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Numerical Simulation Of Epidemic Prevention And Ventilation Efficiency
In Indoor Spaces With Partitions And An Air Curtain
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In this study, computational fluid dynamics (CFD) were used to simulate the effect of a partition and air curtain
on the concentration of a pollution source in an indoor space with different ventilation configurations. First, in
the partition simulation, the performances of six different ventilation configurations were compared. Based on
the results obtained, air curtain simulations were then carried out. In this study, carbon dioxide was chosen
as the tracer gas in all simulations, and the realizable k — ¢ turbulence model was selected. In the partition
simulation, a front-and-back ventilation configuration with ventilation inlets/outlets near the side walls (in
diagonal) showed the best performance. This configuration was adopted for the air curtain simulation so as to
investigate the effect of different air inlet velocities and air curtain velocities. It was found that as the height of
the partition increases, although it has a higher chance of blocking the Covid-19 virus, it lowers the ventilation
efficiency, resulting in the increase of carbon dioxide concentration in the indoor space. When the partition was
replaced with an air curtain, it was found that the higher the height of the air curtain, the lower the carbon
dioxide concentration in the indoor space. Compared with the partition, the air curtain can reduce the carbon
dioxide concentration by up to 74.6%, indicating that the introduction of the air curtain can have an improving
effect on the ventilation in the indoor space.
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1. Introduction

In December 2019, a novel coronavirus (SARS-CoV-2)
emerged from Wuhan, China, and resulted in a worldwide
pandemic. The disease is officially named the Coronavirus
Disease2019 (COVID-19). According to current evidence,
the COVID-19 virus is primarily transmitted between peo-
ple through respiratory droplets and contact vector routes.
Due to the rapid spread of the virus, it has attracted global
attention [1, 2].

Therefore, to prevent the spread of the virus, one must
wear a mask as long as they are in an indoor environment

(such as classrooms, public transportation, supermarkets,
etc.). In addition to wearing masks, we also need to im-
plement social distancing, meaning to keep a safe distance
from others [3, 4] or use partitions if necessary. The so-
called safety distance is 1 meter according to the norms of
the WHO, which is determined based on the shedding of
respiratory droplets (aerosolized via sneezing or coughing)
[5].

Some studies have pointed out that the partitions used
in restaurants, offices, etc. may be ineffective in preventing
the spread of the COVID-19 virus, and hinder normal air
flow, creating a "dead zone" where the virus accumulates.
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Wang et al. [6] also suggested that the main transmission
route of the virus is via aerosol transmission, implying
that the virus particles will float and stay in the air. More-
over, aerosol can spread farther than the standard social
distance measurement adopted by most people. This evi-
dence shows that the partitions are ineffective in blocking
the virus [7].

2. Research methodology

2.1. Governong equations

FLUENT uses the Navier-Stokes equation to solve the con-
servation of mass, momentum and energy equations in
fluid mechanics. When the fluid has a Mach number lower
than 0.3, it will be regarded as an incompressible fluid;
therefore, the compressible term can be ignored. Accord-
ing to the characteristics of the abovementioned fluid, its
governing equations are briefly described as follows: Con-
tinuity Equation:
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Momentum Conservation Equation:
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In the equations above:

P : is the pressure of the fluid p : is the density of the
fluid ; p§> is the gravitational force ;? : is the external
force including the user-defined sources ;h]- : is the en-
thalpy; Jj i is the diffusion flux; Sy, : is the heat source,
this term can be different external heat sources, such as

chemical reaction, etc.

2.2. k- ¢ turbulence model equation

The k — € turbulence model is a typical two-equation turbu-
lence model, which consists of the turbulent kinetic energy
equation (k) and the turbulent dissipation rate equation (e).
The k — € turbulence model is further divided into three
categories: standard, RNG, and realizable. The realizable
k- € turbulence model was used in this study.

Turbulent kinetic energy equation (k) :
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Turbulent dissipation rate equation (e) :
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There are some adjustable constants in these two equations.
After several iterations, the more widely used values were
found, as follows: Ci, = 1.44,Cp. = 1.92,0y, = 1.0,0, = 1.3

2.3. Mass transfer equation

When deciding to solve a conservation equation for chem-
ical substances, ANSYS FLUENT predicts the local mass
fraction for each substance by solving the convection diffu-
sion equation for the ith substance ;.

Mass transfer equation is:

d =
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In the equation above:
R; : is the net rate of formation of substance i through a
chemical reaction ;
S; : is the creation rate added for the dispersed phase and
any user-defined sources.

3. Model establishment and boundary setting

3.1. Physical model

In this study, the indoor space adopted the horizontal ven-
tilation method: left-and-right and front-and-back config-
uration as shown in Fig. 1(a) and Fig. 1(b), respectively.
The shape of the interior space was a cuboid, and its di-
mensions were 6 X 6 X 3 (unit: m ). The dimensions of the
table were 2 x 1.5 x 0.7 (unit: m ), and the dimensions of
the chair were 1.8 x 0.3 x 0.45 (unit: m ). The height of
the breathing zone of the human body was 1.2 m from the
ground, and the dimensions were 6 x 3 (unit: cm ). The di-
mensions of the ventilation inlet/outlet were 1 x 0.5 (unit:
m ). The height from human body mouth to the table was
60 (unit: cm).The height of the partition and the air curtain
was 50 cm and 100 cm, respectively and the dimensions
of the base of the air column were 50 x 50 (unit: cm ) as
shown in Fig. 2.

Ventilation configuration 1: The left-and-right ventila-
tion configuration was adopted; the air inlet was placed
on the right wall, while the air outlet was placed on the
left wall. The center position of the ventilation inlet/outlet
was set at the midpoint horizontally, and 2.2 m above the
ground as shown in Fig. 3(a).
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Fig. 1. (a) Physical model of left-and-right horizontal
ventilation configuration. (b) Physical model of
front-and-back horizontal ventilation configuration

Ventilation configuration 2: Same as ventilation config-
uration 1, the left-and-right ventilation configuration was
adopted; the air inlet was placed on the right wall, while
the air outlet was placed on the left wall. The center po-
sition of the ventilation inlet/outlet was 0.8 m away from
the side wall horizontally, and 2.2 m above the ground as
shown in Figure Fig. 3(b).

Ventilation configuration 3: The front-and-back venti-
lation configuration was adopted, and the air inlet was
placed on the back wall, while the air outlet was placed
on the front wall. The center position of the ventilation
inlet/outlet was set at the midpoint horizontally, and 2.2 m

Wind Column

‘Wind direction

Fig. 2. Front view of the physical model of an air curtain

above the ground as shown in Fig. 3(c).

Ventilation configuration 4: Same as ventilation configu-
ration 3, the front-and-back ventilation configuration was
adopted; the air inlet was placed on the back wall, while
the air outlet was placed on the front wall. The center po-
sition of the ventilation inlet/outlet was 0.8 m away from
the side wall horizontally, and 2.2 m above the ground as
shown in Fig. 3(d) and Fig. 4(a).

Ventilation configuration 5: Same as ventilation config-
uration 2, the left-and-right ventilation configuration was
adopted; the air inlet was placed on the right wall, while
the air outlet was placed on the left wall. The center po-
sition of the ventilation inlet/outlet was 0.8 m away from
the side wall horizontally. The center position of the venti-
lation outlet was 2.2 m above the ground, while that of the
ventilation inlet was 0.8 m above the ground as shown in
Fig. 3(e) and Fig. 4(b).

Ventilation configuration 6: Same as ventilation configu-
ration 4, the front-and-back ventilation configuration was
adopted; the air inlet was placed on the back wall, while
the air outlet was placed on the front wall. The center po-
sition of the ventilation inlet/outlet was 0.8 m away from
the side wall horizontally. The center position of the venti-
lation outlet was 2.2 m above the ground, while that of the
ventilation inlet was 0.8 m above the ground as shown in
Fig. 3(f).

3.2. Basic assumptions and boundary conditions

After establishing the grid of the three-dimensional indoor
space, a commercial software, FLUENT, was used to pro-
ceed with the solution setting, which includes dividing the
model into three parts: fluid, partition, and human body,
configuring the air inlet/outlet position, and setting the
required parameters and boundary conditions.

In this study, numerical simulation analysis was carried
out based on the following assumptions:
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Fig. 3. Partition height of 50 cm with (a) ventilation configuration 1, (b) ventilation configuration 2, (c) ventilation

configuration 3, (d) ventilation configuration 4, (e) ventilation configuration 5, and (f) ventilation configuration 6
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Fig. 4. Air curtain height of 50 cm with (a) ventilation configuration 4, and (b) ventilation configuration 5
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Fig. 5. Carbon dioxide concentration in partition simulation with a partition height of (a) 50 cm and (b) 100 cm

1. Three-dimensional Cartesian coordinate system;
2. The fluid flow was turbulent;

3. The fluid was in a steady-state flow;

4. The fluid was not affected by gravity;

5. The walls were all no-slip walls;

6. Newtonian fluid;

7. Newtonian fluid; Partition, air curtain height: 50,
100 cm.

The numerical simulation boundary conditions are as
follows:
Partition simulation:

1. Fluid: air and carbon dioxide;

2. Pollution source discharge speed was 5 m/s, carbon
dioxide discharge rate was 5%, and temperature was
38°C [8-10];

3. Partition material: aluminum;
4. Airinlet: 0.5,0.75,1.0,1.5 m/s, temperature was 24°C;
5. Air outlet: outflow.
Air curtain simulation:
1. Fluid: air and carbon dioxide;

2. Pollution source discharge speed was 5 m/s, the car-
bon dioxide discharge rate was 5%, and the tempera-

ture was 38°C;

3. Air curtain speed: 2,4,6 m/s;
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4. Air inlet: 0.5,0.75,1.0,1.5 m/s, temperature was 24°C;

5. Air outlet: outflow.

3.3. Solver setting

To analyze the accuracy of the results, double precision was
set for the solver, and the numerical calculation method
was SIMPLE (Semi Implicit Method for Pressure Linked
Equations), serving as the theoretical basis of the calcula-
tion to perform algebraic operations and analyze turbulent
flow problems. The second-order upwind scheme was
adopted for kinetic energy and energy, while the first-order
upwind scheme was adopted for:

1. turbulent kinetic energy 1 x 107%;
2. k and ¢ residual values were 1 x 107%;

3. continuity and velocity 1 x 10—4.

If the above conditions were not met, the maximum num-
ber of iterations was set to 3000. The streamline distribution
and concentration field of different air inlet velocities were

analyzed.

4. Result and discussion

In the partition simulation, a total of 48 simulations were
conducted with 4 different air inlet velocities, 6 different
ventilation configurations and 2 different partition heights.
Variation in ventilation configurations, air inlet velocities
and partition heights will cause different effects on the con-
centration in the indoor space. The average carbon dioxide
concentration in the indoor space under various condi-
tions for partition heights of 50 cm and 100 cm is shown in
Fig. 5(a) and Fig. 5(b), respectively. It is apparent that ven-
tilation configuration 4 gives the best overall performance,
while ventilation configuration 5 gives the worst.

In the air curtain simulation, ventilation configuration
4 and 5 were selected. A total of 48 simulations were con-
ducted with 2 different ventilation configurations, 2 differ-
ent air curtain heights, 4 different air inlet velocities, and
3 different air curtain velocities. Variation in ventilation
configurations, air inlet velocities, air curtain velocities and
air curtain heights will cause different effects on the con-
centration in the indoor space. The average carbon dioxide
concentration in the indoor space under various conditions
for air curtain heights of 50 cm and 100 cm is shown in
Fig. 6(a), Fig. 6(b) and Fig. 6(c). It is noted that the height of
the air curtain is inversely proportional to the carbon diox-
ide concentration in the indoor space. Increasing the air
curtain height has the effect of lowering the overall carbon
dioxide concentration in the indoor space and removing

the virus, which results in better epidemic prevention per-
formance and ventilation efficiency.

To investigate the concentration of carbon dioxide re-
ceived by the receiver, ventilation configuration 4 was se-
lected. When the height of the partition is relatively high,
under an air inlet velocity of 0.5 m/s, the receiver receives
higher carbon dioxide concentration. However, when the
air inlet velocity is increased to 0.75 m/s or more, the vari-
ation in carbon dioxide concentration received by the re-
ceiver under different partition heights is insignificant. In
the case with the air curtain, although the carbon dioxide
concentration received by the receiver is lower when the
height of the air curtain is relatively high, the overall car-
bon dioxide concentration received is not lower than that in
the case with the partition, indicating that the effectiveness
of the air curtain in terms of epidemic prevention is not as
good as that of a partition as shown in Fig. 7(a), Fig. 7(b),
Fig. 7(c), Fig. 7(d) and Fig. 7(e).

5. Conclusions

1. In the partition simulation, the average carbon dioxide
concentration of the front-and-back ventilation config-
uration is lower than that of the left-and-right venti-
lation configuration, because the air flow direction of
the front-and-back ventilation configuration is paral-
lel to the discharge direction of the pollution source.
Moreover, it is better to set the ventilation inlet/outlet
near the side walls (in a diagonal fashion) rather than
at the midpoint horizontally. For this reason, it can be
clearly seen that the average carbon dioxide concentra-
tion in ventilation configuration 4 is lowest. When the
air inlet is located at a lower position, the air flow will
be blocked by the partition, making it difficult to reach
the air outlet. This will in turn affect the ventilation
efficiency, resulting in an increase in the concentration
in the indoor space; this is evidenced by the highest
average carbon dioxide concentration for ventilation
configuration 5 .

2. As the air inlet velocity increases, the carbon dioxide
concentration in the indoor space will decrease.

3. In the partition simulation, the higher the partition
height, the higher the carbon dioxide concentration in
the indoor space. As for the air curtain simulation, the
result is opposite to that of the partition simulation.
When the air curtain velocity reaches 4 m/s or higher,
there is a lower the carbon dioxide concentration in
the indoor space for a higher air curtain height.

4. From the comparison of the carbon dioxide concentra-
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Fig. 6. Carbon dioxide concentration in air curtain simulation with ventilation configuration 4 and an air curtain velocity of
(a)2m/s, (b) 4 m/s, and (c) 6 m/s.

Table 1. Comparison between the performance of the partition and the air curtain with ventilation configuration 4 and an
air inlet velocity of 0.5 m/s

Height Simulation type CO; concentration (ppm) | Compared with partition
Partition 616 ——
50 em Air curtain velocity: 2(m/s) 633 2.7%
Air curtain velocity: 4(m/s) 417 32.3%
Air curtain velocity: 6(m/s) 307 50.1%
Partition 860 ——
100 em Air curtain velocity: 2(m/s) 545 36.6%
Air curtain velocity: 4(m/s) 323 62.4%
Air curtain velocity: 6(m/s) 227 73.6%

Table 2. Comparison between the performance of the partition and the air curtain with ventilation configuration 5 and an
air inlet velocity of 0.5 m/s

Height Simulation type CO; concentration (ppm) | Compared with partition
Partition 756 ——
50 em Air curtain velocity: 2(m/s) 508 32.8%
Air curtain velocity: 4(m/s) 377 50.1%
Air curtain velocity: 6(m/s) 287 62%
Partition 905 ——
100 em Air curtain velocity: 2(m/s) 457 49.56%
Air curtain velocity: 4(m/s) 319 64.7%
Air curtain velocity: 6(m/s) 229 74.6%
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Fig. 7. (a) Comparison of the carbon dioxide concentration received by the receiver with two different partition heights, and
comparison of the carbon dioxide concentration received by the receiver with two different air curtain heights under an air
inlet velocity of (b) 0.5 m/s, (c) 0.75m/s, (d) 1.0 m/s, and (e) 1.5 m/s.

tion received by the receiver, it can be seen that the
concentration received by the receiver in the case of
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the air curtain is higher than that in the case of the
partition, suggesting that the air curtain is less effec-
tive in blocking the virus compared with the partition.
Although the air curtain has the effect of improving
ventilation efficiency, it is less effective in terms of
epidemic prevention compared with the partition.

The results of this study show that as the height of the par-
tition increases, although it has a higher chance of blocking
the virus, it lowers the ventilation efficiency, resulting in
the increase of carbon dioxide concentration in the indoor
space. In the air curtain simulation, when the height of the
air curtain is increased, the carbon dioxide concentration
in the indoor space decreases. Although the air curtain
improves the ventilation efficiency, it is less effective in
terms of epidemic prevention compared with the partition.
The comparison between the performance of the partition
and the air curtain is shown in Table 1 and Table 2. The
results show that by introducing the air curtain, the carbon
dioxide concentration in the indoor space can be improved
by up to 74.6% compared with the partition, indicating that
the introduction of the air curtain can achieve the effect of
reducing the carbon dioxide concentration.
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