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ABSTRACT. In this study, the difference in air cleaning performance according to the
shape of the inlet and outlet of the product was studied using numerical analysis. The fan
boundary was introduced while the inside and outside of the air purifier are simulated
simultaneously. The experimental results were used to validate a numerical simulation
model, and 5% of error was obtained. Then, flow characteristics of 2 types of air purifiers
were compared. As a result, it was confirmed that the product performance would change
depending on the shape of the inlet and outlet by comparing the velocity of the flow fields.
Keywords: Computational fluid dynamics, Air purifier, Fan boundary

1. Introduction. In much of the world, people spend on average 65% of their time in-
doors at home [1]. It is, therefore, important to understand the quality of air in homes,
and how best to improve it. Technologies are rapidly being developed and adopted to
mitigate indoor air pollution, and portable home air purifiers (HAPs) are one of the most
effective technologies available to clean the surrounding air of harmful pollutants of both
indoor and outdoor origin [2]. As the interest in air cleaning increases, various products
are being launched. The shape and performance of the products being produced differ,
and the shapes of the intake and exhaust are diverse. Despite the many reasons for the
design and manufacturing of air purifiers, from an aerodynamic perspective, the intake
and exhaust shapes can lead to changes in efficiency, performance, and even noise reduc-
tion. The application of computational fluid dynamics (CFD) in ventilation and indoor
air science research has grown exponentially. As computer hardware capabilities have in-
creased by a factor of 10,000 in the past 20 years, CFD has become an integral part of
the research and development of complex ventilation systems in buildings [3]. In previous
research, there have been many numerical analyses on the flow of room air purifiers. Eom
et al. have conducted a case study on placement of portable air cleaner considering out-
door particle infiltration into an elementary school classroom [4]. Park et al. predicted
the indoor fine dust concentration distribution in the residential space according to the
conditions of each case of the air cleaning ventilation system using CFD [5]. In addition,
many CFD studies have been conducted to improve the performance of the fan. Kim et
al. visualized the flow inside an air purifier using CFD, and predicted the noise caused by
airflow using computational aero-acoustics (CAA) [6]. Lee et al. studied the performance
and internal airflow of the sirocco fan with a guide vane [7]. Burgmann and Janoske eval-
uated the efficiency of air purifier systems in classrooms under realistic conditions, i.e.,
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including thermally driven flow effects [8]. There are no studies of the numerical analysis
of the flow inside the air purifier or the flow in the room. This is because it is significantly
difficult to simultaneously implement internal and external modeling, owing to the dif-
ferences in the complexities of the purifier’s internal and external designs. However, the
flow characteristics through the air purifier may vary depending on the size or shape of
the room; therefore, it is necessary to consider the inside and outside simultaneously.

The aim of this study was to analyze an air purifier’s flow inside and outside in one flow
field. The purposes were to evaluate the original design of the intake and exhaust shapes
of air purifiers, and to suggest improvement of the design. The workflow of this study
is shown as Figure 1. First of all, we modeled two types of air purifier inlet/outlet and
formed the grid. Second, we presented a methodology for numerical analysis of the inside
and outside of the air purifier simultaneously. Then, we perform numerical simulation and
verified the analysis results by comparing them with the experimental results. Finally, we
compared the numerical results of the two types of modeling.
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Ficure 1. Workflow of this study

2. Analysis Conditions and Numerical Techniques.

2.1. Modeling and case definition. In this study, numerical analysis was performed
by dividing the shape of the product inlet and outlet into two types. Type 1 is the shape
of the entrance and exit of the conventional product, and type 2 is the shape that expands
the length of the inlet and outlet. There are filter layers inside the purifier, but in this
study, only the shape of the inlet and outlet is considered. Figure 2 shows the air purifier
installed in the room. The air enters through the inlet at the bottom of the air purifier
and exits through the outlet at the top with a fan installed inside the product. In type
2, the inlet and outlet are expanded when compared with type 1.

2.2. Grid formation. We applied inflated boundary layers to the grid near the wall, and
reduced the grid size of the flow inside the air purifier for the accuracy of the numerical
simulation. Hexahedra mesh and polyhedral mesh were properly mixed as shown in Figure
3. We performed a grid study to avoid domination of the grid. As a result, a grid was
formed with 15.57 million nodes, 9.18 million elements, and the residual was converged
to the le-5 level.

2.3. Analysis conditions and techniques. In this study, Ansys Fluent, a commer-
cial code, was used to analyze the flow characteristics inside and outside the air purifi-
er. Numerical analysis was performed using the three-dimensional incompressible RANS
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(Reynolds Averaged Navier-Stokes) equation as a governing equation. The equation is as
follows. (1) means the mass conservation equation.

ou;

ox;

In the above equation, u means the Reynolds-averaged velocity vector, and x; means

the i-th direction in space.
The momentum conservation equation is as the following Equation (2).

0 0 ~ Op 0 Ou;  Ouj —
P&(Uz) + ”“ﬂa—%(“’) = T on, + oz, [M <8x]~ + (%vi) Puj“z} (2)

In the above equation, p is the pressure, and p is the dynamic viscosity. The last term
in the equation means the Reynolds stress and includes the turbulence effect [9]. In order
to properly predict this turbulence effect, a turbulence model is adopted.

~0 (1)
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In this study, to analyze the behavior of turbulence, the k-¢ model was used. Normal
analysis has the boundary condition of the “inlet” and “outlet”, but in this analysis, the
boundary condition of “inlet” and “outlet” is not used because the fan creates natural
flow. In addition, the fan installed inside the air purifier was simulated by applying the
“fan boundary”. The reason is that if the fan is directly modeled, the density of the shape
increases and the number of grids increases, and a transient analysis must be used to
simulate the fan rotation, which takes too much time and computational resources. So,
we took the “fan boundary” which can simulate the most important characteristics of
the fan. The formula below is for the pressure jump used in the fan boundary. A fan is
considered to be infinitely thin, and the discontinuous pressure rise across it is specified
as a function of the velocity through the fan. The relationship is as follows:

N
AP =" fu"! (3)
n=1

where AP is the pressure jump, f, is the pressure-jump polynomial coefficients, and v
is the magnitude of the local fluid velocity normal to the fan [10]. In the case of the fan
boundary, the pressure jump and swirl of the fan are needed for input. The fan pressure
jump value was input according to the fan performance curve, and the loss due to the
filter or internal parts was considered. As a result of the analysis, the exit velocity has
a 5% error with the experimental result. In addition to this study, there are examples
of numerical analysis using fan boundary conditions. Kostek et al. simulated the vortex
ring state, a major fluid characteristic around the helicopter rotor, using the fan boundary
condition without modeling the helicopter rotor [11].

3. Main Results. Figure 4 shows the pressure distribution contour inside and around
the fan. The blue part represents the low pressure where the flow enters, and the pressure
increases as a pressure jump occurs in the red part past the fan boundary. Through the
pressure distribution, the pressure jump, which is a characteristic of a fan, is simulated
without a fan shape as a fan boundary, and their aspects are the same. However, it can
be seen that the pressure range varies depending on the inlet/outlet design despite the
same fan boundary condition being used. In the case of type 1, it can be seen that the
pressure flow passing through the fan boundary increases significantly. In the case of type
2, where the inlet and outlet are widened, the pressure difference increases. The reason
for this is shown in the dynamic pressure distribution of Figure 5. In the case of type 1,
the dynamic pressure is distributed relatively lower than that of type 2. Low dynamic
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FIGURE 4. (color online) Pressure distribution in the cross section of the air purifier
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FIGURE 5. (color online) Dynamic pressure distribution in cross section

pressure means low speed. As the flow rapidly enters or exits the narrow inlet or outlet,
the static pressure increases, not the speed, causing low efficiency and noise in fan.

Additionally, as a result of the analysis, the mass flow itself through the fan boundary
differed in the two types. Figure 6 shows the difference in mass flow through the fan
boundary and the degree of flow field circulation as an average velocity in the room. In
the case of type 2, the mass flow increased by 40% compared with type 1, and accordingly,
the overall flow field velocity in the room also increased by 27%.
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F1GURE 6. Mass flow through the fan boundary, flow velocity in the room

In Figure 7, the overall flow field volume was compared between the types. The over-
all low rate was much higher in type 2, confirming that the circulation was relatively
good. The flow rate is an important factor for good ventilation whereby it increases the
ventilation factor in the room.

The above results indicate that the intake/exhaust design shape is directly related to
product performance. This also means that the product efficiency can change depending
on the product intake/exhaust shape under similar fan conditions.
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FIGURE 7. (color online) Velocity distribution in the room

4. Conclusions and Discussions. In this study, the difference in product performance
according to the shape of the air inlet and outlet of a purifier was investigated using
CFD. Both the inside and outside were included in the flow field and analyzed, and a fan
boundary was used to simplify the internal flow. As a result of the comparison with the
experiment to verify the validity of the fan boundary conditions, the error between the
experiment and the analysis was 5%. In addition, when the inlet and outlet were expanded
as in type 2, the mass flow through the fan increased by 40% and the room flow rate also
increased by 27%. Therefore, the following conclusions are made: the fan boundary is
adapted for this CFD process. This fan boundary is only applicable to an axial fan, not
a centrifugal fan. In the case of a centrifugal fan, the flow direction is changed by the
vanes, so it may have different results. In this study, only the possible significant effect
on product performance of the air inlet and outlet shape is shown. The most effective air
inlet and outlet may exist depending on the fan, internal component design, and room
condition.
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