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Abstract. Urban air pollution poses a serious threat to public health, particularly in areas with heavy traffic, such as street
canyons. This paper numerically investigates the effect of noise barriers of varying heights (0.1H, 0.2H, 0.3H, where H is
the building height) on the dispersion of a passive pollutant (ethylene) in a street canyon model. The simulation is based
on the Reynolds-averaged Navier-Stokes (RANS) equations and the SST k-ω turbulent model. The numerical model
is verified by comparison with published experimental data and large eddy simulation (LES) results. Spatiotemporal
distributions of pollutant concentrations are analyzed. The results show that a barrier of medium height (0.2H) forms
a stable recirculation zone, acting as a "trap" for pollutants with maximum concentrations. A low barrier (0.1H) has a
negligible effect, while a high barrier (0.3H) effectively screens the leeward zone but promotes pollutant accumulation on
the windward side. A conclusion is drawn about the dual effect of barriers and the need to consider aerodynamic effects
in their design.
Keywords: computational fluid dynamics (CFD), air pollution, street canyon, noise barrier, pollutant dispersion, RANS,

SST k-ω .

INTRODUCTION

Air pollution in large cities remains one of the
most pressing environmental issues. High traffic
density and dense development create zones of el-
evated concentrations of harmful substances, pos-
ing a threat to public health. Motor vehicles are
considered the primary source of pedestrian pol-
lution, particularly in street canyons, where build-
ings restrict ventilation and contribute to the ac-
cumulation of emissions. Concentrations of ni-
trogen dioxide, carbon monoxide, and fine par-
ticles PM2.5 and PM10 in such areas often ex-
ceed health standards [1], [2]. Various approaches
have been developed to analyze and predict the
spread of pollutants in urban environments. Clas-
sic Gaussian models are simple and computation-
ally inexpensive, but their application in com-
plex urban environments is limited [3]. Com-
putational fluid dynamics (CFD) methods pro-
vide more accurate results, taking into account

street geometry, airflow patterns, and turbulent
transport characteristics [4], [5]. Huertas and
Prato [3] demonstrated that CFD modeling re-
produces pollutant concentrations well near high-
ways and demonstrates consistency with in-situ
measurements. Zheng et al. [4] used a series of
LES simulations to investigate pollutant disper-
sion in canyons of varying geometries and pro-
posed recommendations for selecting the compu-
tational domain size to improve the reliability of
the results. Baker et al. [5] applied LES to ana-
lyze the dispersion of reactive pollutants in street
canyons and validated the approach with wind
tunnel data. Particular attention is paid to the in-
fluence of structural elements of the urban envi-
ronment. Reiminger et al. [6] examined the role
of depressed road sections and demonstrated that
the presence of depressions can significantly alter
the pattern of pollutant concentrations in cross-
winds. In another study, Reiminger et al. [7]
proposed a method for taking into account the
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wind rose when estimating average annual con-
centrations and demonstrated the significance of
climatic factors in CFD forecasts. In a study by
Reiminger et al. [8], an analysis of the effec-
tiveness of noise barriers was conducted, show-
ing that their effect depends on wind speed and
direction, as well as on atmospheric stratification.
The influence of barriers has also been consid-
ered by other authors. Schulte et al. [9] showed
that increasing the height of structures enhances
the vertical dispersion of emissions, but does not
always lead to a reduction in concentrations at
the pedestrian level. Venkatram et al. [10] con-
firmed these findings based on in-situ measure-
ments, noting up to a 40% reduction in pollutant
levels near roads. A later study by Venkatram et
al. [11] focused on the transport characteristics
at the edges of barriers and showed that turbu-
lent eddies at the boundary of the structure can
lead to additional accumulation zones. The influ-
ence of street shape and building architecture is
also being actively studied. Chang [12] used CFD
to analyze point source dispersion between build-
ings and showed that street orientation relative to
the wind plays a decisive role in the formation of
high-concentration zones. Santiago et al. [13]
demonstrated the importance of mesoscale wind
conditions for the transport of PM10 particulate
matter in urban areas. Baek et al. [14] showed
that the density and location of green spaces can
significantly alter the particle deposition pattern,
and Qian et al. [15] noted that green walls and
trees can significantly influence airflow patterns
and canyon aerodynamics. Taken together, these
studies indicate that CFD remains a key tool in
analyzing dispersion processes in urban environ-
ments. However, modeling results are sensitive to
the choice of turbulent model, mesh construction,
and boundary conditions. Therefore, the devel-
opment and verification of numerical approaches
to urban aerodynamics problems remains highly
relevant. This paper examines the impact of noise
barriers of varying heights on pollutant dispersion
processes in a street canyon. A numerical ap-
proach based on the Reynolds-averaged Navier-
Stokes (RANS) equations, coupled with the SST

k-ω turbulence model, is used for modeling. The
focus is on analyzing the velocity and concen-
tration fields of ethylene for various barrier con-
figurations and comparing the obtained data with
the results of existing numerical and experimental
studies.

MATERIALS AND METHODS

The simulation was based on the three-
dimensional Navier-Stokes equations for an
incompressible viscous gas, supplemented by
a convection-diffusion equation for the pol-
lutant. The flow was considered isothermal,
with constant air and pollutant properties. To
reduce computational costs, the model equa-
tions were Reynolds-averaged (RANS). In this
case, turbulent stresses were approximated by
the Boussinesq hypothesis, and the pollutant
transport equation included an effective diffusion
coefficient consisting of molecular and turbulent
components.
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where ūi is the average velocity vector, u′i is the

velocity vector fluctuation, C̄ is the average con-
centration of the pollutant, C′

i is the concentration
fluctuation, µ is the dynamic viscosity, ρ(u′iu′j)
is the Reynolds stress, De f f = D+ νt

Sct
is the ef-

fective diffusion coefficient, including molecular
diffusion D and turbulent kinematic viscosity νt ,
Sct is the turbulent Schmidt number, ρ is the air
density, p is the pressure, and ν is the kinematic
viscosity.

The SST k-ω model was chosen as the clos-
ing turbulent model. This choice was based on its
versatility: it combines the advantages of the k-ε
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model in developed flows and the k-ω model near
walls. This allows it to accurately describe zones
with high turbulent energy gradients and recircu-
lation regions typical of street canyons and barri-
ers.

∂ρk
∂ t

+
∂ (ρkui)

∂x j
=

∂
∂x j

[(
µ +

µt

σk

)
∂k
∂x j

]
+

Pk −ρβ ∗kω

∂ρω
∂ t

+
∂ρωui

∂x j
=

∂
∂x j

[(
µ +

µt

σω

)
∂ω
∂x j

]
+

α
νt

Pk −ρβω2 +2(1−F1)ρσω,2
1
ω

∂k
∂x j

∂ω
∂x j

Here, Pk is the turbulent energy source, µt is the
turbulent viscosity, and F1 is the mixing function.
The model constants were used with their default
values.

The finite volume method was used for nu-
merical approximation. The pressure-velocity re-
lationship was solved using the SIMPLE algo-
rithm. A second-order approximation (upwind)
was used for convective terms, and diffusion
terms were approximated by central differences.
The time step was set constant and selected based
on the stability condition, and the calculation was
continued until a statistically steady state was es-
tablished.

COMPUTATIONAL DOMAIN GEOMETRY AND
BOUNDARY CONDITIONS

A typical street canyon (Figure 1) formed by two
parallel buildings was chosen as the study con-
figuration. A linear pollutant source simulating
vehicle emissions was located along the base of
the canyon. Four scenarios were considered for
the analysis: without a barrier and with barriers
of heights 0.1H, 0.2H, and 0.3H, where H is the
characteristic building height (H = 1.0 m). Air-
flow was specified transverse to the street, with
a velocity of 1 m/s at the inlet boundary of the
domain. Outflow conditions were used at the out-
let. The upper boundary was modeled as a sliding
wall condition (symmetry), and the lateral bound-
aries were also considered symmetrical. The sur-
faces of the buildings and barriers were assigned
a no-slip condition. Ethylene (C2H4) with a den-
sity of ρ = 1.137kg/m3 and a dynamic viscos-
ity of µ = 1.03× 10−5 kg/(m · s) was selected as
the impurity. The impurity injection rate into the
domain was 0.01923m/s. The indicated veloc-
ity corresponds to a volumetric flow rate of Qe =
3.0 l/min through a source cross-section and re-
produces the experimental case [16]. The primary
medium was air (ρ = 1.225kg/m3, µ = 1.79 ×
10−5kg/(m s)). The molecular diffusion coeffi-
cient for the mixture was D = 2.88×10−5m2/s.

COMPUTATIONAL MESH

To discretize the computational domain, a hy-
brid mesh was constructed, including tetrahe-

a) b)
Figure 1 - Computational domain configuration: a) schematic with main dimensions, b) computational grid.
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Table 1 – Parameters of the computational grid for the main problem)

Mesh
no.

Size
min
[ m ]

Size
max
[ m ]

Vol
size
[ m ]

Face
size
[ m ]

Elem.
num.

1 0.25 0.5 0.5 0.1 369
2 0.125 0.25 0.25 0.05 863
3 0.03125 0.0625 0.0625 0.0125 8763
4 0.0078125 0.015625 0.015625 0.003125 227030
5 0.005 0.01 0.01 0.001 1195547

dral elements with localized densification near the
source, walls, and barriers (Figure 1b). Pris-
matic layers were used at the boundaries to accu-
rately describe boundary effects. A mesh conver-
gence study was conducted. Five configurations
with element numbers ranging from 3.7× 102 to
1.2 × 106 were considered (Table 1). A com-
parison of the velocity and concentration profiles
in the control sections showed that, starting with
the third configuration, the differences become in-
significant. The fifth mesh, with 1.2× 106 ele-
ments, was used as the primary mesh, providing a
balance between accuracy and cost.

NUMERICAL MODEL VALIDATION

To verify the validity of the chosen approach,
a comparison was performed with experimental
and numerical data presented in the work of Kiku-
moto and Ooka [16]. A barrier-free street canyon
configuration was considered as a reference case.
The geometry of the region, the physical prop-
erties of the gas, and the boundary conditions
were fully consistent with the parameters used in
this study. Kikumoto and Ooka [16] conducted
both field experiments and large-eddy simulations
(LES), allowing their results to be used as a base-
line comparison criterion. The primary focus was
on the velocity and concentration profiles of the
pollutant at various control lines (Figure 2).

The obtained data showed that the use of the
SST k- ω turbulent model provides good agree-
ment with the experimental measurements. In
some cross-sections, the concentration discrep-
ancies did not exceed a few percent. Particu-
larly close values were obtained near the wind-
ward side of the canyon, where flow dynamics

are determined by large-scale eddy structures. To
correctly resolve the near-wall flow at moder-
ate y+ values, Spalding’s wall law was applied.
Thus, the chosen numerical scheme reproduces
the characteristic features of pollutant transport
and can be used for further analysis of the impact
of barriers of varying heights.

RESULTS AND ANALYSIS

Spatial Distribution of Concentrations. Analysis
of the presented numerical modeling results (Fig-
ure 3) reveals characteristic patterns of ethylene
propagation in a street canyon for various barrier
configurations. All scenarios exhibit a common
trend: by 200 seconds of simulation, the con-
centration distribution reaches a quasi-stationary
state. In the early stages (t = 50 s), primary
transport structures form, and by the final time
step, the pollutant field stabilizes. For barrier-
free configuration, a classic pattern of advective-
diffusion transport is observed: ethylene propa-
gates relatively freely through the canyon, form-
ing a wide plume. Maximum values are recorded
near the linear source, at the ground surface. By
200 seconds, the field stabilizes, with concentra-
tions remaining highest near the leeward side of
the street. For barrier height 0.1H, the low bar-
rier causes only a weak disturbance of the flow.
Immediately behind it, a localized recirculation
zone is formed, where pollution accumulates on
the windward side. However, overall, this config-
uration has a limited effect on the overall disper-
sion process. For barrier height 0.2H, the most
pronounced effect is observed at the intermedi-
ate height. An intense circulation zone forms be-
tween the building and the barrier, acting as a
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Figure 2 - Comparison of concentration for computational grids

a) b)

c) d)
Figure 3 - Ethylene concentration distribution fields in a street canyon: a) without barrier, b) barrier of 0.1H

height, c) barrier of 0.2H height, d) barrier of 0.3H height

"trap" for pollutants. Here, concentrations con-
sistently reach maximum values (around 0.10 by
mass fraction), while on the leeward side, a no-

ticeable reduction in pollution levels is observed
due to screening. For barrier height 0.3H, the
greatest height demonstrates a dual effect. On the
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a)

b)
Figure 4 - Ethylene concentration value depending on time

Int. j. math. phys. (Online) International Journal of Mathematics and Physics 17, №1 (2026)



A.A. ISSAKHOV ET AL. 106

one hand, the barrier effectively screens the lee-
ward zone, virtually eliminating pollution pene-
tration. On the other hand, the redistribution of
flow over the structure leads to the formation of
an extensive recirculation zone with moderate but
consistently elevated concentrations. The mass
fraction scale (0.00 - 0.10) allows for a compar-
ative analysis of concentration levels. Maximum
values (close to 0.10) are observed in the immedi-
ate vicinity of the source in the absence of a bar-
rier and in the circulation zone in the 0.2H barrier
configuration. The lowest background concentra-
tions are recorded in shielded zones behind 0.2H
and 0.3H barriers.

TEMPORAL CHANGES IN CONCENTRATION

Figure 4 shows the time series of concentrations
at the monitoring points. The locations of the
monitoring clocks are shown in Figure 4a. The
largest fluctuations are recorded at points 1 and
3, located in the zone behind the barrier. For the
0.2H barrier, the fluctuation amplitude is maxi-
mum, which is associated with the formation of
unstable vortex structures and recirculation. At
point 9, located closer to the leeward side of the
canyon, the concentrations are lower, indicating a
decrease in pollutant influx into this area. A com-
parison of the scenarios shows that low barriers
(0.1H) have little effect on pollutant distribution.
Medium barrier heights (0.2H) create conditions
for enhanced pollutant accumulation due to the
formation of stable recirculation zones. High bar-
riers (0.3H) reduce pollutant influx into the lee-
ward side of the street but simultaneously help re-
tain it between the building and the barrier.

CONCLUSION

This study conducted a numerical study of ethy-
lene propagation in a street canyon with various
noise barrier configurations. A RANS approach
with the SST k-ω turbulence model was used for
modeling, allowing us to reproduce the dynam-
ics of pollutant dispersion processes in complex
urban geometries. Analysis of the concentration
distribution showed that:
- in the absence of a barrier, the pollutant spreads

relatively freely along the canyon, forming a sta-
ble plume with maximum values on the down-
wind side;
- a low barrier height (0.1H) has only a local-
ized effect, creating a small recirculation zone be-
hind the structure but without changing the over-
all transport pattern;
- at a medium barrier height (0.2H), a distinct
closed circulation zone forms, acting as a "trap"
for the pollutant. The highest concentrations are
recorded here, while a significant decrease in pol-
lutant levels is observed in the downwind zone;
- A high barrier (0.3H) provides the strongest
shielding of the leeward side of the canyon; how-
ever, flow redistribution leads to the formation of
a large area of moderate but consistently elevated
concentrations behind the structure. Thus, bar-
rier height has a dual effect: it can significantly
reduce concentrations in the leeward zones, but
simultaneously contribute to the accumulation of
pollutants in the immediate vicinity of the source.
The obtained results highlight the need for an in-
tegrated approach in the design of noise protec-
tion structures, considering not only acoustic effi-
ciency but also their impact on aerodynamics and
air quality in the urban environment.
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