the standard κ-ε turbulence
scheme only through the modification to the equation
for ε, which includes an additional sink term in the
turbulence dissipation equation to account for non-
equilibrium strain rates and employs different values
for the model coefficients (Kim and Baik, 2004). The
turbulent dissipation rate in the standard κ-ε model is
expressed by the following equation:
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On other hand, the turbulent dissipation rate in
the RNG κ-ε model expressed by the following equa-

tion:
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where σk = 1.0, σε = 1.3, c1ε = 1.44, c2ε = 1.92,
Sct = 0.9. The last term on right-hand side of Eq.
(10) is an extra strain rate given by

R = cµη3ε2 1− η/η0

k(1 + β0η3)
(11)
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where η = 4.38 and β0 = 0.012.
In modeling urban flow and dispersion, smaller grid

sizes are desirable in a building model to better resolve
flow and dispersion field. To make the CFD model ef-
ficient for a given computing resource, a non-uniform
grid system is implemented in the model. The above
governing equations are solved numerically on a stag-
gered grid system using a finite-volume method with
the semi-implicit method using a pressure-linked equa-
tion (SIMPLE) algorithm (Patanker, 1980). The nu-
merical procedure is detailed in Baik et al. (2003).

2.3 Boundary conditions

A wall function was employed in the near-wake re-
gion. The inlet velocity profile for the atmospheric
boundary layer was applied based on the wind profile
from the experimental data of Yassin et al. (2008), as
shown in Fig. 2. The effect of surface roughness on
the flow structure immediately behind the building is
low because the cavity region is highly turbulent and a
Reynolds number of 14053 was considered. The 1/4th
power law is used to specify the x velocity components:

UαZ0.25 . (13)

The inlet profiles for the turbulence kinetic energy TKE

and dissipation rate ε are found in Fluent (2005):

TKE =
u2

τ√
cµ

(14)

ε =
c
3/4
µ (T 3/2

KE )
l

(15)

where uτ is the friction velocity and l is the turbu-
lence length scale. For more details about Eqs. (13)
and (14), refer to Fluent (2005).
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3. Results and discussion

3.1 Model validation

The aim of the numerical simulation is to generate
a reliable wind environment for the study of dispersion
from the ground level source. The three-dimensional
CFD model with the standard κ-ε turbulence model
was compared with that of the RNG κ-ε turbulence
model and validated against the wind tunnel data of
Yassin et al. (2008). The simulated data were inter-
polated at the same grid points in the wind tunnel
experiment. All concentrations were presented in a
dimensionless form; they are presented here in terms
of the ratio K

K = CUHH2/Q , (16)

where C is the actual concentration, H is the height
of the building model, UH is the free-stream wind ve-
locity at a height of the building model, and Q is the
source strength. The comparison between experimen-
tal data and simulation results at different locations
behind the building model are presented in Figs. 4, 6,
10, 12, and 13. The standard and RNG κ-ε turbulence
model results were consistent reasonably well with the
wind tunnel results.

3.2 Flow field simulations

The near-wake structure is characterized by a recir-
culation cavity region behind the building. The recir-
culation cavity is a region characterized by low mean
velocity and high turbulence relative to the approach-
ing wind flow (Peterka et al., 1985). The most intense
movement of the flow appears in the recirculation cav-
ity region downwind of the high-rise building. Thus,
the flow becomes very complex in this region. A close

inspection of the velocity field is necessary for quali-
tative comparison of turbulence models used for study
calculations.

3.2.1 Mean flow field
The mean velocity components are normalized by

the reference velocity UH at the building height H in
the boundary layer. The simulated profile of mean
velocity compared with the experimental data in the
near-wake region of the building at various points
(x/H = 0.125, 0.375, and 0.625) are shown in Fig.
4. A rapid increment of the mean velocity with height
in the recirculation cavity region was observed. Such
rapid increments imply large velocity strain and active
production of turbulent kinetic energy. The simulated
velocities in the upper region above z/H = 1.0 were in
agreement with wind tunnel data. However, the mag-
nitudes of the velocity in the lower region were small
compared with those in the upper layer. This is be-
cause the magnitude of the momentum transfer from
the upper region into the lower region was smaller than
that of the upper layer transport by the ambient wind.
The simulated velocities using the κ-ε turbulence mod-
els were lower than those from the experimental data.
Furthermore, there is very little difference between the
results from the standard κ-ε model and these from the
RNG κ-ε model in surface layer. The simulated veloc-
ities near the ground level using the RNG κ-ε model
matched observations better than those using the stan-
dard κ-ε model, except at x/H = 0.125 and 0.625.
The difference in the results was not surprising since
this area is hardest to simulate using both the numer-
ical simulations and in wind tunnel experiments. This
can in turn be attributed to the incorrect assignment
of boundary conditions in the computational model.
Due to a lack of very detailed information, it is not
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U/UH U/UH U/UH 
Fig. 4. Mean streamwise velocity, U/UH .
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RNG κ-ε 1.18 1.02 0.86 0.69 0.37 0.20 0.04 -0.12 0-0.12 0.55 0.04 -0.12 

St. κ ε St. κ-ε 1.18 1.02 0.86 0.70 0.54 0.37 0.21 0.05 -0.11 -0.11 
Fig. 5. Contour lines of the mean stream wise velocity
in the x-z plane at y/H = 0.0: (top) standard k-ε tur-
bulences and (bottom) RNG k-ε turbulences.                                                   

St. κ-ε 1.21 1.04 0.87 0.71 0.37 0.21 0.04 -0.13 -0.13 0.54 
RNG κ-ε 1.24 1.10 0.96 0.83 0.37 0.12 0.04 -0.22 0.70 0.54 

Fig. 6. Mean velocity vectors in the x-z plane at y/H =
0.0: (top) standard k-ε turbulences and (bottom) RNG
k-ε turbulences.

possible to simulate precisely the boundary conditions
of the wind tunnel. Near the top of the building, the
simulated data was in poor agreement with the wind
tunnel data, except the computed data for the RNG
κ-ε model at x/H = 0.125, which was in good agree-

ment with the experimental data. In general, there is
a discrepancy between the data from the κ-ε turbu-
lence models and experimental data near the top of
the building, which may be mainly due to the simple
upper boundary condition employed. In addition, the
method for generating the simulated boundary layer
generates a much deeper boundary layer in a lim-
ited downstream distance than a naturally developed
boundary layer (Counihan, 1969). Therefore, it is very
difficult to simulate the whole depth of this boundary
layer accurately. Generally, the agreement between
the numerically simulated results with the wind tunnel
experiment data is quite encouraging in the near-wake
region of the building. Figure 5 illustrates the contour
lines of dimensionless mean velocity in the x-z plane at
y/H = 0.0. The characteristics of the horizontal and
vertical distributions of the mean velocity obtained by
the RNG κ-ε model were similar to those obtained by
the standard κ-ε model. However, a low value of the
mean velocity was observed with the standard κ-ε tur-
bulence model. The range of the recirculation cavity
region of the building was observed to be narrow with
the standard κ-ε turbulence model and expanded with
the RNG κ-ε turbulence model.

Velocity filed vector diagrams in a plane were de-
veloped from the simulated flow at several locations.
The x-z plane velocity vector field at y/H = 0.0 is
shown in Fig. 6. There is no difference between the
standard κ-ε and RNG κ-ε model. It was too small
to allow for a detailed comparison in the vector plots.
The x-z plane of the wind vector field was placed in
cross-section of the portal vortex and the small vortex
rotating anticlockwise near the top of the building.
There is evidence that the top of the portal vortex is
slightly tilted towards the upwind region. Flow attach-
ments were observed more quickly from the RNG κ-ε
model than those from the standard κ-ε model. The
reattachmens in the simulated velocities are forming
at the point nearest to the ground from the leeward
face of the building. The reattachment distance with
the RNG κ-ε model was longer than that with the
standard κ-ε model. A reverse flow in the near wake
region appeared; this is probably because the momen-
tum transfer into the wake region is large. The mo-
mentum transfer can take place due to the different
lengths of streamlines, along which momentum trans-
fer from the ambient wind into the vortex occurs. Sig-
nificant reverse flow exists in the recirculation cavity
region, with only a relatively small region of forward-
moving flow towards the top of the building, indicating
that there must be significant three-dimensionality in-
volved in the flow of the recirculation cavity region.

The x-y and x-z planes of the path lines for the
mean velocity at z/H = 0.5 and y/H = 0.0 are shown
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RNG κ ε 
St. κ ε 

Fig. 7. Path lines for the mean velocity in the x-z and at
y/H = 0.0: (top) standard k-ε turbulences and (bottom)
RNG k-ε turbulences.

in Fig. 7. The path lines show the recirculation zone
in the recirculation cavity region very clearly. A sym-
metric double-vortex circulation was found, but its
intensity was weaker and not effective for the trans-
portation of pollutant. The length of the recirculation
zone behind the building can be seen in these figures.
The length of the leeward recirculation was slightly
less than 2H, measured from the leeward face of the
building. Beyond the double-vortex circulation, the
flow was characterized by a relatively strong velocity.
One of the effects of this is horizontal double-vortex
circulation with the familiar horseshoe vortex pattern
as described by (Oke, 1987). The horizontal double-

vortex circulation and vertical vortices both require
a counter-flow towards the lee wall of the upwind
building- between the two vortexes and beneath the
vortex. The velocity field obtained from the κ-ε tur-
bulence models shows a vortex rotating in the upper
part of the wake region. The rate of rotation of the vor-
tex was the highest among all computational solution.
In each vortex, the mean velocity was weaker near the
upwind building region than in the downwind direc-
tion. Skimming flow was observed in both the stan-
dard κ-ε and RNG κ-ε models. The horizontal length
recirculation zone in the RNG κ-ε model was larger
than that in the standard κ-ε model. A small differ-
ence between the standard κ-ε and RNG κ-ε model
can be found near the top height of a building, espe-
cially in a skimming flow. The main characteristics
of skimming flow in both the standard κ-ε and RNK
κ-ε models are that the vertical extent of the vortex is
restricted below the roof-level of the high-rise building
and the wind direction above the building is parallel
to the roof-level.

3.2.2 Turbulent flow field
The simulated data compared with the experimen-

tal data for the normalized turbulence intensity in the
recirculation cavity region are plotted in Fig. 8. The
comparison of turbulence intensities was more compli-
cated. The numerical results obtained from the stan-
dard κ-ε turbulence model were reported reasonably
well near the top of the building compared with the
experimental results. The difference between the nu-
merical data from the RNG κ-ε model and the exper-
imental data were larger in the near wake region than
those from the standard κ-ε model. The peak value                                            

01.53 0 0.2 0.4Z/H ExpirementSt. κ-εRNG κ-ε 
01.53 0 0.2 0.4Z/H ExpirementSt. κ-εRNG κ-ε

01.53 0 0.2 0.4Z/H ExpirementSt. κ-εRNG κ-εX/H = 0.125   XH =0.375  X/H = 0.625 
)/( 2 HUu )/( 2 HUu )/( 2 HUu

Fig. 8. Turbulent intensity in the downwind direction (
p

u2/UH).
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St. κ-ε 
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19.7 
17.5 

13.2 
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11.1 
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Fig. 9. Contour lines of the turbulent intensity in the
x-z plane at y/H = 0.0: (top) standard k-ε turbulences
and (bottom) RNG k-ε turbulences.

of the numerical data and the experimental data was
found near the top of the building due to the large
velocity gradient. In general, the numerical simulated
results are quite reasonable compared with the wind
tunnel experimental results. The contour lines of the
turbulence intensity in the x-z plane at y/H = 0.0
and in the x-y plane at z/H = 0.5 are shown in Fig.
9. The simulated results from the standard κ-ε model
were higher than that from the RNG κ-ε model. The
horizontal and vertical distributions of the turbulence
intensity were expanded in the wake region with the
RNG κ-ε model and narrow with the standard κ-ε
model.

A turbulent kinetic energy is one of the impor-
tant quantities representing turbulence intensity. The
turbulent kinetic energy is produced by buoyancy (if
the thermodynamic energy equation is included) and
wind shear and dissipated by viscosity in the turbu-
lent flow. In order to maintain turbulence, the pro-
duction of the turbulent kinetic energy must continue,
and Fig. 10 shows the comparison of the numerically
simulated vertical profile of the normalized turbulent
kinetic energy with the wind tunnel experiment data.
A high value of the turbulent kinetic energy was ob-
served near the top of the building because of the ex-
istence of strong vertical shear of the streamwise ve-
locity. This is mainly due to the increased turbulent
kinetic energy production by mechanical wind shear at
the top of the building. The maximum of the turbu-
lent kinetic energy determined using the wind tunnel
experiment was almost equal to that calculated using
the standard κ-ε model, except at x/H = 0.625. The
simulated results from the standard κ-ε model in the
near-wake region were higher than that from the RNG
κ-ε model. The simulated data from the standard κ-ε
model in the near wake region were close with those
from the wind tunnel data at x/H = 0.125 and 0.375
and differ at x/H = 0.625. The agreement between
the numerically simulated and experimental results for
height 1 < z/H < 3 was observed to be large.

The contour lines of the turbulent kinetic energy
are presented in Fig. 11. The simulated data from the
standard κ-ε models exhibited characteristics similar
to those from the RNG κ-ε model. The values of the
turbulent kinetic energy from the RNG κ-ε model were
observed to be less than that from the standard κ-ε X/H = 0.125 X/H = 0.375 mm X/H = 0.625 mm  

)/( 2HUTKE )/( 2HUTKE )/( 2HUTKE01.53 0 0.05 0.1Z/H ExpirementSt. κ-εRNG κ-ε
01.53 0 0.05 0.1Z/H ExpirementSt. κ-εRNG κ-ε

01.53 0 0.05 0.1Z/H ExpirementSt. κ-εRNG κ-ε
2/ HKE UT 2/ HKE UT 2/ HKE UT

Fig. 10. Turbulent kinetic energy.
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Fig. 11. Contour lines of turbulent kinetic energy in the
x-z plane at y/H = 0.0: (top) standard k-ε turbulences
and (bottom) RNG k-ε turbulences.

model. However, the horizontal and vertical distribu-
tions were expanded in the stream-wise direction with
the RNG κ-ε model.

3.3 Diffusion concentration simulations

To investigate the dispersion characteristics in the
recirculation cavity region downwind of the high-rise
building, a pollutant source was emitted from the
ground level at x/H = 0.125. The effluent velocity
is 10% UH . Figures 12 and 13 show the comparison
of the present simulation results with the wind tunnel
experiment results for the vertical and lateral profiles
of the mean concentration at various locations in the
recirculation cavity region: x/H = 0.375, 0.625, and
1.125.

The concentration results are lower than that of

the experimental data, which is probably due to a re-
duced flux of concentration at top level of the building;
otherwise, the agreement is very good. The concentra-
tion results using the RNG κ-ε model are lower than
that using the standard κ-ε model. This is due to the
lower turbulent kinetic energy, simulated in the RNG
κ-ε model. The simulated results displayed the maxi-
mum concentration diffusion approximately at height
z/H = 0.2 in the recirculation region and then de-
creasing similarly to the experimental data. The sim-
ulated results appeared to have maximum concentra-
tion near the ground level which is different from the
experimental results. The simulated results predicted
similar concentration diffusion with experimental re-
sults, except near the ground. The concentration re-
sults with the standard κ-ε model were observed to be
in agreement with the experimental results. Although
the pollutant source was released at x/H = 0.125,
the centerline of the non-buoyancy plume was simu-
lated to be at an elevated position of z/H = 0.2 in
the near-wake region, because of rising flow over the
building and its separation region. There was an incre-
ment in the diffusion concentration near the pollutant
source at x/H = 0.375 and a narrow plume spread at
the further leeward position in the near-wake region,
at x/H = 0.625 and 1.125. According to this plume
spread, maximum concentration values of the plume
center at elevated positions decrease in the near wake
region. The plume was calculated to be partially dif-
fused into the wake region, and reaches its smallest
value at x/H = 1.125.

A comparison of these features of simulated diffu-
sion concentration with those obtained in the experi-
mental results reveals some discrepancies. The maxi-
mum simulated concentration was slightly smaller                    00.51

1.5
0 10 20K

Z/H ExperimentSt. k-εRNG k-ε
00.51

1.5
0 10 20K

Z/H ExperimentSt. k-εRNG k-ε
00.51

1.5
0 10 20KZ/H ExperimentSt. k-εRNG k-εx/H = 0.375 x/H = 0.625 x/H = 1.125  

Fig. 12. Vertical profiles of non-dimensional mean concentration k.
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Fig. 13. Lateral profiles of non-dimensional mean concentration k.

Fig. 14. Contour lines of non-dimensional mean concen-
tration k in the x-z plane at y/H = 0.0: (top) standard
k-ε turbulences and (bottom) RNG k-ε turbulences.

than that obtained in the wind tunnel experiment at
x/H = 0.375 and 0.625. This is because of the rapid
diffusion of the plume in the simulation caused by the
slightly higher calculated turbulence intensity (Figs.
8 and 9). Although there are some discrepancies be-
tween the simulation results and those of the experi-
mental results.

The contour of the concentration results at z/H =
0.075 (pedestrian level, z = 1.5 m) and y/H = 0 are
shown in Figs. 14 and 15. Note that contour shapes
were preserved, but the magnitudes differ. High lev-
els of concentration diffusion occur downwind of the
source, which gradually reduces as the plume moves up
the back of the building. There is a region of low veloc-
ity and high turbulence from the upper area to the bot-
tom of the wake region. The concentration diffusion
was very high near the source location due to the in-
creasing source buoyancy or momentum flux. The area
of the minimum concentrations is shifted downwind of
the source. The simulated patterns indicate that the

area of maximum concentration is widespread, occu-
pying the width of the building. The lateral spreading
was facilitated by the streamwise flow in the recircu-
lation cavity. Otherwise, concentration diffusion was
observed small near the top of the building. Moreover,
the lowest concentration in the recirculation cavity re-
gion appeared near the upwind area of building. This                                          

y x St. κ-ε 0.72 1.45 1.7 0.97 0.48 0.24 1.21 1.93 
RNG. κ-ε 0.35 0.62 0.7 0.44 0.26 0.18 0.53 0.8 

Fig. 15. Contour lines of non-dimensional mean concen-
tration k in the x-y plane at z/H = 0.5: (top) standard
k-ε turbulences and (bottom) RNG k-ε turbulences.
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means that most pollutants emitted were transported
downwind before being transported upward. Concen-
tration in the downwind direction was very low due to
decreasing momentum flux.

4. Conclusions

Both the standard and the RNG κ-ε turbulence
models have been applied in simulations of the flow
and pollutant dispersion emitted from the ground
source level in the near-wake region in the high-rise
building. The results of the present study showed
good agreement between the results of numerical simu-
lations and the wind tunnel experiment for both wind
flow and concentration diffusion. A rapid increment
of the mean velocity with height in the near wake re-
gion was observed. The characteristics of the hori-
zontal and vertical distributions of the mean velocity
obtained by the RNG κ-ε model were similar to those
obtained by the standard κ-ε model. The peak value
of turbulence intensity for the numerical data and the
experimental data was found near the top of the build-
ing due to the large velocity gradient. A high value of
the turbulent kinetic energy was observed near the top
of the building because of the strong vertical shear of
the streamwise velocity there. Flow attachments were
observed more quickly from the RNG κ-ε model than
those from the κ-ε model. A reverse flow in the near
wake region was observed. The path lines show the
recirculation zone in the near wake region very clearly.
A symmetric double-vortex circulation appeared. The
velocity field obtained from the κ-ε turbulence mod-
els shows a vortex rotating in the upper part of the
wake region. High levels of concentration diffusion oc-
cur downwind of the source, which gradually reduces
as the plume moves up behind the building. The dif-
fusion concentration was very high near the source lo-
cation. The area of minimum concentration is shifted
downwind of the source. The concentration results
with the standard κ-ε model were in agreement with
the wind tunnel results. The diffusion concentration
was observed to have large gradients near the pollu-
tant source. The area of maximum concentration is
widespread, occupying the width of the building.
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