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Abstract: Coronavirus disease 2019 has become a global pandemic that causes illnesses ranging
from normal fever to more severe diseases to be hospitalized ordie. For understanding the
mechanisms of the droplet’s transmission are incomplete. This project adopts computational fluid
dynamics (CFD) method to investigate the dispersion, and the transport velocities after people being
cough into the air with andwithout the facemask. This project has employed 2 types of simplified
three- dimensional models covering with and without a facemask. An ejection process of the saliva
droplets from the mouth was to mimic the real human cough into the air. The size of the saliva
droplets defines as 50-70 um in diameter, infer the size range which may potentially be more
infectious. Besides, consider the effect of the droplet’s flow velocities which were 6 m/s, 14 m/s,
and 22 m/s that cause the motion of the droplets in a confined room condition. The relationship
between the saliva droplet flow characteristics and the dispersion of the droplet’s particle velocities
deposited on the areas was investigated. Hence, the results show that the higher the velocity, the
higher the dispersion rate. However, for the people who wear a facemask, it provides great
protection and decelerates the outspread rates. Further research is required to take account of other
factors such as the environmental relative humidity, ventilation, indoor versus outdoor.
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1. Introduction

In Wuhan, China, an outbreak of pandemic disease is
highly contagious among the people at the end of 2019.
Several weeks later, this pandemic spread out to other
countries and the name of the pandemic is called
“Coronavirus disease (COVID-19)”. [1] Covid-19 is an
illness caused by a virus that can spread primarily through
droplets or aerosols of the human on a cough. Droplets or
aerosols carrying the pathogen [2] are released from the
respiratory tract like a mouth when the infected are
coughing. The flow characteristic of cough is an important
factor in the transmission of the Covid-19 to the next
person [3]. Pathogens carried by droplets diffuse in the
atmosphere and travel over a long distance [1].

Besides, pathogens can continue to live and remain in
the atmosphere and are susceptibleto others directly or
indirectly. The transmission of Covid-19, droplet released
with momentum and received by another individual’s
respiratory tract; indirectly physical contact with the
droplet that remains on a surface; directly inhalation the
droplets diffuse in the ambient air [4].

The velocities of the droplets are introduced into the
environment that affect the transmission of the droplet [5].
Particle image velocimetry system (PIV) is being used by
Zhu et al [6] to measure the velocity of cough flow. Figure
1 shows the result of the initial velocity of the cough’s
droplets between the range from 6 m/s to 22 m/s. The
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strength of the cough flow behavior in the far-field can be
characterized by the of peak cough velocity magnitude [5].
Therefore, the droplets released from the mouth will
moving along with the initial velocity and travel up to a
distance [7]. The geometry of the chamber was 3.5 m x
3.0 m x 2.5 m set by Zhu et al [6]. Firstly, the droplet
expelled from cough when the transmission over a distance
(> 30cm) at high velocity, then the velocity of the droplet
was reduced and gradually dispersed in the ambient air as
shown in Figure 1.
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Fig. 1 — Velocity frequency distribution [6]

Wearing a standard mask is a predominate
contribution to block the main path of infection of
pandemics [8]. Although the mask is not fitting tightly
close to the human face and the droplets still can pass
through the leakage of the mask which was the top, side,
and bottom but still can reduce the cough directly through
the front of the mask with relative low speed [9]. It has
minimal the forward momentum of the particles results in
lower transmission energy into the surrounding air. The
addition of a simple facemask, the respiratory droplet is
mitigating hence reduce the infection risk. Therefore, the
number of droplets pass through the mask had been
efficiently reduced to lower the spread of the pathogen. For
masks, material have a good capability to filter or stop the
particle movement [8] especially large droplets will not be
able to penetrate the mask and remain trapped in the areas
of the surface of mask [10].

After the droplets being trapped, the particles were
being absorbed by the filter of the mask. However,
unmasked coughing may produce a turbulent jet with the
content of the virus and spread directly to the surrounding.
Furthermore, World Health Organization [11] provides
evidence of suppressing the transmission of virus-laden
droplets where the virus circulating in the environment,
mask can be used as a barrier to minimize the infection
rate. Figure 2 had shown a) cough without wearing a mask
b) loose fit of mask c¢) cough with mask [9]. According to
Zhang et al [12] have shown, by using the Lagrangian
model, research the influence of the cough droplets
transport in a conference room without ventilation.
Brownian force, drag force and gravity of the coughed is
being considered in these studies. CFD numerical
simulation was the main research method.
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Fig. 2 — (a) Cough without wearing mask (b) loose fit of
mask (c) cough with mask [9]

The simulation uses unsteady state and RNG k — ¢
turbulent model. Droplets to be considered incompressible
when the particles with constant density. Result of coughed
droplets affected by inertial force, when inertial force
decreased gradually the main affected will shift to gravity
drag force and Brownian force. Moreover, in Zhu et al [6]
research work, the dispersion of droplet by human cough
are tested in a calm indoor environment. The flow field
inside the calm indoor was simulated with CFD analysis.
The condition of the indoor environment was kept in
steady state and standard k — ¢ turbulent model. Aerosol
with constant density assumed the type of fluid is
incompressible. An indoor flow field was generated,
average of 6.7 mg of the droplets was expelled with 22 m/s
velocity in each cough. Result in obtaining the number of
the droplets that adhered to the outlet.

The present study is to investigate the dispersion of
the droplet’s flow characteristics into the air with or
without the mask and determine the velocities of the
droplet particle deposited on the areas. By using the
Computational Fluid Dynamics (CFD) to analyses the
saliva’s droplet flow behavior in the indoor environment.
Computational modelling is used to simulate the numerous
parameters by using mathematics, computer science to
study the behavior of the saliva’s droplet flow
characteristics [13]. Through modelling the dispersion of
saliva’s droplets, researcher obtain a better understanding
of the transfer of airborne particles [14].

2. Methodology

In this section, brief methodology will be present.
The process for the simulation process starting is the data
collection form previous literature, design the stirred tank
reactor, meshing process, set up the boundary condition
and run the simulation. The process of designing a tank
agitator and impeller blades was done using the Solidwork
software while the data analysis was carried out by using
Ansys Fluent software.

2.1 Geometry of Case Study

A 3-D model of a room and 2 type of simplified head
model covering with and without mask are generated
with SolidWorks design modeler. The geometry of
the room is 2 m(length) x 2 m(width) X 2 m (height)
and no ventilation are considered in the model room. In the
first set up of the experiment, a simple head model
without mask is assumed stay middle themodel room.
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Next, second set of the experiment, a simple head
model with mask is stay middle the model room. Figure 3
shown the schematic of the room with a head model
without mask while figure 4 shown the schematic of the
room with a head model with mask.

Fig. 3 — Schematic of the room with a head model without
mask

Fig. 4 — Schematic of the room with a head model with mask

2.2 Governing Equation

The dispersion of the droplets generated by coughing
are modelling using a commercial software to study the
percentages of the area of particles deposited on the
predicted areas. Ansys Fluent 19.2, is used to simulate the
dispersion of droplets. In this approach, the fundamental
governing equations of the droplets flow are the
Continuity, momentum, turbulent kinetic energy, k, energy
and turbulent dissipation rate, € can be written as following
equation [15].

¥+v,(p¢\7)=v.(rv¢)+s 1)

2.3 Discretization and Boundary Condition

The type of mesh generated was tetrahedrons.
Number of grid nodes was 124970, while the number of
the grid element was 504185. While the head model with
facemask was meshed until the result had shown were
independent of the grid. The type of mesh also generated
was tetrahedrons. Number of grid nodes was 120614,
while the number of the grid element was 498400. Figure
5 shows the physical domain of the room model is being
meshed.
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Fig. 5 — Physical domain of room model is being meshed

Figure 6 shows the inlet (mouth) of the head model
and outlet of the domain. The table 1 shows the parameter
assumption and boundary conditions. According to
droplets expelled from human cough, the important factors
that govern the flow dynamics are the exhaled initial
velocities and pressure of the mouth. Droplets released by
human cough are incompressible Newtonian fluids with
density 1.225 kg/m® behavior associated with constant
density. The unsteady state is used as an input simulation
of droplet travel based on a discrete phase model. Droplets
are assumed to be inviscid flow to simplify the simulation.
Droplets have different velocities when expelled from the
mouth.

The inlet velocities boundary of mouth is range
between 6-22 m/s [6] with a constant mass flow rate 2.4e-
9 kg/s [6]. The cough jet velocity varies with time. The
droplets are injected into the simulation domain using 3
different velocities which are 6m/s, 14m/s, and 22m/s. In
this research, the domain defines those 5 walls as far-field
region and ground as a non-slip wall. The walls of a
domain are far-field, pressure is equal to 0 while the
ground assumes as the non-slip wall boundary condition of
the velocity of wall particles is Om/s. The distance of
particles travel depends on the velocity of particles.

@) (b)

Fig. 6 — (a) Inlet (mouth) of the head model (b) Outlet of the
domain

Table 1 — Parameter assumption and boundary condition

Parameters Values
Size of the domain 2.0m x 2.0m x 2.0m
Type of fluid Droplet’s particles
Size of droplets 50-70pm
Density 1.225 kg/m3
Initial Velocity (Mouth) 6m/s, 14m/s and 22m/s
Flow Rate 2.4e-9kg/s
Temperature 36°C
Room Far-field
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3. Results and Discussion
3.1 Grid Independency Test

To vary the mesh element size and checking the
output result for each mesh can be found out from the Grid
Independence test (GIT). When varying the mesh of the
domains does not affect the result much then can select the
minimum mesh size for the final solution output to get the
accepted level of tolerance. The result of the grid
resolution as shown in Figure 7 representation the data of
velocity magnitude near horizontal line of the mouth with
90K, 100K, and 124K nodes. Mesh analysis facilities in the
decision of how fine mesh should be used to obtain results
with satisfactory accuracy. Green line representative
124970 of grid nodes, while the number of grid element is
504185 is being chosen for the simulation. The result of
the grid resolution as shown in Figure 8 representation the
data of velocity magnitude near the vertical line of the
mouth covering by mask with 95K, 116K, and 122K
nodes.

Velocity magnitude near horizontal line of the mouth with different nodes
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Fig. 7 — Velocity magnitude near horizontal line of the

mouth with 90K, 100K and 124K nodes

Velocity magnitude near the vertical line of the mouth with different node
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Fig. 8 — Velocity magnitude near vertical line of the mouth

with 95K, 116K and 122K nodes

3.2 Validation of the Results

From the previous study [17], 3 sinusoidal function
curves are plotted with different mesh. Figure 9 shows the
respiratory air velocity magnitude near the vertical line of
the mouth with fine mesh, medium mesh, and coarse mesh.
From the figure, fine mesh, and medium show both curves
are almost similar. While the course mesh is slightly
difference from the medium mesh and fine mesh.
Therefore, we can say that medium and fine mesh have
more accurate results as compared to coarse mesh.
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Fig. 9 — Respiratory air velocity magnitude [17]

The CFD simulation results with image of the
dispersion of the droplet’sflow characteristics after people
cough without and with mask at an initial velocity 6m/s,
14m/s, 22m/s shown in Figure 10 and 11 respectively.
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Fig. 10 — Dispersion of the droplet’s flow characteristics
after people cough without mask
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Regarding the time from 0.2 s to 1.0 s refer to thetime
when the people cough ends. The cough flow direction was
visualized through the slowest to the highest speed in the
present simulation. Figure 10 illustrates clearly the
distances reached horizontally. It is noticeable when t =
1.0 s at an initial velocity of 22 m/s, almost all the droplets
are dispersed toward the outlet of the domain. While
Figure 11 also shows that when t = 0.2 s at an initial
velocity of 6 m/s, droplet particles are trapped in the mask
and start to deviate far from face seal leakage as the time
across.
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Fig. 11 — Dispersion of the droplet’s flow characteristics
after people cough with mask
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3.3 Velocity Contour with and without Mask

The velocity of the cough flow is substantially
reduced as going far from the inlet of the mouth. Figures
12 and 13 show the velocity contour with 6 m/s, 14 m/s,
and 22 m/s test cases during the room simulation in ZX and
YX planes respectively. Velocity field notes that at higher
velocities, the higher the turbulence as well. Droplets
expelled from the mouth andformed the vortical structure
in an indoor space. As time increases the vortex being
created when the main flow exhausted from the mouth.
Droplets trapped in the flow circulation inside the domain.
The airflow coming from the mouth generates a vortex that
initially drive droplets perpendicularly to the main flow.
The position of the vortex heading the main flow of the
droplets depends on the velocity. Therefore, the highest the
velocity of the airflow coming from the mouth, the
drastically affects the transport of the droplets exhausted
from the mouth.
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Fig. 12 — Velocity contour of a) 6 m/s, b) 14 m/s, and c) 22
m/s test case of the simulation without mask
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Fig. 13 — Velocity contour of a) 6 m/s, b) 14 m/s, and c) 22
m/s test case of the simulation without mask

3.4 Comparison with and without Mask

The line graph depicts the velocity of the droplet
particles deposited on the area with and without mask
shown in Figure 14. From the figure, the case of wearing a
mask demonstrates the velocity of thecough flow in the z-
direction is substantially reduced by the presence of a
mask. Covering with mask able to resist high velocity flow
through the media. Whereas the case of without wearing
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4. Conclusion

In this present study, CFD simulation based on
Lagrangian models was presented. There are 2 types of
simplified head models covering with and without a mask.
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