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Abstract

This study examined the particulate removal performance of three different types of air filters inside a heat exchanger. Of
interest was the ability of each filter type in reducing the transmission of outdoor particulate matter of PM10 from entering
an apartment while the heat exchanger was in operation. The study tested one commonly used medium filter (E11 grade)
and two HEPA filters (H13 grade) of different thicknesses. Two different concentrations of particulate matter were used in
the experiment to address different ambient air quality conditions in Korea, 32.75 pg/m® and 67.26 pg/m?. Study results
indicated that under the particulate matter concentration of 32.75 pug/m?, all three filters were capable of removing more
than 95% of the fine dust. However at a particulate matter concentration of 67.26 pg/m°, the medium E11 grade filter was
only able to remove about 90% of the particulates whereas the HEPA H13 grade filters were able to remove 95% or more of
the particulates. The thicker HEPA filter (40T) was also more effective in removing particulates than the thinner HEPA filter
(20T) by about 1.6 to 3 percentage points. Based on the findings of this study, it is recommended that HEPA filters of 20T
thickness or greater be used during the high air pollution seasons of winter and spring in Korea while medium filters can be
used during the other seasons to reduce outdoor air pollution transmission indoors.
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2k Fig. 1. Window Type Natural Ventilation System

Table 1. Rules on the Standard of Facilities, etc. of Buildings (Revision Related to Ventilation Equipment)

Related to Article 11 of the Regulations on Building Equipment Standards, etc,

Code Ministry of Land, Infrastructure and Transport Ministry of Land, Infrastructure and Transport
Decree No. 467, 2017. 12, 4, partially revised Decree No, 704, 2020, 03, 02, other law revision
{Enforcement Decree, Dec, 4, 2017) {Enforcement Decree, Oct, 10, 2020)
Apartment houses of 100 or more households Apartment houses of 30 or more households
T In the case of building a house with the same building  In the case of building a house with the same building
arget

as facilities other than the house, a building with 100
or more houses,

as facilities other than the house, a building with 30 or
more houses,

Standard for
performance
of air filter

in ventilation Mechanical

system

Natural
ventilation

When the particle collection rate specified in the Korean
Industrial Standard (KS B 6141) is measured
by the gravimetric method, it is secured at least 60%

The particle collection rate in accordance with the
Korean Industrial Standard (KS B 6141) should be 70%
or more as measured by the mass method.

ventilation

The ventilation efficiency that the particle collection rate
specified in the Korean Industrial Standard (KS B 6141)
is 80% or more when measured by the colorimetric
method and light scattering integration method and
40% or more when measured by the counting method
is secured,

The particle collection rate according to the Korean
Industrial Standard (KS B 6141) should be 60% or
more as measured by the counting method.
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o (Out Air) Total heat exchange element (Return Air)
u Filter group Filter class Removal rate
t E10 85.0%
d Semi-HEPA El1 95.0%
E12 99.5%
o
H13 99.75%
o HEPA
H14 99.975%
r (Exhaust Air)
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Fig. 2. Mechanical Ventilation System
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Table 2. Types and Characteristics of Filters Applied to Heat
Exchanger

Filter type Characteristic
Used for pre-treatment of air conditioners
Pre Filter Used as a primary treatment filter to remove

particles and large dust

Manufactured in several forms using glass fiber
The role of protecting machinery that processes
microdust and removing unfiltered dust from pre
filters

Medium Filter

Filtering fine particles and widely used in the
cooperation of a clean room
Capture 99.97% or more for a 0.3um in diameter

HEPA Filter
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Table 4. Experimental Application Measuring Equipment Types and Overview
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Division Particulate matter measuring device Air capacity meter Watt—hour meter
Name GRIMM 1,108 ALNOR RVA+ KEM
R 0.001~100 ¥
anse : (mg/m’) 50~6000 (fpm) 3,680W, 230 Vac
Particle size 0.3~20 (um)
R
Environment (PM 1,0, 2.5, 10) ange 0.005 A
Measurement Particle count (PM 0.3~20) 0.57~68 (mph)
mode +3%
Mass distribution (PM 0.23~20) Measurement
: E
ot (1% reading+4 fpm or 0.02m/s) +3%, £0.001A
Error range +5% range W (>=1W)+3%, +2W

Picture

Table 5. Experimental Application Filter Types and Configurations

Type Filter configuration Total thickness Aol A mIAIHA] AU ARl RS 018513
Type 1 Pre Filter (5T)+Medium Filter (E11) (5T) 10T om Aol 28 uAHA| FEis e/ (30~40ug/m’)2t
Type 2 Pre Filter (5T)+HEPA Filter (H13) (20T) 25T LHE el (60~70pug/m’) & LHR0] 2-8-5FATHEREE, 2018; 2020),
Type 3 Pre Filter (5T)+HEPA Filter (H13) (40T) 45T e S50l 2 AAw37] A7 AP 0A} SA H]AH
A] sk 2ol Fdto] =&t AlAE 7= KS B 6141(2020)
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Fig. 3. Experimental Schematic Diagram
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Fig. 4. Results of Experiments to Maintain Normal, Bad Levels of
Particulate Matter
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Fig. 5. Reduction Rate according to Type of Filter in Normal and
Bad Condition of Particulate Matter

Table 6. Results of Experiments on Maintaining Particulate Matter Concentration

Results of measurement of Particulate matter concentration

Average Particulate matter

Division SA Wind capacity OA Wind capacity ~oncentration Power consumption  Basal power
Normal 32.75ug/ m’
150.2 CMH 110.4 CMH ] 52.0W 3.0 W
Bad 67.26pg/m
Table 7. Results of Particulate Matter Reduction Experiment according to Filter Type
Concentration of particulate matter application Medium (5T) HEPA (20T) HEPA (40T)

32.75ug/m’ 96.36% 96.52% 98.15%
67_26pg/m3 90.60% 96.00% 99.10%
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