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The current coronavirus outbreak, attributable to SARS-CoV-2, has triggered 
widespread interest in the risk of infection associated with confined spaces. This study 
focuses on establishing a model for simulating the spread of COVID-19 within a car 
cabin due to a driver’s cough using computational fluid dynamics (CFD) simulation in 
the ANSYS Fluent software. Previous studies have mainly focused on the transmission 
of the virus over large areas; however, attention has shifted to confined areas, 
including cars. This study fills this gap by modelling the flow regions, velocity, and 
pressure fields of virus-containing aerosols. This includes constructing a three-
dimensional model of a car cabin and visualising cough droplet movement. While 
tracking the dispersal of viral particles, the discrete phase model was applied with the 
stipulation of boundary conditions to mimic real-life coughing. The verification used in 
the study was a grid independence test, after which the simulations examined the 
particle residence time, streamline, and velocity field in the car. Studies have shown 
that viral particles can persist in the air for quite a while and circulate to various parts 
of the car cabin, thus putting the occupants at a higher risk of infection. The streamline 
analysis revealed possible propagation routes and recirculation zones that may amplify 
the transmission from the driver to the rest of the car occupants. The velocity 
distribution emphasises the potential exposure risk. The findings of this study 
corroborate previous research on the increased exposure of COVID-19car interiors, 
with particular emphasis on the transmission from the driver to the other occupants 
of the car. The outcomes of the research have drawn conclusions about the 
effectiveness of ventilation as well as other preventive measures to decrease the rate 
of airborne transmission in vehicles, thus responding to the objectives of the study.  
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1. Introduction 
 

First recognised in December 2019 in Wuhan, China, Coronavirus Disease 2019 has already 
affected more than 3.5 million people worldwide and caused 243,401 deaths as of 5 May 2020. The 
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virus represents an airborne pathogen diffuse, as indicated by research, when an infected person 
speaks, breathes, coughs, or sneezes [1-3]. As it can be transmitted everywhere, it is difficult to avoid 
contact with such a pathogen. Some studies have supported that humidity, temperature, sunlight, 
and ventilation seem to be factors that influence the rapid spread of infection. 

This study psychologically analysed the spread of COVID-19 due to the cough of a driver in a car 
by fluid dynamic analysis. The geometrical model of the study plans to include persons coughing in 
an automobile as the source of the virus. According to previous research, the species transport 
model, which involves the inclusion of three gases–oxygen (O2), nitrogen (N2), and water vapour 
(H2O)–is activated [4, 5]. Air was the primary fluid in the computational domain. The conditions of 
the discrete phase model are rather different in such a way that particles at the edge of the patient's 
mouth have a state of escape, which involves particles passing through the boundary that it is part 
of, and those at the edge of the patient's body and all aside walls of the vehicle are in a trapped state, 
which means that these particles are stuck in these boundaries. To mimic the spread of COVID-19 
through a cough, the discrete phase model was run using ANSYS Fluent software. The simulation 
illustrated the spread of virus particles in the air of a car’s airflow over a specific time interval. The 
indirect responses of temperature, humidity, and rainfall to the spread of COVID-19 have been 
studied extensively, with the corresponding pollutant emissions being taken into consideration. The 
influence of ventilation on material emissions and the subsequent possibilities for infection spread 
have also been the object of multiple studies [6, 7]. The Institute of Occupational Safety and Health 
(NIOSH), which often ensures that workers do not have exposure to gas vapour in industries, 
including the oil and gas industries [8, 9], also mandates the use of this equipment. 

Previous research, such as that conducted by the CFD Society of Canada, investigated airflow 
patterns and heat transfer in passenger cars [10]. Studies have examined the effectiveness of heating, 
ventilation, and air conditioning (HVAC) systems in maintaining comfortable climates inside cars. 
Factors such as HVAC inlet configuration, air temperature, and velocity were analysed to understand 
their impact on internal air circulation. Furthermore, research by Brown University has explored how 
airflow patterns inside a car may affect pathogen transmission [11-17]. Simulations conducted on a 
model car revealed that opening windows can significantly reduce the concentration of airborne 
particles exchanged between the occupants. Different combinations of open windows create distinct 
airflow patterns that influence exposure to the remaining aerosols. The geometry of the study 
involved modelling a passenger car with simplified representations of human occupants. The 
boundary conditions were set based on the experimental data to simulate realistic scenarios. This 
study aimed to provide insights into strategies for minimising the risk of COVID-19 transmission 
within confined spaces, such as cars. By integrating findings from previous studies and utilising 
advanced simulation techniques, this study seeks to enhance our understanding of COVID-19 
transmission dynamics and inform preventive measures to mitigate its spread in enclosed 
environments. 
 
2. Methodology  
2.1 Geometry of the Cabin 

 
The dimensions of the car model used in this study were inspired by previous research and are 

detailed in Table 1. The car model had the following dimensions: length of 2.5 meters, width of 1.2 
meters, and height of 1.2 meters. The airflow rate within the car is set at 0.06 cubic meters per second 
(m³/s), with an airflow speed of 1 meter per second (m/s). These parameters are crucial for accurately 
simulating the dispersion of virus-laden particles in a confined car interior, allowing for a realistic 
analysis of how a driver's cough spreads the virus throughout the vehicle. 
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Table 1 
Table of the geometry of the model 

Parameter Dimension 
Length 2.5 m 
Width 1.2 m 
Height 1.2 m 
Airflow rate  0.06 𝑚!/𝑠 
Airflow speed 1 m/s 

 
2.2 Discretization Technique 
 

The flow characteristics and dispersion of breath and cough particles were modelled using 
commercial software to study the desired result. ANSYS FLUENT was used to simulate the airflow in 
the car and the dispersion of breath and cough particles. The main equations used in the CFD analysis 
are as follows: Eq. (1) and (3), respectively. These equations of motion can be used to predict the 
particle or aerosol trajectory in a discrete phase [18-20]. The trajectory of a particle, such as a droplet, 
can be predicted through the particle force balance in Eq. (4) and (5), respectively. 
 
Continuity equation: !"
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2.3 Meshing of the Gas Mask Model 
 

This study produced five types of meshes, each with a different number of grid nodes and 
elements, all of which were generated to guarantee the accuracy and reliability of the results. The 
first mesh had 516,672 grid nodes and 2,741,156 grid elements; therefore, it was the second smallest 
grid mesh. The second mesh increased these numbers to 614,481 grid nodes and 3,301,376 grid 
elements, respectively. The third mesh further refined the model with 717,041 grid nodes and 
3,896,155 grid elements. The fourth mesh included 811,362 grid nodes and 4,444,880 grid elements, 
whereas the final mesh contained 915,374 grid nodes and 5,052,242 grid elements. Through the 
gradation of the mesh density, it was possible to thoroughly analyse the effect of the mesh size on 
the wave simulation and find a solution for the most efficient mesh configuration that could absorb 
the fluid effects and dispersion of particles inside the car model, as shown in Figure 1. Determining 
the mesh size and its implications in the simulation results is a very important step in validating the 
computational model used in this study.  
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Fig. 1. Meshing generation for internal car cabin  

      
2.4 Parameter Assumptions and Boundary Conditions 
 

The boundary conditions used in the simulation are shown in Figure 2 and Table 2, where it is 
crucial to accurately model the spread of virus-laden particles in a car. The inlet, wall, and outlet 
boundary conditions are shown in Figures 2(a) 2(c), respectively. The inlet of the human mouth was 
simplified as a circle, whereas the outlet and wall boundaries were simplified as rectangles. The 
velocity of the car inlet was set as 1 m/s. The velocity of air from the human mouth was set at three 
different values: 1.3 m/s, 3.5 m/s, and 5 m/s. 
 

 
(a)      (b) 
 

 
(c) 

Fig. 2. The boundary condition of car cabin (a) Velocity inlet (b) Wall (c) Outlet 
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Table 2 
Parameter for boundary condition 

Parameter Dimension 
Walls of car Wall 

Wall motion=stationary wall 
Heat flux=0 W.m-2 
Discrete phase condition=trap 

Mouth of man Wall 
Wall motion=stationary wall 
Heat flux=0 W.m-2 
Discrete phase condition= escape 

Two men body Wall 
Wall motion=stationary wall 
Heat flux= 0 W.m-2 
Discrete phase condition=reflect 

Method-pressure velocity 
coupling 

Coupled 
Pressure=second order 
Momentum=first order upwind 
H20 =first order upwind 
Energy=first order upwind 

 
3. Results 
3.1 Grid Independence Test 
 

The grid independence test is an essential procedure for ensuring the accuracy and reliability of 
simulation results in computational fluid dynamics (CFD) studies. This test involves evaluating 
different mesh sizes to identify the point at which further refinement does not significantly alter the 
simulation outcomes, thereby ensuring that the results are independent of grid size. In this study, 
five different mesh sizes were examined, as listed in Table 3:516,672 nodes with 2,741,568 elements, 
614,481 nodes with 3,301,376 elements, 717,041 nodes with 3,896,155 elements, 811,362 nodes 
with 4,444,880 elements, and 915,273 nodes with 5,004,162 elements. By comparing the simulation 
results across these varying mesh sizes, this study aims to determine the optimal grid size that 
balances the computational efficiency with the result accuracy. The grid independence test 
confirmed that the selected mesh size was adequate for capturing the critical flow characteristics and 
particle dispersion patterns within the car cabin, ensuring that the findings were both precise and 
reliable. 
 

Table 3 
Result of grid independence test (GIT) 

Grid  Element size (mm) Nodes  Element skewness Orthogonal  
1 7.7523 516672 2741568 0.88998 0.9955 
2 1.57 614481 3301376 0.89841 0.99587 
3 1.27 717041 3896155 0.89402 0.99735 
4 1.13 811362 4444880 0.90326 0.99676 
5 1.03 915374 5052242 0.89817 0.99602 

 
3.2 Particle Residence Time 
 

In Figure 3, the particle residence time 1.0 seconds after the driver's cough is illustrated. The 
simulation showed the initial spread of aerosol particles, indicating a high concentration near the 
driver's mouth and rapid dispersion throughout the front of the car cabin. This early phase highlights 
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the immediate impact of the cough, suggesting that droplets remain concentrated close to the source 
before dispersal begins. The high particle density near the driver's seat is critical because it 
underscores the potential exposure risk to passengers seated in the front row. 
 

 
Fig. 3. Particle residence time in min=1.0 s 

 
Figure 4 presents the particle residence time just slightly less than 1.0 seconds, at 0.999 seconds. 

The simulation showed a significant dispersion of particles from the driver's mouth towards the rear 
of the car. The decrease in particle density around the driver's seat compared with that in Figure 3 
indicates the beginning of particle diffusion throughout the cabin. This figure shows the rapid 
movement of aerosols within confined spaces, emphasising the need for effective ventilation to 
mitigate the spread of pathogens. 
 

 
Fig. 4. Particle residence time in min=0.999s 

 
Figure 5 shows the particle residence time at 0.996 s, highlighting the maximum dispersion of the 

particles within this short timeframe. The particles were more evenly distributed throughout the car 
cabin, with noticeable concentrations near the rear seat. This even distribution pattern suggests that 
aerosols can quickly fill the entire space, potentially increasing the risk of inhalation by all passengers 
regardless of their seating position. 
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Fig. 5. Particle residence time in max=0.996s 

 
In Figure 6, the simulation at 0.997 s shows the extensive spread of particles throughout the car 

cabin. The pattern remains consistent with earlier observations, with a further reduction in particle 
concentration near the driver and increased dispersion towards the rear. This figure reinforces the 
observation that particles do not remain localised, but quickly spread to all areas within the confined 
environment, posing a uniform risk of exposure. 
 

 
Fig. 6. Particle residence time in max=0.997s 

 
Figure 7 shows the particle residence time at 0.999 s, just shy of the 1-second mark. The 

distribution pattern shows the persistence of aerosol particles throughout the cabin, with a slight 
decrease in the overall concentration as the particles settled and diffused. This figure underscores 
the transient nature of aerosols and the importance of continuous air exchange in reducing particle 
accumulation and potential exposure over time. 
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Fig. 7. Particle residence time in max = 0.999s 

 
3.3 Flow Characteristic Aerosol Dispersion in Car Cabin 
 

Figure 8 illustrates the streamline patterns within the car, indicating airflow paths. The simulation 
showed a predominant counterclockwise circulation driven by the movement of the car and the 
configuration of open and closed windows. The arrows depict how air enters from the rear-left 
window and circulates towards the front right, creating a vortex that can trap and transport particles 
throughout the cabin. This airflow pattern is crucial for understanding how aerosols can be carried 
and recirculated, thereby affecting the distribution and concentration of potentially infectious 
particles. 
 

 
Fig. 8. Streamline pattern in the car interior 

 
The streamlined arrows indicate that the predominant direction of the recirculation zone inside 

the cabin was counterclockwise (viewed from above). These streamlines represent possible 
transmission paths, potentially transporting virus-laden droplets or aerosols throughout the cabin 
and, in particular, from passengers to drivers. 
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3.4 Velocity Distribution of Aerosol Dispersion in a Car Cabin 
 

Figure 9 shows the velocity distribution within the car, providing insight into the airflow dynamics. 
The simulation highlighted areas of high and low velocities, corresponding to the entry and 
circulation of air. Higher velocities were observed near the windows, whereas lower velocities 
dominated in the central and rear parts of the cabin. This distribution is important to understand 
how quickly aerosols can be dispersed and diluted. The correlation between high-velocity regions 
and aerosol spread suggests that enhancing airflow in these areas can help reduce particle 
concentrations and improve overall air quality. 
 

 
Fig. 9. Velocity distribution in the car cabin 

 
4. Conclusion 
 

This study successfully demonstrated the dynamics of aerosol particles spread within a car cabin 
following a driver’s cough using CFD simulations. The results indicate that aerosol particles can 
rapidly disperse throughout the confined space, with initially high concentrations near the source 
and subsequent distribution to all areas within the cabin. The streamline patterns reveal a 
counterclockwise airflow circulation that facilitates the widespread movement of the particles. 
Velocity distribution analysis further underscores the role of airflow in determining the particle 
dispersion and potential exposure risk. These findings highlight the critical need for effective 
ventilation strategies to mitigate the spread of infectious aerosols in enclosed environments, such as 
car cabins. Implementing measures to enhance airflow and reduce the particle residence time can 
significantly lower the risk of exposure to airborne pathogens. This study provides valuable insights 
into the behaviour of aerosols in confined spaces and underscores the importance of ventilation in 
ensuring passenger safety during the ongoing COVID-19 pandemic. 
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