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Abstract— Due to deterioration of air quality caused by environmental damage 

caused by the acceleration of high-level industrialization at home and abroad, 

measures against fine dust are currently very serious due to the increase in vehicles, 

climate inland areas or satellite urban development.  These fine dusts not only pose 

their own risks but also health problems, which seriously affect health. In this 

situation, the demand for air cleaners is rapidly increasing. Air purifiers have been 

used primarily for public or medical facilities, but recently, as the demand for 

household use has increased, various developments have been conducted.  In Korea, 

in the past, it has been developed mainly as an air-conditioning company, but now, 

small and medium-sized enterprises also jump into this sector, and various products 

are being developed. Air purifiers are developed by separating them into mechanical 

and electrostatic precipitators due to their structure and structure, and the 

mechanical type can be divided into wet type using water and dry type using only 

HEPA filters. In addition, recently, multi-functional products have been released by 

providing an air cleaning function to an existing cooling and heating system. On the 

other hand, recently, the technology for blocking the outside air due to the 

construction technology is advancing, and the development of a complex air purifier 

that removes gaseous substances or VOC or CO2 generated indoors is in progress. 

In order to remove gaseous substances, technology is being developed to incorporate 

activated carbon or catalytic technology, and it is attempting to develop by 

introducing an electric discharge method using a plasma filter. On the other hand, 

design technologies for improving the performance of air cleaners are being 

developed, and the detailed technologies affecting performance improvement will be 

focused on the removal efficiency of gaseous substances such as noise, dust collection 

efficiency, air flow, and CO2.  In order to improve the performance and energy 

efficiency of the ventilated air purifier through this study, an appropriate blower 

fan or an appropriate blower and inlet size was calculated.  In order to remove 

harmful CO2 generated from indoor air, the purpose of this study was to understand 

temperature and pressure changes through computational flow analysis, focusing on 

the analysis of the intake and exhaust vents or internal structure of the air cleaner.  
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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 
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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.   

Due to the threat of the new C-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 [1-2]. 

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 [3-4]. 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 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. In addition, 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. 

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% [8].  

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 
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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. 

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 I. Noise Standards for Air Purifier 

Rated air flow(m3/min) Noise(dB) 

Below 5 45 

5~10 50 

10~20 55 

Above 20 60 

 

2. ANALYTICAL APPROACH 

The overall schematic for a ventilated air purifier is shown in Fig. 1.   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 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.  

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 factors, indoor air was 20℃ and outdoor air 

was 8.5℃. 

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 350~400ppm in normal 

daily life. The computer simulation of the indoor flow analysis of the air purifier 

performed numerical analysis using universal commercial codes.  Figure 2 shows the 

front view. Figure 3 shows a tetrahedral unstructured lattice centered on the total 

heat exchanger.  Since the heat exchange between the external air supplied from the 

external heat exchanger 8.4 [℃] and the indoor air 20.8 [℃] is performed, a high 

density unstructured grid was carefully formed around the heat exchanger.  The total 

number of unstructured was 210,510,000. Figure 4 shows the path line according to 

the speed change formed as the outside 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 
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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 c an be easily 

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

that the noise is somewhat high. Figure 5 shows the variable velocity distribution as 

a path line while exhausting indoor air contaminated through an exhaust fan. 

In addition, while passing the indoor air through the heat exchanger, energy was 

delivered to the air supply side and discharged to the outside.  The supply side was 

able to grasp that a strong vortex was formed around the supply fan. However, since 

the exhaust side has a smaller exhaust fan capacity than the air supply fan, it is 

understood that the actual effect is low from the energy point of view. 

 

Fig. 1   Configuration of Air Purifier 

Fig. 2   Grid Generation for Heat Exchanger Area (Tetrahedral Unstructured Mesh) 
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Fig. 3   Front View of Air Purifier 

Fig. 4   Velocity Path Line of Supply Flow Field 

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 8.3℃ 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 
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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, 0.6KPa increased as it passed through the supply fan.  

 

Fig. 5   Velocity Path Line of Exhaust Flow Field 

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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