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Abstract. The urbanization has never been so present in cities and together with it comes an increase in vehicle fleet and 

building density present in urban zones, becoming necessary studies about the impacts that these advancements have 

been causing on the air quality that we breathe. This work aims to study the behavior of carbon monoxide dispersion 

and flow, coming from automobile emissions, inside an idealized urban canyon. The vehicle induced turbulence influence 

over the carbon monoxide flow and dispersion were evaluated, considering two different moving vehicle velocities. For 

that, the finite volume method together with a non-structured polyhedral mesh present in the numerical simulation 

software Ansys Fluent© 22.0 was used, in which it solved the mass, momentum and chemical species conservation 

equations. Beyond that, turbulence modelling was performed using the Reynolds Averaged Navier-Stokes (RANS) 

approach. The numerical results were compared with data obtained from wind tunnel experiments and similar numerical 

simulation results present in the literature. It can be verified that the variables of interest such as velocity, turbulent 

kinetic energy and carbon monoxide concentrations were strongly influenced by the vehicle velocity change, mainly 

when compared with the standing vehicle case. 
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1. INTRODUCTION 

 

An intense city growth and urbanization has been seen in the last years, together with the construction of buildings 

and skyscrapers and the continuous motivation of vehicle utilization such as cars and motorcycles, cooperating in a 

manner that vehicle sourced pollutants emission increases each time more. (Shi et al., 2020). 

According to the World Health Organization, Almost the entire global population (99%) breathes air that exceeds 

WHO air quality limits, threatening their health. A record number of over 6000 cities in 117 countries are now monitoring 

air quality, but the people living in them are still breathing unhealthy levels of fine particulate matter and nitrogen dioxide, 

with people in low and middle-income countries suffering the highest exposures (WHO, 2022). 

According to Zhao et al. (2021), analyzing the fluid flow turbulent behavior and the pollutant dispersion inside urban 

canyons is a topic that stands out in the world scientific literature, given that the pollution around and inside urban canyons 

become more severe due to possible structural changes such as building’s width and height and the presence of vehicles 

and traffic. 

Cai et al. (2020) comment that there are three primary major mechanisms for turbulent generation in these canyons, 

the wind induced turbulence (WIT), the thermal induced turbulence (TIT) and the vehicle induced turbulence (VIT), 

highlighting that although the first two are more researched, the VIT still has a lot of space to be explored.  

Zhao et al. (2021) discuss that the three most used methodologies for considering VIT in numerical simulations are 

the aerodynamic relative speed method, the dynamic mesh method and the additional turbulence source term method. 

They affirm that the additional turbulence source term method has been confirming itself as an adequate method since it 

unites low computational cost and satisfactory precision. 

The aim of this study is to investigate the influence of vehicle speed over the carbon monoxide concentration inside 

an idealized urban canyon with external air flow using the additional turbulence source term method. 

 

2. METHODOLOGY 

 

In the present work the air flow in an idealized street canyon was investigated using numerical simulation. Figure 1 

shows the computational domain, which was defined according to the wind tunnel experiment developed by Kastner-

Klein et al. (2001), with two buildings of fixed height, 𝐻 = 120 mm. They occupy an area of 1200×120 mm² each and 

the Reynolds number based on the building height in the experimental conditions was 𝑅𝑒 ≈ 5.7 ∙ 104 and the Schmidt’s 

number used to predict the total diffusivity was adopted as 𝑆𝑐 = 0.7.  
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The reference wind measured adopted was 𝑢0 = 7 m s−1. The origin of the coordinate system is in the center of the 

model. More details of wind tunnel experiments are described in Kastner-Klein et al. (2001). 

 
 

Figure 1. 3D representation of the model proposed by Solazzo et al. (2008). 

 

2.1 Governing equations and Numerical method 

 

The Equations 1 and 2 are used to the describe the fluid flow through the mass and momentum conservation, 

respectively, and Equation 3 is used to describe the carbon monoxide (CO) dispersion through an advective-diffusive 

transport equation. The Reynolds Averaged Navier Stokes (RANS) mean is applied in all three equations and the 

turbulence closure model used is the Standard k – ε model. The equations below also simplified the case by considering 

a neutral atmospheric state implying that there are no temperature gradients, thus, the energy conservation equation isn’t 

solved. 
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The equations are numerically solved in steady-state regime, using the finite volume method of Ansys Fluent® 22.0 

computational code. Aiming to show that our numerical solution does not depend on the used mesh, a mesh sensibility 

test was taken, but it is not shown. The same simulation conditions are tested in three levels of mesh discretization: 1.25, 

2.5 and 5 million nodes, with the Standard 𝑘 − 𝜀 model and the Navier-Stokes equation discretized using a second-order 

scheme in space. The 2.5 million node mesh was chosen to conduct the study.  

The additional source terms used to model the Vehicle Induced Turbulence (VIT) were implemented in the Standard 

k – ε model, as shown in Equations (4) to (8). (Zhao et al., 2021) 

 



27th ABCM International Congress of Mechanical Engineering 
December 4-8, 2023. Florianópolis, SC, Brazil 

𝜌
𝜕𝑘𝑢̅𝑖

𝜕𝑥𝑖

=
𝜕

𝜕𝑥𝑖

[(𝜇 +
𝜇𝑡

𝜎𝑘

)
𝜕𝑘

𝜕𝑥𝑖

] − 𝜌𝑢̅𝑖𝑢̅𝑗

𝜕𝑢𝑗

𝜕𝑥𝑖

− 𝜌𝜀 +  𝐹𝑘, 
(4) 

 

𝜌
𝜕𝜀𝑢̅𝑖

𝜕𝑥𝑖

=
𝜕

𝜕𝑥𝑖

[(𝜇 +
𝜇𝑡

𝜎𝜀

)
𝜕𝜀

𝜕𝑥𝑖

] − 𝐶1𝜀𝜌
𝜀

𝑘
𝑢̅𝑖𝑢̅𝑗

𝜕𝑢𝑗

𝜕𝑥𝑖

− 𝐶2𝜀𝜌
𝜀2

𝑘
+ 𝐹𝜀. 

(5) 

 

𝐹𝑚 = −𝜌
1

2
𝐶𝑓−𝑐𝑎𝑟  

𝐴𝑐𝑎𝑟

𝑉𝑜𝑙𝑢𝑚𝑒𝑓𝑙𝑢𝑖𝑑

(𝑢̅𝑖 − 𝑢𝑐𝑎𝑟,𝑖)√(𝑢𝑗̅ − 𝑢𝑐𝑎𝑟,𝑗)
2

, 
(6) 

 

𝐹𝑘 = (𝑢̅𝑖 − 𝑢𝑐𝑎𝑟,𝑖)𝐹𝑚, (7) 

 

𝐹𝜀 = 𝜀 √𝑘
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The Standard k – ε turbulence closure model constants used are 𝐶𝜇 = 0.09, 𝐶1𝜀 = 1.44, 𝐶2𝜀 = 1.92 (Richards and 

Hoxey, 1993), 𝜎𝑘 = 0.53 e 𝜎𝜀 = 0.55 (Solazzo et al., 2007). And the source terms constants are 𝐶𝑓−𝑐𝑎𝑟𝑟𝑜 which is the car 

aerodynamic drag coefficient, considered equal to 0.3 (Zhao et al., 2021), 𝐴𝑐𝑎𝑟  is the vehicle frontal area in the direction 

of its speed, which is also perpendicular to the flow direction, 𝑉𝑜𝑙𝑢𝑚𝑒𝑓𝑙𝑢𝑖𝑑 is the fluid volume in which the drag force 

acts, 𝑢𝑐𝑎𝑟  is the car speed, 𝐶𝜀−𝑐𝑎𝑟𝑟𝑜 = 0.025 is the ratio between the car length 𝐿𝑐𝑎𝑟  and the turbulent length scales inside 

the canyon. 

The source term M was modelled in a manner that represented the vehicle’s CO emissions effects, as shown in 

Equation (9). A specific cell was separated behind each vehicle, as seen in Figure 2, and only in these cells M is calculated. 

The volume of each cell is given by 𝑉𝑜𝑙𝑢𝑚𝑒𝑐𝑒𝑙𝑙. The mass flow rate used was 𝑚̇ = 5.52 × 10−4𝑔/𝑠, based on 2019 average 

annual vehicle emissions of the city of São Paulo (CETESB, 2019). 

 

𝑀 =
𝑚̇

𝑉𝑜𝑙𝑢𝑚𝑒𝑐𝑒𝑙𝑙

. 
(9) 

 

 

 

 
 

Figure 2. Dimension details of buildings and source term positioning. 
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2.2 Boundary conditions 

 

Table 1 shows boundary conditions used in this study, which are the same that were used in Solazzo et al (2008), 

where 𝑢∗ = 0.43 m𝑠−1, 𝜅 = 0.4187 is the Von Kárman constant, 𝑧𝑜 = 0.0007 𝑚, 𝛿 = 0.48 𝑚 is the boundary layer 

depth and 𝐶𝜇 = 0.09 (Kastner Klein et al., 2001). 

 

Table 1. Boundary conditions 

 

Inlet 

𝑢(𝑧) =
𝑢∗

𝜅
ln (

𝑧

𝑧0

+ 1),  

𝑘(𝑧) =
𝑢∗

3

√𝐶𝜇

(1 −
𝑧

𝛿
), 

𝜀(𝑧) =
𝑢∗

2

𝜅(𝑧 + 𝑧0)
(1 −

𝑧

𝛿
),  

Zero CO concentration. 

Outlet Outflow 

Laterals and top Symmetry and Zero CO flux  

Buildings walls and bottom No-slip and Zero CO flux 

 

3. RESULTS AND DISCUSSION 

 

Data were collected and compared with wind tunnel data provided by Kastner-Klein et al. (2001) in 15 lines equally 

spaced by 0.05m, which are shown in Figure 3. They have a height of 2.5H and are all on the middle of the canyon 

between the buildings.  

 

 
 

Figure 3. Positioning of the 15 lines from where the data was obtained and analyzed. 
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Figure 4 shows a comparison of the mean velocity vertical profile considering the Kastner-Klein et al. (2001) wind 

tunnel data where they considered moving vehicles, the present work case where no moving vehicles were considered 

and the present work case where the moving vehicles were considered with a velocity of 5 ms-1, the same imposed in the 

wind tunnel. There’s a noticeably good agreement with the wind tunnel data. 

It can also be noted that, close to the floor, the turbulent kinetic energy is higher due to the moving cars and the model 

could predict a peak at approximately 1.2H, just as the experiment, although the values near the floor are off by a certain 

amount, probably due to the way that the VIT source term modelling was done. 

 

 

 
 

Figure 4. Vertical profiles of the 15 vertical lines average a) Mean velocity in the x direction and 

 b) Turbulent kinetic energy. 

 

3.1 Mean velocity fields 

 

The shape obtained in Figure 5 matches with what is predicted in the literature (Oke, 1988), and that is determined 

by the ratio between the canyon’s width and the buildings height, which in this case is equal to 1. The observed flow in 

this scenario is commonly referred to as skimming flow. It occurs due to the boundary layer separation in the building 

boundary at downstream, contributing to the vortex’s formation in regions next to the building walls and inside the 

canyon. 

 
 

Figure 5. Mean velocity field at the Y/H = 0 plane. 

 

Figure 6 shows that vehicle speed influence directly the flow inside the canyon, with faster velocities near the floor 

but with a decrease in regions far from the floor. In Figure 6b the vehicle speed was considered equal to 20kmh-1. In the 

plane located at the vehicle’s height, z/H =0.066, the mean velocity stays around 5.5 ms-1, or approximately 20 kmh-1. 

This value keeps decreasing as the height increases and it is noted that for the planes z/H = 0,5 and z/H = 1 the mean 

velocity distribution tends to be more homogeneous, not being too much influenced by the vehicle speed. A similar 

behavior is shown in Figure 6c, where the vehicle speed is 40kmh-1, reducing until it reaches the open flow region. It’s 

a) b) 



G. G. Almeida and F. C. Cezana 
Effect Of Moving Vehicles On The Flow And Dispersion Of Carbon Monoxide In An Urban Canyon 

worth mentioning that vehicle speed also influenced the flow in the regions above, increasing the velocity magnitude due 

to the vertical momentum transport. In all cases the main flow is directed perpendicular to the buildings. 

 

 

(a)  

 
 

(b)  (c)  

 

Figure 6. Mean velocity contour at planes z/H = 0.066, z/H = 0.5 e z/H = 1 for vehicle speeds of (a) 0 km/h,  

(b) 20 km/h and (c) 40 km/h. 

 

Figure 7 shows that the total velocity magnitude increases near the car’s regions mainly when they are moving, also, 

between z/H = 0.5 and z/H = 1 the fluid slows down in all cases due to the buildings wall effects involving the velocity 

gradient produced and the no slip condition used, possibly contributing to CO accumulation in this region, since there’s 

less turbulent diffusion. From z/H=1 an increase is seen in the velocity for all cases, until it reaches the free stream 

velocity, where the gradient is small, and the changes are negligible. 

 

 
 

Figure 7. Vertical profile of the averaged 15 vertical lines mean velocity for different vehicle moving speeds. 
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3.2 Carbon monoxide concentration fields 

 

To validate the CO concentration results a normalized concentration 𝑐∗ is used as parameter for comparison defined 

by Equation (10), where 𝜌 = 1.225 𝑘𝑔/𝑚³ is the air density and 𝑐 is the concentration obtained from the numerical 

results. The position of the plane where the concentration contours are analyzed is shown in Figure 8. 

 

𝑐∗ =
𝑐𝜌𝑢0𝐻2

𝑚̇
. 

(10) 

 

 

 
 

Figure 8. Position of the plane x/H = -0.5 inside the domain. 

 

Figure 9 shows the wind tunnel measurements made by Kastner-Klein et al. (2001) and Figure 10 this paper’s 

numerical results. It is important to note that the validation is made using a case where the vehicle’s velocity is 30kmh-1, 

because that’s the velocity that the author used for the wind tunnel experiment.  

A comparison between the figures lead to the conclusion that the models used in the numerical simulation could 

predict the contour pattern and the normalized concentration’s order of magnitude, furthermore, an exact match between 

the results was not expected since Kastner-Klein et al. (2001) used a line source in the experiment to model the cars 

emission, while this work’s used a single CO source in each vehicle, as shown in Figure 2. Given that, the CO 

concentration results given by the simulation are in reasonable agreement with the wind tunnel data. 

 

 
 

Figure 9. Wind tunnel data of normalized CO concentration contours at the plane x/H = -0.500 for vehicles moving 

at 30kmh-1 (Kastner-Klein et al., 2001). 
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Figure 10. Numerical results of normalized CO concentration contours at the plane x/H = -0.500 for vehicles 

moving at 30kmh-1. 

 

Analyzing the concentration contours of CO within the canyon, it is noticeable in the Figure 11a the CO accumulation 

near the floor and next to the upstream building wall, that can be explained by the flow orientation inside the canyon. A 

big vortex formation favors the transport and accumulation of CO in this region. In that case, the external main flow is 

perpendicular to the building’s length. In Figure 11b the vehicles have a 20kmh-1 velocity, and there’s a reduction on CO 

concentration in the planes at half and at the building height. Furthermore, since the pollutant sources are located right 

behind each vehicle, the plane located at Z/H = 0,066 has high concentrations and the CO is easily carried by the vehicle 

induced flow. This flow dispersion effect is seen more intensely at Figure 11c, Where the higher planes still have low 

concentrations and the plane at the vehicle height has less regions with a concentration around 0.1 g/kg, due to the intense 

convective mass transport, favored by the vehicle velocity increase from 20kmh-1 to 40kmh-1 . It is also possible to note 

that the external flow doesn’t affect the pollutant dispersion significantly, given that the turbulence induced by the vehicles 

surpasses the effect of the external flow in this region and is more effective in dispersing the CO, when compared with 

the standing vehicle case. 

 

a)   

b) c)  

 

Figure 11. CO concentration contours at planes z/H = 0.066, z/H = 0.5 e z/H = 1 for vehicle speeds of (a) 0 km/h,  

(b) 20 km/h and (c) 40 km/h. 

 

Figure 12 shows the CO concentration in a vertical line located at the intersection of the planes x/H = 0 and y/H = 0. 

The concentration values are shown in a logarithmic scale due to the exponential decay nature of it when we move away 

from the source location. For all cases we see that the concentration is reducing between z/H=0 and z/H=0,5, it increases 

slightly until z/H=1 and above this height, the main flow effects prevail, generating a continuous and steep reduction of 

CO concentration. The main factor that differentiates the three curves is that they are horizontally displaced, showing that 

considering the VIT effects, a 74% mean reduction of CO concentration is obtained, comparing the standing vehicle case 
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and the 20 kmh-1 vehicle case. Also, analyzing the same effect intensity for the 20 kmh-1 and 40 kmh-1 cases, a mean 

reduction of 53% is obtained, from the former to the latter. 

 

 
 

Figure 12. Vertical profiles of CO concentration for different vehicle moving speeds at 𝑥/𝐻  =  0 and 𝑦/𝐻  =  0. 
 

4. CONCLUSIONS 

 

This research showed that numerical approaches to solve pollutant dispersion problems in urban areas are a viable 

option, given that the adequate models are being used and experimental validations also must take place, ensuring the 

results reliability. Beyond that, there’s still the necessity to study more the dispersion phenomena and search ways of 

reducing the risks which the world population is exposed.  

The modelling through the VIT source term together with the Standard k – ε turbulence closure model showed 

accuracy, producing similar results to the ones found in literature for both the velocity and CO dispersion analysis, without 

requiring much computational effort, compared with methods based on dynamic mesh. 

The effect of the VIT promotes noticeable changes in the CO transport direction inside the canyon and in its intensity, 

depending on the speed in which the car is moving. An increase in vehicle speed also increases the turbulent kinetic 

energy and the turbulent diffusivity, contributing to more intense dispersion and a smaller carbon monoxide concentration. 

However, these are preliminary results and more effects such as vehicle power usage and the fuel used for combustion 

should also be analyzed for a better understanding of this problem. 
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