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Abstract

This research aims to design, develop and evaluate a prototype of an electrostatic air cleaner
for the removal of particulate matter and bioaerosols from indoor air. An electrostatic air cleaner
prototype consists of an electrostatic particle collector, a DC high voltage power supply, and a flow
control system. In this system, a fan draws a sample air into the system through the two states
electrostatic particle collector for charging and collecting the particulate matter and bioaerosols to
improve the clean air quality. In this study, the collection efficiency of particulate matter and
bioaerosols of the prototype was tested by the ASNI/ AHAM AC-1-2002 standard test method with
the aerosol particle and bicaerosol generators inside the 6 x6 x3 m test chamber. The real-time
particulate matter and viable particle counters were used to measure the number of particulate
matter concentrations and bioaerosols inside the test chamber. It was found from the experiment
that high corona voltage and long testing time resulted in an increase in the collection efficiency
of particulate matter and bioaerosols of the prototype. It was shown that the prototype of the
developed air cleaner could be effective in removing particulate matter up to 99.60 % at the testing
time of 70 minutes and could be reduced the number of concentrations of bioaerosols down to

about 87.42 % for the testing time of 60 minutes.
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Figure 1 Principle of electrostatic precipitation of particle
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Figure 4 Schematic diagram of the developed air cleaner
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Table 1 Specification of the developed air cleaner

Characteristic Specification
Technique Electrostatic
Number of collector 2 stages

Particle size

0.01-10 pm (PM10, PM4.0, PM2.5 and PM1.0)

Particle collection efficiency

99 % at cleaning time of about 70 min

Bioaerosol removal

99 % at cleaning time of about 70 min

Room size 100 m’

Flow velocity 0.5-1.5 CFM (14.15-42.45 L/min)
CADR (clean air delivery rate) 62.40-194.32

Voltage 220 VAC 50 Hz

Power 100 W

size 40x40x50 cm

6x 6x 3m

Test Air Cleaner

DustTrak DRX Aerosol
Monitor 8533

=]

Aerosol generator

(@)

Figure 6 Experimental setup for evaluating the particle collection efficiency of the developed air

cleaner (a) Schematic diagram and (b) Photo

Table 2 Ranges and values of variables investigated

Variables

Ranges

Particle type

Di-ethyl-hexyl-sebacat

Particle mass concentration 0.1-50 mg/m3

Particle size PMO0.1, PM2.5, PM4.0 and PM10
Operating relative humidity 50-70 % RH

Operating pressure 1 atm

Operating temperature 25 °C
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Figure 7 Particle size distribution of DEHS
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Figure 8 Experimental setup for evaluating the

removal of bioaerosol of the

developed air cleaner
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Figure 9 Variation of PM10, PM4.0, PM2.5 and
PM1. 0 mass concentration and
testing time at difference corona

voltages
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Figure 10 Collection efficiency without diffusion

and gravitational settling effects
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Figure 11 Collection efficiency with diffusion

and gravitational settling effects
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Figure 12 Variation of PM10, PM4.0, PM2.5 and

PM1.0 mass concentration and
testing time at corona voltage of 7

kV
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Table 3 The removal of bicaerosol of the developed air cleaner at testing time of 60 min

Bioaerosol number concentrations (particles/m’)
Test no. Efficiency (%)
Air cleaner OFF Air cleaner ON
1 10,408 1,296 87.54
2 11,170 1,430 87.19
3 10,965 1,367 87.53
Average 10,848 1,364 87.42
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