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Abstract. The objective of this paper is to study the air flow and the carbon monoxide dispersion coming from vehicles
within an idealized street canyon. The mathematical modelling used is based on the numerical solution of the mass,
momentum and chemical species equations using the RANS methodology, which is used to model the turbulent flow. The
finite volume method is applied through the commercial software Ansys Fluent 22.0. The results obtained were verified
and compared with experimental results available in the specialized literature, which will determine the accuracy of the
numerical model used and contribute to understand the carbon monoxide behavior inside an street canyon.
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1. INTRODUCTION

As stated by Shi et al. (2020), the growth of great cities including buildings and skyscrapers brings us to the problem
of transportation and that means many more vehicles, like cars and motorcycles that are responsible for many of the
pollutants that we breathe.

According to the World Health Organization (2019) (WHO), 99% of the population of the world lived in places where
the air quality guidelines levels were not met, besides that, the air pollution in both cities and rural areas has caused 4.2
millions premature deaths worldwide in 2016.

The height and arrangement of the street canyon are extremely relevant for helping or to disturb the dispersion of
the emitted gases (Maia et al., 2019), so, that means a deeper study of the variables that affect this phenomenon is
important. Numerical simulation is present in this paper, as it is one of the most advanced and effective ways for solving
mathematical problems nowadays, with the objective of making better planning of changes that can improve better breath
health of people inside the canyon.

Many pollutant compose the inventory of vehicular emission as Nitrogen Oxides (NOx), Sulfur Dioxide (SO2), Carbon
Monoxide (CO), Volatile Organic Compounds (VOCs), greenhouse gases and suspended particles. However, CO is the
most produced by vehiclesTobón et al. (2020), and that is why it was chosen for this paper. Furthermore, Taseiko et al.
(2009) pointed out that carbon monoxide gas is a good indicator of the dispersion and dilution of pollutants from vehicles,
since its chemical response time is quite long.

The problem of pollutant dispersion of traffic carbon emissions can be studied in three ways: field measurements, wind
tunnel experiments or numerical simulations. To collect data (field measurements or wind tunnel), high tech instruments
with a significant precision are required, which makes this experiment with elevated cost and almost impracticable at
some cases. (Shi et al., 2020).

The objective of this paper is to analyse numerically the flow and dispersion of carbon monoxide from standing
vehicles in an idealized street canyon using a Reynolds Averaged Navier-Stokes (RANS) methodology.

2. METHODOLOGY

In the present paper, the air flow and dispersion over an urban street canyon was investigated numerically using RANS.
Fig. 6 shows the computational domain that was defined according to the wind tunnel experiment developed by Kastner-
Klein et al. (2001). Two building rows were mounted in the neutrally stratified wind tunnel, simulating an isolated street
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canyon with aspect ratio, H/W = 1, and the length-to-depth, L/H = 10 (H: height, L: length of the buildings and W:
street width). The height of the buildings forming the canyon has been 12 cm, and their length has been 120 cm. The
configuration considered in this paper is an external wind flow that has been directed perpendicular to the axis of the
canyon, see Figure 1, and the X axis has been oriented along the direction of external wind.

This paper considered a twelve standing vehicle configuration at street level, within the street canyon, but only the ex-
ternal wind was considered. The vehicles were modeled as rectangular obstacles having dimensions lx = 10mm, ly = 3mm
e hv = 8mm, according to the wind tunnel configuration of Kastner-Klein et al. (2001). Point sources were located be-
hind each vehicle at half the vehicle height in order to investigate the pollutant dispersion within the street canyon. More
details of wind tunnel experiments are described in Kastner-Klein et al. (2001).

Figure 1. 3D representation of the model according to Solazzo et al. (2008)

2.1 Mathematical model

The governing equations for the atmospheric flow in neutral conditions considering an incompressible flow and a
steady-state regime, based on the Reynolds Averaged Navier Stokes (RANS) approach were used and are presented
below.
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where ui is the mean velocity component in the i direction, ρ is the fluid density, µ is the absolute viscosity of the
fluid, p is the mean pressure and g is the gravitational acceleration. τij is known as the Reynolds Stress Tensor.

The transport equation for the scalar, considering its density the same as the air, is written as follows,
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where c is the mean concentration, D is the species total diffusivity and M is the source term. In the present study, the
Schmidt number is set to 0.7.

The turbulence closure model used was the Standard k − ϵ, (Launder and Spalding, 1996) and the constants used in
the model are: Cµ = 0.09, C1ϵ = 1.44, C2ϵ = 1.92, σk = 0.53, σϵ = 0.55.
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2.2 Boundary conditions

The boundary conditions used in the simulations are displayed in the Table 1, where κ = 0.40 is the von-Karman
constant, Cµ = 0.09 is a model parameter, and U(z) the velocity at height z above the ground. Values of friction velocity
u∗ = 0.43m/s, roughness length z0 = 0.0007m and boundary layer depth δ = 0.48 m were obtained from Kastner-Klein
et al. (2001). The resulting free-stream velocity for the given profile is u0 = 7m/s.

Table 1. Boundary Conditions

Inlet
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u∗

κ
ln
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z
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+ 1

)
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∗
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)
;

Zero flux for scalar
Outlet outflow

Buildings, floor and vehicles no-slip; no flux for scalar
Laterals and top free-slip; no flux for scalar

2.3 Mesh and computational procedure

Zheng-Tong and Castro (2008) conducted a study about different mesh types, as tetrahedral mesh, hexahedral mesh
and polyhedral mesh. Their results showed that polyhedral mesh in comparison with hexahedral mesh are essentially
identical. However, the number of cells used in the former was much smaller. Furthermore, the results obtained by
Zheng-Tong and Castro (2008) confirm that the polyhedral mesh is more accurate and less memory consuming than the
widely used tetrahedral mesh. In this work, a polyhedral mesh (2.5 million cells) was implemented for the numerical
simulation, using the Fluent Meshing 22.0 (see Figure 2).

Figure 2. Plane view, in the x - y plane, of the computational mesh.

Figure 3 shows a detailed view of mesh refinement on the vehicles and sources.
The equations are numerically solved in steady-state regime, using the finite volume method of Ansys Fluent 22.0

computational code. The pressure-velocity coupling used was the Coupled scheme, since it resulted in better residual
stability. The spatial discretization setting up was second order upwind for all variables. The relaxation coefficients were
set as default by the Ansys 22.0.

3. RESULTS AND DISCUSSION

3.1 Model validation

To evaluate the numerical data obtained in this study, comparisons with wind tunnel data from Kastner-Klein et al.
(2001) were done. Data were collected at the vertical plane y/H = L/2, for two horizontal positions throughout the
canyon width, corresponding to x/H = 0.000 (the middle of the canyon) and x/H = 0.375 (windward position).

Figures 4 e 5 show the comparison between the mean horizontal and vertical velocity profiles simulated numerically
and the wind tunnel measurements. The comparison of the modelled mean horizontal velocity with wind tunnel data was
overall satisfactory (see Figure 4). However, close to street level the model performed not very well. On the other hand,
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(a) Detailed urban canyon mesh (b) Detailed vehicle mesh
Figure 3. Detailed mesh

the model is very satisfactory for Z/H ≤ 0.5 in the case of mean vertical velocity.
Figure 6 shows a comparison between the numerical data obtained in the present work, wind tunnel data from Kastner-

Klein et al. (2001) and a numerical simulation data (using RANS) obtained by Solazzo et al. (2008). The peaks of the
turbulent kinetic energy (TKE) at the roof level (z/H ≈ 1) were reasonably reproduced by both numerical models. As
pointed out by Solazzo et al. (2008), this indicates that the model can reliably simulate the flow region where shear stresses
are dominant, such as the shear layer on the top of the canyon. In that region, the TKE decreases from the middle of the
domain (6(a)) to the windward side (6(b)). However, inside the canyon the TKE magnitude is underestimated by both
numerical models. That indicates the model needs to be improved.

Overall, the results showed a reasonable agreement with wind tunnel and the numerical simulation by Solazzo et al.
(2008).
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Figure 4. Comparison between modelled and measured mean horizontal velocity.

3.2 Flow and dispersion within the street canyon

Figure 7 shows the velocity vectors in the x - z plane located at Y/H = 0. In this study the aspect ratio was H/W = 1.
The flow is characterised by the formation of a single vortex within the canyon in which case the flow within the canyon
becomes decoupled from the flow above the buildings. This phenomena is called skimming flow Oke (1988) and it was
expected, given the aspect ratio based of the building’s length and height.

Figure 7 depicts the perpendicular flow approaching the lined up pair of buildings, where two different regions appear
inside the canyon. The first region is the windward side with downdraft motion responsible for carrying clean air from
above the building, and the second region is the leeward side characterized by updraft flow in the other side, which is
responsible to transport polluted air from inside the canyon to the outer zone.
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Figure 5. Comparison between modelled and measured mean vertical velocity.
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Figure 6. Comparison between modelled and measured mean TKE profiles.

Figure 7. Velocity vectors in the x - z plane located at Y/H = 0

Figure 8 shows a contour of mean concentration of monoxide carbon (CO) within the street canyon in the x - z plane
at Y/H = 0. The results obtained in this study are similar to those acquired in the experiments by Kastner-Klein et al.
(2001), showing quite uniform values within the canopy, except close to the source and the walls.

In the Figure 8 it is possible to see that higher concentration are detected close to the upwind all whereas lower
concentration are detected close to the downwind wall. This is coherent with the flow velocities, since in the downwind
wall there is a inflow of fresh air from the external flow that dilutes the pollutant.
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Figure 8. CO contour in the x - z plane located at Y/H = 0.

Figure 9 shows a isosurfaces of CO concentration in g/kg. The plume is carried by the flow in its main direction (left
to right). The results shown in this figure are in accordance with the discussion about Figure 8. However, the plume of
pollutant reaches first the downwind building (9(a)) and after goes to the top of the upwind building (9(d)), where the
plume is more diluted.

(a) (b)

(c) (d)

Figure 9. Isosurface of CO concentration (a) 0.5 g/kg, (b) 0.25 g/kg, (c) 0.125 g/kg and (d) 0.0625 g/kg.

4. CONCLUSIONS

This paper showed that the Standard k− ϵ model described well the turbulent fluid flow, mainly the vertical velocity
component inside the street canyon, given its low computational cost compared to others RANS models. In addition, the
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carbon monoxide dispersion showed that it is greatly affected by the flow since the advective transport dominates over
other effects such as gravity and molecular diffusion, given that carbon monoxide and air have about the same density and
the turbulent diffusivity generated, associated with the induced external flow is the main responsible for carrying out the
pollutant.

In future studies the authors aim to analyze the influence of other variables such as the vehicle speed, in order to model
the real influence of the vehicle in the dispersion of the pollutant within the canopy and how this parameter affect human
health.
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