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Abstract 
 
While life was enriched after the Industrial Revolution, it was necessary to 

manage pollutants due to the deterioration of the air quality generated by the 

high degree of industrialization.  Air quality is divided into outdoor and 

indoor air quality. The cause of deterioration of outdoor air quality is exhaust 

gas from automobiles and exhaust gas from thermal power plants. Recently, 

yellow dust intensively deteriorates air quality in early spring.  There are 

pollutions that occur in Korea, but on the other hand, there are many cases 

that come from nearby foreign countries due to the inflow of dry polluted air 

due to the open space.  Due to such internal and external influences, air 

quality often deteriorates. The effects of air pollutants on humans have been 

proven through a number of sources.  On the one hand, indoor air quality is 

as important as outdoor air quality. In Korea, the sick house syndrome is a 

representative, and the amount of activity indoors increases, and technology 

to block the outdoors and the interior is advancing due to the development of 

technology in buildings. However, on the other hand, it is difficult to 

ventilate the interior and exterior, so CO2 increases in the indoor air. 

Therefore, it is important to include the function of circulating indoor air 

when it reaches a certain range of CO2 concentration in the air purifier. 

Therefore, this study aims to develop a ventilated air purifier to improve the 

indoor air quality, and to minimize air resistance by improving the optimal 

air flow path by grasping the internal flow of the air purifier. In addition, 

when ventilating the indoor air to lower the CO2 concentration, CO2 is 

discharged through a damper and the temperature contained in the indoor air 

is recovered through heat exchange and supplied to the room to increase 

energy efficiency. 
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1 Introduction 

 
After the Industrial Revolution, as we entered the modern civilized 

society, materials became abundant and life was enriched, and now we 

entered the 4th Industrial Revolution era using factory automation, 

autonomous vehicles, drones, robot technology, or biotechnology. On the one 

hand, as technology develops, it tends to be neglected in life-health that 

threatens human life.  Water quality and air quality are central to the human 

living environment and should be considered first.  In Korea, technology for 

air purifiers has been developed to purify indoor air due to yellow dust, and 

the demand of consumers has increased, so the air purifier business has 

accelerated from the second half of 2008.  Recently, there are cases where an 

air purifier is required for virus removal, but it is not easy to filter out viruses 

with the existing filter-type air purifier technology.  The core technology of 

air purifiers is still a filter, and the filtering size is larger than the virus to 

filter out viruses with conventional filters.  In order to improve the 

performance of the air purifier, the dust collection efficiency is important, 

and the noise generated by the increase in pressure before and after the filter, 

the amount of air blown, and the energy efficiency are important [1]. 

Due to the threat of the new COVID-19 virus that humans have 

experienced since the beginning of 2020, human behavior related to the 

development of advanced technology or fourth industrial revolution 

technology that has been elaborated has been suspended.  Most air purifiers 

developed to improve indoor air quality have been developed based on 

HEPA filters and blower fan technology.  In particular, in the background of 

increased interest in indoor air quality, there are various types and causes of 

air pollutants, including the use of sick house syndrome or indoor building 

materials, and among these pollutants, volatile organic compounds (VOC) 

and formaldehyde are harmful to the human body [4,8]. 

Particular attention is required because these carcinogens are contained 

in floating substances floating in the indoor air, which can cause respiratory 

diseases and can cause serious harm to the elderly or infants.  In this 

situation, efforts to improve indoor air quality are being made through air 

purifiers and the air purifier technology is classified as follows [6].  The air 

purifier system is divided into mechanical and electric types, and the 

mechanical type is applied by dividing dry type and wet type.  Dry type is a 

device that filters out fine dust in the air using a HEPA filter. Wet type is a 

method of filtering dust by the adhesion or hydrophilicity of moisture by 

contacting water with suspended matter through the sprayer.  The electric 

type is an electric dust collecting filter, which consists of a charging part and 

a collecting part. It can be reused by washing the collected dust with water in 

a way to collect dust by  
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using the polarity of the voltage. In addition, it has an advantage of low 

maintenance cost compared to a mechanical type using a HEPA filter. 

Inaddition, there are adsorption methods, decomposition methods, or 

microbial methods for removing gaseous substances such as CO2 or VOC or 

formaldehyde contained in dust. The adsorption method includes a physical 

adsorption method using an activated carbon or an organic system based on a 

fiber system or an inorganic system using zeolite, and a chemical adsorption 

method through chemical molecular ionization [5,7].   

In addition, recently, in order to remove gaseous substances, a technique 

of converting harmful gaseous substances into harmless substances using 

platinum or palladium as a catalyst is applied. However, it is a rather difficult 

technology due to the poisoning phenomenon of the catalyst.  Also, the 

catalyst price is high for these technologies, which makes it difficult to apply 

universally.  Recently, a low-temperature plasma filter method capable of 

simultaneously removing particulate matter and gaseous matter has been 

commercialized. In addition, one of the techniques that are widely applied for 

indoor air cleaning is an electric discharge method, and a typical technique is 

a dielectric barrier discharge.  On the other hand, a photocatalytic plasma 

deodorization filter has been developed to improve the deodorization 

performance in a low temperature plasma method, and efforts are being made 

to improve antibacterial and deodorant functions [2]. 

On the other hand, techniques for improving the performance of the air 

purifier according to the air volume of the air purifier include dust collection 

efficiency, noise, and deodorization performance, and standards based on the 

rated air volume (CMH) prescribed by the Korean Industrial Standards and 

the Korea Air Purifier Association are suggested in Table I. The dust 

collection efficiency is calculated by the 0.3μm particle counting method, but 

the deodorization efficiency for gaseous substances is more than 70%, and 

the chamber method is specified to be more than 60% [3]. However, since 

the HEPA Filter-94 is generally applied, the dust collection efficiency is 

expected to be over 99%. However, if you look at the air cleaning process in 

the air cleaner in development, it is expected that the dust collection 

efficiency will be as high as 99%. This is because the contaminated air is 

inhaled using the blower fan, the primary filter is passed, and then the 

secondary filter is passed after passing through the blower fan.  However, 

from a design point of view, it is necessary to develop the technology 

required for design or manufacture because the dust collection efficiency 

may vary depending on the geometric shape, position, and fan capacity of the 

intake and exhaust ports at a given rated air flow [9].  The performances that 

are important in air purifiers regulated at home and abroad include dust 

collection efficiency and noise according to the exclusive area. The 

performance of the air purifier complies with the Korean Industrial Standards 

and the regulations of the Korea Air Purifier Association, and Table 1 shows 

the noise standard values according  

 



 

 
 

 

 

 

 

to the rated air volume. On the other hand, CO2 is regulated to be less than 

800 ppm indoors and less than 400 ppm outdoors. 

Therefore, this study aims to improve the energy saving and dust 

collection performance by securing the optimum streamlines by analyzing 

the internal flow from the air intake to the exhaust port to identify the 

pressure distribution and temperature distribution before and after the filter to 

satisfy the rated airflow. 

 
Table 1 Noise standards according to rated air volume flow rate 

 

Rated air flow (m
3
/min) Noise (dB) 

Below 5 45 

5~10 50 

10~20 55 

Above 20 60 

 

 

2 Analytical Approach 
 

The configuration of a ventilated air purifier is shown in Fig. 1. Fig. 2 

shows the air flow state inside the air purifier. Boundary conditions for 

temperature and pressure are required for flow analysis inside the air purifier. 

As external flow enters the air purifier or the pressure changes as the flow 

passes through a filter or heat exchanger, the measured value for this is 

presented as a boundary condition. In addition, indoor air is discharged for 

ventilation. To determine the heat transfer effect of the heat exchanger, the 

temperature before and after the heat exchanger was measured. 

As the air supply fan is operated, external air enters the external air vent, 

and the pressure drops as it passes through the pre-filter, and the filtered air is 

supplied to the interior as it passes through the IV harmonic filter after the 

heat exchanger. On the other hand, when the indoor CO2 concentration 

exceeds 400ppm, the damper is opened and the exhaust air fan is operated, 

and the contaminated indoor air heat exchanged in a diagonal direction, 

raising the temperature of the supply air and discharging it to the outside. 

The main parts of the interior of the air purifier are equipped with a 

centrifugal air supply fan required for introducing outside air and an exhaust 

fan for ventilation to remove CO2 contained in the indoor air.  A total heat  
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exchanger was installed in the center of the air purifier so that the heat that 

was lost in the process of supplying external air to the room through the 

supply fan and venting the room air to the outside through the exhaust fan 

can be recovered.  Table 2 shows the main parts of the ventilated air purifier.  

Table 3 shows the measured values of static pressure and temperature 

according to the location when external air is introduced. In fact, it was 

confirmed that the pressure dropped when passing through the filter and the 

heat exchanger, and the pressure increased by the fan. 

In addition, a total of three HEPA filters 94 were installed in two places 

before being supplied to the room through the duct and the fan of the outside 

air.  The amount of air blowing required for air supply was 0.18 [m3/s], and 

the amount of blowing required for exhaust was 0.15 [m3/s], which was 

decided as a basic specification for design.  As external atmospheric factors, 

indoor air was 21.1℃ and outdoor air was 7.8℃.   

In addition, the exhaust for ventilation is equipped with a damper to 

measure the concentration of CO2 generated in the room and automatically 

controls to open the damper to ventilate when it exceeds the outdoor air level 

of 350~400 ppm in normal daily life. The computer simulation of the indoor 

flow analysis of the air purifier performed numerical analysis using universal 

commercial codes.  Figure 3 shows the front view of the air purifier. Figure 4 

shows a tetrahedral unstructured lattice centered on the total heat exchanger.  

Since the heat exchange between the external air temperature 7.8 [℃]  and 

the indoor air temperature 21.1 [℃] is performed, a high density unstructured 

grid was carefully formed around the heat exchanger. The total number of 

unstructured was 210,510,000.  

Fig. 5 shows the path line according to the velocity change formed as the 

outdoor air entering through the circular duct is filtered and then passed 

through the heat exchanger and then discharged to the room through the air 

supply fan.  Overall, the velocity field is properly formed, but it is expected 

that some energy loss will occur due to the formation of a vortex in a 

relatively narrow space as the pressure is lowered by the two filters as it 

passes through the supply fan.  Looking at the current air noise standard, the 

noise standard was 50~55[dB] at the rated air volume of 5~20[m3/s], and it 

was found that vortices were formed in the intermediate process when 

external air stepped in. Therefore, it is necessary to intensively study the 

internal structure of the air cleaner in a form that can be easily introduced by 

a centrifugal fan. With the current internal structure, it is considered that the 

noise is somewhat high. 

  

 

 

 

 

 



 

 
 

 

 

 

 

 

Fig. 6 shows the path line according to the velocity distribution of the 

polluted indoor air using an exhaust fan and passing energy to the supply air 

while passing through the total heat exchanger and exhausting to the 

outdoors.  It could be understood that the exhaust fan has a strong eddy 

current, but the exhaust fan has a smaller capacity than the air supply fan, so 

the actual effect from the energy point of view is expected to be low. 

Fig. 7 shows the pressure distribution [Pa] when the air supply fan and 

the exhaust fan operate at the same time, and the pressure decreases when 

passing through the total heat exchanger, but it can be seen that the pressure 

rises rapidly as it passes through the exhaust fan.  After the air enters the air 

purifier at atmospheric pressure while operating the blower fan, a pressure 

drop (0.004 KPa) is made while passing through the filter and the heat 

exchanger. While changing the pressure drop (0.001 KPa), it was confirmed 

that it was supplied to the room. 

Fig. 8 shows the temperature distribution [℃] of the internal air in the air 

purifier, and when comparing before and after the total heat exchanger, it 

was found that the temperature of about 10℃ was exchanged. Considering 

the efficiency of the total heat exchanger itself, it was found that only about 

80% was transferred to the supply air.  Fig. 9 shows the velocity distribution 

that occurs inside the air purifier. Overall, the velocity field for the internal 

flow is well formed and it is judged that the internal flow analysis proceeded 

appropriately. 

 

 
 

Figure 1 Overall View ofthe Air Purifier 
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Figure 2Overall Schematic Diagram Of The Air Purifier 

 

 
Figure 3Frontal View Of The Air Purifier 

 

 

 



 

 
 

 

 

 

 

 

 

Table 2Main Parts of Air Purifier 

 

Components Description 

Ⅰ Pre-filter 

Ⅱ Heat exchanger 

Ⅲ Supply air fan(0.18m
3
/s) 

Ⅳ Ventilation fan(0.15m
3
/s) 

Ⅴ HEPA Filter(H14) 

 

Table 3 Static Pressure and Temperature at Each Location 

Location Pressure (KPa) Temp.(˚C) 

1 1.015 7.8 

2 1.014 8.5 

3 1.011 16.1 

4 1.017 20.1 

5 1.016 21.1 

6 1.014 21 

7 1.011 12 

8 1.015 10 
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Figure 4Grid Generation for Heat Exchanger Area (Tetrahedral 

Unstructured Mesh) 

 

 
Figure 5Velocity Path Line of Supply Flow Field 

 

 

 



 

 
 

 

 

 

 

 

 

 

 
Figure 6Velocity Path Line of Exhaust Gas Flow Filed For Ventilation 

 

 
Figure 7Static Pressure Distribution When Supply Fan and Ventilation 

Fan Operate 
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Figure8Velocity distribution when supply fan and ventilation fan operate 

 

 
Figure 9StaticTemperature Distribution When Supply Fan and Ventilation 

Fan Operate 

 



 

 
 

 

 

 

 

 

3 Results 
 

As a design specification, the air supply air flow rate was 0.18m3/s 

[650CMH] and the exhaust air flow rate 0.15m3/s [540CMH] conditions, and 

the indoor air temperature 20.9℃ and the outside air temperature 7.8℃ were 

given. Looking at the relationship between heat transfer through the heat 

exchanger, the temperature lost when the carbon dioxide is discharged from 

the room to the atmosphere is about 13°C, and it is possible to have about 

7°C as the heat recovered through the heat exchanger.  

In addition, in the case of the air supply fan installed for ventilation 

purposes, when looking at the pressure change distribution, the pressure 

decreased by about 0.1 KPa when entering through the HEPA filter at 

atmospheric pressure, and the pressure decreased by 0.3 KPa when moving 

through the heat exchanger. On the other hand, 0.6 KPa increased as it 

passed through the supply fan. 

4 Conclusion 
 

 In order to develop a ventilation type air purifier, analysis was performed 

by introducing general-purpose computer software based on the ventilation 

and exhaust air volumes presented as design variables. The pressure drop 

was formed as the outside air entered the air purifier and passed through the 

HEPA filter, and the pressure drop was formed as it passed through the heat 

exchanger plate of the heat exchanger.  

Meanwhile, fine dust and CO2 contained in the indoor air (21°C) were 

discharged, and the heat source containing the room temperature was 

recovered through a total heat exchanger and supplied to the room through an 

air supply fan.  When looking at the flow field, it is judged that the path line, 

pressure distribution, and temperature distribution were performed properly. 
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