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Abstract: An air curtain machine is used in the entrances and exits of public places where air con-
ditioners are used. The high-speed centrifugal or axial fan blows out the air, creating an airflow
barrier to prevent air convection inside and outside, reducing air conditioning losses, and maintain-
ing the indoor air quality by preventing dust, insects, and harmful gases from entering the room.
Observation of the airflow behavior was conducted using CFD simulation, to explore whether it
has a blocking effect, and the air curtain principle was applied to the air purification equipment. It
is mainly composed of several rows of arrayed hole air outlets to form a multi-composite air wall.
The airflow on the two sides, or below, can be blocked by the composite air wall and integrated into
the main airflow, so that the air walls will not affect each other, and form a barrier effect to prevent
infection. This research includes the measurement of impedance characteristics for three layers of
filters made of different materials. These filters are used as the input characteristic parameters in the
simulation analysis. Four scenarios are discussed, including the consultation room, hospital ward,
quarantine station, and conference room. From the simulation results, it is known that when there are
many people, the equipment can be set to high speed to increase the volume of air, forming a wind
wall to effectively block airflow from the people in the chairs, reducing the risk of infection. Note
that the rotation speed should not be too high. The air outlet equipment is susceptible to turbulent
flow, which will make the airflow deviate from the expected direction and increase the possibility of
mutual infection between adjacent people. Partitions can be used to block airflow to reduce the risk
of infection.

Keywords: air purifier; computational fluid dynamics; air quality; flow behavior; simulation analysis

1. Introduction

Air quality issues have received considerable attention in Taiwan in recent years.
Under the influence of global warming and the greenhouse effect, the outdoor temperature
has become relatively high. People now prefer to stay indoors for activities. Natural
ventilation or air conditioners can be utilized for indoor ventilation to make the human
body feel relatively comfortable. However, in indoor spaces, doors and windows must be
closed when air conditioners are used. This produces confined spaces, resulting in problems
such as air quality deterioration and physical discomfort. Air filtration to maintain good
indoor air quality is the subject explored in this study [1–8].

In March 2020, COVID-19 (coronavirus disease 2019) began ravaging the world and has
rapidly developed ever since, attracting significant attention from all countries worldwide.
The main COVID-19 infection transmission method is through viral droplets expelled
during human-to-human contact. Nosocomial infection cases are of great concern to the
general public, increasing the suspicion that hospitals are places with a high risk of infection.
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Hence, the air curtain principle is applied to simulate an air purifier flow field analysis with
barrier effects, using computational fluid dynamics (CFD) to conduct flow field analyses
in various scenarios, such as consulting rooms, hospital wards, quarantine stations, and
conference rooms. The air purifier is used to filter harmful substances from the indoor air.
After filtering, airflow with a certain velocity is blown out from the air purifier outlet fan to
form an air wall. An air wall can also be formed by blocking or changing the flow direction,
which can reduce the chance of air droplet infection. This study analyzed airflow fields and
investigated whether an air purifier can effectively filter viruses under various simulation
scenarios [9–21].

Most people think that the effect of ambient air purification depends on the equip-
ment’s filtering system, ignoring the overall air circulation effect on the environment. After
the air is expelled from, and then returned to, the air purifier, a virus can spread among
a crowd. The air purification device forms a barrier curtain, which drives the airflow in
the same direction, to prevent droplets from interacting with the air inhaled by the human
body. This paper discusses an air purifier design based on the air curtain principle. This
air purifier can be used in small, confined spaces, such as consulting rooms and hospital
wards, as well as open spaces where large numbers of people gather, such as quarantine
spaces. Vaccine administration stations and CFD simulations were used to observe the flow
fields of entire spaces, to explore whether a blocking effect exists, as an important reference
for future applications.

2. Research Method

This paper simulated an air purifier with barrier effects and compared the experi-
mental results using a numerical simulation analysis. This study carried out wind tunnel
experiments for different filter screens and air purifier fans. Static pressure–flow curves
(P-Q curves) were formed by measuring all the points, and the measured P-Q curve values
were used to set the simulation parameters for comparison and discussion, as shown in
Figure 1.
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2.1. CFD Simulation Analysis

After modeling with SOLIDWORKS (Dassault Systèmes SOLIDWORKS Corp. Waltham,
MA, USA), the files were imported into ANSYS ICEPAK (ANSYS, Inc., Canonsburg, PA,
USA) to establish the flow field simulation scenario space. Computational fluid dynamics
(CFD) uses a computer to establish grid points and provide appropriate simulated fluids,
including the velocity, concentration, pressure, etc. The main governing equations between
the flow fields are the continuous, momentum, kinetic energy transfer, and dissipation
equations, such as Equations (1)–(8) [22].

Continuous equation:
∂µ

∂x
+

∂v
∂y

+
∂w
∂z

= 0 (1)

Momentum equation:
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µ
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Turbulent kinetic energy transfer equation and dissipation equation:
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The boundary conditions (location) for this space are 3.0 m in length, 4.3 m in width,
and 2.0 m in height. The spatial concentration (species definitions) and water concentration
(H2O) are both set to 0.04. The human body’s exhalation port (opening) is a circle with a
diameter of 0.1 m. The body’s exhalation port velocity (flow specification) is set to 10.0 m/s.
The above are all fixed conditions. This study uses the mixture to set the simulation
parameters, which are the continuity equation, the momentum equation, and the quadratic
image volume equation, such as Equations (9)–(15) [22].

Continuity equation:
∂

∂t
(ρm) +∇ · (ρm

→
v m) = 0 (9)

where
→
v m is the mass-averaged velocity:

→
v m =

∑n
k=1 αkρk

→
v k

ρm
(10)

ρm is the mixture density:
ρm = ∑n

k=1 αkρk (11)

αk is the volume fraction of phase k.



Processes 2022, 10, 864 4 of 20

Momentum equation:

∂
∂t

(
ρm
→
v m

)
+∇·

(
ρm
→
v m
→
v m

)
= −∇p +∇·

[(
∇→v m +∇→v m

T
m

)]
+ ρm

→
g +

→
F +∇·(

∑n
k=1 αkρk

→
v dr,k

→
v dr,k

) (12)

where n is the number of phases,
→
F is the body force, and µm is the mixture viscosity:

µm = ∑n
k=1 αkµk (13)

→
v dr,k is the drift velocity for secondary phase k:

→
v dr,k =

→
v k −

→
v k (14)

Volume fraction equation for the secondary phases:

∂

∂t
(
αpρp

)
+∇·

(
αpρp

→
v dr,p

)
+ ∑n

q=1

( .
mqp −

.
mpq

)
(15)

Figure 2 is an air purification equipment model diagram. The air outlet size in the
figure is set to 0.8 m long and 0.59 m wide. The equipment contains filters made of different
materials. Figure 3 shows that the filters are divided into A, B, and C, with three different
filter materials. The model’s size is 0.77 m long and 0.61 m wide. The model’s thickness is
0.02 m, 0.075 m, and 0.015 m thick, respectively.
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Figure 3. Air purifier filter setting diagram.

The flow field simulation has four main scenarios (Case 1~Case 4): consulting rooms,
hospital wards, quarantine stations, and conference rooms. The size of the four situational
spaces is based on the school’s medical room as a boundary reference setting sample.

Figure 4 is a schematic diagram of the consultation room (Case 1). The distance
between the human body’s exhalation port and the floor is from point A to point C, with
a 1.0 m set value. The interpersonal distance is 1.4 m from point A to point B, with the
exhalation port as the center. The human body’s exhalation port airflow direction at point
A is from point A to point B. The human body’s exhalation port airflow direction at point B
is from point B to point A. The air purifier airflow outlet is shown at point D. The air inlet
position is as shown at point E. This is a closed space.
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Figure 4. Air purifier in the consulting room.

Figure 5 is a schematic diagram of the hospital ward (Case 2). The distance between
the human body’s exhalation port and the floor is from point A to point C, with a 1.33 m set
value. The distance between the human body’s exhalation port and the floor is from point
B to point D, with a 0.92 m set value. At point A, the airflow direction is from the human
body’s exhalation port in the direction of the arrow in the figure. At point B, the airflow
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direction from the human body’s exhalation port is vertically upward. The interpersonal
distance is set to 0.7 m from point A to point B, with the exhalation as the center. The air
purifier airflow outlet position is shown at point E. The air inlet position is shown at point
F. This space is closed.
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Figure 5. Air purifier in the ward.

Figure 6 is a schematic diagram of the quarantine station (Case 3). The distance
between the human body’s exhalation port and the floor is from point A to point C, with
a 1.0 m set value. The interpersonal distance is 1.4 m from point A to point B, with the
exhalation port as the center. The airflow direction from the human body’s exhalation port
at point A is from point A to point B. The human body’s exhalation port airflow direction
at point B is from point B to point A. The air purifier airflow outlet is shown at point D. The
air inlet position is as shown at point E. This space is semi-open. The F and G surfaces are
set as ventilation grilles for the ventilation space.
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Figure 6. Air purifier in the quarantine station.

Figure 7 is a schematic diagram of the conference room (Case 4). The distance between
the human body’s exhalation port and the floor is from point A to point G, with a 1.0 m
set value (the other five settings are the same). The distance between people sitting at the
table is 1.4 m from point A to point B, with the exhalation port as the center. The airflow
direction from the human body’s exhalation port at point A is from point A to point B. The
airflow direction from the human body’s exhalation port at point B is from point B to point
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A. The remaining two groups are the same. The interpersonal distance is 1.0 m from point
A to point C, with the exhalation port as the center (the other five settings are the same).
The air purifier airflow outlet is shown at point H. The air inlet position is as shown at
point I, and this is a closed space.
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Figure 7. Air purifier in the conference room.

The fan pressure and air volume at various speeds were measured experimentally
through a wind tunnel, as shown in Figure 8. Tables can be produced using the wind tunnel
experiments, as shown in Table 1. The air volume and pressure values at each rotation
speed were obtained. The X-axis and Y-axis were drawn as the air volume (CMM) and the
P-Q curve of pressure (Pa), respectively, as shown in Figures 9–11. ANSYS ICEPAK was
employed for the simulation analysis. The steady-state flow field results were analyzed
using the changes in pressure and velocity caused by convection [23].
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Table 1. Pressure and air volume of the air purifier at different rotation speeds.

Measuring Points 1 2 3 4 5 6 7 8 9

Low rotation
speed (LOW)

Air volume (CMM) 0 0.5960 1.0621 1.6743 2.2525 2.7259 2.7810 2.8361 2.8912

Pressure (in water) 0.4770 0.4025 0.3759 0.3158 0.2821 0.2484 0.2464 0.2447 0.2435

Medium rotation
speed (MEDIUM)

Air volume (CMM) 0 0.8493 1.5122 2.3666 3.2118 3.5712 3.6388 3.7063 3.7747

Pressure (in water) 0.7647 0.7163 0.6036 0.5292 0.4640 0.4453 0.4404 0.4354 0.4308

High rotation
speed (HIGH)

Air volume (CMM) 0 1.3381 2.5906 3.5166 5.1802 6.0373 6.2046 6.3703 6.5371

Pressure (in water) 1.1774 1.0498 1.0105 0.9395 0.8245 0.7629 0.7510 0.7386 0.7271
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2.2. Impedance Characteristics of Filter Screens Measured with Different Materials

In order to confirm the validity of the flow field simulation input parameters, an air
purifier filter screen performance test was carried out using the wind tunnel experiment, as
shown in Figure 12. Three different filter screen materials were installed in the equipment.
The equipment had filter screens constructed of three layers using different materials,
including a primary filter screen, chemical filter screen, and high-efficiency medical ster-
ilization filter screen, as shown in Figures 13–15. The performances of the different filter
screen materials were measured, as shown in Table 2. The filter screens’ velocity and
pressure for all materials were obtained, while the X-axis and Y-axis were drawn as the
velocity (m/s) and the P-Q curve of pressure (Pa), respectively, as shown in Figures 16–18.
Other technical principles were used for the filter screens of different materials, with the
descriptions shown in Table 3 [24].
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Table 2. Air purifier filter screen pressure and air volume.

Measuring Points 1 2 3 4 5 6 7 8 9

High-efficiency
medical

sterilization filter
screen (inner)

Velocity (m/s) 0 0.0145 0.0259 - - - - - -

Pressure (in water) 0 0.001 0.003 - - - - - -

Chemical filter
screen (middle)

Velocity (m/s) 0 0.0145 0.021 0.0323 0.0407 0.047 0.0478 0.0487 0.0495

Pressure (in water) 0 0.001 0.002 0.005 0.008 0.010 0.011 0.011 0.012

Primary filter
screen (outer)

Velocity (m/s)) 0 0.0064 0.0145 0.0209 0.0258 0.0323 0.0331 0.0339 0.0347

Pressure (in water) 0 0.002 0.010 0.021 0.032 0.049 0.052 0.054 0.057
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Table 3. Technical principles for air purifier filter screens [24].

Filter Screen Name High-Efficiency Medical
Sterilization Filter Screen Chemical Filter Screen Primary Filter Screen

Technical principles

The high-efficiency silver ion
cleaning system filters PM2.5

and PM0.3, to achieve the
sterilization effect effectively.

Filter formaldehyde and ozone, and
effectively adsorb harmful substances,
such as formaldehyde and ozone, to

completely remove odor and maintain
a fresh and clean medical environment.

Filter large particles, such as
dust and floating objects in

the air, to improve the service
life of other filters.

3. Results and Discussion

This study simulated four different human environment scenarios, including consult-
ing rooms, hospital wards, quarantine stations, and conference rooms. The details for each
scenario are described as follows:

Case 1: The air purifier was set to run at a low rotation speed. The gases emitted
by the human body in a confined space flowed back to the suction end of the equipment,
along with the airflow direction, to produce a circulation effect. As shown in Figure 19, a
simulation top view, the indoor air could enter the equipment for circulation and filtration.
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In the same scenario, at a high rotation speed, the airflow from the equipment air
outlet is enhanced to form a gas wall, which effectively blocks and blows away the gas
exhaled by the human body, as shown in Figures 20 and 21. Due to the high pressure, the
gas exhaled by the human body is brought into the filter suction end and the airflow for
circulating filtration.
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Figure 21. Air purifier top-view simulation in the consulting room at a high rotation speed −2.

Case 2: An air purifier was installed in the hospital ward. It was designed for patients
lying on a sickbed with doctors making bedside diagnoses, and the purifier was set at a
low rotation speed for air purification. From the outlet velocity, the air discharged by the
equipment could carry away the gases emitted by the human body, as shown in Figure 22
in the top-view simulation. The gases emitted by the human body in a confined space had
circulation effects, so that the indoor air could enter the equipment for filtration and then
be discharged, as shown in Figure 23.
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Case 3: The quarantine station design and the quarantine personnel are well venti-
lated. The equipment is set to run at low speed. It can be observed from the equipment 
that the equipment airflow velocity can bring the gas exhaled by the human body into the 
airflow direction. The air discharged by the human body in the open space can flow out 
of the space, along with the airflow direction, into the airflow outside the space. After 
filtering in the inhalation device, filtered air is blown out from the air outlet to the human 
body position to form a blocking air wall, as shown in Figure 25. 

Figure 23. Air purifier top-view simulation in the ward at a low rotation speed −2.

In the same scenario, at a high rotation speed, it is apparent that the airflow from the
equipment air outlet is strengthened to form an air wall. This air wall effectively blocks
and blows away the air from the human body, as shown in Figure 24. From Figure 24, it
can be observed that the formed air wall takes the gas exhaled by the human body into the
filter suction end and the airflow, due to the high-pressure circulating filtration.

Case 3: The quarantine station design and the quarantine personnel are well ventilated.
The equipment is set to run at low speed. It can be observed from the equipment that the
equipment airflow velocity can bring the gas exhaled by the human body into the airflow
direction. The air discharged by the human body in the open space can flow out of the
space, along with the airflow direction, into the airflow outside the space. After filtering
in the inhalation device, filtered air is blown out from the air outlet to the human body
position to form a blocking air wall, as shown in Figure 25.
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Case 4: This simulation was designed for a conference room with six people sitting 
at a conference table. The air purifier was set at a low rotation speed. The equipment air-
flow velocity brings the gas exhaled by the human body into the airflow direction. As 
shown in the simulation result top view in Figure 27, the gas exhaled by the human body 
in a confined space follows the airflow direction. Backflow into the equipment’s suction 
end produces a circulation effect, as shown in Figure 28. This allows the indoor air to enter 
the equipment for circulating filtration. 

Figure 25. Air purifier simulation in the quarantine station at a low rotation speed.

In the same scenario, at a high rotation speed, it is apparent that the airflow from
the equipment air outlet is strengthened to form a gas wall, which effectively blocks and
blows away the gas exhaled by the human body, as observed in Figure 26. Due to the high
pressure, the gas exhaled by the human body is taken out of the space, so that the gas
exhaled by the human body flows out of the semi-open space.

Case 4: This simulation was designed for a conference room with six people sitting at
a conference table. The air purifier was set at a low rotation speed. The equipment airflow
velocity brings the gas exhaled by the human body into the airflow direction. As shown
in the simulation result top view in Figure 27, the gas exhaled by the human body in a
confined space follows the airflow direction. Backflow into the equipment’s suction end
produces a circulation effect, as shown in Figure 28. This allows the indoor air to enter the
equipment for circulating filtration.
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the human body toward the middle of the conference table, due to the high pressure. A 
small air wall is formed, which easily affects nearby people. The gas exhaled by the human 
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In the same scenario, at a high rotation speed, it is apparent that the airflow from the
equipment outlet forms an air curtain, due to the high pressure, blocking the gas discharged
from the staff sitting in the conference room, as shown in Figure 29. Based on Figure 30,
when people sit in opposite positions, the air purifier sucks the gas exhaled by the human
body toward the middle of the conference table, due to the high pressure. A small air wall
is formed, which easily affects nearby people. The gas exhaled by the human body can be
filtered, so that the air in this space can be regularly purified.
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Figure 31. The wind speed (flow specification) is set to ±1 m/s. The simulation is carried 
out under the condition that the other settings are not changed. It can be observed from 
Figure 32 that the gas expelled from the A, D, and B positions will affect the B and E posi-
tions. The blocking effect is, therefore, not achieved. This device forms an air wall to block 
the influence of mutual breath mixing. The partition can be used for protection when sit-
ting next to another person. In the future, ventilation equipment will be added for im-
provement. 
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Figure 30. Air purifier simulation top view in the conference room at a high rotation speed −2.

In the same situation, when the rotation speed is high, a circle is built with an opening
diameter of 0.06 m for the human body (B, E) sitting in the middle position, as shown
in Figure 31. The wind speed (flow specification) is set to ±1 m/s. The simulation is
carried out under the condition that the other settings are not changed. It can be observed
from Figure 32 that the gas expelled from the A, D, and B positions will affect the B and
E positions. The blocking effect is, therefore, not achieved. This device forms an air wall
to block the influence of mutual breath mixing. The partition can be used for protection
when sitting next to another person. In the future, ventilation equipment will be added
for improvement.
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The ventilation walls formed at the outlet had barrier effects and were less likely to affect 
each other, filtering the body’s exhaled gas. The centrifugal fan’s velocity and pressure 
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According to the simulation, the air purifiers at high and low rotation speeds were
compared. The centrifugal fan’s velocity and pressure were low at low rotation speeds. The
ventilation walls formed at the outlet had barrier effects and were less likely to affect each
other, filtering the body’s exhaled gas. The centrifugal fan’s velocity and pressure were
high at high rotation speeds. The ventilation walls formed at the outlet were large. It was
easy to inhale the gas discharged from the human body into the air curtain, so that the air
flowed from the place with low pressure to the place with high pressure; however, there
was no significant barrier effect. According to the simulation, the rotation speed could be
adjusted according to different scenarios and the number of people. Consulting rooms and
sickbeds could use low rotation speeds, due to the small number of people in those spaces.
With effective blocking and screening, quarantine stations can also use low rotation speeds
for ventilated spaces. By bringing the gas exhaled by the human body into the meeting
room situation, due to the amount of people and the confined space, the gas exhaled by the
human body can be quickly brought into the equipment to be filtered at high speed.



Processes 2022, 10, 864 19 of 20

4. Conclusions

Whether in an open or closed environment, the simulated air purification equipment
of this study can effectively block and purify the harmful substances in the air. In closed
or open environmental conditions, the operating speed range of the equipment can be
determined according to the number of people. The equipment can be set to run at high
speed, increase the air volume, form a wind wall to effectively block the airflow from a
person sitting opposite, and reduce the chance of droplet infection. However, note that the
rotation speed should not be too high. If the equipment air volume is too large, it easily
produces turbulence, deviating the airflow from the intended direction, causing airflow
between adjacent people, and increasing the chance of infection. You can choose to increase
the distance between adjacent people or add insulation boards between adjacent people to
block airflow and reduce the risk of infection.
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