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Abstract

In this paper, a multiple-tube electrostatic collector for removal of particulate matter from the tobacco monopoly exhaust
was designed and theoretically and experimentally evaluated. The designed collector consisted of a simple array of
coaxial discharge electrodes placed along the axis of six cylindrical collection tubes with a diameter of 50.8 mm and
613.6 mm in length; the discharging electrode with diameters of 1.1 mm and the insulator was used to electrical
insulate between electrodes and cylindrical collection. The diameter of the insulator was 80 mm and 88.9 mm in height.
In this study, a 30 kV DC power supply was used to apply DC high voltage to the discharging electrode in the range
of about 0 to 30 kV, while the collection electrode was grounded. The current-voltage characteristics of the multiple-tube

electrostatic collector were analytically calculated. It was shown that the discharged current increased with increasing
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applied corona voltage, in the range between 26 and 332 pA. In order to study the collection efficiency of the collector,

the particulate mass concentration at inlet and outlet of the precipitator was sampled by the isokinetic sampling at the

particulate flow rate of about 10 L/min and the operating pressure of about 1 bar for 15 min per sample. The overall

collection efficiency of the present precipitator was found to be about 75 %. Finally, the designed electrostatic

precipitator appeared to be a promising apparatus for collection of particulate matter from tobacco monopoly exhaust.

Keywords: Particle, Dust, Tobacco Monopoly, Electrostatic
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Table 1 Design criteria for the electrostatic smoke collector

for the tobacco monopoly exhaust

Design criteria

Details

Discharge electrode diameter
Collection electrode diameter

Distance of the discharge electrode and

collection electrode
Length of the precipitator
Particle diameter range
Particle charge

Electric polarity
Discharge Voltage
Frequency

Discharge electrode type
Smoke temperature
Operating pressure
Smoke characteristics
Velocity

Electrical insulator

1.1 mm (6 line)
50.8 mm (6 pipes)

25.4 mm

613.6 mm

10 nm - 2.5 ym
Positive charge
Positive

~ 30 kV

~ 40 kHz

Wire

60 - 300 °C

1 bar

Solid and Liquid
10 L/min

88.9 mm

Dimensions of the prototype 240%1320 mm

&a ' o o
gUnsalfiwanzaudaniarinauiazsen Taald
maluladMmuuizauginsunislitawaislulszinea
val 1 o A v nl' 6
aanLmuslmumssnaumymamma@ma/njamuqﬂmm
sl,umm:ﬁwmvlé’dﬂslLm:ﬁﬂmﬁunu’mm‘safngn wazh
o e tﬁl v = Q
mmymgmmawmmﬂaa@nmmnvlw%ungﬂumm:
A9 é’aﬁmﬁalﬁmmmmmmfia"[@i”ﬁmiﬁmumm
8218 0aULEAIGIl Table 1
Y (=3
2. NMIBANULUAINLIIUIINAUANA
é'hLﬁmamwmgmﬂﬁaﬂ"LWWﬂaﬁmzﬁﬁnHm:
1A5983909uaad(Figure 3) B99zU3enaudle 2 &Iu fa
1&&1159 (Discharge electrode)uazianaznat (Collec-
tion electrode) ANABININUFIUVBINITBNULLAAL
‘nmwmgmﬂﬁaﬂ"Lv\Iﬁwaﬁmiumiﬁﬂmﬁﬁm:@i’aaﬁ
Uszansanlunanaznan (Collection efficiency) ﬁg\‘i
A a a
lavlifinsgridvvasanuaueinia (Pressure drop)
mﬂluLLa:aﬁuﬁnﬁNﬂu"lﬁmmmmﬁqmauﬁ'@mﬁﬂdn
151 Table 1 TadIAUTIUTINaRNATIIzE I ullazdas
a Y = =1 > > LY Q
&lmiﬂmnumammﬂaa@ﬂﬂau@mzmﬂvlwmmmuga



Vol 37. No 6, November-December 2018

Design and Evaluation of a Multiple-tube Electrostatic Collector 795

for Particulate Matter Removal from Tobacco Monopoly Exhaust

A

5.08 cm
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(A) Distance of the discharge electrode

Collection tube Discharge electrode

Outlet base Conector

(B) Electrode arrangements

(C) Above the peototype collector

Figure 3 Schematic of the discharge electrode
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Waterproof cover

Outer tube

Handle (Left) Handle (nght)

Load base

Inlet chimney

Conector

Discharge electrode

Outlet base

Load base

Figure 4 Schematic of the electrostatic particle collector

and electrode arrangements

0.025

0.020

0.015

Positive corona, V=20 kV

Radial distance form corona wire, m

0.000 1 ! 1 1 1 1 1
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035

Axial distance form inlet, m

Figure 5 Particle trajectory at 20 kV
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Figure 6 Particle trajectory at 30 kV
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Table 2 Design requirements

Variable Description
DC input voltage 12V
Discharge voltage 0V - 30 kV
Frequency ~ 30 kHz
Corona discharge Wire
Electric polarity Positive
High Voltage Transformer 110 Watts

Electric insulator Height 88.9 mm
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Figure 7 Schematic diagram of the DC high voltage power supply
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Figure 8 30 kV DC high voltage power supply

MMmEImInIanTaaIaniuni droaun1s
N, = ((10x103V)x10)/12V Wiy 8,333 301 1899 1n2493
lofas TLag4 Aldlumssanuuulien 7, Idgegaiiins
17 lulasiuwnfl Feldidenlaonu 7, 15 lwlasdud e
ATNIEIUIARIUTIAULDNG NG V, = [((8.333/10)x
(12-(-16))x(15 x109)/((50x10)-(15 x109))]-1 'lefeuviniv
10 Alalad S9penuuuldniautaslnitn 3 & alile
WIIAUTMIA 30 Alalad lunInaseUANNFUR SV
mmﬁ;uaumﬁmmﬁwm laihnanitnsvesiadiarive
@La%'umlﬁ Falumsdsuanunavesiadlegnsin
resF g mSsuifiouiude Fyniumanana
wasFanmWinszuaassnnng 3 veslefiues TL494
Semansndiuananivesdya mwiagldanmayu

A1ANATWNY R WWanasauUTuTaUNIIRI

adjust
(Duty cycle) @oud 25 A9 80 wWofifud wuinsaums
¥ouit 65 1Wasidud Lﬂuqﬂﬁwmuﬁmmzawﬁ"[ajﬁﬂﬁ
qﬂmnia‘i@fmamﬂmﬁwé’aLﬁ@mm%au uazaanuuylian
7 6 vasleFiuas TL4%4 Tenwdumuawa 10 Alaleviu
L‘ﬁa1°1?ﬁ’m%’uﬂ°§mhm’1wﬁiﬁmuﬂﬁgoqﬂﬁa 40 AlaLdsad
%aé’ngrywmusaé’uvlwqﬂﬂLa'wi’vgm%m%'uslﬁm%ﬁwaaa
Falaalatuos Digital Oscilloscope (H%8 GW Instek u
GD5-1052-U) AU UE8950UM Y N9meazaua
lF9uan Figure 9 lagnnasauiaaiussau bWille
MuualAddanduessawlwih 1 1ad windu 10 Alahad
WuNfiseurniu 65 wWasidud fanud 30 Aladsad
uasfiF MY (Rise time) Ay 17.64 lulasiwi
Lméfu‘lwq}hLmﬁvg@]ﬁﬁﬂwmzLLuuﬁaﬁﬂaﬂsLL%au a6

J Sci Technol MSU

Vouaz Vo winiu 10.6 waz 3.43 Nlaliad S9xanasad
pp ms

AUMIEWIUAUINNIN (18)

Duty. cycle

Figure 9 Output voltage - Duty cycle

4. dunuuaiesanainlaslslifiinszus
assussangodnsulsdaluengy

duuvuatessnaiulaglslninssuansinsasn
gaﬁm%‘uimﬁjulumqﬂ@ﬂWMﬂﬁm%ﬂWWWaﬁmﬁ
Usznauguninidneg mwiuaTasuysnias (Figure 10)
Taslassasvasedasduuunit senuuuliaunsaniily
aﬂéamiaﬂaﬂyﬂéawaﬂsaﬁﬂumgﬂﬁ lawlddasiinng
Usuasulsesweady naeudnelding waz1i1393nIN
080 §19 AR lAaEAIN

trostatiq."recipitator

30 kV High Voltage

Power Supply

Figure 10 Prototype of the developed electrostatic col-

lector for tobacco monopoly exhaust



Vol 37. No 6, November-December 2018

Design and Evaluation of a Multiple-tube Electrostatic Collector 799

for Particulate Matter Removal from Tobacco Monopoly Exhaust

szidaulasnIinaaas

1. MSANHIAMANBULNILUAUATUTIAN
Twitn

lumInasaug AN B UL VBINTTUTUAZLIIAH
I (Current - Voltage Characteristics) lasillaazunsu
vasgUnInluaznImasey aiuaadly Figure 11 1o
A AN I RN TIOUZ NI THNIUY DILAAITIHUTIA
TWHnszuaasafisnolwAudranaznawdslniada
ﬁmilﬁn%’umjm’“s’uﬁﬁ@mnkaﬂulnmgm B99zdonasio
Udninmwnanaznauvasaymainlasas EROICR
ndudasiimsTadnszuadasiia (Discharge Current)
Nnindsmfaaziianaznan sanssualWindiiaan
msﬂimgmsfﬂﬂhmﬁ%ﬁa‘*ﬁﬁwaaé’aLﬁm‘amw
DUMALLLIEUNINAT xninlasasidioliadfiaaiiuy
#3qaa True RMS Multimeter 289 Fluke luLaa 289 WA
Alavnldmansadszanmenenuduawna Wi anud
Tuloaau LLa:U’%mmﬂizgﬁmgmﬂaﬂﬁ%’umumatﬁwmm
FUMIT (4-9) TamsnaT RIS ANT NWNsANazna
maaamgmﬂﬂfuﬁmaaumﬂluﬁaﬁavlﬁ Falumsanwil
"L@Tﬁ'm'lﬁLmﬂ:ﬁwamawmﬂLﬁumug{uﬁﬂma%ﬁa‘m%}
damaialalsmdsmsanelusmanaznewdsWihadia
LuULEUaIaass lapimualwinsidninsasdunan
ANNEN 613.6 TaALUAT $1WIN 6 vio uazdndaTal
mmmé’umuquﬁnmumﬁu 1.1 fafwassa 1 vio lag
%’aﬁa‘ﬁﬁaLLa:%aﬁLﬁﬂImﬂﬁmuanazgﬂLwﬂmnﬁ‘uma
Wi (Electrical Isolation) ¢ mmugnﬁm"tvxlﬂwﬁﬁmmw
Lﬁumuquﬁﬂma 80 UnALWAT ANWE 88.9 NARLNAT
ﬁ'm%fuqﬂnmil,l,azvl,ﬂaumsum‘smaauﬂs:nauﬁ’amm&ia
fd']ﬂWWﬂLLidﬁ%gdém%‘uﬁimLLidé‘]’%‘lWﬁﬂﬁ%ﬁﬁ%ﬁ‘a
namoulugas 0 A9 30 Alahad Weatslalsundamsa
(Corona Discharge) AimMInagaunUIzge#19TzRnINgBLan
Tnsefuvieanaznanszos 25 Tadiuas tham wssaulnih
Guialalsusou anszualalsumn soUM51NL Uz
Aud fitwanzay apeasdlaalnsy Digital Oscilloscope
(ﬁﬁa GW Instek J1GD5-1052-U) #IHANTIAFAAIUNNG
RYFYWIUUY RS232 Lﬁaﬁuﬁnﬁagaaﬂuﬂawﬁama‘?
SR IhNIaTER

t

Tsulator

Digital oscilloscope
oooo C
I g.© Chhay
EH] —
——

Power Supply

DC High voltage
30KV

Collection electrode

8eg

000

if Digital Ammeter

Discharge electrode

Isulator
|

11—
S

t

Particulate Inlet

Figure 11 Experimental setup for investigating the cur-

rent - voltage characteristics

2. msAanw1UsEEANSAINNITAanAzNanYaY
A%
lun1InarauUscENTAINNITANAZ NN DI
auna usadlu Figure 12 gunsaiildluntsnaseaud
Jsznauaiy Lma'\m"]U"lWﬁﬁLLidﬁugaﬁmLuuﬁa?\ﬁmai‘
WUUATAR True RMS Multimeter U839 Fluke Lailaa 289
mﬂ%'mmxi'@é'mwmivlmmm Dwyer LHUN38I8UNA
Us&NnTnIWgs HEPA (High Efficiency Particulate-free Air
Filter) {ugUnsainlslunisiiudatnsaunia smiuns
"3me:ﬁﬂ%mmmmLiuiu'cﬁwmumgmﬂL%\ama Tagln
ﬂﬁﬁﬂmﬁlﬁmumaqa‘ugmﬂﬂizaﬂ%mwgd wuulowi
(glass fiber) TadUTEN Whatman Taiaa EPM 2000 216
Lﬁumuguﬁﬂmq 47 faawwes v 330 lulaswas J8am
mﬂumiﬁ’mﬁumgﬂﬂﬂ (Particle Retention Rating) 7198
¢ = & o A PN =2
Wadiidud wazaannyinnuiigmwniligsdy 500 asen
L RIGHE LLa:i‘Juqzytywmﬂmaa Busch lutaa SV 1003 1%
' s K% o g; a 6 v
aanlumInagauazauusIdw Wi ¥ U Gamsadie
Lma'm'ﬂU"L‘V\IﬁﬁLLsoﬁugaﬁuLmuﬁﬁuLL‘saﬁuvl,wWwém'?u
nazavaglwiiarma 0 laad 69 30 Alaliad lapasvinis
‘vmaauﬁumgmﬂmami‘u‘[ﬁﬂﬂumguﬁlﬁamaLLﬁdmﬂ
= =\ U & z a a
LA IEG) WARD MN1INI TN 6T VLT DatwRIluATIHN 8
dasnsilanTalwastszunm 6 Nlansudatlug ant
=3 o a 1 1 s 2 v
aa‘mmim@Lmaammm@u"lﬂﬁqLLiagmuLmﬁLm‘:uu
ﬁﬁmmmzmmL%ﬂmsﬁﬂmumaﬁ:uudwﬁ@‘@%ﬂmmaa
ATUWHILAANIILUINANIIWEI W IR U 8ITZLY WINWUFDI
vinnsusuud e sz uuvinaudeldld aansiurinns
§imﬁu€1’mﬂwmgmﬂﬂ§uﬁnm 1 1lug innsAu
et 3 61 anlumsgan 15 wifl luaad 15, 30



800 Visut Asanavijit et al.

, 45 Uaz60 W7 Quﬁtﬁuagluma 10 wlwuas 99 10
lulasiwas naseuifvduludrunianad (nlet) uaz
y9ean (Outlet) La%asanaznawmdslwinadaduansls
(Figure 12) a283Tn13nvasaynna Togddauluns
JieneFdssaninmwlunsanaznauas Table 3

Clean air outlet

DC high voltage

4
Power supply ‘/\
i) Outlet

30KV
iiii

E3

Multiple-tube
Electrostatic collector

Inlet

-4

Tobacco curing plant Flowmeter 1

Velocity 10 Limin

Flowmeter 2
Velocity 10 L/min

HEPA filter 1
diameter 47 mm

HEPA filter 2
diameter 47 mm

Smoke temperature 60 - 300 “C

Vacuum pump

Figure 12 Experimental setup for testing the collection

efficiency

Table 3 Condition variable used to analyze the collection

efficiency of the developed collector from the
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Variable Description
Discharge voltage 0V - 30 kV
Frequency ~ 30 kHz
Corona discharge electrode Wire
Electric polarity Positive
Smoke temperature 60 - 300 oC
Operating pressure 1 bar

Smoke characteristics Solid and Liquid

Velocity 10 L/min
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Figure 13 Variations of the charging current with corona

voltage at different frequency
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