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APPLICATION BRIEF

COVID - REDUCE THE RISK OF TRANSMISSION DURING AIR TRAVEL

/ Challenges
The airflow inside the cabin of a commercial airliner is very complex; multiple vents are working simultaneously  and the seat and 
passenger locations further alter the air flow patterns. The particles emitted by a coughing passenger will be picked up by the airflow 
and transported through the cabin in sometimes counterintuitive ways. This is where numerical analysis can provide powerful 
insights into methods to significantly reduce the spread of the tiny droplets emitted by a coughing event.

/ Solution
A CFD model of a generic cabin of a commercial airliner is generated using Ansys SpaceClaim. The flow field is modeled using 
Ansys Fluent. 

The computational domain is shown in Figure 1. In order to run the CFD simulation, the physical domain is discretized into a 
computational mesh using the meshing tools in Ansys Fluent. A CFD model is prepared by defining the cabin walls, floor, seats and 
human shapes as no-slip walls. Inlet vents for the cabin HVAC system are represented by mass-flow inlet boundary conditions. Outlet 
vents are modeled as constant pressure outlets. The effect of the particle spread coming from a coughing passenger is modeled 
using Fluent’s built-in discrete phase model (DPM), as shown in Figure 2. Based on literature information, coughing generates 
droplets that travel between 6 and 28 m/s and range between 50 and 400 microns in diameter. A velocity of 17 m/s and a diameter 
distribution of 50 to 400 microns is used to define the initial condition of cough droplets in these simulations.

Our modern way of life is deeply dependent on air travel as well as other modes of public transportation. Business people, vacationers, 

family members and friends are, one way or another, affected by the travel ban caused by COVID-19. Social distancing guidelines aim 

to minimize the spread of airborne diseases while in open spaces or large enclosed environments. But these guidelines are extremely 

difficult to follow when traveling on a plane, bus, subway, etc. Not only are passengers confined to a relatively small enclosed space, 

but the necessary  ventilation systems can cause strong air currents that quickly spread the droplets from exhalation, coughing or 

sneezingthroughout the passenger compartment. This introduces significant safety concerns as we decide whether or not to  

resume traveling. 

So how do we protect ourselves while traveling? This is an especially difficult question for an airborne virus like SARS-CoV-2 that causes 

the COVID-19 disease . Understanding the flow patterns inside a passenger cabin can be used as a basis to suggest new best practices 

for safe air travel. To achieve this goal, Ansys computational fluid dynamics (CFD) software, Ansys Fluent, is used to model the motion of 

particles exhaled by a coughing passenger. Two case studies are analyzed: 

Case study 1: We analyze the effects of inlet/outlet vent location on cough droplet dispersion inside the aircraft cabin. Two passengers 

seated in row 2 and row 4 are coughing. In some cases, the relative location of inlet/outlet vents causes a local recirculating air pattern 

which spreads the droplets. In other cases, the vent location helps in abating the particle spread by creating a direct air current to  

the outlet. 

Case study 2:  We look at the effect of wearing a face mask on the spreading of cough particles. As in the previous case study, two 

passengers, one sitting in row 2 and one sitting in row 4, are coughing. We analyze two scenarios in which the passenger in row 2 is 

(a) not wearing a mask and (b) wearing a mask.
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Figure 1: Computational domain and boundary conditions for the CFD simulation

Figure 2: Defining the boundary conditions using the Fluent DPM model for the two 
cases considered: Case 1 involving two passengers coughing with no masks; and Case 
2, same two passengers coughing, but in this case the passenger in row 2 is wearing a 
generic face mask.

Figure 3: The cabin airflow streamline pattern predicted by Ansys Fluent
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The baseline flow solution is shown in Figure 3, which illustrates the large recirculation cells typical of the flow fields in an airline 
cabin. This flow field, together with the effect of the two cough events, is used as the starting point for the two case studies.

/ Case Study 1: Effect of Vent Location with No Masks

The effect of vent location on the dispersion of the droplets is analyzed by examining the differences in droplet dispersion for the two 
coughing passengers in Figure 4.

The passenger in row 2 is sitting in a location where the interaction of the inlet and outlet vents are creating a strong recirculation 
cell that points upward along the cabin wall. For this passenger, the larger droplets are either deposited on the back side of the front 
seat or fall to the ground via gravity.  Meanwhile, the medium-to-small size droplets are entrained in the recirculating airflow and 
transported down the cabin until they eventually are deposited on other passengers, seats and the cabin walls behind this passenger.
On the other side, the passenger in row 4 is experiencing a very different local flow field in which the air current created by the 
overhead inlet vent is directly exhausted into the nearby outlet vent at the feet of the passengers in this row. In this situation, the 
cough droplets are quickly entrained into the strong air current, which convects them directly into the exhaust vent where they can 
get scrubbed by the aircraft HVAC filtering system.

Figure 4: Comparison of the CFD predictions of cough droplet dispersion for two inlet/
outlet vent situations . The droplets (red) are superimposed to the velocity vectors of 
the airflow (primarily green). For the passenger in row 4 (left column), the air currents 
effectively direct droplets to the exhaust vent  . For the passenger in row 2 (right column), 
the recirculating air current picks up the droplets and spreads them throughout the 
cabin space directly behind this passenger.
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/ Case Study 2: Effect of Wearing a Mask

The second case study evaluates the effect of wearing a mask in the same enclosed environment. As in the previous case study, two 
passengers are coughing, but only the person seated in row 2 is wearing a mask.

The effect of the mask is modeled using the Ansys Fluent porous media model to capture pressure losses, and the droplet filtering is 
achieved via a User Defined Function (UDF) . All the other parameters for the cabin airflow model and the cough are identical to the 
previous case study. The cough particle trajectories are rendered using Ansys VRXPERIENCE.

(a) Passenger in row 2 coughing without a mask. Particle sizes scaled up for clarity. 

(b) Passenger in row 2 coughing wearing a mask. Particle sizes scaled up for clarity.

Figure 5: CFD predictions of cough droplet dispersion (a) when the coughing passenger is 
not wearing a protective mask and (b) with a mask.

The results of each scenario are summarized as follows: 

• Case 1 – none of the passengers is wearing a mask. As shown in Figure 4 and more in detail in Figure 5(a),  cough droplets are
created by the cough event of the passenger in Row 2. The droplet are picked up by the strong airflows generated by the cabin HVAC
system and rapidly travel through the cabin, depositing on other passengers and empty seats.

• Case 2 - As shown in Figure 5(b), now the passenger sitting in Row 2 is wearing a face mask  and the number of droplets that escape
the mask and are picked up by the cabin airflow is significantly decreased.
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Finally, Figure 6 shows the overall particle dispersion through the cabin for the two cases. It is evident how the cough droplets created 
by the passenger in row 2  wearing no mask are spreading freely through the cabin  while for the case when the passenger in row 2 is 
wearing a mask, there are almost no particles spread.

No Mask

With Mask

Figure 6: Snapshot in time of the CFD predictions of particle dispersion inside the airliner 
cabin. Top picture, for the case in which passenger in row 2 is not wearing a mask. Bottom 
picture, for the case in which passenger in row 2 is wearing a mask. Note that in both 
cases the passenger in row 4 is not wearing a mask.
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/ Call to Action

The computer simulation of a coughing event confirms that wearing a face mask considerably reduces the possibility of the virus 
spread via cough droplets. This supports the current policy by air carriers to require passengers to wear masks. Furthermore, 
staggering passenger seating also helps reduce the spread of the droplets by creating a side-by-side and front-to-back physical 
distancing between the passengers.

It is important to note that these simulations were performed for a representative, yet generic, cabin HVAC setup. In order to have 
more detailed and more accurate results, the scenarios should include multiple situations, in which some of the vents are turned off 
and the gaspers (overhead individual vents) are present. 

These results can be used to design a cabin layout as well as physical seat separators (shields) that might further reduce the spread of 
the cough particles in the cabin. 

We hope that efforts such as the present work can help all of us to better understand the new reality we are dealing with and how 
taking some precautionary measures, such as wearing face masks, can help decrease the spread of the virus, even when traveling in 
confined spaces.


