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- De -
- | Dc¢ = Body diameter
He | 8¢
i ; | - Le = Cylinder height
‘Be Zc = Cone length
De

De = Outlet diameter

Sc¢ = Outlet length

He = Inlet height

: Be = Inlet width

Zc
B = Dustoutlet

B

317 2.12 daduaeques Iy Tnau
dadruannvedly lnauannson ldnnanuduiussznin . De(body  diameter)
fudunlszansvesaasdadiuveslalnau4] vingn 2.12 annsomdadiuveslylnou

TA91na1s1an 2.1

A13190 2.1 dadunasgiuves lylaau

Symbol Description Stairmand Japan Industrial
Dc Body diameter 1.0 1.0 1.0
He Inlet height 0.5 0.6 0.25
Be Inlet width 0.2 0.2 0.25
Se Outlet length 0.5 0.85 03
De Outlet diameter 0.5 0.5 0.4
Le Cylinder length 1.5 1.0 0.4
Ze Cone length 2.5 2.0 1.5
B Outlet dust 0.375 0.35 0.3
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Fuvzanagiiuans dIu0IMARIZaNN19AIUNDN1900A Outlet length(Sc ) Aanaaslugilii

2.14

Path of
Particles

Path of Gas

Incoming Gas
and Particles
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7 Clean gas out
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Collected dust
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Tnavosnszuaima ludsmisvos leTnau nsantiguonarsinsgiooyma Ao
F =MV /gR (2.27)

fin usawnoynIA (N)

o WIAVeIYNA (kg)

= o

Ao AnuE lunuduravedaynn (m/s)

L ]

A0 IAUVDINITHYUIUUDIDYNIA (m)

I3

~ N X T

A AU ATTDI9INUTINUDITan = 9.80 (m/s’)

0q

' =1 Y o @
fdenanusweseymaminuaNuE e luduRd udwmunIaves

BYNINAIY
3
M,=pD,p, (2.28)

1o p, ABAMUMUNIUYBIDYNA (kg/m)

[ o
D, feo duriguina1aueoynin (m)

- w -
19 Volume Shape Factor ( f = 3 1uﬂiﬂl‘\1mm§mﬂ1’|i Nay)

P 1 (1 3/ = = o ' a d o
densneymadusInnszuaMaousundsanigud  fuezdalmunnusivesmaiazez

v ' Y :: a 9 ¥
ANAIATUANAILILTININADINUSA TuDe Tan

F=Mg (2.29)

do M, fipuI0veIYMA (ke)

g Ao AN ATBININIIInweslan = 9.80 (m/s)
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3.2 ANABATINNINHIIUYR I UazalugAM KNI SHTS9TIN
Tumsadusazaie: 1ddaduman Yawdn vazduqmiladaiimuanioda 1u'ld
= J L o q. r L
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dszansammsainveslsadlsdnlden (1,979 kg) wud [13)

18t uauuan 54.8 %
Audn 10.81 %
1210 1.79 %
Yawdn 0.38 %
$1azidua 7.76 %
unay 22 %
thunnzdudenu 0.25 %
AIMUAZUNT IR 221 %

{enNATBUNAABATINMIANUHUIHUYBIHUAzeBINIAANINT5ad412 szivIsan

= 9 : r A:Iy
I I59@412 3 MIYUIA AU

3190 3.1 ANURUILUUY m;’!ua:a 231 B\‘!I'Na'ﬁ"]']

Hunazduveru Tsafivuimidn Tsafvuianang Tsadumnalng
18 AU/ 30 Au/U 1NN 50 FU/U
0.25 % 3.47 g/m’ 5.78 g/m’ 9.65 g/m’

ar e - - v ° 4 a '
PagiiuTsadiTsaduuranatanaz Iseduua lvgiudiuaunin Feiinnuvuuniu
¥ 1 [ 3 oW : = a fdyd d' 9 .:i. ' a =
Auegluy3 5.78 - 9.65 g/m’ AniuInntinui I g unagou A NULLILTTARS
o¢1u929 4-10 g/m’ nagnaaeuaNuUMUUHUTIUEI 40-100 g/m’ NanSSouiioy

Ysz@nsnmmsanduuesszuy nsdlFamluanizanumimindugevealsaduunalng

ar
3.3 mseenuuylalnauaniy
Wuginsaldaii ¢ Tuzili 3.1 o Trauildlumsnacouiiuly Tnauiioavuiany
o L ﬂ' L] A o s
daduves laTnauildeglugaainnssy danmsanumsaiims lvavessimemazving
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] o [ LY : ° < '
YUIAFUAIGUINAA (D) 1AL 20 cm aafulagnsomununaveslalaauninm

(U =

' ¥
Fulszanddadauaienveslalnauninaisien 2.1 Tadai

¥ "
L. msfuasmvuiaiunmasives s lnau

4 4 ¥ Y e ¥ o
Tumsmmmmﬂuumwuwmmmm'lcﬂﬂauammmnumummumguunme (Dc)und

s/ ' o

da il i = 5 &
T Tnaudaludicl 1doenuuuliivinadurigudnaia (De) iy 20 em AsTudsauisg

¥
=

[-] 3 9 ar
aunsvuiaveainmad laTaau ldasd
anugathamadn He = 025 X De

0.25 X 20

=5 cm

anuniathnmadh Be = 0.25 X De

0.25 X 20

=5 com

2. MIRIMIUNIVUIANIDDNVDIMNYAL DA
° [ o =&
MIfamMnNAdUIgUIna1IveINIIDeNA UUY Fuiluniaeenvosmaazoiaauiin
o Y o cﬁy
Auaaldonnaunisasil

AMUANYDINONIBON  Sc = 0.3 X De

Il

0.3 X 20

6 cm

idurnguinaaveie De = 0.4 X Dc

Il

0.4 X 20

=8 cm

3. MIMUIUMVUIAANNGIVOS 1 Inau
Farnnsofmuramianugeuomsnszuon lalnaunazanugaveansaelalnau 1édnn
aumsselalil

AUFITINTANTZVBN Le = 0.4 X Dc

0.4 X 20

8§ cm
AINPITNNTW Ze = 15X De

1.5 X 20

30 cm

Il
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Annumania ldsnaumsde i
@Wuruguinaaduay B = 0.3 X De

0.3 X20

6 cm

o Yy Y e o oa 2 A qw o v a & e
INNITATUIUVNAU ﬂ\iuui]\'lﬁ'i1Qll°ﬂiﬂﬂUﬂ'mﬂﬁlW01%‘1uﬂ15ﬂﬂﬂﬂﬂﬂTﬂiU?ﬂU’luwuﬁu

aanaaalugln 3.2 uaz 3.3

20cem
) I ~
S5cm | i
1 }G cmy ‘ ‘ 8cm
8cm. -
[ — .
5 cmi
[ 7 T VT | 30 cm
i [8cm |20 cm
6 cm

31 3.2 Tnseadrauazdadiuveslylnan

3U7 3.3 laTnaunlslumsnaaeu

4 14 ° o a b4 o e = e o o 3
ma'lﬂ'hﬂﬂaumammnmmsnﬂﬁauum mﬁ']uwmuwaau Blower ﬁWHiU'i]’lUﬁlJalNﬂ'li
NATDU NITHIVUIA Blower ﬂxﬁﬂﬂfli1Uﬂ'}1ﬂﬁﬂﬂﬂ1iﬁﬂi1ﬂ15vl?lﬁ'llﬂﬂﬂﬂﬁul"ﬂiﬂﬁuﬁﬂﬂﬂ'li

o c.‘f d- 9 9 s dv
Tagansamuanvnanunhnniauveslalnau 1aaat



¥

" 3 .
WensiuAunnniaamdn lslnau 0.0025 m

A A [
funinnaauan

He X Be
5% 5

25 cm:
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naz 1o Tnaunaludanusraulu

(] ° (Y n‘a‘ - ) o’: ° = o o
YIUNITNINIU 10-20 m/s ﬂ\‘i‘u‘N’J'ﬂU'i'uwuENEQHWHHQF\’JTHL‘J?’C\HL%W'l‘liiﬂﬂuﬂ'lﬂillﬂﬁ

NATRY 15 m/s 2z NIIaNIAIBAIT I3 Inaveseniaved 1 lnauinlFlunisnaaey 1dn

AUMIN 2.26

¥
o o Y

I

15 m/s x 0.0025 m>

0.0375 m’/s

2.25 m’/min

- 4 9 a ' 3, . YA nYe w =
ANUUADAUADN Blower Narsdsuiaauninnd 2.25 m’ /min ﬁ“ﬁ'ISFI‘ENLNEIMI'J‘G’T'lH‘J'ULL‘Nl?fUﬂ

@ 1 - a .5’ - =Y e‘ay
Munsesoiagnernnatu luinoidwustiiden]d Blower 1 HP 3.5 m® /min

o d d
3.3.1 maannumsueneynaduluieimad

na'lnmanan1FlunsusaduninnszuaialuleInau wwinsannaumslu

o 4 o 1 4 o o 4 o I
Wadoh 2.6.5 ansafuIunINIAYeIOYMIARL(Mp) INDA UM INTIFUE(Fs) inTzide

symaduiazisatisnnusa liuanlan(Fg) Nnszireoymaduiiioyninuuia 75 tm

. © - o 4 J
M3 3.2 Mafunusaniiguduazus uilesninusa Iugaalan

P Mp Fg Fs
(g/m’) (kg) (N) (N)
4 8.836 X 10™° 8.659 X 10 2.029 X 10"
6 1325 X 10" 1.299 X 10 3.042 X 10"
8 1.767 X 10" 14732 X 16™ 4.057 X 10"
10 2.209 X 10" 2.165 X 10" 5072% 10"
40 8.836 X 10" 8.659 X 10™ 2,029 X 10"
60 1.325 X 10™ 1.299 X 10 3.042 X 10"
80 1.767 X 10" 1.732 X 10 4.057 X 10"
100 2.209 X 10™ 2.165 X 10™ 5.072% 10"
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Qg : 387
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aai usenuloos lug (kv) aait UIIAUIYINAY (KV)

1 5.12 1 9.38
2 5.66 2 9.43
3 5.49 3 9.00
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5 4.56 5 8.81
6 5.44 6 9.99
7 4.92 7 9.91
8 6.23 8 9.30
9 6.31 9 9.86
10 5.44 10 9.11
Aundy 5.42 Aundy 9.46
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Loss factor Specific Breakdown
Insulating £, Resistance Strength
material (air=1) at 50 Hz | at1 MHz At 20°C
at 50 Hz Qcm kV/em
Glass 3.59 5-100 5-100 >10" 10-40
Ceramic insulators
Glazed porcelain 6 170-250 10-120 >10" 35
Steatite 6 10-30 3-20 10"-10" 30-45
SINTERKORUND 11 15 10 10" 25-45
Mineral oil (transformer 225 1-5 1-5 10"-10" 10-25
oil)
Paper (insulating paper) 2:2.5 25-40 200-400 10" 10-20
Dry
Soaked in oil 3-4 10-30 240-260 10" 40-50
Phenolic resin moulding 5-15 100-300 | 50-700 10-10" 20-45
Polyamide PA 3.5-4 | 300-1000 | 230-270 10°-10" 10-40
Polyethylene PE 23 2-4 2-4 10° 50
Polyethylene terephthalate 3.2 20 190 >10° 160
PETP
Polycarbonate PC 3 7 110 >10" >100
Polyacetal POM 4 10-15 55 10° 70
Polymethylmethacrylate 3.5-45 | 500-600 | 150-300 10° ~35
PMMA
Polypropylene PP 2.3-2.5 5-6 10" 75
Polystyrenc PS 2.5 1.5-2.5 1.5-2.5 10" ~55
Polytetrafluorethylene 2.0 <2 <2 10" ~25
TPFE
Polyvinyl choride hard 3.8-43 | 120-1500 | 60-1000 | 10"-10" 40

PVC

HUUIVA: From SIEMENS Technical Tables 1982 Edition
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4 a1 o [ d
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gaUNYil

28.54 C°

¥
ANUFUTURNT 78.4 %

anwddan | anumuuniu | vhwinduil | asei | dwdedu | Sannwannse

(m/s) LKLY (gm) | nawou(g) | nAdoU niny'l4 (g (%)
1 3.5587 91.25
2 3.5158 90.15

4 39
3 3.5805 91.81
Aundy 3.5517 91.07
1 5.3498 91.45
2 5.3223 90.98

6 5.85
3 5.3755 91.89
Aunay 5.3492 91.44

13

1 7.2524 92.98
2 7.2111 92.45

8 78
3 7.1065 91.11
Aunay 7.1900 92.18
1 8.8988 91.27
2 9.0460 92.19

10 9.75
3 9.1193 93.48
ARy 9.0197 92.51
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: w a 1 [ =1
MmN 2.2 Manaaey T lnaudndu sasInnumuniugu 4-10 g/m’ A5 2au 15 mis

) QNN 28.54C°
ANITUINAON R
ANUBUTUNND 78.4 %
od [ :‘ Y] a g - :’ @ 1 =1
ANUITINY ATUUUIUIUY umuﬂdun f13IN m’nuﬂdu VAANIUTIUITD
(m/s) W0 (gm") | naaou(g) | naaoy | MAUld () (%)
1 4.1404 92.01
2 4.185 93.00
4 4.5
3 4.1634 92.52
Aunay 4.1629 92.51
1 6.2808 93.05
2 6.3396 93.92
6 6.75
3 6.3780 94.49
ANNAY 6.3328 93.82
15
1 8.6573 95.98
2 8.6393 95.78
8 9.02
3 8.6487 95.88
AN 8.6483 95.88
] 10.8056 96.05
7 10.8506 96.45
10 11.25
3 10.8585 96.52
AuRaY 10.8382 96.34
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4'. a1 o " " 3 o
M319M 1.3 msnaaeu s Inauaniu 6as1nmudurl 4-10 g/m’ Ao 17 s

ANNZIIAADN

QUN Rl

28.54 C°

¥
ANVFUTUAND 78.4 %

v [ v [l v
AnusaY | anwvuuniy | vhminduil | asen wmingu | Yannuanse

(m/s) voaru (m’) | naaeu(z) | nameu | MHu'l4 (o) (%)
1 4.7149 92.45
2 4.7475 93.09

4 5.1
3 4.6379 90.94
ANRaY 4.7001 92.16
1 7.1152 93.01
2 6.9844 91.30

6 7.65
3 7.0670 92.38
fAunau 7.0555 92.23

17

1 9.4452 92.60
2 9.5747 93.87

8 10.2
3 9.3370 91.54
fundy 9.4523 92.67
1 12.0232 44.30
2 12.1125 95.00

10 12.75
3 11.8957 93.3
funay 12.0105 94.20
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4 @ a v d
M9 9.4 manade lalnaudniu oasinumuIiuAY 40-100 m’ AT aau 13 ms

QR 28.54 C°
anzIdon PR
ANUFUTUINT 78.4 %
v ] v [ v
anuisian | anumuniu | dhwindui | e | dwdedu | Sannwanse

(m/s) vourlu (gm’) | neaevu (g) | nameu | MAuld (g (%)
1 36.6522 93.98
2 36.66 94.00

40 39
3 35.8839 92.01
AunNdY 36.3987 93.33
1 54.9783 93.98
2 55.0953 94.18

60 58.5
3 54.5805 93.3
Aundy 54.8847 93.82

13

1 74.1858 95.11
2 72.579 93.05

80 78
3 73.4526 94.17
Aundu 73.4058 94.11
1 93.5805 95.98
2 90.6555 92.98

100 97.5
3 91.5915 93.94
AuRAY 91.9425 94.30
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M3 4.5 manaaoy lalnaudnsy sasinumunniudu 40-100 gm’ AuE81 15 s

ANNILINAADY

QU

28.54 C°

v
@ W o
ANUFUTUNNT 78.4 %

|

v

v [
anwisaan | avwvuuniu | dwinduil | e | dhwindu | Saanuaunse

(m/s) voru (gm’) | naaou(p) | nameu | AAVlA (g) (%)
1 43.1865 95.97
2 44.0415 97.87

40 45
3 42.5475 94.55
AuRaY 43.2585 96.13
1 64.7865 95.98
2 65.5425 97.10

60 67.5
3 64.476 95.52
fundy 64.935 96.20

15

1 86.886 96.54
2 86.58 96.20

80 90
3 86.922 96.58
fAundy 86.796 96.44
1 108.8663 96.77
2 111.139 98.79

100 112.5
3 106.56 94.72
AuNdY 108.855 96.76
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4 @ 1 a 1 [ =1
3199 4.6 Manaaoy T Tnaudndu 6a3numuuLugu 40-100 g/m’ AnuTIau 17 mis

ANNILIAADY

QUNYI]

28.54 C°

¥
ANUTUTUNNT 78.4 %

v ' kY ] v
sy | anwvuuniu | dhwinduil | eS| dwiadu | Faanmaunse

(m/s) ¥ouru (g/m’) | naaeu (p) | nagou | WAVld () (%)
1 47.43 93.00
2 48.0879 94.29

40 51
3 47.0322 92.22
AundY 47.5167 93.17
1 71.1373 92.99
2 72.5756 94.87

60 76.5
3 71.8335 93.9
Aunay 71.8488 93.92

17

1 97.002 95.10
2 95.829 93.95

80 102
3 94.9926 93.13
ANRY 95.9412 94.06
1 102.4748 94.49
2 119.863 94.01

100 127.5
3 121.0103 9491
ANy 120.4493 94.47
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: a ad ' o
ﬁnﬁ'Nﬁ 1.7 ﬂ_lsﬂﬂﬂan‘lzﬂlwuﬂithlﬂﬁ‘l llUUﬂlaﬂiﬂiﬂﬂi\‘iﬂsgvaﬂcﬁﬂuuﬂu5‘]” BATINIY

MUWHUAY 4-10 g/m’ USIAUNATOY +8 KV

QU] 2851¢°
anzinden I
ANUFUTUNNTS 77.6 %

d " ev a1 “ 3 a o’ C | P
anusIay | anuruuiy | dwdnduin | asan iy | Fannuamnse
(m/s) voufu (g/m’) | neaou(g) | nameu | Wuiuld (@) (%)

1 4.2691 94.87
2 4.3402 96.45

4 4.5
3 4.2453 94.34
ANRaY 4.2848 95.22
1 6.4395 95.40
2 6.5549 97.11

6 6.75
3 6.5266 96.69
Aunay 6.507 96.40

15

1 8.7115 96.58
2 8.9397 99.11

8 9.02
3 8.7458 96.96
ANNDY 8.799 97.55
1 11.0227 97.98
2 10.8878 96.78

10 11.25
3 11.0396 98.13
ARAY 10.5834 97.63
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aa' a a d s 9/ @
M319h 4.8 m3naaeugamiulsey v wuudian Tnsauuuszuusuduaia sasinnu

MUMUAY 4-10 g/m’ USAUNATOU +8 KV

) QNI 28.5C°
ANIZUINADY oL
ANUFUTUNNT 77.6 %

g ] oy a0 — g o ! @ 1 -
ANUGI|Y | ANUMUNY | dmindui | asan dmindy | Yaanuausn
(m/s) vouru (gm’) | nedevu (g) | nadeu | nulk (g) (%)

1 4.2201 93.78
2 4.2813 95.14

4 4.5
3 4.2709 94.91
ANRAY 42574 94.61
1 6.4193 95.10
2 6.4199 95.11

6 6.75
3 6.5644 97.25
AuRdY 6.4679 95.82

15

] 8.5916 95.25
2 8.5789 95.11

8 9.02
3 8.8856 98.51
ARy 8.6854 96.29
] 10.9125 97.00
2 11.0374 98.11

10 11.25
3 10.9091 96.97
AUNDY 10.953 97.36
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:; a ad 3 1 [
M319N 1.9 Msnagougaiuyszy Wi nuudidn Tnsauuunsnszuendounnus i 6as

AUNUNUUAY 40-100 g/m’ USIAUNATDY +8 kV

v
anEIfaDY

QUHRL

Q

¥
=)

28.5C°

FUNNS 77.6 %

AN
v [ ¥y v
anisan | anumuundu | dwdeduil | efel | dwiadu | annwmunse

(m/s) Yo (g/m’) | naaou(g) | namou | mAvlR () (%)
1 43.65 97.00
2 44.001 97.78

40 45
3 44.3925 98.65
Aundy 44.0145 97.81
1 66.2243 98.11
2 66.2243 98.11

60 67.5
3 66.528 98.56
AuRdY 66.3255 98.26

15

1 87.399 97.11
2 89.883 99.87

80 90
3 88.479 98.31
AundY 88.587 98.43
1 110.2613 98.01
2 111.4875 99.10

100 1125
3 111.4313 99.05
AURAY 111.0600 98.72
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§ a ad ' ar
M31ai 1.10 menaaougaiuszy I woudidn Tnsansanszuondounnusan a1

ANUAUMUUAY 4-10 g/m’ UTIAUNATDY +7 KV

) QUM 285¢C°
AN1ITUINADY T oL,
ANVTUTUANT 77.6 %
v " v ] v
amwEan | Avwmuniu | dwmindudl | efei | dwdedu | Sannwaunie

(mVs) vouu (gm’) | naaeu(g) | naaey | nvld () (%)
1 4,2534 94,52
2 43592 96.87

4 4.5
3 4.1855 93.01
ANy 4.2660 94.80
1 6.4402 95.41
2 6.4881 96.12

6 6.75
3 6.5502 97.04
funny 6.4928 96.19

15

1 8.6646 96.06
2 9.0083 99.87

8 9.02
3 8.4698 93.90
Aundy 8.7142 96.61
1 10.9328 97.18
2 11.0801 98.49

10 11.25
3 10.8765 96.68
AuNAY 10.9631 97.45
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:i a ad 9 1 [
M5190 4.1 manadeugaminszy I vuvdidn Insansanszuendounnus i dan

ANUAUMUUAY 40-100 g/m’ 15IAUNATOY +7 kV

Nl 285C°
ANITUINADY Y.L
ANUTUTUNNTE 77.6 %
=1 1 ! o - 3 P :’ @ 1 -
AULIINY AITUHUHIMUU umum«juw 13N umuﬂr;l'u VYAAUAINITO
(m/s) ¥ourfu (gm’) | naaeu(p) | nawoy | AVl (@) (%)
1 44.0415 97.87
2 43.704 97.12
40 45
3 43.7445 97.21
ANRAY 43.83 97.40
1 65.88 97.60
2 65.5763 97.15
60 67.5
3 66.2243 98.11
ANRaY 65.8935 97.62
15
1 88.182 97.98
) 89.199 99.11
80 90
3 86.706 96.34
ANNAY 88.029 97.81
1 109.1475 97.02
2 111.465 99.08
100 112.5
3 110.576 98.29
AUNAY 110.3961 98.13
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4 a ad ' Y
M3an 212 menagougaminyszg I nuudian Insansenszuendounnusu sas

ANUAUWUUAY 4-10 g/m’ UTIRUNAADY -8 KV

Qungil 28.5 C°
ANZUINADY R
ANUFUATUNNTE 77.6 %
d " :’ @ | :: .’.' d' :’ @ =
AULIIAAY ANUHUMIUU umunv{u'ﬂ 13N umuﬂr«ju VARNNUTINI0
(ns) Yo (m’) | nadeu(g) | namou | winuld (g (%)
1 4.2692 94.87
2 4.2799 95.11
4 4.5
3 4.1949 93.22
fAndY 4.248 94.40
1 6.4199 95.11
2 6.4206 95.12
6 6.75
3 6.4294 95.25
AURAY 6.4233 95.16
15
1 8.6592 96.00
2 8.8297 97.89
8 9.02
3 8.5753 95.07
AuRdY 8.6880 96.32
1 11.0441 98.17
2 10.9743 97.55
10 11.25
3 10.773 95.76
ARy 10.9304 97.16
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ei a a d [ " [
MINN 413 ﬂ-l'iﬂﬂﬂﬂu‘qﬂlWUlhzﬂ'lﬂﬁ'] llUUﬂlaﬂTVI‘jﬂ'ﬂ'j\iﬂizUﬂﬂ"HBullﬂUT']1] 2RI

AUHTUUAY 40-100 g/m’ USIGUNAT DY -8 KV

AN ADY

UMY

v
ANUTUTUANS 77.6 %

g 5C®

: A
@ =

v ]
anudian | anwvmuniu | dminduit | s | dwdndu | Sannmanie

(ms) ¥o3u (g/m’) | wadeu(g) | namou | WAV1A () (%)
1 42759 95.02
2 44.599 99.11

40 45
3 40.919 90.93
AunaY 42.759 95.02
1 66.224 98.11
2 66.319 98.25

60 67.5
3 64.955 96.23
Aundy 65.833 97.53

15

1 89.469 99.41
2 87.426 97.14

80 90
3 88.947 98.83
Aundy 88.614 98.46
1 109.294 97.15
2 111.938 99.50

100 112.5
3 111.240 98.88
ANy 110.824 98.51
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/ 2 a d LY [
M1 .14 nsnadougainszy i nudidn Tnsaszuuiuduaia sasnn

MUUUAY 40-100 g/m’ USIAUNATDY +8 kV

) Uil 28.5¢C°
anzndey PR
ANUFUTUANS 77.6 %
b4 " v b
anudan | anwmuuniu | dbwminduil | e | dwdedu | Saanwanse

(m/s) ¥ouru (g/m’) | nadou(g) | naaoy | WAuld () (%)
1 44.001 97.78
2 43.250 96.11

40 45
3 44.276 99.39
flundy 43.992 97.76
1 66.218 98.10
2 65.484 96.87

60 67.5
3 67.068 99.36
AuRaY 66.257 98.11

15

1 88.299 98.11
2 89.199 99.11

80 90
3 87.723 97.47
AuRdY 88.407 98.23
1 110.250 98.00
2 111.229 98.87

100 112.5
3 110419 98.15
ARdY 110.633 98.34
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a9 1.15 manacou la Taaudndu Sasaumuniugy 4-10 gm' 90059AUN

UAUNNIN +30 kV

gunqil 28.4C°
annzndon I
ANUFUTUANT 74.8 %
anudaan | anuvmuudy | vhwindu® | ased | shwindu | Yaanuannse
(m/s) YoIHU (gm’) | nAaeU (g) | AT A4 (g) (%)
1 4.3403 96.45
2 4.2764 95.03
4 4.5
3 43124 95.83
AuNdY 4.3097 95.77
1 6.4611 95.72
) 6.4881 96.12
6 6.75
3 6.5273 96.70
ANRY 6.4922 96.18
15
1 8.6123 95.48
2 8.7395 96.89
8 9.02
3 8.7801 97.34
ANy 8.7106 96.57
1 10.9373 97.22
2 11.0464 98.19
10 11.25
3 10.8923 96.82
ARy 10.9586 97.41
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a1 a.16 minaaov lenaudndu Sasinnmmuniug 4-10 g/m’ Donsadun

unalalsun +30 kv

; QNN 28.4C°
ANITUINADY R
ANUFUTUNNT 74.8 %
od ] .N w d‘ 3 d‘ oy o 1 r=1
anwiay | anuvuwiy | dmdngun | afen vmidndu | Yannumunse
(ms) vouflu (grm”) | namou () | namey | Fnuld o) (%)
] 4.2849 95.22
2 4.3578 96.84
4 4.5
3 4.3497 96.66
ANy 4.3308 96.24
] 6.6164 98.02
D 6.5482 97.01
6 6.75
3 6.4881 96.12
AunaY 6.5509 97.05
15
1 8.7196 96.67
2 8.8342 97.94
8 9.02
3 8.7837 97.38
ANRAY 8.7792 97.33
1 11.0408 98.14
a 10.9215 97.08
10 11.25
3 11.0250 98.00
ANRaY 10.9958 97.74




151

m3ad .17 manaaen Ty Tnaudndu dasinumnuiugu 40-100 gm’ 9100598UH

unalalsul +30 kv

QUi 284.¢°
annziaden Yoo L.
ANUFUAUNNT 74.8 %
v [ ¥ " v
anwsian | anunuumiu | dwdndun | oasen | dwdndu | Yaanuamnse

(ms) vourlu (ym’) | mameu(y) | neaey | fiuld () (%)
1 44.2260 98.28
2 44.7930 99.54

40 45
3 43.4970 96.66
AUNAY 44.1720 98.16
1 65.5763 97.15
2 67.3920 99.84

60 67.5
3 66.1703 98.03
Aunay 66.3795 98.34

15

1 88.5960 98.44
2 89.1180 99.02

80 90
3 88.7220 98.58
AuNY 88.8120 98.68
1 110.1263 97.89
2 111.3975 99.02

100 112.5
3 111.6900 99.28
ANy 111.0713 98.73
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m1an 1.18 managoy T Inaudndu dasinnumuuniugu 40-100 gm' $1ous3dun

HAUNDN +30 kV

ANNZINAADY

=

QNI

v

¥
- o

ANUBUTUNNT 74.8 %

28.4C°

w

v .
@

Anusian | Anunuu | dbmdnduin | asen | dhwmindy | 3annuamnso

(m/s) voaru (gim’) | nameu(g) | nameu | #iuld (@) (%)
1 43.5780 96.84
2 44.1540 98.12

40 45
3 43.8795 97.51
ANNAY 43.8795 97.49
1 66.2513 98.15
2 65.7720 97.44

60 67.5
3 65.4548 96.97
ANNAY 65.8260 97.52

15

1 88.4520 98.28
2 87.3180 97.02

80 90
3 88.2090 98.01
ARy 87.9930 97.77
1 110.6438 98.35
2 111.4988 99.11

100 112.5
3 109.8900 97.68
Aundy 110.6775 98.38
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M9 .19 m3naaoy Ty Taaudndu dasanumuuniud 4-10 g/m’ 90133AUN

unalalsun -30 kV

ANNMZIAADY

qungi 2%4.C°

v
VR o
ANUTUTUANT 74.8 %

v [ v ]
ANWEAY | Anumuunie | dmindun | asen dmdndu | aanuanso

(nvs) ¥ourfu (g/m’) | waaou(p) | wadey | AiulA (o) (%)
1 4315 95.88
2 4.367 97.05

4 4.5
3 4313 95.44
AInAY 4332 96.26
1 6.579 97.46
2 6.600 97.78

6 6.75
3 6.577 97.44
Aundy 6.585 97.56

15

1 8.932 99.02
2 8.841 98.01

8 9.02
3 8.768 97.21
ARy 8.847 98.08
1 11.150 99.11
2 11.007 97.84

10 11.25
3 10.969 97.50
AuRaY 11.042 98.15
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M13190 .20 manaaoy Ty Tnaudndu dasinnumuuiudu 40-100 g/m’ 110u53dUN

unaInlsun -30 kv

) QM 28.4C°
GEHRPHTRELM i .
ANUFUAUNND 74.8 %

d ' i @ 1y - @ 4 @ a
ANULIIAY AITUHUIIUU ‘N'I'H'Hﬂl‘thﬂ 3IN 'H']‘H‘LIﬂFJ‘H VAANUTINITD
(m/s) vouilu (gm)) | naaou(y) | neweu | fiuld (o) (%)

1 43.9965 97.77
2 44.4915 98.87

40 45
3 44.622 99.16
ANRAY 44.37 98.60
1 66.8993 99.11
2 66.339 98.28

60 67.5
3 66.528 98.56
ANRdY 66.5887 98.65

15

1 87.831 97.59
2 89.001 98.89

80 90
3 89.874 99.86
Aunay 88.902 98.78
1 110.3738 98.11
2 111.6675 99.26

100 112.5
3 111.7463 99.33
AR 111.2625 98.90
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3139 .21 Mmsnaaou le Inauanidu 605 IANUNUILINEL 4-10 g/m’ 910053AUN

Talsur-25kV

guUHQN 29.40 C°
anzIndon R
ANUTUTUNNTS 75.5 %
anuidan | anwvuuniu | hwindui | aden | shwindu | Faa0wawnse
(m/s) woafu (gm’) | naaou(g) | nawou | Auld () (%)
1 4.2498 94.44
2 4.2962 95.47
4 45
3 4.9250 96.11
ARy 4.2903 95.34
1 6.5232 96.64
2 6.4287 95.24
6 6.75
3 6.4679 95.82
Aundy 6.4733 95.90
15
1 8.7747 97.28
2 8.6691 96.11
8 9.02
3 8.6556 95.96
AuRdY 8.6998 96.45
1 10.7865 95.88
2 10.9114 96.99
10 11.25
3 11.0295 98.04
Aunay 10.9091 96.97
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1519 4.22 msnaaey Ty lnaudndudasinumunniugu 40-100 g/m' $1ou3aRUN

unalaTsun -25 kv

AN1IZUIAADY

guUNQH

29.40 C°

¥
ANVUBUTUNNT 75.5 %

¥y
@

¥ ]
anuisiay | anuvumiu | hwindui | asen | dhwindu | aanwanse

(m/s) yoaru (g/m’) | naaou(g) | namou | WAVl (g) (%)
1 43.9740 97.72
2 44.1090 98.02

40 45
3 43.6905 97.09
ARy 43.9245 97.61
1 66.2243 98.11
2 65.9543 97.71

60 67.5
3 65.9273 97.67
ANy 66.0353 97.83

15

1 88.1280 97.92
2 88.2990 98.11

80 90
3 88.6050 98.45
ANy 88.3440 98.16
1 111.4988 99.11
7] 110.5200 98.24

100 112.5
3 109.4063 97.25
ANy 110.4750 98.20
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M3519n .23 manaaougamnszy I usadu +8 kv sauiula Taauau Wi

D005 auNUNI A 1517 -30 kV 8A51ANUMUWUUAN 4-10 g/m’

guHfl 29.40 C°
anIzIIAdoy T .
ANUFUTUINT 75.5 %
Az | avuvuuniu | dhwinduit | e | vhwindu | 3aanumwse
(mv/s) Yo (m’) | naaou(g) | nameu | Avld (g) (%)
1 43574 96.83
2 43065 95.70
4 4.5
3 4.3272 96.16
Aunay 4.3304 96.23
1 6.4510 95.57
2 6.5468 96.99
6 6.75
3 6.6953 99.19
Aundy 6.5644 97.25
1 8.8622 98.25
15
2 8.9118 98.80
8 9.02
3 8.7720 97.25
Aundy 8.8486 98.10
1 11.0824 98.51
2 108878 96.78
10 11.25
3 11.1758 99.34
AURAY 11.0486 98.21
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A19199 .24 managougamuilszy i usediu -8 kv sawiu T Tnauau I

Dous AU AN Ia 1511 +30 kV 9A3IANUNUILHUAY 4-10 g/m’

ANITLUINADY

Qaungi

4
ANUBUFUNNT 75.5 %

29.40 C°

¥y

Anusiay | anumudu | vhminduil | esei | dwdedu | 3annumanse

(m/s) vouru (gm’) | naaou(g) | nameu | A4 (g) (%)
1 4.2795 95.10
2 4.2692 94.87

4 45
3 4.3088 95.75
ANRAY 4.2858 95.24
1 6.5414 96.91
2 6.4199 95.11

6 6.75
3 6.6508 98.53
AuNAY 6.5374 96.85

15

1 8.9388 99.10
. 2 8.6394 95.78

8 9.02
3 8.8432 98.04
AuNdY 8.8071 97.64
1 10.9114 96.99
B 11.0104 97.87

10 11.25
3 11.0824 98.51
AnaY 11.0014 97.79
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M3190 .25 Msnaaougaminlszy i usedu -8 kv sy Ty Tnauauinvd

oussauui InTsun -30 kv AR 4-10 g/m’

AN1NZIIAADY

QUUNN

¥
ANUTUTURNT 75.5 %

29.40 C°

v ] L] ¥
anuisaay | anwmuudu | vhwinduil | e umindu | Yaanuanse

(m/s) ¥03Hu (m’) | naaou(p) | nameu | WAV1A () (%)
1 4.0586 90.19
2 4.2674 94.83

4 4.5
3 4.3034 95.63
ANRAY 4.2098 93.55
1 6.3457 94.01
2 6.4672 95.81

6 6.75
3 6.2748 92.96
ARy 6.3626 94.26

15

1 8.6682 96.10
2 8.5843 95.17

8 9.02
3 8.7710 97.24
ANNdY 8.6745 96.17
1 10.8551 96.49
2 10.8315 96.28

10 11.25
3 10.8518 96.46
AunaY 10.8461 96.41
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m3af 1.26 manaaouyamulszy I usedu +8 kv syl Tnauaun i

NousIauRuaIalsun 20 kV 8asianunuiugy 4-10 g/m'’

) QuUHQl 29.40 C°
AN1ITUIAAON R
ANUFUTURANT 75.5 %
anuisan | anumudy | dwdndui | afed | adbwindu | Saawamnso
(ms) 403U (gm’) | waaou(p) | naeu | WAl () (%)
1 4.1886 93.08
2 4.2728 94.95
4 4.5
3 4.1679 92.62
AURY 4.2098 93.55
1 6.4672 95.81
2 6.4199 95.11
6 6.75
3 6.2006 91.86
ANRAY 6.3626 94.26
15
1 8.6565 95.97
2 8.7476 96.98
8 9.02
3 8.6195 95.56
AuRdY 8.6745 96.17
1 10.8191 96.17
2 10.8551 96.49
10 11.25
3 10.8641 96.57
ANy 10.8461 96.41
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M1 .27 manaaouyamulszy IWih usedu +8 kv v le TaauauwInvh

ousaauiunalalsun -30 kV 6asnumiuEY 40-100 gm'

QU 29.40 C°
AnLIIAdOY T
ANUFUTUNNT 75.5 %

a ] nv @ ci 3 -:; :’ LY =
ANUITIAY | anumuuniy | dmdndun | s dmidndu | Iaanuause
(m/s) vo1fu (gm’) | naaeu (g) | nameu | MAvlA (g) (%)

1 44.9415 99.87
2 43.7175 97.15

40 45
3 442485 98.33
ANRAY 44,3025 98.45
] 66.4200 98.40
2 67.4123 99.87

60 67.5
3 65.5898 97.17
ANNAY 66.4740 98.48

15

] 89.2530 99.17
2 89.8290 99.81

80 90
3 86.9490 96.61
ANRAY 88.6770 98.53
1 111.6563 99.25
2 110.4525 98.18

100 112.5
3 112.0838 99.63
ANNaY 111.3975 99.02
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M13197 128 Mmanaaougamn sy I usadu -8 kv 2wyl Taauauin wih

Deus AU IaTsun +30 kV 6a3190M U Y 40-100 g/m’

) QUUAI 29.40 C°
ANILIANDY P
ANUFUTUNNTD 75.5 %
anuEiay | anuvuundu | dwmdndui | e | dwdndu | 3annwannse
(m/s) vourlu (gm’) | namou(g) | namou | fuld (@) (%)
1 43.6500 97.00
2 43.5915 96.87
40 45
3 44.8425 99.65
AuRaY 44.0280 97.84
1 65.6033 97.19
2 67.4190 99.88
60 67.5
3 65.7720 97.44
ARy 66.2648 98.17
15
1 87.3990 97.11
2 89.1990 99.11
80 90
3 88.5690 98.41
ANNaY 88.3890 98.21
1 110.4188 98.15
2 111.4988 99.11
100 112.5
3 111.9038 99.47
ANRAY 111.2738 98.91
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3197 2.29 msnaaeugamuszy i usediu -8 kv sawdu 1y Tnauau i

0usIaUNUNa Tn 1517 -30 kV 8A3IANUMINIULEY 40-100 g/m’

) CLTEY 29.40 C°
AN1ILIIAADY PR
ANUFUTURANT 75.5 %
anudian | anumuuniu | bwindui | efeR | dhwindu | Saanmawnso
(m/s) vorlu (g/m”) | naaou(g) | nadoy | Aiuld (g) (%)
1 42.7995 95.11
2 42.5540 94.12
40 45
3 44.5950 99.10
Aundy 43.2495 96.11
1 65.2793 96.71
2 64.1993 95.11
60 67.5
3 66.1365 97.98
Anndy 65.2050 96.60
15
1 89.1090 99.01
2 89.1900 99.10
80 90
3 86.3550 95.95
AuNdY 88.2180 98.02
1 110.3625 98.10
2 110.0363 97.81
100 112.5
3 111.2625 98.90
AundY 110.5538 98.27
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Maf 430 manaaouganiuyszy I usedu +8 kv saunu Ty Tnaumn Inih

ousasununalnTsu1 +30 kV 805 1ANUMUILUHY 40-100 g/m’

AnzIAdDY

QMU

4 o w o
ANUFUTUANS 75.5 %

29.40 C°

¥
o

v ]
anuEiay | anwmuiu | vhwinduit | adei | dhwindu | Faanweunse

(nv/s) YoIru (gm’) | naaou (g) | nAdoy niuld (o) (%)
1 42.8715 95.27
2 43.6995 97.11

40 45
3 43.3935 96.43
ARy 43.3215 96.27
1 65.4750 97.00
2 67.4123 99.87

60 67.5
3 63.6390 94.28
ARy 65.5088 97.05

15

1 87.3900 97.10
2 88.9830 98.87

80 90
3 88.7670 98.63
AundY 88.3800 98.20
1 110.9700 98.64
2 110.1488 97.91

100 112.5
3 111.3188 98.95
ANRAY 110.8125 98.50
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/ @ 1 a ad n’; - - o
3197 1.31 manaaeugaanduae Ivihatauuudian Insaszunuauuguide) M9anNy

MUY 20-60 g/m’ 1133AY +4 kV

QNN 28.35C°
ANNZUIAADY PR
ANUFUAUNNS  77.8%
g’ e g;u 9
) N R v | dmindundnla o
AN | AUy | ninduy | agen Uszansnin
. t 2NNTLAILNITB(E)
(m/s) VYOIHU (g/m) (g) NAADY (%)
Aumih | aunas
1 0.0211 | 0.0011 94.79
20 2 0.0200 0.0008 96.00
16.5
3 0.0231 | 0.0008 96.54
mau | 0.0214 | 0.0009 95.77
1 0.0350 | 0.0017 95.14
40 2 0.0221 0.0007 96.83
5.5 33
3 0.0259 | 0.0015 94.21
wmau | 00277 | 0.0013 95.39
1 0.2201 0.0091 95.87
60 2 0.2310 | 0.0125 94.59
49.5
3 0.2034 0.0119 94.15
mav | 02182 | 0.0112 94.87
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- w 1 = a d : A w
M99 9.32 manaaeugaaniude Idihadauuuan Insaszuiauiu 2 $u Adesinnw

MUNNIUU 20-60 g/m’ 1590U +4 kV

Qaungil 28.35C°
ANIZUIAADY

b4
[y @
ANUPUTUNNT  77.8 %

¥ .
. N v | hwmindundnd .
ANULIIAY | ANUHUUUHUE | HIN ﬂF;h‘I A3IN "I.I'iz'ﬂ'nﬁﬂWW
, § ﬂTﬂﬂS$ﬂ1Hﬂiﬂ~1(g)
(m/s) YoIHU (g/m’) (g) VGG (%)
1 3/ v [
Aunt | Aumnds
1 0.0311 | 0.0009 97.11
2 0.0251 | 0.0007 97.21
20 16.5
3 0.0230 | 0.0002 99.13
may 0.0264 | 0.0006 97.82
| 0.1414 | 0.0018 98.73
40 2 0.2505 | 0.0072 97.13
55 33
3 02613 | 0.0102 96.10
may 02177 | 0.0064 97.32
1 0.4990 | 0.0193 96.13
60 2 0.5871 | 0.0106 98.16
49.5
4 0.6010 | 0.0174 97.10
mav 0.5624 | 0.0158 97.14
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ci @ ! a a o n’: oo
3190 433 minaaeugaaniudw IWihadauuudianInsaszuuauiu 2 ¥u Honsnnu

WHWILUAY 20-60 g/m’ 159AU-2 kV

) QuUHQl 2835 C°
ANNZINIANDY T
ANUYUTUNND 77.8%
: w 1 .-:;.v 3
. e oL, s 5 | vdwindunand .-
AULIIAN | ANUAUIUU | HIN m!u 3N Yszansnm
\ . INNILATHNID(g)
(m/s) VDKUY (g/m’) (g) naaou (%)
¥ 1Y 9y ar
ATUYIUT | ATUNAN
1 0.0348 | 0.0002 99.43
2 0.0411 | 0.0004 99.03
0 165
3 0.0333 | 0.0001 99.70
mav | 0.0364 | 0.0002 99.38
1 0.1530 | 0.0007 99.54
40 2 0.1448 | 0.0012 99.19
5.5 33
3 02311 | 0.0025 98.92
wdv | 01774 | 0.0015 99.20
1 0.3270 | 0.0004 99.88
60 2 02929 | 0.0015 99.49
49.5
3 0.3340 | 0.0067 97.99
wiv | 03179 | 0.0029 99.12




168

:i ar 1 - a d n‘ﬁ’ o e
M3190 1.34 minaaevyadnduds Ivihatauuudian Insassunuauiu 2 4 19A5IAY

MWUMLY 20-60 g/m’ U3 IAU-4 KV

, QN IRAs 02
4N12T1IA00N R
ANUYUTUANT  77.8%
) N v | hmindundn’d o
ANULIIAY ANUHAUUUU | UIN ﬂ.u AN ﬂszﬁmmw
; p i]']ﬂﬂi:ﬂ’l‘hlﬂiﬂd(g)
(m/s) YBIAU (g/m’) ) nAToY (%)
Aunin | dunda
| 0.1178 | 0.0017 98.56
2 0.1332 | 0.0038 97.15
20 16.5
3 0.2340 | 0.0030 98.72
Ay 0.1617 | 0.0028 98.14
1 0.2780 | 0.0059 97.88
40 2 0.3541 | 0.0081 97.71
5.5 33
3 0.2519 | 0.0059 97.66
nay 0.2947 | 0.0066 97.75
1 0.4941 | 0.0133 97.31
60 2 0.5250 | 0.0099 98.11
49.5
3 0.4781 | 0.0173 96.38
Ay 0.4991 | 0.0135 97.27
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Maan .35 minaaougasniudw IiihatanuudidnTnsaszuuauau 2 4u néasiany

WUNIIUA 20-60 g/m’ 159016 kV

) qungil IRASE”
ANITUINNDY Yoo
ANUFUTUANT  77.8 %
2 . w b
. N R v o | dminduinanld o
AN | ANUMUIMMY [ gy | asean Uszansnn
, : INNITATHNTOI(R)
(m/s) VYOIRU (g/m’) (2) NATOU (%)
¥ £y 9y a
AMUMI | AUNAS
1 0.1408 | 0.0013 99.08
2 0.2378 0.0003 99.87
20 16.5
3 0.2133 0.0006 99.72
may | 01973 | 0.0007 99.56
1 0.3331 0.0018 99.45
40 2 0.2879 | 0.0017 99.41
5.5 33
3 0.2521 | 0.0008 99.68
wdv | 02910 | 0.0014 99.51
1 0.4182 | 0.0022 99.47
60 2 0.4830 | 0.0043 99.11
49.5
3 0.2811 | 0.0004 99.86
wmay | 0.0937 | 0.0023 99.48




170

4 @ 1 ' v w a ad
M99 4.36 nsnaaey ly Inaudndus wivgeandudo Idifhatanuudian Insaszu

¥ v
AU 2 FU NO2TINNUMUMUUAN 4-10 g/m” 15I9U -2 kV

) QNN 29.23 C°
ANIIINADY R
ANUBUAUNWNND 78 %
v 1] ¥ " ¥
anuay | Anwwuiy | dmdndui | aseh | dhwninduson | Iaanuamnsn

(m/s) ¥o4HU (gm’) | neaou(g) | nadou | vyl (o) (%)
1 5.0908 99.82
3 5.0873 99.75

4 5.1
3 5.0883 99.77
ANRDY 5.0888 99.78
1 7.6332 99.78
2 7.6324 99.77

6 7.65
3 7.6385 99.85
AundY 7.6347 99.8

15

1 10.1847 99.85
2 10.1806 99.81

8 10.2
3 10.1796 99.8
ANRAY 10.1816 99.82
1 12.7360 99.89
2 12.7245 99.8

10 12.75
3 12.7283 99.83
funay 12.7296 99.84
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4 a1 " o @ = a d
m51an .37 managoy Ty Tnaudndusmiugadndud e Idfhadauuudannsassun

» [
RUIY 2 FU NORTINNUNUIUUAY 4-10 g/m” 159AY -4 KV

QR 29.23 C°
annzindon Y.,
ANUBUTUNNTD 78 %

d [ o‘r @ 1 - e’: “ o’ @ =1
AnmsIan | Anuvuuniu | dwmingun | asen | dmindusin | Yannueunse
(m/s) woaru (gm’) | naaeu(g) | wameu | WnulA (g) (%)

1 5.0908 99.82
2 5.0903 99.81

4 5.1
3 5.0883 99.77
ANRAY 5.0898 99.8
1 7.6369 99.83
2 7.6385 99.85

6 7.65
3 7.6309 99.75
AunaY 7.6355 99.81

15

1 10.1847 99.85
2 10.1857 99.86

8 10.2
3 10.1776 99.78
fAunay 10.1826 99.83
1 12.7334 99.87
2 12.7308 99.85

10 12.75
3 12.7283 99.83
ANNAY 12.73088 99.85
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" @ b ' o @ 1 a ad
a13197 9.38 manaaey Iy Inaudndusmiugadndudo lwihadauudiannsaszun

¥ '
AU 2 Fu HEATINNUNUNNIUA 4-10 g/m’ UTIAU -6 KV

) Qi 29.23 C°
ANIZIUIAADY PR
ANUTUTUNND 78 %
v ] v ] v
anusaan | anuvuauniu | hwindui | e | dmindusi [Yannuamnso

(m/s) vouflu (g/m’) | namou(g) | nameu | iuld (g (%)
1 5.0924 99.85
2 5.0918 99.84

4 5.1
3 5.0883 99.77
fundy 5.0908 99.82
1 7.6446 99.93
2 7.6355 99.81

6 7.65
3 7.6309 99.75
Aunay 7.6370 99.83

15

1 10.1888 99.89
2 10.1857 99.86

8 10.2
3 10.1796 99.8
ANy 10.1847 99.85
1 12.7347 99.88
2 12.7347 99.88

10 12.75
3 12.7309 99.85
AunRdY 12.7334 99.87
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1 a | " a a 1 = ad
13191 .39 msnaaou Ty lnaudnduswiugaandude Idihadauuudian Tnsassuy

3 [l
DU 2 FU NOATINIIUHUNIUAR 40-100 g/m” 13 98U -2 kV

ANNITUINADY

=

QMR 29.23¢C°

9
b4

Qs a o
ANUPUTUNNS 78 %

avmisIay | anuvuudy | dmindui | efan | dimdnduson [Zeaanwannse

(m/s) Yo (gm’) | neaeu(g) | nemeu | Mnuld (g (%)
1 44.7705 99.49
2 44.7300 99.40

40 45
3 44.7165 99.37
fAundy 44.7390 99.42
1 67.1287 99.45
2 67.1287 99.45

60 67.5
3 67.0882 99.39
ARy 67.1153 99.43

15

1 89.5050 99.45
2 89.5230 99.47

80 90
3 89.4600 99.40
Aundy 89.4960 99.44
1 111.9375 99.50
2 111.8925 99.46

100 112.5
3 111.8475 99.42
Aundy 111.8925 99.46
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" w 1 ' a @ 1 a ad
ma1an .40 manaaoy la Inaudnduimiugadndude ihadauuudianTnsaszuu

¥ 1
AU 2 FU ABATIN NN 40-100 m' UTIAY -4 KV

QN 29.23 C°
anmzinadoy T oo,
ANUBUTUANT 78 %

v ] L v -
anudiay | anumuundu | dwmindui | afen | dmdndusa |Yaanvanse
(m/s) ¥o4fu (m’) | nadeu(g) | nadeu | MivlA (g) (%)

1 44.7930 99.54
2 44.7300 99.40

40 45
3 44.7615 99.47
fiundy 44.7615 99.47
1 67.1625 99.50
2 67.1287 99.45

60 67.5
3 67.1557 99.49
Aundy 67.1490 99.48

15

1 89.6130 99.57
2 89.5230 99.47

80 90
3 89.5140 99.46
fAundy 89.5500 99.50
1 111.9825 99.54
2 111.8925 99.46

100 112.5
3 112.0050 99.56
AuRdY 111.9600 99.52
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maai .41 manaaey lalnaudndus wivgadndude IfhadauuudidnInsaszu

¥ [}
AU 2 FU NOATINWMUNIUAY 40-100 g/m’ 15IANU -6 kV

QU 29.23C°
annziadew Yo,
ANUYUTUNNT 78 %

[~} ' .y LY P 3 = .v ar -
AULTIAN AITUHAUUIUU lJ"l'H'LIﬂFJ'IJ'VI fAIIN m‘num}uﬂu VAANUTIUITN
(mvs) ¥03fu (gm’) | nameu(g) | nameu | TAvlA (o) (%)

1 44.7930 99.54
2 44.7840 99.52

40 45
3 44.7615 99.47
ANRdY 44.7795 99.51
] 67.2030 99.56
2 67.1895 99.54

60 67.5
3 67.1557 99.49
AUNAY 67.1827 99.53

15

1 89.7120 99.68
g 89.5230 99.47

80 90
3 89.6040 99.56
ARy 89.6130 99.57
1 112.0500 99.60
2 112.0950 99.64

100 112.5
3 112.1063 99.65
AundY 112.0838 99.63
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ms1afi 0.42 msnaaey lsTaaumnu Wi usugadndudio InthadauuudianInse

FTUIWRUIU 2 FU NEATIANUHUNUURN 4-10 g/m 150U -2 kV

) QMR 29.23¢C°
an1zuIndon PR
ANTIUFUAUNNS 78 %
v ' v [ v
anuisian | anwvuuniu | dhwindui | ased | dhmindusan [Sannumunse

(m/s) Yo (gm’) | neaeu (g) | nemey | AUlA () (%)
1 4.4941 99.87
2 4.4964 99.92

4 45
3 4.4973 99.94
Aundy 4.4959 99.91
1 6.7425 99.89
2 6.7466 99.95

6 6.75
3 6.7446 99.92
Aundy 6.7446 99.92

15

1 8.9937 99.93
2 8.9928 99.92

8 9.02
3 8.9946 99.94
Aundy 8.9937 99.93
1 11.2466 99.97
2 11.2443 99.95

10 11.25
3 11.2387 99.90
Aundy 11.2432 99.94
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i ' Y @ v a ad
maan 1.43 msnaaoy ly Tnauaun i wdugadndudae Ivthatauuudian Insa

¥ '
FTUIWRUI 2 FU NOATIANUMUILUHY 4-10 g/m’ 159AU -4 kV

guHQil 29.23 C°
anzuIndon PR
ANUFUTUWNT 78 %
v [ L4 v v
anuisian | anuvuiy | sdhwindu@l | eS| dwmiindusay |Fasawaiuse

(m/s) w0 (g/m’) | wadeu (g) | naaou | #uNuld (g) (%)
1 4.4955 99.90
2 4.4973 99.94

4 4.5
3 4.4950 99.89
Aunay 4.4959 99.91
1 6.7439 99.91
2 6.7459 99.94

6 6.75
3 6.7439 99.91
ARy 6.7446 99.92

15

1 9.0154 99.95
2 9.0136 99.93

8 9.02
3 9.0145 99.94
AuRdY 9.0145 99.94
1 11.2466 99.97
2 11.2443 99.95

10 11.25
3 11.2455 99.96
flundy 11.2455 99.96
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m31ai .44 manaaoy lsInauauyiiihs wivgadndudo Ihadauuudian Tnse

¥ ]
FTUILRUIN 2 FU NOATIANUNUILUUALY 4-10 g/m’ 13IAY -6 kV

QUMY 29.23 C°
anzuIndoy Yo L.
ANUTPUTUANT 78 %
v ] ¥ ] ¥
anuiEay | anwwuuniu | dhwinduit | afed | dmdndusoe |daanwannie

(m/s) ¥03fu (gm’) | neaeu(g) | naaey | WAvld () (%)
1 4.4968 99.93
2 4.4973 99.94

4 4.5
3 4.4964 99.92
AURDY 4.4968 99.93
1 6.7486 99.98
2 6.7432 99.90

6 6.75
3 6.7439 99.91
ARy 6.7452 99.93

15

1 9.0145 99.94
2 9.0172 99.97

8 9.02
3 9.0145 99.94
AundY 9.0155 99.95
1 11.2477 99.98
2 11.2466 99.97

10 11.25
3 11.2455 99.96
Aunay 11.2466 99.97
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man .45 managey e lnauauw Infhiwiugadndudle Iwihadauuudianinia

14 ]
STURUIN 2 FU TOATINMNUIML U 40-100 g/m’ H5IAU -2 KV

ANITUINADY

Uil

29.23 C°

i 4
ar a o
ANUFUTUNNT 78 %

vV ] v v
AnuTaan | anuvuuiu | dmindui | e | dhdndusay |Yannuanse

(m/s) vo3fu (gm’) | wameu(g) | naaou | WAvld () (%)
1 44.9190 99.82
2 44.8965 99.77

40 45
3 44,9280 99.84
ANy 44.9145 99.81
1 67.3515 99.78
2 67.3987 99.85

60 67.5
3 67.3852 99.83
AuNDY 67.3785 99.82

15

1 89.8650 99.85
2 89.8200 99.80

80 90
3 89.8560 99.84
Aundy 89.8470 99.83
1 112.2863 99.81
)] 112.3425 99.86

100 112.5
3 1123313 99.85
Aundy 112.3200 99.84
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maa 1.46 minaaov laInauauy Iihiwsugadndudo Idfhadauuudidnnsa

¥ '
FEUIIRUIY 2 TU NOATIANUHULLHUAN 40-100 g/m’ HIIAU -4 kV

ANNMTUINADY

QUM

e

o

29.23 C°

o

ANUBUTUNND 78 %

v ] L K] v
anudiay | anwmuandu [ hwindui | e | hwindusos |Faanumnse

(m/s) ¥098u (m’) | nadeu (g) | naaoy | WAV (@) (%)
1 44.8920 99.76
2 44.9370 99.86

40 45
3 44.9280 99.84
ANRdY 44.9190 99.82
1 67.3920 99.84
2 67.3987 99.85

60 67.5
3 67.3650 99.8
ANRAY 67.3853 99.83

15

1 89.8830 99.87
2 89.8560 99.84

80 90
3 89.8560 99.84
Aundy 89.8650 99.85
1 112.3650 99.88
2 112.3650 99.88

100 112.5
3 112.3313 99.85
AuNDY 112.3538 99.87
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maati .47 manaaey laTnauaun IWihswiugadniudo luithaiauuudian Tnse

¥ [l
FEURUIU 2 FU NTATINNUHUNLUUAY 40-100 g/m’ 159AY -6 kV

QuHql 29.23 c°
anziadon PR
ANUFUTUANT 78 %
L v ¥y v
anudian | anuvuwdn | dhwindui | adei | dbmnindusoy |Saanuannse

(m/s) YoIRu (gm’) | nedou(g) | naaeu | Wiuld () (%)
1 44.9235 99.83
2 44.9190 99.82

40 45
3 44.9280 99.84
ARy 44.9235 99.83
1 67.3717 99.81
2 67.3987 99.85

60 67.5
3 67.4055 99.86
AuRdY 67.3920 99.84

15

1 89.9010 99.89
2 89.8380 99.82

80 90
3 89.8560 99.84
AuRGY 89.8650 99.85
1 112.3763 99.89
2 112.3650 99.88

100 1125
3 112.3875 99.90
ARy 112.3763 99.89
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M31an .48 manaaougaiiulszy Iihlueyniadus iy leTnaumnu Wi huazyedn

d ]
Audovihadauuudian Insaszuiunuou 2 $u idasanumuiniudy

4-10 g/m’ L1599 -2 kV

ANIZUIAADY

gUNY

14
-

29.23 C°

w o

ANUFUTUNNT 78 %

LA
@

E4

AnuiEan | anuvuuiy | shwindui | e | dindusan [3aanueung

(m/s) w03 (gm’) | nadeu (g) | nameu | nuld (g) (%)
1 4.4955 99.90
2 4.4946 99.88

4 4.5
3 4.4964 99.92
ARy 4.4955 99.90
1 6.7419 99.88
2 6.7459 99.94

6 6.75
3 6.7439 99.91
Aundy 6.7439 99.91

15

1 9.0145 99.94
2 9.0118 99.91

8 9.02
3 9.0145 99.94
ARy 9.0136 99.93
1 11.2390 99.91
2 11.2470 99.98

10 11.25
3 11.2455 99.96
AuRdY 11.2443 99.95
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m31eh 1.49 managougaiivszy ihlueynmadusudulsTnauasuu Iifhuazgadn

v a ad 0‘: a w [
Hudae Tfhatauuusian Tnsassunuauim 2 ¥4 AgesANUMLLNAY

4-10 g/m’ 11599U -4 kV

) RN 29.23 C°
anIzuIAanuy B o
ANUTHAUNNT 78 %
o [} :r Y = q‘: a o” Y] =
AANULTIAY ANUHUULUU umum}u'ﬂ 134N HIH ﬂ.u‘i'lll YAANUTIUITD
(m/s) w03 (gm’) | nadeu (g | namou | Tunuld (@ (%)
1 4.4964 99.92
2 4.4977 99.95
4 4.5
3 4.4964 99.92
AundY 4.4968 99.93
1 6.7459 99.94
3 6.7466 99.95
6 6.75
3 6.7473 99.96
Aunay 6.7466 99.95
15
1 9.0190 99.99
2 9.0154 99.95
8 9.02
3 9.0145 99.94
ANNAY 9.0163 99.96
1 11.2477 99.98
2 11.2466 99.97
10 11.25
3 11.2455 99.96
AuRdY 11.2466 99.97
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m319 1.50 manaaougamiuszy I lueyniadus v e Tnauau Idfhuazgadn

¥ ¥
fudnlvihatauuudianInsaszuunuiu 2 $u igasinnumuniudy

4-10 g/m’ U59AU -6 KV

ANNILIIAADY

QUNNil

29.23 C°

3
ANUTUTUNND 78 %

V.
]

2 ]
anusay | anunuuniu | dhwinduil | e | dhiindusay | Iaanuann

(m/s) Youffu (ym’) | naaou(g) | nwemeu | WAvld () (%)
1 4.4973 99.94
3 4.4977 99.95

4 45
3 4.4982 99.96
AuRdY 4.4977 99.95
1 6.7452 99.93
2 6.7486 99.98

6 6.75
3 6.7479 99.97
AnaY 6.7473 99.96

15

1 9.0181 99.98
2 9.0154 99.95

8 9.02
3 9.0181 99.98
ANNDY 9.0172 99.97
1 11.2488 99.99
2 11.2466 99.97

10 11.25
3 11.2477 99.98
AuNaY 11.2477 99.98
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mnan 451 managouyainlszy Iwihlueymadus i Ty Tnauaun i wazgadn

¥ ]
Audaeihaiauuudian Insaszuunuiu 2 $u fdasnnumuuiudy

40-100 g/m’ U59AU -2 KV

ANLIAADY

QuUNN

29.23 C°

v
ANUFUTURNT 78 %

4

anudaay | anuvudu | dmdndui | eS| ddndusay |Zannvannse

(m/s) ¥03Eu (g/m’) | weaou (g | nemeu | WAVIA (o) (%)
1 44.9460 99.88
2 44.9235 99.83

40 45
3 44.9145 99.81
Anndy 44.9280 99.84
1 67.4257 99.89
2 67.3785 99.82

60 67.5
3 67.4122 99.87
Aundy 67.4055 99.86

15

1 89.8740 99.86
2 89.8920 99.88

80 90
3 89.8830 99.87
AundY 89.8830 99.87
1 112.3875 99.90
B 112.3763 99.89

100 112.5
3 112.3313 99.85
Aunay 112.3650 99.88
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m31an 4.52 msnadougamuszy I lueymadus v la Tnauau Idwasgadn

3 ]
AudeIhatauuudidn Insaszuiauau 2 %u fdasnnumuuniudu

40-100 g/m’ 11599 -4 kV

guUUAN 29.23C°
anzIIAdoY P
ANUBUTUNND 78 %
d ] :? a1 ¢=' 3 J:‘ :’ @ 1 =
AITULIAIAY AITUHUUIUY UWﬁuﬂF;I'LJTl ATIN HINUN .'Ll'i'ni VAAUTIUITD
(m/s) voudu (gm’) | naaeu () | wameu | il (g) (%)
1 44.9370 99.86
2 44.9505 99.89
40 45
3 44.9370 99.86
ANnaY 44.9415 99.87
1 67.4190 99.88
2 67.4257 99.89
60 67.5
3 67.4122 99.87
ANNAY 67.4190 99.88
15
1 89.9280 99.92
2 89.9190 99.91
80 90
3 89.8830 99.87
AuRdY 89.9100 99.90
1 112.4100 99.92
2 112.3763 99.89
100 112.5
3 112.4438 99.95
ANNAY 112.4100 99.92
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m3an 1.53 manaaeuyaiulsey i lueymadusui lalaauauny Iniuazgadn

¥ '
fudae IdhadauuudidnInsaszsunuauiu 2 u fisasnnumuuniudy

40-100 g/m’ LLSIAU -6 kV

) gaungil 29.23¢C°
ANNSUINADY P
ANUFUTUANT 78 %
v ] F ' v
anuGaay | anuvuudu | dmdndui | asaR | ddndusay | 3aanwannse

(m/s) 103l (g/m’) | neaeu (g | nadeu | WAvlA () (%)
1 44.9595 99.91
2 44.9415 99.87

40 45
3 44.9370 99.86
ANRDY 44.9460 99.88
1 67.4257 99.89
2 67.4392 99.91

60 67.5
3 67.4122 99.87
AUNAY 67.4257 99.89

15

1 89.9550 99.95
- 89.9100 99.90

80 90
3 89.8920 99.88
ANRdY 89.9190 99.91
1 112.3650 99.88
2 112.4550 99.96

100 112.5
3 112.4438 99.95
Aundy 112.4213 99.93
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13 Simulation yadtaninsaminyszqivlih
ad ' a
INNNTOBNLUVVUIALAZFUNTWBIBIAN TNTANTINTZVONTOUINUS INVDIYAINY

] ¥
Uszy I luiaden 3.5.1 ez ldunnadian Insadail
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rr, = l8cm
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=1 =1 ' 3 a
nngdszmuiiauyWfhog 2 ¥ufe Er, (duauwIwihusou ruae r) uag Er,

a & ' iy
@Wuaudfhuinu r,uag r) Fonaums 2.10 awnsamiarau i 18wl

v 8
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2 r2 2. 7
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lunsaigwussiulvhussganoidninaa r,

4 . . ad ' :
3UM 9.2 M3n32910999 Electric potential 1udianInsansinszuendounnusu 3 4u

1ngUil 9.2 msnszaedna Iiiheelidnar ihgegausnarivesdidanInsa r,

o = da d
uazeziimanafiszuzvieen luazveiluguindian Inse r, ua r,

Max: 2.474e6
x10°

Min: O

! i 5 ad ' z
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A New Technique for Increasing Efficiency of Cyclonic Dust Trap
Using Electrostatic Field

*P. Kotchapoom **W, Tasnangkura **P. Kerdonfag *S. Potivejkul *W. Khan-ngern
*ReCCIT, and Faculty of Engineering, KMITL, Bangkok, Thailand
E-mail: kkveerac@kmitl.ac.th

**Electrical Engincering Department, Mahanakorn University of Technology, Bangkok,
Thailand, E-mail: pongtepfe mut.ac.th

Abstract - This paper presents a new technique for
increasing  efficiency of cyclonic dust trap using
clectrostatic method. The principle is to add electric
charges to dust particle and enhance centrifugal force
by the electric field. This paper shows trapping the
dust test that dust have a size less than 75 pm at dust
density level of 4-10 g/m' and 40-100 g/m’. The
results are analyzed and revealed that this technique
improve cfficiency of original cyclonic dust trap up
to efficiency at 99%.

Key word : electrostatic field, dust particle, cyclone,
dust trap

1. Introduction

Cyclone scparators have been used for about 100
years, and are still one of the most widely used of all
industrial gas-cleaning devices. The main reasons for
the widespread use of cyclones arc that they are
inexpensive to purchase, have no moving parts, and
can be constructed to withstand harsh operating
conditions. Cyclonic devices by themselves are
generally not adequate to meet stringent paiiiculate
emission standards, but they serve an important
purpose. With low capital cost and their
maintenance-free operation, it can make them ideal
for use as precleaners for more expensive control
devices such as fabric filters. Cyclonic devices can
work together with electrostatic devices that produce
electric field between corona electrode, which locate
at the center core of cyclone, and cyclone wall [2][3].
Various parameters: density, charges, polarity and
force direction are studied and showed that the
efficiency of dust trap can be to improved the
conventional dust treatment system.

2.Theory

2.1 Cyclonic Devices

Cyclones use the centrifugal force create by a
spinning gas siream to separate particles from a gas
[2]. Fig.1 shows a tangential inlet, reverse flow
cyclone separator. The particulate laden gas enters
tangentially near the top of the device. The cyclone’s
shape and the tangential entry force the gas flow into
a downward spiral. Centrifugal force and inertia
cause the particles to move outward, collide with the
outer wall, and then slide downward to the bottom of
the device. Near the bottom of the cyclone, the gas
reverses its downward spiral and moves upward in a

smaller inner spiral. The “clean” gas exits from the
top through a vortex-finder tube, and the particles
exit from the bottom of the cyclone through a pipe

scaled by a spring-loaded flapper valve or a rotary
valve.

¥ .
#zo-

Fig. 1. Basic cyclone collector

The centrifugal force can be found from Eq.(1)
MpV,
_"MP'P
By = (1)
gcR

where
Fs = the centrifugal force (N)
Mp = particle’s mass (kg)
Ve = tangential velocity of particle (mvs)
R = radius of spinning of particle (m)
g =9.80 (m/s?)

If the velocity of particles equal to tangential
velocity of gas particle’s mass can be shown in
Eq.(2)

e
Mp = 8Dy pp (2)
where

Pp = gas density (kg/m”)
D,, = particle diameter (m)
6

Gravity force treated to dust particle can be
calculated from Eq.(3)
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2.2 Electrostatic Precipitator

An electrostatic precipitator (ESP) is a particle
control device that uses electrical forces to move the
particles out of the flowing gas stream and on to
collector electrodes. Which electric field stress [1]
can be calculated from Eq.(4).

B = )

where

E,.. = maximum electric field stress (V/cm)
¥ =voltage supply (kV)

ry = inner radius (cm)

r, = outer radius (cm)

The electric field in the collecting zone produces a
force on a particle proportional to the magnitude of
the field and to the particle charge.

o =L (5)
where

E = electric field stress (V/m)
g = charge on the particle (C)

Key equations to add the electric field based on
Eq.(6)—(7) are introduced[1]. The saturation charge is
given by.

g, =12[e/(e+2) |anme B, (®)

Field charging also exhibits at characteristic time
dependence, given by

__ 9
gy =—— (7
(1+1t)
The field charging time constant [3] is given by
4&
T=——0— (8)
(N 0€H; )
where
gs = saturation charge (charged at infinite time)(C)

q(t) = field charge (C)

Ey = electric field applied to the particle (V/m)
a, = particle diameter (m)

e = electron charge (1.67x19™"° C)

€, = free space permittivity (8.854x10™"" F/m)

N, = ion density (2x10"* ions/m”)
[ =ion mobility (2.2x10™ m’/V-s)

So the length of added electric charge can be found
from Eq.(9).

S=vXt (9)
where
S = length of added electric charge (m)
v = velocity of gas (m/s)
! charge saturation time (s)

3. Design

T charging lelecln'c 1:eldl
D“;:" the dust within |
9__ particle cyclone

Fig. 2. Diagram of a increasing efficiency process.

- [Cleam_-d '
gas

Fig. 2 shows the diagram of proposed process. The
key process is done by adding the charges by
applying the E-field in the dust particles.

3.1 Set up electric field with in cyclone
Cyclionic device that use for this research is shown
in Fig. 3.

20ecm .'
5cm chl ‘ Bcm j
Bcm / 2
/
/
\ /
30cm 5\ {
\\ f
/
/
sem Es o S L

Fig. 3. Dimensions of a cyclone.

Seiting up electrostatic in cyclone will be done by
using C high voltage magnitude 40 kV supply to

corona electrode ($ 0.48 cm). From Eq.(4), to the

maximum electric field stress with in cyclone equal
to 107.25 kV/m and from Eq.(5) electric field force
equul to 1.42x10"° N,

Corona
electrode

Cleaned
gas out

|
Dugty = =
gasin™ >

Dust out

Fig. 4. Setting up electrostatic in cyclone.

3.2 A set of charging the dust particle

Electrodes are used in this research made of
stainless pipe coaxial type. The dust particle charge
can be up to 1.859x10"C by 8 kV. This result s
calculated from Eq.(4). The length of electrode can
be calculated based on Egs.(7-9) as shown in Fig. 5.



Fig. 5. Set of charging the dust particle.

4. The result of testing

The testing efficiency of cyclones is done by
applying the wind at velocity of 15 m/s to them and
test at low(4-10g/m*) level and high(40-100g/m")
level of dust density. The dust test associates with the
dust have a size less than 75 pm. The efficiency of
cyclones determined from dust weight that it can be

captured. Three test methods are as follows:

Case 1: Testing by charging the dust particles at

different dust density

The test will release mixed air with dust particles
and flow pass through a set of electric charging that
shown in Fig. 6 and the results are shown in Figs. 7
and 8. The result shows that positive charge can
improve the dust separation efficiency about 2% over
of that conventional cyclone at the dust high density
(40-100g/m™) and the low dust density (4-10g/m’).
The improvement is about 2-3% slightly is achieved.
It can be described that positive charge can adding

more and can affect the efficiency of the separation.

100
et =T
WE oemrrmT T Jasmm=T
e
el
E iyl
=
g
<
g
=9t T T
w —ar Chasge)
Chargo
I_I'!
—&— Cyctone
- s S GO W —
a 5 EN C H) K "l
Au Densdy (gim?)

Fig. 7. Testing by charging the dust particles high
density.
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Efficncy(™%)
R
\ '\

al o
//" —&— Charge()
e
- —+— Chevged{-)
[ —@— Cyclure
al
i 5 3 7 8 Q 10

Asr Densdy (g»"n))

Fig. 8. Testing by charging the dust particles low
density.

Case 2: Testing using electrostatic

The different between the case 2 and case 1 1s

setting up the positive electrostatic in case 2 as

detailed in Fig. 4. The efficiency of dust separation

are quite similar to those of case 1. Slightly

improvement of the efficiency is achieved on case 2.
. , L.
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Fig. 10. Testing by using electrostatic with dust
particles high density.

Elficiency (™)

2ur Der sy (gfm’)

Fig. 11. Testing by using electrostatic with dust
particles low density.
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Case 3:Testing by charging the dust particle together
with electrostatic cyclone

The test are the combination of case 1 and case 2
condition. For example the condition of best result of
both case 1 and case 2 is tested: positive charging
with positive electrostatic, negative charging with
positive electrostatic, positive charging with negative
electrostatic and negative charging with negative
electrostatic.

Fig. 12. Testing by charging the dust particle
together with electrostatic cyclone.

U]
gt _— —
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92 —+—— Chaige(-). Corona(+)
—8— Cyclone
0 T S
Aur Densay @mS)

Fig. 13. Testing by charging the dust particle
together with electrostatic cyclone and
dust particles high density.
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Fig. 14. Testing by charging the dust particle
together with electrostatic cyclone and
dust particles low density.
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5. Conclusion
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Fig. 15. The comparison of three cases comparing to
conventional cyclone at low and high dust
density.

Fig. 15 shows the comparison of the dust
separation efficiercies at the three cases: first case by
charging the dust particle, second case by applying
the electrostatic and third case by applying both
charging and electrostatic technique at air density 4
g/m’ and 100 g/m’. The second case results the
highest efficiency with the 3-4% over conventional
cyclone. The third case (combination) shows no
advantage comparing to the second case. Morzc
modification in the third case should be revised.

From the obtain results, the conclusion are as
follows.

1. Charging positive charge to dust particle can
increase efficiency of cyclonic devices more
...... a ve charge

2. Electrostatic from negative DC high voltage
has ability to improve efficiency of cyclonic
device more than positive one.

3. At low density of dust will affect as raising
clectrostatic in cyclonic devices which can
help to improve efficiency.

4. Charging the dust particles together with
electrostatic cyclone can increase efficiency
up to 99%.

The future work will be done and focused on the
operating at low density of dust and corona pole
design.
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