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In 2019, the coronavirus rapidly spread worldwide and was declared a pandemic by 
the World Health Organization (WHO). As the world is currently in the post-COVID 
stage, many sectors, including air travel, are being reopened. To understand the flow 
characteristics in aircraft cabins due to the breathing of a coronavirus patient, a 
simulation was conducted using Computational Fluid Dynamics (CFD). In this study, a 
simplified 7-row commercial aircraft cabin was modelled. In addition, a human manikin 
was designed to simulate the breathing of a coronavirus patient in the cabin. The 
simulation was conducted using ANSYS Fluent with an inlet velocity of 1 m/s for the 
cabin air, an outlet pressure of 84,475.3 Pa, and a human breathing velocity of 1.3 m/s. 
The results showed that the breathing of a coronavirus patient could affect passengers 
seated up to three rows in front of the patient on both sides of the cabin. Further 
research is needed to consider other factors that can influence the flow characteristics 
of a coronavirus patient's breath, such as temperature, humidity, and other velocity 
ranges.  
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1. Introduction 
 

An outbreak of mysterious pneumonia characterised by fever, dry cough, fatigue, and occasional 
gastrointestinal symptoms was discovered at The Huanan Seafood Wholesale Market in Wuhan, 
Hubei, China in late December 2019 [1]. The outbreak affected approximately 66 percent of the 
workers. After the local health authority issued an epidemiologic alert on 31 December 2019 the 
market closed on 1 January 2020. Unfortunately, thousands of people in China, including many 
provinces such as Hubei, Zhejiang, Guangdong, Hunan, and cities such as Beijing and Shanghai, were 
affected by the rapid spread of the disease in the following month. To make matters worse, the 
disease has spread to other countries, such as Thailand, Japan, the Republic of Korea, Vietnam, 
Germany, the United States, and Singapore. 
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The first case of COVID-19 was detected in Malaysia on 25 January 2020 and was traced back to 
three Chinese nationals who had previously had close contact with an infected person in Singapore 
[2]. Between 16 March 2020 and 31 May 2021 Malaysia reported 571,901 cases and 2,796 deaths 
[3]. In addition, travel-related COVID-19 cases were identified. COVID-19 poses a genuine threat to 
all countries due to global transportation and the popularity of tourism. As this disease can spread 
through direct or indirect contact, the possibility of people getting infected can occur when a COVID-
19 patient travels in the same transportation [4]. 

The outbreak of COVID-19 has inspired researchers to perform simulations of the virus spreading 
in airplanes [5]. For example, a study on in-flight aerosol transmission and surface contamination 
using an in-house developed computational model of a cabin zone of Boeing 737. This study 
compared aerosol transmission in three models: a model with full passenger capacity (60 
passengers), a model with reduced capacity (40 passengers), and a model at full capacity with sneeze 
guards/shields between passengers [6]. 

In this study, a computationally efficient model of viral spread was utilised to better understand 
the influence of stochastic factors on a large-scale system such as an air traffic network [7]. A particle-
based model of passengers and seats aboard a single-cabin 737-800 was developed to demonstrate 
the concept of tracking the propagation of a virus through an aircraft's passenger compartment over 
multiple flights. The model is sufficiently computationally efficient to be viable for Monte Carlo 
simulations to capture various stochastic effects, such as the number of passengers, number of 
initially sick passengers, seating locations of passengers, and baseline health of each passenger [8]. 

Yan et al., [9] conducted a study on the transmission of COVID-19 by cough-induced particles in 
the cabin section of a Boeing 737 model. In each case, one passenger coughed and cough particles 
with measured size distributions were released and tracked using the Lagrangian framework. 
Horstman and Rahai [10], on the other hand, investigated virus transmission from a single infector (a 
passenger) in a Boeing 737-600 cabin. Their simulation used a passive scalar gas with particle sizes 
similar to those of influenza virus-laden particles, which were assumed to be comparable to those of 
coronavirus-laden particles. 

Pirouz et al., [11] analysed cabin airflow patterns for three types of vehicles: airplanes, buses, and 
cars. They created models for each vehicle type with their airplane geometry model serving as a 
reference for our project model development. Their study also focused on inhalation of expiratory 
droplets in aircraft cabins. They developed a method for predicting the number of expiratory droplets 
inhaled by passengers in an airliner cabin for any flight duration. The spatial and temporal 
distributions of expiratory droplets for the first 3 min after exhalation from the index passenger were 
obtained using computational fluid dynamics (CFD) simulations. 

Bhatia and Santis [12] modelled the droplet dispersion after a single breath from an index patient. 
They conducted CFD simulations using the k–ω SST turbulence model in ANSYS Fluent software [13]. 
To ensure a realistic simulation, they considered several parameters, such as the size of the mouth 
opening, velocity of cabin air, and number of droplets exhaled by the index patient [12]. Davis et al., 
[14] characterised the transport of respiratory pathogens during commercial air travel. They 
performed simulations to track the particles expelled by coughing passengers assigned to different 
seats on a Boeing 737 aircraft. The simulation data were post-processed to calculate the number of 
particles inhaled by nearby passengers. Different airflow rates and initial conditions were used to 
account for random fluctuations in the flow field [14]. Bilir et al., [15] numerically investigated a 
generic model representing airflow in a passenger cabin of a commercial airplane. The model 
considers half of an aircraft cabin owing to the symmetrical conditions. The airflow inside the cabin 
was analysed for a ceiling supply bottom return mixing ventilation system using Ansys-Fluent 
software [15,16]. 
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2. Methodology  
2.1 Geometry of Aircraft Cabin 

 
A three-dimensional model of an aircraft cabin was created using the SolidWorks software. The 

cabin dimensions were inspired by a previous study on the numerical simulation of a novel 
coronavirus spread in commercial aircraft cabins. The dimensions of aircraft cabins are listed in Table 
1. Figures 1 and 2 show the geometry of the aircraft cabin [7]. The purpose of constructing this cabin 
model is to investigate how far human breath particles travel. Therefore, only a section of the cabin 
and block-shaped human manikin were constructed. The cabin is designed with four inlets at the top 
and two outlets at the bottom. 
 

Table 1 
Model geometry of aircraft cabin 
Parameter Dimension 
Length 7 m 
Width 4 m 
Height 2.5 m 
Passenger breathing zone height 1.5 m 
Inlet width 0.04 m 
Outlet width 0.04 m 
Passenger mouth 0.05 m 
Row distance 1 m 

 
 

 
Fig. 1. Geometry of the aircraft cabin      Fig. 2. Geometry of the cabin (section view) 

 
2.2 Governing Equation  
 

For our project, the flow characteristics and dispersion of breath and cough particles were 
modelled using commercial software to study the desired results. ANSYS FLUENT was used to 
simulate the airflow in the aircraft cabin and dispersion of breath and cough particles [18]. According 
to Ahmed [19], the continuity and momentum equations cannot be overlooked when accurately 
modelling the airflow inside an aircraft cabin. 
 
Continuity equation:  !"!

!#!
= 𝑆$           (1) 
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The source term 𝑆$ is designed to model the added mass from the discrete phase of the droplets to 
the surrounding air, thereby influencing the velocity vector U [20]. 
 

Momentum equation: 𝜌𝑈%
!"!
!#!

= !&
!#!

+ !
!#"

&𝜇 (!"!
!#"

+ !""
!#!
) − 𝜌𝑢'𝑢(,,,,,- + 𝑆$)         (2) 

 
The pressure P (Pa), viscosity 𝜇, and Reynolds stresses (uiuj) are factors affecting the fluid dynamics, 
whereas (𝑆$)) represents the sum of all body forces acting on the system. 
 
2.3 Discretization of the Model 
 

In our project, three types of mesh were generated. All meshes generated were tetrahedrons. 
For the first mesh, the number of grid nodes was 669,321, while the number of grid elements was 
3,388,287. For the second mesh, the number of grid nodes was 723,472, while the number of grid 
elements was 3,676,632. For the third mesh, the number of grid nodes was 806,509, while the 
number of grid elements was 4,118,616. The mesh of the model shown in Figure 3 consists of 669,321 
nodes and 3,388,287 elements. 
 

 
Fig. 3. Mesh generation of the aircraft cabin  
model 

 
2.4 Parameters and Boundary Conditions 
 

Figures 4 and 5 present the inlet and outlet of the model, respectively. The inlet and outlet of the 
aircraft cabin are simplified as rectangles, whereas the inlet of the human mouth is simplified as a 
circle. The velocity of the aircraft inlet is set to be 1 m/s, and the inlet of the human mouth is set to 
be 1.3 m/s, 3.5 m/s, and 5 m/s. The pressure outlet was set to 84,475.3 Pa. Table 2 summarises the 
boundary conditions used in the simulations. 
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(a)       (b) 

Fig. 4. Inlet of the aircraft cabin (a) Top (b) Mouth 
 

 
Fig. 5. Outlet of the aircraft cabin 

 
Table 2 
The boundary conditions 
Distance (m) Velocity (ms–1) 
Air inlet velocity 1 m/s 
Mouth inlet velocity 1.5 m/s, 3.5 m/s, 5 m/s 
Air outlet pressure 84475.3 Pa 
Method SIMPLE 

    
3. Results  
3.1 Grid Independency Test 
 

In this project, a grid independence test (GIT) was conducted to compare the mesh elements and 
verify the output for each mesh. The goal was to determine whether the results remained consistent 
despite changes in the mesh of the domains. If the results show minimal variation with different mesh 
sizes, we can select the minimum mesh size for the final solution output. This process helps to obtain 
accurate data on the velocity magnitude near the horizontal line at the mouth and to investigate the 
flow streamline in the aircraft cabin. The results of the velocity magnitude near the horizontal line at 
the mouth inlet for mesh sizes of the 669 K, 723 K, and 806 K nodes are illustrated in Figure 6. 
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Fig. 6.  Velocity magnitude near horizontal line of the mouth  
inlet with 669K, 723K, and 806K nodes 

 
According to Figure 6, it can be observed that an increase in the number of nodes results in 

variations in the velocity magnitude. Unfortunately, an accurate and clear grid independence test 
(GIT) was not achieved for this project because the velocity magnitude still varied with an increasing 
number of nodes. This is attributed to the lack of powerful equipment, which limits the ability to 
utilise higher node meshes for the GIT. As a result, the GIT was completed only for up to 806 K nodes. 
 
3.2 Result of Simulation 
 

Table 3 presents the velocity streamlines of the breathing model at different inlet velocities of 
the human mouth (1.3 m/s, 3.5, and 5 m/s). The streamline patterns illustrate how air flows and 
mixes within an aircraft cabin. For each velocity condition, the airflow pattern changed, indicating 
how breath particles dispersed within the cabin. In model (A), the streamlines showed a moderate 
dispersion of airflow from the mouth of the patient. The airflow tended to move forward and spread 
out gradually, affecting the passengers seated directly in front of the patient. The dispersion pattern 
indicates that breath particles travel approximately 2-3 rows ahead before dissipating. In model (B), 
the streamlines indicate a more vigorous and broader dispersion of airflow compared to the 1.3 m/s 
scenario. The airflow moved forward and sideways, covering a larger area within the cabin. This 
higher velocity results in breath particles potentially reaching up to 3-4 rows ahead and affecting 
more passengers on both sides of the cabin. Model (C) shows a highly energetic dispersion, with the 
airflow moving rapidly forward and spreading widely. The particles dispersed further, indicating that 
they could affect passengers up to five rows ahead. The wider spread of airflow also suggests that 
more passengers on either side of the patient might be exposed to breath particles. 
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Table 3 
Velocity streamline of the breathing of model A, B and C 
Velocity streamline Legend Model 

 
 
 
 
 
 
 

1.3 m/s 

 

 
Model (A) 

 
 
 
 
 
 

3.5 m/s 

 

 
Model (B) 

 
 
 
 
 
 
 

5 m/s 

 

 
Model (C) 

 
Table 4 lists the velocity contours of the breathing model for the same inlet velocity. The contour 

plots provide a detailed view of the velocity distribution across the cabin, indicating the areas of high 
and low velocities. These contours are crucial for understanding the spread and settling of breath 
particles in the different regions of the cabin. In model (A), the contour plot shows areas of high 
velocity concentrated around the mouth inlet, which gradually decreased as the distance from the 
patient increased. The high-velocity region was relatively small, indicating a limited dispersion of 
breath particles. Passengers seated immediately in front of and beside the patient were more likely 
to experience higher airflow velocity. 

Model (B) demonstrates that the velocity contour expands significantly compared to the 1.3 m/s 
scenario. There was a larger region of high velocity, indicating that breath particles were dispersed 
more widely and with greater force. The contours suggest that passengers seated further from the 
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patient, both in front and to the sides, were exposed to higher velocities and potentially more breath 
particles. In model (C), the contour plot shows an even broader area of high velocity extending further 
into the cabin. The high-velocity region was extensive, covering multiple rows ahead of the patient. 
This scenario indicates that breath particles are dispersed with significant energy, affecting 
passengers located several rows away and increasing their potential exposure to airborne particles. 
 

Table 4 
Velocity distributions of the breathing of model (A) velocity of 1.3 m/s, model (B) velocity of 3.5 m/s and 
model (C) velocity of 5m/s 
Velocity contour Legend Model 

 
 
 
 
 
 
 

1.3 m/s 

 

 
Model (A) 

 
 
 
 
 
 

3.5 m/s 

 

 
Model (B) 

 
 
 
 
 
 

5 m/s 

 

 
Model (C) 
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The analysis of Tables 3 and 4 provides insights into how the velocity of a patient's breath 
influences the dispersion of potentially virus-laden particles within an aircraft’s cabin. It was found 
that higher inlet velocities resulted in a wider and more vigorous dispersion of airflow, potentially 
increasing the risk of exposure to other passengers. These findings emphasise the importance of 
implementing effective ventilation and air filtration systems in aircraft cabins to mitigate the spread 
of airborne pathogens and protect passenger health. 

Figure 7 depicts the magnitude of the velocity near the horizontal line of the mouth inlet for three 
different velocities (1.3 m/s, 3.5, and 5 m/s). This figure highlights the variations in the velocity 
magnitude directly influenced by the breathing rate of the coronavirus patient. As the inlet velocity 
increased, the magnitude of the velocity near the mouth inlet also increased, demonstrating a more 
extensive dispersion range of breath particles. This information is essential for assessing risk areas 
within the cabin, where passengers may be more susceptible to inhaling virus-laden particles. 

A comprehensive analysis of these tables and figures helps to understand the impact of a 
coronavirus patient's breath on airflow and potential virus dispersion in an aircraft cabin, providing 
insights into mitigation strategies to enhance passenger safety. 

 

 
Fig. 7. Velocity magnitude near the horizontal line of the mouth inlet with  
1.3 m/s, 3.5 m/s and 5 m/s 

 
4. Conclusions 
 

This study demonstrated that higher inlet velocities resulted in a wider and more active 
dispersion of airflow, as evidenced by the simulation results. This may potentially expose passengers 
to each other, thereby increasing the risk of infection. At an inlet velocity of 1.3 m/s, the breath 
particles moved to the next 2-3 rows before dissipating. At 3.5 m/s, the particles could have reached 
up to 3-4 rows away from the source. At 5 m/s, the particles could impact up to five rows of 
passengers. These findings emphasise the importance of proper ventilation and air-conditioning 
systems in aircraft cabins to prevent the distribution of pathogens and protect passenger health. 
Future studies should consider other factors that affect breath flow characteristics, including 
temperature, humidity, and a wider range of velocities, to improve the models and the efficacy of 
interventions. 
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