Research Article

Received: November 25, 2020; Accepted: April 11, 2021

AsWAILIRaZNSUSEHIuUsEANS MnWaa A3 sana A
nann1sliadndusuirdnduazeauazlulatalswes
MN2INANTETIUIANS
Development and Performance Evaluation of
an Electrostatic Air Cleaner for Removing Particulate

Matter and Bioaerosol from Indoor Air

willy dude*
nigIseauulninyszgnilusdminssu neaemaluladuazanineinis
umenagmalulagsivusnasuuy svattles dunemeeaziin Sarimdyalus 50220
SWAT Asewirin uazdingg Rudien
uswy duluaiin suangiud 911a
7/139 YoeduduAs 11 AIVAUNKI 8NUNOBUNNE 9InaynIUsINIT 10540
Panich Intra*

Research Unit of Applied Electric Field in Engineering, College of Intrerated Science and Technology,
Rajamangala University of Technology Lanna, Papong, Doisaket, Chiang Mai 50220
Thanesvorn Siri-achawawath and Wuttiphong Ngoenthok
Innovative Instrument Co., Ltd.,

7/139 Suntinakorn 11, Bang Kaew, Bang Phli, Samut Prakan 10540

unAnge
”mqﬂizmﬁsuawm%%’aﬁ fie BOALUY L wagnadeuduwuuindsslononandnnsluiinado
dwiuidnduavesuarlulaelsgearneinanieslueins susuulszneudmemnnasnaueynialnii
ate urasnudalniinuseduainssuanss wagszuunlvaunsinaveteInie syuuilinauazfsennie
fegnadngssuunuiiiveynalninatn 2 gy dmfumsdadszguasnisanaznausuniawazlulalels
sealfiosulinunmemieliarenn naaeuUssansamasanagnauvesayaauasluletelsvoaues
PSR IFLULUUMETBNNAABUNIASEIU ASNI/AHAM AC-1-2002 AuieSasfiineynirazessassuaziule

wlsgaangluismageuruin 6x6x3 m ldaIesiadulazinsamsiatiunsuuilausunindeinan

*RSURATAUUNAINY : panich.intra@rmutl.ac.th doi: 10.14456/t5tj.2021.89

v



Uil 29 avuil 6 weATInIgU-51IIAL 2564 MsarsInermansuasmalulad (am.)

ANudutudTveteunakarlulalelsgeaneluiemeaey nan1svaaemuInAUsEaNSAINNg
nagnouoyeuaylulalelswoarewiuuueIssonemafiiaNd e utuiloussiulalsuuay
nanflldlunsmnazneudiuiu Tasdunuuieiesonanmaivauniuiivssdvinmnisanagneuayniald
§1999.60 % luamegeu 70 w9l wazawsaandwINANILTuTettulaelsteanta 87.42 % luian

NeAU 60 W

AdAey : aune; l; wuaiisey; Infhadie; w3ssirdaeina

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.

Keywords: particle; dust; bacteria; electrostatic; air cleaner

1. umi Ty eslu PM2.5 wazidolsald Tnsianiz

Tugradgymuuenatunderu PM2.5 was  wuadiise atuynd du uazndusing 9 awnsamidn
nsunsszuiavedlada 19 luvsemale wies  symadudisiouiaidn 0.01 luaseu AvsUuegly
Wenonanelueais (indoor air cleanen) 1 91mA Faduaivauilsweslsanaiumela 1wy

anuddguazdluegranndmivanuivhen Tsagliwi Tsaveuiin Tsavendniau [1,2] Jaqiu
lsamguna lnglanizieslaealeuaziineds  insesenainianigluaiasinisldnuludiuam

Faaipaeanannidaniglueiasazyrglunisvin A9700 Faldanusaveneliidnistdaulugdiu

1073



Thai Science and Technology Journal (TSTJ)

Vol. 29 No. 6 November-December 2021

A1N9U fuvinau lsane1uia wasinnadeunn

v '
=< =

Fu 1ieanniismAsutgseglundnnanemiy
U wagAondualdanelunisunssinwiuas
uinsandunudmuiglusiniAeud1egs 39
sudufigediniswauidoiniesonoinielia
ALLAINZ AN 951 Larnnsldeud s uly
Jsene
wowenornianeluetmslutlaqtuiists
LL‘U‘Uﬁ'mmsﬁ’uwmﬁ‘%nasmazqmmwmw i
anwurlaseade wata 35015 N19Y19U way
519Ul wadsanenetniafisinisldauly
Ussinadlvgazldinadialunisnsad uiieusu
nsesUsEaNSn gy (high-efficiency particulate
air, HEPA filter ?jqﬁﬂssﬁw%mwmiﬂiaqﬂuﬁ'qqﬁq
99.97 % floyniavua 0.3 luaseu oglsfin
\desenenefildudunsoamandddialdany
‘Lumsﬂwzﬁwm’aﬂﬁqa TngLads 3,000-6,000
vmsed dmdunisiasudunsesday 1-2 ade
(https://www.khaosod.co.th/pr-news/news_33

o

13589) SniaiAdasmoneniefildununsesidiui
T AnvezanuRunsoLdenanmieveyinlie
minldlulssmeunad fuiunagedu fewszuiu
nseawmanilsiannsathndusnldlmiwasdaeidn
#1875n15W0 Y TALAANAN ¥N1991N1ARIUNN
fatuiad oaneneinafi ldwannaslainadn
(electrostatic air cleaner) 3audundnaismaden
1 eanliuszansamlunisnseseynings
\ouwhusunseauy HEPA @unsafdnidelsa
wienuafiSomaunlniiadn dadussuuiild
N509ANLNSN0BAAIWINANNATBIAUB AT AT
#o1n1s Seldiuiiazauvesdanysnuaziielse
Preuseudatandudes Ussudaaldans uarlsl

noliAnvYLANUNUNTOULE DUAN NS DU AA

@

Ho FsnsAnwuaziseiieiuniamlonennieil
Tgwannsinihatiadegroud1enineing [3-8]

NATeTH LT Intra wavame (7] 167
PONWUU WAILY HAZVNAAOUALTIOUZFULUULATEY
Wene1nAniglueimsdmsuiesuasnanudu
Wy lnanisnaunarunataddniainiagnis
n389 Fem1auinUssansamnisiidaduazess
g3fls 99 % AszuzIAINITUITABINA T0 U
#ou1 Tintachart uazAne [8] laUsuUTaduwuy
\A3 09ONBINIATOY Intra wazaAne [7] wazld
nagounmeawnlunismdadukazauuaiiise Fq
wuInasemenon AR usuuiiUszansamluns
guuATlise 18.75-98.69 % fiszeziiainisenide
1-10 w1 wagliuszdnsamnisnisidadu
Ar009gte 96.4 % fiszuznainistidneinie
6.6 U1 og19l5fnu 1 evhuas sefunuuly
naaeuldnussditelausiusifionisauwas
UsuusnadosuuuulvisyAnsnmitu Ae ns
UsuUssuunauazdifveaedosiunuuliiuuadn
i annsaedeudieldig M543
M warUseudandsany saumnisnaaeuUseans
amlumseindelsausazednfiuuauasslueniea
TouA LUATLSELATUUINLALLATUAY WUATIS N
Tsaszuumadumela (du Werelsmboriuauns
Sniau Wonelsavenuaw) Wudy

WenAdgruaisseneinianiglusiais

¥
a v A

Fananat1ady uideiddeiinquisasdiiie
99NLUY AU UATNAADUAULUULAS B3¥en
an1endnnistiiaiadmsunidnd uazess
wazlulatelsweaainenianielueians lagld
\n3eaile Yan wazgunsaifianansoimuiuazinle
aelulszing vauutudinanasssna uay

Winlvlaeulvvasszuuindnoinianigluaians

1074



U7 29 atvil 6 waAdngu-sua1au 2564

215815 memansiasimalulad (1an.)

AN ULALTRIUAM B NUNTEUADANTYINIU

5101 harn1seeNsuresylddanndlvd

ad a v

2. ‘I/Ii]‘li‘}{’]VILﬂEJ’JGUEN
2.1 nMInnaznaudslniiadnvasaynia
nsanaznaudbiiadndunssuiu
nsNskenaunIreanaINNsnaesIne tneende
wsamalniadnnnglaaunalain dagui 1 awnw
TnihUsznausie 2 @unan Ao Aav1sadianingg
(discharge electrode) wagaaatandudLaningm
(collection electrode) il 8318l U e uga
TituRassadaninsalasldnoaantudidninge

[~ 6 o Y a a L3

WUNTIIUA 98 b alAlSuUIA @159 (corona

discharge) fiRaw3adianinsa leaou (ion) uay

SL1dnnsau (electron) Axa319TUUS UTLAALALS
Y1RaY15a wazvnliinnisinaveanseuwaloaau

§ a s

NIUYB9I195EMINREYIS BN INSANUABALANTY

Sidnnsn lefomafifioyniauvauasslvariu
WhunlugesirsagyiliiAnnsdauszqeuna u
wavileunafisuszagnviliiadeunifldese
wsdbniiadin Tuanuureaandudianininuag
azauseg uupeaiandudidningn n1sanmazneu
Felwihadaveseynialuawuluiidndudecs
AunaURILTIIIMLATinTEYULyMA FeUszney
A38LTLULUAY (momentum force) Fp w39
1 (electrical force) F. wazusid1u (drag
force) F, Tnorasauvensedinszriuueynia

VamunvzuiiuAugREuns [9]

| Discharge electrode |

Gas inlet —»

—>
—>
Clean gas
> outlet
- —
~<_

| Collection electrode |

Figure 1 Principle of electrostatic precipitation of particle
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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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