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Prediction of airborne transmission in different environmental condition remains as 
the research challenge in the field. This has motivated the present study to obtain the 
direct impact of flow field to the physical nature of transmission. ANSYS Fluent 2022 
R1 software is utilised in this research to numerically investigate and visualize flow 
pattern in a closed environment with cross ventilation and its effect to the emitted 
droplets deposition. The effect of different indoor parameters towards airborne 
transmission are investigated, which include wind velocity, air relative humidity (RH), 
and exposure time after emission. Simulation result revealed increasing wind velocity 
according to Beaufort wind scale of 1.0 to 3.9 m/s, increases transmission rate due to 
enhanced convection effect. Surrounding air with higher RH leads to a larger mean 
diameter of particles due to hygroscopic growth effect, while evaporation effect 
dominates in lower air RH, leading to particle shrinkage. In a light wind breeze, droplet 
mass of 5.15 mg deposited on receiver body within 0.5 s of transmission when RH is 
40%, while only 3.29 mg droplets reached receiver in RH of 99.5%. Droplet particles 
settle on the floor within 1.50 s revealed 0.66 mg deposited mass in higher RH, while 
0.26 mg of droplets deposited in lower RH. Deposition at transmitter body is possible 
due to recirculation effect of incoming wind generated between transmitter and 
receiver, leading to 3.7 times higher deposited mass in lower RH as compared to in 
higher RH. This research highlights application of Euler-Lagrange model to represent 
the trajectory of cough droplets influenced by indoor condition with horizontal wind, 
in the effort to strengthen safety and health judgement in the event of a pandemic. 
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1. Introduction 
 

Airborne pathogen can be dispersed through the surrounding medium of air due to its micron 
level size. Human respiratory mechanism including coughing and sneezing generates airborne 
particles which can be classified into two groups. Bigger sized droplets in the range of 5 to 10 µm are 
considered as respiratory droplets, while those smaller than 5 µm is classified as aerosols [1]. Larger 
droplets have shorter travel distance and fall to the ground faster, compared to aerosols that can 
cover a larger distance while being airborne. When smaller droplets evaporate, the virus is left 
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airborne to the environment. Viruses including COVID-19 from an infected person can be potentially 
transmitted through physical contact or from contamination of clothing, utensils, and surfaces [2]. In 
the context of human-to-human transmission, COVID-19 virus can potentially be transmitted from a 
distance of less than a meter [3]. A thorough knowledge of pathogen transmission behaviour towards 
the environmental condition remains a challenge in containing the spread of viral disease. 

Numerous research effort in the field of airborne transmission is observed since the declaration 
of COVID-19 as pandemic by WHO. Recent research mostly focusing on the spread of respiratory 
particles on its infection risk and the mitigation strategies. In contrast to invasive method through 
vaccine shots, non-pharmaceutical interventions remain as the critical strategy in flattening epidemic 
curve [4]. In the context of respiratory-emitted pathogens, mode of transmission including breathing, 
talking, coughing, and sneezing are some of the transmission modes being widely discussed in the 
literature. Zhang et al., [5] studied the transmission of respiratory aerosols generated from breathing 
in a public bus. Air change rate level coupled with the HVAC configuration in the bus able to reduce 
the contaminant concentration. Xi et al., [6] investigated the transport of airborne aerosols in the 
human upper airway system from wearing face mask. The study focuses on the inhalation and 
deposition of the viral contaminants in human respiratory organs. Breathing-induced virus-laden 
particles transmitted dispersed to the surrounding with the effect of facial mask and air flow from 
ventilation is experimentally investigated by Shah et al., [7]. Indoor condition with stringent 
ventilation and hygiene requirement such as those in Class 1 operation room is studied through 
simulation to capture the behaviour of bioaerosols distribution under the influence of supplied air 
and room temperature [8]. Most literatures focusing on breathing and talking as the transmission 
mode, with lower number of researchers working on coughing and sneezing mode as the 
transmission source. Coughing as the transmission source is considered in the present study to 
explore the flow pattern and particle transmission pattern. 

In the context of sustaining indoor air quality and virus spread control, a closed space often 
equipped with air distribution system, that functions to supply fresh air into the space and vent out 
existing airborne contaminants. Existing literature from Wong et al., [9] analysed movement of 
airborne particulate matter in a hospital operation theater. In the study, the application of ventilation 
is categorized as downward ventilation, which is commonly the case for operation room. Similarly, 
Hedworth et al., [10] established mitigation strategies for airborne diseases in orchestra hall 
equipped with downward ventilation. In downward ventilation, lower temperature air enters from a 
ceiling diffuser with low speed and exits through the outlet vents at opposite wall placed near the 
floor. In the case of displacement ventilation, air that is cooler than ambient air is supplied from wall 
inlet placed near the floor, which then rises upwards facilitated by thermal plume from a heat source 
in the room and exits through the outlet placed near the ceiling. Ji et al., [11] is one of many 
researchers studied the influence of surrounding air humidity on the dispersion and evaporation of 
droplets exhaled through breathing cycle of human. Efficiency of mixing ventilation towards 
contamination risk of SARS-CoV-2 virus in dental clinic is revealed through computational simulation 
[12]. Similarly, Mariam et al., [13] investigated respiratory-induced airborne transmission in a closed 
space with mixing ventilation configuration. In contrast to displacement ventilation, a mixing 
ventilation works by supplying high speed air from a wall near the ceiling level which then mixes with 
the indoor air and is then vented out of the room through a wall outlet placed near the floor. 
Computational fluid dynamic simulation performed by Cheong et al., [14] to assess effectiveness of 
under-floor ventilation in controlling spread of airborne pathogens in a classroom. Most literatures 
have studied different ventilation mode, with only few of them studying on the stratum or cross 
ventilation. Present study used stratum ventilation to represent the horizontal wind direction to 
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capture the continuous phase interaction with the emitted airborne droplets near the breathing level 
of the contaminant source. 

By understanding the relation between the surrounding flow field and the emitted particles, 
virus-laden pathogens can be further contained and addressed with multiple strategies on hand. 
While understanding flow pattern is paramount in this study, next strategy is to better understand 
the dynamics of indoor environment towards pathogen transmission. This is done to address the 
current insufficient literature in containing spread of airborne diseases in different indoor condition 
which includes supplied air velocity, air relative humidity, and human factor such as the inter-
personal distance. Hence, this study aims to present the influence of indoor condition with horizontal 
wind towards the deposition direction of droplets emitted from coughing. This objective is supported 
with graphical visualization of the flow field of the site with its corresponding quantitative analysis. 
 
2. Methodology 
2.1 Computational Domain 
 

The computational fluid dynamics (CFD) approach is initiated by designing the computational 
domain in which the coughing simulation will take place in. Two mannequin models are placed in the 
domain to represent the coughing person and infected person. The models are enclosed in a space 
with dimension of W = 3 m, H = 3 m, L = 6 m [15]. A cross ventilation condition is represented by the 
velocity inlet behind the coughing person (transmitter) and the pressure outlet behind the infected 
person (receiver) to capture the interaction of inlet wind with the airborne contaminants, as shown 
in Figure 1. 
 

 
Fig. 1. Transmission source located downstream of inlet wind 

 
Both mannequins are scaled to a height of 1.75 m [16]. A geometrical model is established to 

represent physical distance of 3 feet (0.91 m), between coughing person (transmitter) and infected 
person (receiver). The dimension of the computational domain is described in Figure 2. 
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Fig. 2. Computational domain dimension as viewed from xy-plane and yz-plane [17] 

 
Euler-Lagrange multiphase model is adopted in this study to capture transport of particles and its 

corresponding size change and transmission of infectious droplets [18]. The model is chosen to 
generate the visualization of air flow and particle transmission in the post-processing phase. Both 
phases described the continuous phase in Eulerian frame and the discrete phase of the particle in 
Lagrangian frame [19]. 

Droplets expelled from coughing is fitted based on Rosin-Rammler particle distribution method. 
Relationship between 𝑌𝑑 and 𝑑 is described in Eq. (1), where 𝑌𝑑 is droplet mass fraction with size 
bigger than particle of diameter 𝑑. From the equation, 𝑛 is the spread parameter and 𝑑𝑛 is the mean 
diameter of droplet, is calculated to generate the corresponding droplet size distribution curve. The 
effect of droplet sizes on its trajectories is investigated by adopting wide range of cough particles 
distribution [20]. Two sets of droplet diameter size distribution are used to represent the cough 
emission droplet size of 1 to 50 µm and 50 to 1000 µm [21]. 
 

𝑌𝑑 = 𝑒
−(

𝑑

𝑑𝑛 
)𝑛

              (1) 
 

For each of the simulation case, specific parameter is used to represent the air flow distribution 
and airborne transmission in an enclosed space. Varying indoor parameters include inlet wind 
velocity, air humidity, and particle exposure time. Discrete phase model (DPM) is adopted in the 
simulation to capture the dynamics of the emitted particles upon interaction with the air flow. 
Therefore, the DPM state is defined accordingly at each surface boundary condition for the solver to 
compute the mass concentration of the deposited droplets. The parameters used in the simulation 
cases and the boundary condition property is defined in Table 1. 
 

Table 1 
Boundary condition setting 
Surface Boundary condition DPM State Parameter 

Inlet Velocity inlet Escape Wind speed: 1.0, 3.9, 5.5 m/s [22] 
Air humidity (RH): 40%, 99.5% [20] 
Air temperature: 27°C [20] 

Transmitter’s mouth Velocity inlet Trap Transient cough velocity [23] 
H2O: 89.6%, NaCl: 10.4% [24] 

Walls, ceiling, outlet Pressure outlet Escape 0 Pa 
Transmitter Wall Trap Heat flux 0 W/m2 
Receiver Wall Trap Heat flux 0 W/m2 
Floor Wall Trap Heat flux 0 W/m2 
Injector tube Wall Reflect Heat flux 0 W/m2 
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2.2 Mesh Sensitivity Test 
 

It is important that the accuracy level of geometrical model to be defined before obtaining the 
final solution. This analysis is done to obtain optimum balance between a fine mesh for highly 
accurate computation and a data-driven guess on compute time. Each mesh elements are based on 
sets of governing equations that is solved at the center point of each element. Solution value defined 
as the axial velocity of the cough jet is referred to value from existing literature. Axial velocity of 
cough jet calculated at a distance of 14 cm from the injection surface of transmitter’s mouth is 
compared with the reference value of 5.62 m/s [16]. The tendency of numerical result to deviate 
from actual solution can be eliminated by solving numerical equation at the centroid of each mesh 
element [25]. In addition, mesh properties including the size and skewness will determine the final 
result, due to the dependency of its result on the adjacent cells [26]. This test is initiated by 
performing refinement to the mesh from coarse to medium, and medium to finer meshing. The 
transmitter and receiver human are modelled as standing mannequin facing each other in an 
enclosed room. Due to the irregular nature of the mannequin geometry, it is practical to generate an 
unstructured tetrahedral mesh with respect to the discretization error to fit into the computational 
domain configuration. Representative cell length, ℎ will then be calculated from the number of 
elements of each mesh level. For infinitely fine mesh, number of elements, N reaching towards 
infinite number, while representative cell length, ℎ is approximated to be zero (ℎ = 0). Since the 
model is three-dimensional, value of ℎ can be calculated from Eq. (2). 

Mesh refinement is specified to be at 30% difference between each subsequent meshing 
refinement [27]. Local mesh refinement for the domain is presented in Figure 3. In the present study, 
mesh convergence is plotted against the solution value of interest, which is the axial velocity of the 
cough jet. Each mesh level corresponds to the axial velocity value, which this study used the fine 
mesh as the final mesh level. Fine mesh corresponds to representative cell length of 10.9 mm, with 
axial velocity value of 5.46 m/s. The mesh convergence plot is shown in Figure 4. 
 

 
Fig. 3. Mesh refinement at transmitter’s mouth tube viewed in y-
z plane 
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Fig. 4. Mesh convergence plot for axial velocity value 

 
Result from the CFD simulation is expected to have a sufficiently low percentage error when mesh 

size is infinitely small. In this case, simulation with smallest mesh size is impractical for the present 
study due to high computing processor requirement. However, a calculation of percentage error is 
made to evaluate the solution obtained from the present fine mesh, with respect to the extrapolated 
solution using Richardson extrapolation method. Figure 4 presents the extrapolated relative error 
between fine mesh solution and extrapolated solution is calculated to be 3.95%, by using Eq. (3), with 
𝜑1 being the extrapolated solution value, and 𝜑0 is the fine mesh solution value. Hence, h value of 
10.9 mm is used, with error below 5%. 
 

ℎ =  
1

𝑁
∑ 𝑉𝑝

1

3
𝐶𝑒𝑙𝑙𝑠              (2) 

 

𝑒21
𝑒𝑥𝑡𝑟 = |

𝜑1−𝜑0

𝜑0
|             (3) 

 
2.3 Turbulence Model Selection 
 

Fine meshing with corresponding representative cell length, h = 10.9mm is applied through all 
three computational domain in the CFD simulation. In previous section, a base simulation case 
adopted the use of k-omega turbulence model for comparison purposes. Other turbulence model 
including k-epsilon, Spalart-Allmaras, SAS (Scale-Adaptive Simulation), and LES (Large Eddy 
Simulation) is tested with the fine mesh setting, with axial velocity of cough jet as the solution value 
of interest. Based on the turbulence model result, the value of axial velocity for k-epsilon model 
yielded the least amount of error of 1.94%, in relative to the extrapolated solution from Richardson 
extrapolation method. Hence, the k-epsilon turbulence model with fine mesh setting is used 
throughout the present study. The solution value of each turbulence model is presented in Table 2. 
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Table 2 
Turbulence model comparison 
Model Axial velocity (m/s) Extrapolated (m/s) Error (%) 

Spalart-Allmaras 2.90 5.68 48.94  
SAS 4.13 5.68 27.29  
LES 4.82 5.68 15.14 
k-omega 5.46 5.68 3.87 
k-epsilon 5.57 5.68 1.94 

 
2.4 Governing Equations 
 

In the CFD simulation, pathogen transmission is modelled as the particles that is emitted to the 
surrounding medium of air. Thus, it is crucial to establish the flow field to reproduce the physical 
condition of the transmission, as the discrete phase (Lagrangian model) interacts with the continuous 
phase (Eulerian model). In the Eulerian phase, the continuity equation is expressed in Eq. (4). The 
first term of the equation defines the transient flow field, while the remaining terms expresses the 
location of particles in x, y, and z direction. 
 
𝜕𝜌

𝜕𝑡
+

𝜕

𝜕𝑥𝑖
(𝜌𝑢𝑖) +

𝜕

𝜕𝑦𝑗
(𝜌𝑢𝑗) +

𝜕

𝜕𝑧𝑘
(𝜌𝑢𝑘) = 0          (4) 

 

In addition, the Navier-Stokes equation can be presented in terms of the local acceleration 𝜌
𝜕�⃗� 

𝜕𝑡
, 

convective acceleration 𝜌(𝑣 ∙ ∇)𝑣 , pressure gradient −∇𝑃, body force term 𝛾 𝜌, and viscous term 
𝜇∇2𝑣 . Each term collectively forming into Eq. (5). 
 

𝜌
𝜕�⃗� 

𝜕𝑡
+ 𝜌(𝑣 ∙ ∇)𝑣 = −∇𝑃 + 𝛾 𝜌 + 𝜇∇2𝑣           (5) 

 
In turbulence flow field condition, the kinetic energy of the turbulence flow nature is expressed 

in Eq. (6). Turbulent kinetic energy, k defined in m2/s2, turbulent dissipation rate, ε in m2/s3, and Gk 
which is the turbulent kinetic energy bounded by the mean velocity gradient. 
 
𝜕

𝜕𝑡
(𝜌𝑘) + ∇ ∙ (𝜌𝑘�⃗� ) = ∇ ∙ [𝜇 +

𝑢𝑡

𝜎𝑘
∇𝑘] + 𝐺𝑘 − 𝜌𝜀         (6) 

 
Behaviour of particles can be modelled by considering the forces acting on the particles. In this 

case, the Eq. (7) is used to express the particle motion. In the equation, the term 𝑢𝑝⃗⃗ ⃗⃗  represents the 

particle velocity vector, �⃗�  denotes the velocity of the continuous phase, 𝐹  expresses the additional 
forces, while 𝜌𝑝and 𝜌 represents the particle density and fluid density respectively. In the present 

study, the injected particles are modelled as sphere-shaped element. Therefore, the drag force acting 
on the particles is expressed in Eq. (8) to account for the particle interaction with the continuous 
phase. The equation denotes relative Reynolds number as 𝑅𝑒and its corresponding drag coefficient 
as 𝐶𝐷. 
 
𝑑�⃗⃗� 𝑝

𝑑𝑡
= 𝐹𝐷(�⃗� − �⃗� 𝑝) +

�⃗� (𝜌𝑝−𝜌)

𝜌𝑝
+ 𝐹            (7) 

 

𝐹𝑑𝑟𝑎𝑔 = 𝐹𝐷(�⃗� − 𝑢𝑝)⃗⃗ ⃗⃗ ⃗⃗  =
18𝜇

𝜌𝑝𝑑𝑝
2

𝐶𝐷𝑅𝑒

24
(�⃗� − 𝑢𝑝⃗⃗ ⃗⃗ )          (8) 
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2.5 Piecewise Validation of Simulation Model 
 

Under ideal conditions, results from CFD simulation should be compared with experimental data. 
For the present study, the computational simulation will not be accompanied by the experimental 
works. However, the accuracy of the simulation results can be calculated by performing a piecewise 
validation to gain confidence on the result. This validation test is initiated by performing CFD analysis 
to one of the components of interest in the domain. In this case, the value of axial velocity of coughing 
jet produced from the fine mesh is compared to the solution value for infinitely fine mesh (ℎ = 0) 
calculated from Richardson extrapolation. In the test case, axial velocity value for each mesh level is 
measured at a point 14cm from the transmitter’s mouth, as illustrated in Figure 5. The solution value 
for each coarse, medium and fine mesh is obtained and compared between the extrapolated 
solution, with the corresponding representative cell length and extrapolated error percentage as 
tabulated in Table 3 and as plotted in Figure 4. 
 

 
Fig. 5. Unit test at injector tube to calculate axial velocity 

 
 Table 3 
 Mesh sensitivity test result 
Mesh Level Representative cell length, h (mm) Axial velocity (m/s) Extrapolated relative error (%) 

Fine 10.90 5.46 3.95  
Medium 14.40 5.33 6.24  
Coarse 19.12 5.12 9.93 

 
3. Results 
3.1 Velocity Contour Plot 
 

It is crucial to observe the flow field of the entering wind inside the domain to better understand 
the transmission pattern in a closed space. Velocity contour plot is generated on vertical midplane of 
the domain at yz-plane to capture the flow field of each simulation case. Each case represents inlet 
wind velocity of 1.0 m/s (light air), 3.9 m/s (light breeze), and 5.5 m/s (moderate breeze) respectively 
at different time step of 0.5, 1.5, 2.5, and 4.5 s. From Figure 6 and Figure 7, the contour plot revealed 
the different flow field downstream of the transmitter and receiver mannequin in the domain. It is 
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observed that the flow field gets more intense as the incoming wind velocity increases. However, at 
wind velocity of 3.9 m/s, a noticeable difference can be observed for the wake behind the mannequin 
at t = 2.5 s and t = 4.5 s where the flow velocity is affected by the relative humidity of air. This is due 
to the higher moisture content in the air at higher humidity of 99.5%, as compared to lower humidity 
of 40%. At wind velocity of 5.5 m/s, the wake pattern observed to be stabilised, as the wind possesses 
sufficient force to propel forward, causing the effect of moisture content to be negligible. 

 

Fig. 6. Velocity contour generated from wind with relative humidity, RH = 40%, at 3 feet physical distance 

 
Relative humidity parameter used in the present study is RH = 40% and RH = 99.5%. Lower relative 

humidity represents the average air humidity that is commonly used in the existing literatures. Both 
humidity level chosen to represent average humidity and extreme humidity level with high moisture 
content in the surrounding air. Further evidence of effect of humidity on airborne transmission is 
investigated to observe the sensitivity of airborne droplets emitting from coughing with respect to 
the humidity trend. Discrete phase model adopted in the study is defined as two-way turbulence 
coupling with interaction of Lagrange phase of the droplet with the continuous phase of air flow. 
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Fig. 7. Velocity contour generated from wind with relative humidity, RH = 99.5%, at 3 feet physical 
distance 

 
3.2 Streamline Pattern 
 

Streamline path of inlet wind is visualised as a supplementary to the velocity contour. It is 
observed that the streamline direction is analogous to the flow field as described from the flow 
contour and is able to reveal the region in the domain where the flow recirculation exists. The 
streamline patterns provide insights into the trajectories of the emitted airborne droplets. Figure 8 
and Figure 9 illustrate the streamline path for each case of simulation. 

From the streamline pattern generated, a region of flow recirculation is observed between the 
transmitter and receiver body. Streamline pattern showed increasing level of intensity with 
increasing velocity of incoming wind coming from behind the transmitter’s body. Air flow is observed 
to be directed from in between the legs of transmitter up towards the torso region of the receiver. 
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Fig. 8. Wind streamline direction at RH = 40%, at 3 feet physical distance 

 
Simulation result showed that at 3 feet inter-personal distance between transmitter and receiver, 

flow recirculation puts the transmitter more at risk. This is due to recirculation of droplet particles to 
transmitter after the cough jet emission, instead of being propelled forward to the receiver. 
Furthermore, flow of droplets emitted will be restricted in the transverse direction (x-axis) of the 
computational domain. Increasing the distance between transmitter and receiver can potentially 
reduce the recirculation effect, as the recirculation flow path is further detached from the receiver 
body, thereby reducing exposure risk towards the receiver. This suggest that a shorter physical 
distance, both transmitter and receiver is equally exposed to the airborne transmission while at larger 
inter-personal distance, the transmitter receive higher exposure risk. 
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Fig. 9. Wind streamline direction at RH = 99.5%, at 3 feet physical distance 

 
3.3 Droplets Transmission Pattern 
 

Visualization of droplet particles emission is crucial to further understand its interaction with the 
surrounding flow field that is illustrated from both velocity contour plot and the streamline path. The 
droplet particles emitted from coughing is fitted with Rosin-Rammler curve, with two separate 
droplet distribution emitted at once. Size distribution of droplets consists of 1 to 50 µm range 
followed by 50 to 1000 µm range. Both particle size distribution is injected at t = 0.05 s up until t = 
0.45s, to reproduce the coughing period range. 

For droplet size distribution of 1 to 50 µm, the effect of relative humidity is more prominent for 
wind velocity of 3.9 m/s and 5.5 m/s. Droplets are observed to be more airborne and dispersed at 
lower humidity, compared to in higher humidity. This is due to the evaporation effect causing the 
droplet particles to shrink and eventually affecting its trajectory as time progress. In contrast, the 
droplets are heavier and less airborne due to the higher moisture content in the air. Furthermore, 
higher relative humidity of air leads to the clumping of the droplets causing it to travel at shorter 
distance as opposed to those particles in lower humidity. This phenomenon is due to the hygroscopic 
growth effect in a more humid air, which leads to increase in droplet size and its overall mass. Droplet 
particles transmission pattern in surrounding air of RH = 40% and RH = 99.5% is illustrated in Figure 
10 and Figure 11 respectively. 
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Simulation result revealed that for particle size distribution of 50 to 1000 µm, the droplets is more 
likely to accumulate and settle to the ground lower for all cases of wind inlet velocity and air relative 
humidity. This is due to the fact that given its bigger size range which have affected its overall mass. 
Furthermore, droplets emitted from transmitter reaches the receiver within 0.5 s. 
 

Fig. 10. Droplet diameter at different wind velocity in RH = 40%, at 3 feet physical distanc 
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Fig. 11. Droplet diameter at different wind velocity in RH = 99.5%, at 3 feet physical distance 

 
3.4 DPM Mass Source Analysis 
 

Droplet particles injected from transmitter’s mouth will be dispersed in the computational 
domain. The discrete phase model (DPM) mass source value for included boundary condition in the 
domain is calculated for each simulation case. Present study investigated droplets deposition at 
transmitter body, receiver body, and the floor. Hence, this section discussed on the DPM mass source 
plot at different inlet wind velocity and relative humidity. 
 
3.4.1 Deposited mass at transmitter 
 

From DPM concentration plot, highest deposited droplet mass observed at transmitter at t = 1.50 
s. that there’s a significant difference between the deposited mass at receiver in RH = 40% and RH = 
99.5%, particularly at the highest wind speed. Hence, at high wind speed, the droplet transmission 
rate increases, contributed due to the accelerated convection effect in the space. This phenomenon 
is coupled with the low air humidity, allowing cough droplets to evaporate into smaller size particles 
making it easier for the recirculation region to redirect the droplets to the transmitter. Hence, the 
transmitter received the highest amount of droplets deposition at 3.9 m/s wind in a lower humidity. 
The DPM mass source plot is presented in Figure 12(a) to Figure 12(d). 
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Fig. 12. Deposited droplet mass at transmitter body at 3 feet physical distance 

 
3.4.2 Deposited mass at receiver 
 

Similar quantitative variable is measured at receiver body. Since the receiver being in the 
downwind of the incoming wind direction and placed directly opposite to the transmitter, it is crucial 
to investigate the deposited mass of cough droplets that will potentially reach the receiver 
mannequin. It is observed that the receiver body received the highest mass deposition at 3.9 m/s 
wind speed in lower relative humidity of air. Similar to the case of transmitter deposition, the cough 
droplets pose higher infection risk towards the exposed person in moderate air speed as the 
evaporation effect contributed to the airborne nature of the evaporated droplets. At physical 
distance of 3 feet, the droplet deposition mass is significantly high within 0.5 s, suggesting that the 
inter-personal distance of 3 feet is insufficient in mitigating infection risk and the spread of virus-
laden airborne pathogens. Figure 13(a)-(d) presents the droplet mass concentration at receiver body. 
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Fig. 13. Droplet mass concentration deposited at receiver body at 3 feet physical distance 

 
3.4.3 Deposited mass on the floor 
 

Gravitational force will influence how the cough droplets will fall to the ground at a certain 
transmission distance depending as a function of its size and mass. In a more humid air, the 
hygroscopic growth effect is greater compared to the evaporation effect. It is observed that there is 
significantly more cough droplet mass deposited onto the floor at t = 1.50 s. Due to the distance 
between transmitter and receiver, droplets will eventually fall onto the ground once they lose 
momentum and kinetic energy to travel further. For cases with 3 feet physical distance, droplets are 
directly deposited onto the nearby surface, and observed that the plotted results suggests that 
physical distance of 3 feet is ineffective in preventing deposition of virus particles onto the exposed 
subject. The comparison of droplet mass deposition at different time step for 3 feet physical distance 
is shown in Figure 14(a)-(d). 
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Fig. 14. Droplet mass concentration deposited on the floor at 3 feet physical distance 

 
4. Conclusions 
 

Airborne droplets transmission emitted from coughing in an enclosed space with horizontal inlet 
wind condition was simulated under transient simulation to study the behaviour of droplet 
deposition. Simulation result revealed that 

 
i. Recirculation region generated from incoming wind in between transmitter and receiver 

causing droplet particles to be recirculated to the source, which is the transmitter. 
ii. Droplets are observed to be more airborne and dispersed at lower humidity, compared to 

in higher humidity due to the evaporation effect causing the droplet particles to shrink. 
iii. In a more humid air of higher moisture content, droplets are heavier and less airborne 

due to the hygroscopic growth effect which leads to increase in droplet size and its overall 
mass. 

iv. In a 3 feet physical distance condition, receiver received highest mass deposition of 5.15 
mg at t = 0.5 s under RH = 40% and in a light breeze wind condition of 3.9 m/s. 

v. Higher number of droplet particles settle to the floor about 0.66 mg in higher relative 
humidity as compared to in lower humidity which only deposits around 0.26 mg of mass. 

vi. Cough droplets deposited to the transmitter body at a higher mass of 0.00044 mg in lower 
humidity as compared to 0.00012 mg in higher humidity. 
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