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Abstract. The dispersion of pollutants in urban intersections is a complex problem that can be influenced by a series of
factors, such as building geometry, wind direction, traffic density, and the location of pollution sources. Traffic density
can significantly affect pollutant dispersion, and it is directly affected by the number of cars present in an urban area.
This factor is important to understanding how to reduce pollutant concentrations. In this paper, the finite volume method
together with a non-structured polyhedral mesh was used, in which it solved the mass, momentum and chemical species
conservation equations, using the Ansys Fluent© 23.0 computational code, combined with the realizable k-ϵ turbulence
closure model. The method’s validation was carried out using the DAPPLE model-based boundary conditions, and the
initial model comparisons and velocity profiles (without incorporating cars). This step was crucial to ensure the necessary
reliability and relevance of both the quantitative and qualitative results. Following the successful validation of the method,
the study proceeded to examine the impact of cars on the flow and dispersion of carbon monoxide at the intersection. This
study utilizes a numerical simulation with a low computational cost, along with a high-performance mesh, and provides
data for future research in the area, which can aid in making informed decisions about implementing pollution control
measures. These measures may include adjusting traffic light timing and restricting vehicle traffic during peak hours.
Furthermore, it is worth mentioning that this topic has a direct impact on the lives of people who live and work near these
areas. Exposure to high levels of air pollution can lead to respiratory, cardiovascular, and neurological problems, among
others. Therefore, it is crucial to improve the air quality of cities. To achieve this goal, the use of numerical approaches,
such as computational fluid mechanics studies (for example, Reynolds-Averaged Navier-Stokes methods), is a valuable
tool to aid urban planners make informed decisions on how to reduce air pollution in urban areas and protect public
health.
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1. INTRODUCTION

The World Health Organization (WHO) has alarming estimates that 4 millions death occur each year worldwide due
to preventable environment causes. Air pollution plays a significant role in these numbers, with nearly the entire global
population (99%) being exposed to air pollution levels that exceed WHO’s recommendations. Notably, studies conducted
by Vardoulakis et al. (2003) revealed that the inhalation of high concentrations of carbon monoxide (CO) can result in
a range of respiratory complications. It’s important to address these pollutants adverse effects on human health and the
environment.

Vehicular emissions play a major role in pollution of the air in large cities, highlighting the need for effective urban
planning to combat this issue and improve air quality. Research conducted by Goulart et al. (2019) has revealed the
substantial impact of building arrangements on atmospheric flow and pollutant dispersion. The study suggests that streets
with a lower aspect ratio, which is determined by the quotient of the building height (h) and street width (W ), are more
conductive to effective pollutant dispersion.

In this context, Tiwary et al. (2011) offers valuable insights into the importance of intersection for urban planning.
These regions are frequently associated with traffic congestion, leading to elevated levels of pollutants. The researchers
emphasize that the airflow patterns within urban areas are significantly affected by the intersection’s geometry, as well as
the wind direction and velocity. Therefore, careful intersection planning plays a crucial role in optimizing traffic flow and
ensuring efficient pollution mitigation.

The atmospheric flow is very complex and turbulent (Belcher, 2005) and it is associated with high Reynolds numbers.
This implies the presence of numerous turbulent structures at small scales, which significantly increases the computational
requirements. To address this challenge, researchers often employ the Reynolds Average Navier-Stokes (RANS) method.

The objective of this paper is to analyse numerically the flow and dispersion of carbon monoxide from standing
vehicles in a real urban intersection using a Reynolds Averaged Navier-Stokes (RANS) methodology.
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2. METHODOLOGY

2.1 Computational domain and mesh

This study utilizes Computational Fluid Dynamics (CFD) to simulate the flow and pollutant dispersion at an intersec-
tion located in Central London, between Marylebone Rd. and Gloucester Pl. The modeling approach involves mathe-
matical and computational models to simulate fluid movement and pollutant dispersion in urban environments. Figure 1
shows the complete domain, which was used to validate the simplification (Figure 2) of the domain in order to improve
simulation time, and the addition of cars as scalar sources. The complete domain was utilized to validate the experiment,
although the specific validation details are not included in the paper. In Figure 1, the model’s coordinates are marked in
mm, with xt from west to east, yt from south to north, and z from ground to top, respectively. x, y, z are the computational
coordinates.

et al., 2002; Kanda et al., 2004; Meinders and Hanjalić, 1999;
Stoesser et al., 2003) or non-uniform height (Xie et al., 2008).
However, there is a scarcity of reliable numerical models for flow
and dispersion over a genuine urban geometry for understanding
the integrative effect of combinations of these morphological
patterns or for practical purposes. There are some reports available
in the literature on building-resolving LES for genuine urban
geometry. Tseng et al. (2006) used LES to predict flow and

Low resolution model (1:200)

-1500

-1000

-500

0

500

1000

1500

2000

-1500 -1000 -500 0 500 1000 1500 2000 2500

W
e
s
t
 
(
m
m
)

Marylebone RdMarylebone Rd

York St

Crawford St

G
loucester Pl

G
loucester Pl

xy

04.51−

88

150

84

150155

55

90
68

75

159

100
115

120

105

100 75

120

95

320

320

72 70 88 10470

75

108 137

50

80
78

83 102

85

125

120

73

93

168
128

70

100 87.5 90 10082.58577.5 70

265 110

67.5

90

70

245
Thornton Pl

Regent's Park

yt

xl

Fig. 1. Plan view of the wind tunnel model. Numbers in italics on each building block indicate its height in mm. The model coordinates are marked in mm, with xt fromwest to east,
yt from south to north and z from ground to top respectively. x, y, z are the computational coordinates (Fig. 2).

Fig. 2. Computational domain, with the coordinate origin at the ground at the major
intersection; its size is Lx¼ 6000 mm, Ly¼ 4000 mm, Lz¼ 1000 mm. Fig. 3. Polyhedral mesh. (a) a horizontal plane at z¼ 0; (b) a vertical plane at y¼�2 m.
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Figure 1: Plan view of the wind tunnel model. The italicized numbers in each building block indicate their height in mm.
The red square represents the area used in the simplification presented of Figure 2. (Xie and Castro, 2009).

Figure 2: Adaptation performed in order to enhance the simulation’s time.

Polyhedral mesh, as pointed out in Wang et al. (2021), is recognized for its superior precision, flexibility, wider
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applicability, and overall better quality in comparison to tetrahedral meshes. To eliminate the need for mesh testing,
in order to save time and resources, certain parameter were carefully selected (Table 1), such as low aspect ratio, high
orthogonal quality, and low skewness, as recommended in Fluent (2009), although is recommended mesh testing to be
sure of its influence, the method allows using the same mesh for all cases.

Property Current mesh Reference Value

Aspect Ratio 28.11 < 35
Skewness 0.69 < 0.95

Orthogonal Quality 0,3 > 0.1
Table 1: Mesh parameters

2.2 Governing equations and numerical methods

The fluid flow is characterized using mass and momentum conservation equations, represented by Eq. (1) and (2),
respectively. Meanwhile, the dispersion of (CO) is described using Eq. (3), which follows an advective-diffusive transport
equation. To account for turbulent effects, RANS is applied in all three equations, with the realizable k− ϵ model chosen
as the turbulence model. Steady simulations were carried out with incompressible flow. In addition, neutral atmosphere
was considered.

∂uj

∂xj
= 0; (1)

ρ
∂uiuj

∂xj
= − ∂p

∂xi
+ gδi3 + µ

∂2ui

∂xj∂xj
+

∂τij
∂xj

; (2)

ρ
∂uic

∂xj
= D

∂2ci
∂xj∂xj

+M. (3)

Where ui and p represent mean velocity and mean pressure, respectively. gδi3 is body force, τij is defined as the
Reynolds stress tensor, µ is dynamic viscosity, c represents mean concentration of scalar and M is the source term.

In this study, the realizable k − ϵ model was chosen, due to its ability to effectively model turbulent flows, including
complex flow conditions. Shih et al. (1995a) emphasize the significance of this model, as it introduces reformulations
in the turbulent model, particularly enhancing the transport equation for dissipation rate. These enhancements lead to
improve accuracy and reliability in the obtained results. Eq. (4) and Eq. (5) describes the model.
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where,
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[
0.43,

η
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]
, η = S

k

ϵ
, S =

√
2SijSij (6)

Where, ρ represents the fluid density, k denoting the turbulent kinetic energy and µt pertains to turbulent viscosity.
The Prandtl number for turbulent kinetic energy is denoted as σk, and Gb represents the generation of turbulent kinetic
energy due to buoyancy. Furthermore, ρϵ accounts for the dissipation-induces destruction of turbulent kinetic energy, and
YM signifies turbulent production resulting from mean shear. The term Sk corresponds to the source term associated with
k, and ϵ characterizes the turbulent dissipation rate. The Prandtl number for turbulent dissipation rate is represented by σϵ

while Sϵ refers to the user-defined source term linked with ϵ.
Equation 7 describe the turbulent behavior within the flow, and Eq. (8) introduces a new formulation for turbulent

viscosity that incorporates realizability restriction. By enforcing these restrictions, the model outputs more reliable and
credible results.

−uiuj = ντ (Ui,j + Uj,i)−
2

3
kδij (7)
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ντ = Cµ
k2

ϵ
(8)

The term −uiuj represents the Reynolds stress, δij is the Kronecker delta, the parameter ντ represents the turbulent
eddy viscosity. However, Cµ is not a constant on this model, and, as seen in Shih et al. (1995a), it is calculated by Eq. (9).

cµ =
1

A0 +AsU (∗) k
ϵ

(9)

Where A0 is a constant coefficient, As is the shear factor, U (∗) stands for turbulent velocity scale. For more details,
see Shih et al. (1995b).

2.3 Description of numerical experiments and boundary conditions

The experiment aims to analyze the impact of wind direction. To achieve this, three conditions were simulated: 0◦,
90◦, and 51.4◦, bases on the complete geometry described in Xie and Castro (2009), although, those results are not shown
here. The 0◦ represent a wind parallel to Marylebone Road, while the 90◦ direction corresponds to a wind parallel to
Gloucester Place.

For the second step, the geometry was simplified, and obstacles in the shape of cars were inserted at the intersection.
This enabled the creation of a mesh with improve quality, facilitated analysis of their influence on the flow.

The reference velocity is given by the Reynold’s equation:

Re =
ρ · Uref · hm

µ
∴ Uref =

Re · µ
ρ · hm

(10)

Were Re = 18 · 103 represents the Reynold’s number, and is recommended at Xie and Castro (2009), it was kept
constant, hm = 27.8m represent the mean height of the buildings on the simplified geometry, ρ = 1.225 kg/m3 is air
density, µ represents the dynamic viscosity, and it results on a Uref = 1.89m/sm. The dimensionless profile can be seen
at Xie and Castro (2009).

The method employed eliminates the need to set up and outlet condition, as the outermost boundary is designated as
an in inlet. This ensures that the flow is directed inward across the entire surface of the cylinder, effectively functioning as
an outflow when the velocity vector points outward. Consequently, these boundaries do not interfere with the flow in the
areas of interest. The adopted diffusion coefficient (Cµeff

) set at µeff/1, where, µeff represents the effective viscosity
relative to the Schmidt number. The scalar source term was defined as shown in Eq. (11).

S =
Uref · h2

m · µ
V–

(11)

On this equation, V– signifies the volume of an individual cell, strategically positioned behind of each vehicle to
represent the CO emission effects. Only in these specific cells the source term is taken into account.

Buildings, cars and the floor are treated as a no-slip condition, indicating that the fluid’s velocity field is equal to zero
at these boundaries. In addition, the mass flux of the scalar is also considered to be zero in these regions. On the other
hand, on the top of the domain was set as a free-slip condition and the mass flux of scalar is considered as zero.

3. RESULTS AND DISCUSSION

3.1 Flow characteristics at the intersection and the influence of cars

The presence of a car has various effects on the surrounding airflow. According to Carpentieri et al. (2012), the airflow
around the vehicle can be divided into two distinct regions: the near wake and the far wake. In the near wake, which forms
immediately behind the vehicles, there is a significant region of air recirculation. Additionally, there are longitudinal drag
vortices, causing areas of unstable and fluctuating airflow. There, vortices result from different factor, such as instability
of the air layer separating from the vehicle and the movement of air in the wake region.

In order to comprehend the alterations in air flow induced by a moving vehicle, the E&H model proposed by Eskridge
and Hunt (1979) plays a pivotal role. this theoretical model approach offers valuable insights into the gradual reduction
in air velocity as we distance ourselves from the vehicle and enter the far wake region. By integrating crucial factors such
as vehicle’s velocity, geometry, and atmospheric conditions, the E&H model offers an effective means to estimate and
explore the intricate airflow dynamics in this specific area.

In this paper, was assumed stationary vehicles with a relative air velocity. Examining Figure 3 it becomes clear that
the wind direction has a significantly greater influence on the flow pattern than the presence of vehicles.

The selected height of 8 ·10−3 m is equivalent to the height of an average person, approximately 1, 6m. This decision
was based on the fact that this height is commonly observed in teenagers, and many individuals generally fall within this
height range. This decision was mas made while employing a scale of 1:200.
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Figure 4 illustrates the quantitative representation of how wind direction affects flow at the intersection, taking obsta-
cles into account. Notably, even with the presence of vehicles, there are similarities in the flow pattern without any cars
(not shown). However, it is important to emphasize that the predominant influence in this context is the wind direction,
even in low wind speed conditions.

(a) 51.4◦ (b) 0◦

(c) 90◦

Figure 3: Flow profile at the intersection with the car at z = 8 · 10−3 m.
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Figure 4: Comparison of velocity profiles for different wind directions in simulations using the simplified geometry, at
the center of the intersection between Marylebone Rd. and Gloucester Pl.

The orientation of the external wind with respect to the intersection holds a significant influence over pollutant disper-
sion. When examining diagonal wind direction (Figure 5) in relation to the street axis, the results of pollutant dispersion
demonstrate reasonable agreement with the experiments conducted by Soulhac et al. (2009).

These observations suggest that the wind direction can influence how pollutants disperse at the intersection. As a
result, there are notable variations in the distribution and concentration of pollutants in different streets.
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(a) Streamlines and scalar concentration. (b) Scalar plume
Figure 5: Scalar plume at the intersection of Marylebone Rd. and Gloucester Pl. at z = 8 · 10−3 m for 51.4◦ (diagonal
direction).

Figure 7 serves as a valuable complement to Figure 6, revealing how wind direction directly affects scalar concentra-
tion at the intersection. When the flow aligns parallel to Gloucester Pl. a peak of concentration appears near the main
intersection. Along the street the concentration is near zero. This is physically consistent, as the main direction of the
flow is parallel to Gloucester Pl., so along Marylebone Rd. the concentration values will be very small (except at the
principal intersection). On the other hand, when the flow is parallel to Marylebone Rd. the dispersion of pollutants is
favored because the flow is channeled, carrying the pollutants out of the domain. In addition, the peak concentration is
located after the main intersection. In the case of wind direction of 51.4°, the concentration values are very small. This
shows that, for this wind direction, the pollutants will disperse more easily throughout the region and out of the domain.

(a) Streamlines and scalar concentration for an incidence angle
of 0°.

(b) Scalar plume for incidence angle of = 0°.

(c) Streamlines and scalar concentration for an incidence angle
of 90°.

(d) Scalar plume for incidence angle of = 90°.

Figure 6: Scalar plume at the intersection of Marylebone Rd. and Gloucester Pl. at z = 8 · 10−3 m, for winds parallel to
the streets.
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Figure 7: Comparison of scalar distribution along Marylebone Rd. For y = 0 and z = 10 · 10−3m.

4. Conclusion

The RANS model proved valuable for studying pollutant dispersion at an intersection. It offered importants qualitative
insights into flow patterns and pollutant dispersion. In quantitative analysis, it performed well neat pollutant sources but
had limitations for long-distance transport.

Wind direction emerged as a critical factor significantly influencing pollutant dispersion. Perpendicular winds were
associated with higher pollutant concentrations, while parallel winds showed efficient pollutant dispersion. Winds at 51.4◦

exhibited an intermediate behaviour, with higher concentrations found only in certain corners.
The simplified domain effectively captured essential flow characteristics, even with the inclusion of cars as pollu-

tant sources. Cars had a substantial impact on pollutant concentration, consistent with simulations using the complete
geometry.

Considering these findings, analysing pollutant dispersion requires accounting for flow characteristics, environmental
conditions, and source distribution to ensure more comprehensive assessments.
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