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Abstract-The main purpose of this study was to investigate experimentally the characteristics of an electrostatic 
cyclone/bag filter with inlet types (upper and bottom inlet) m order to overcome the low collection efficiency for sub- 
micron particles and h i l l  pressm-e drop, which were the main problems of general fabric bag filters. The ~xperiment 
was performed to analyze the collection efficiency and pressure drop of the electrostatic cyclone/bag filter compared 
with that of conventional fabric bag filters with various experimental parameters such as the inlet type (upper and 
bottom), inlet velocity (filtration velocity) and applied voltages. From the results, the upper inlet type showed a slightly 
t ~ l e r  pressure drop reduction ratio as 40-90% than that of bottom inlet. In additioi~, the electrostatic cyclone/bag filter 
represented an increment of over 5% for the collection efficiency of submicron parfides (around 1 Ixm) in comparison 
with the general fabric firm: 

Key words: EIe~-ostatic Cyclone/Bag Filtei; Centrifugal Force, Electrostatic Force, Collection Efficie~lcy, pressure Drop 
Reduction Ratio 

INTRODUCTION 

Recently, the exchange and ln(x-iifieation of conventional air pol- 
lution control equiv-nent installed in in&astry have been seiiously 
required due to the tightening emission controI law for atmospher- 
ic pollutants. The fabric bag filter has been widely used as an air 
pollution control equipment because of its high collection etEdency 
(over 99%) ['Beitez, 1993], but it has the disadvantages of low col- 
lection etticiency for submicron particles under 2 bun, limitation of 
treatment gas flow rates and high pressure drop compared to the 
other conbol system. To overcome the alcove problems of the bag 
filter, ~stalling a cyclone [Sheperd and Lapple, 1939] as the pre- 
treatment system has been combined with a conventional fabric bag 
filter system to reduce tile dust loading on a fabric filtm; although 
this causes an increment of ~stallation area and maintenance cost. 
In spite of that, the h i ~  pressure drop and low collection et~- 
ciency for particles under 2 gm still remain as serious problems. 
Many studies are being carried out to increase the collection effi- 
ciency for submicron particles and decrease the excessive pressure 
drop colnbJl~n.g tile fabric fil~-ation inechanism with elec~-ostatic 
force [Frederick, 1961], but these also induce similar problems as 
mentioned alcove, due to tile Iknitation of collection medlaxfism. 

To overcome these problems, the present work analyzed the char- 
actezistics of tile elec~-ostatic cyclone/bag filter combined with the 
centrifugal force of cyclone, filtration collection of bag filter and 
electrostatic force in one v~t system. In the present system, dust 
imrticles charged in a predlager itNowitg talgentially into the sys- 
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te~-n vessel are collected on the vessel iuside-wall by cei~Ca~gal and 
eleclrostatic forces; and the collection is made by the elec~-ostatic 
force and ffl~-ation medlanism in the fabric filter media [Humpl-~-ies 
et al., 1984; Fjeld and Owens, 1988]. Therefore, the first collection 
causes a decrease of dust loading on the fabric filter, and the second 
decreases the pressure drop of fahic filter by the formation of a 
den&-ite stmctore caused by the inter-repulse force due to tile same 
polarity of particles deposited on the fabric filter [Frederick, 1980; 
Lastow and Bohgarcl, 1992]. 

In this work, we designed the lab and pilot scale expenmenYN 
appm-a~s for the analysis of a collection system with two inlet types 
(upper and bottom inlet). Tile expeit-nents were executed for the 
analysis of collection efficiency and pressure drop characteristics 
of the electrostatic cyclone/bag filter of upper or bottonl itflet type 
in conll3arison with those of a conveimoilaI fabric bag filter with 
the vaious experimeiltaI paanetm~ such as inlet velocity (filtra- 
tion velocity), applied voltage and inlet type. 

EXPERIMJ~NTAL 

1. Experimental Apparatus 
The collection system is composed of a tangential inlet for cen- 

trifagal effect, a center inlet considering the characteristics of a con- 
ventional fabric filter, a precbai~e, for chmging of particles, a high 
voltage power supply, a particle feedm; a pulse-jet filter cleaning 
system, a hopper, an I.D. fan and measurement systems for collec- 
tion et~ciency and pressure drop. Tile layout of the expez~-nental 
system for the lab scale with an upper inlet is shoml in Fig. 1. 
1-1. Main Body 

A single fabiic filter is iustalIed ~side the lab scale main tmdy 
composed of the tangential and center inlets. The physical charac- 
teristics of the filter used in this expeat"nent are presented in Table 
1. Tile tangential inlet for a centiCugal effect is installed at the top 
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Fig. 1. Schematic diagram of experimental apparatus with upper tangential inlet. 

Table 1. Physical characteristics of a fabric tilter 

Item Content 

Material Polyester 

Weight (ghn2) 510 
Thickness 0ra-n ) 2 
Air perTneability (cc/en12/sec) 20 
Tensile sb-ength (kg/5 cm) 165 • 150 
Bursting strength (kg/enl 2) 37 

Themml resistance temp. (~ 125 

or bottom of main body, and the center inlet to compare the char- 
acteristics of the present system to a general fa'_a-ic filter is k~stalled 
at the bottc~n center of main body as in Fig. 2. In the case of the 
upper inlet type, a guide vane is installed for the sel:~-aticn of a down- 
ward outer vortex and Ul~vmd inner vortex, and to prevent the dis- 
~rbance of the outer and inner vortex flows. Fig. 2 shows the con- 
figtuation of the main body with inlet types of a iab scale elecbo- 
static cyclone?oag filtei: 

The basic configuration of a pilot scale experimental system is 
similar to that of the lab scale, and 9 filters for the upper inlet and 
12 filters for the bottom inlet are installed inside the main b @  for 
the ~reatment of higher flow rate. Table 2 shows the main dimen- 
sions of  the pilot scale experimental system. 
1-2. Particle Feeder 

The expeiirner~al dust is a coal fly ash sampled at coal-fired power 
plant and used after drying dta-ing 24 hours to prevent the change 
of size distribution with the humidity conditior~ The particle feeder 
is designed to change the inlet concentration by controlling the screw 
revolution speed to supply the suitable quantity of particles. 
1-3. Precharger 

Particles suspended in a gas stream may be charged through the 
electric field formed by applying a high voltage to a discharge wire 
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(a) Upper inlet type (b) Bottom inlet type 

Fig. 2. Schematic of electrostatic cyclone/bag filter ~ t h  upper and 
bottom inlet. 

located at the cen~al axis of cylinder from a high voltage power 
supply. The lab scale precbaiger consists of cylmder 100 zm-n in 
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Table 2. Dhnension of apflot scale dectrostatic oddoneq~ag filter 

Upper inlet Bottom inlet 
type type 

Central inlet duct diameter W150 W150 
Tangential inlet duct size 

63x126 83x167 
(widexheight) 

Body lenglh 850 2000 
Body diameter ~950 ~1100 
Outlet duct diameter ~150 ~150 
Filter dimension W150• W150xL1060 

dimnaer, 300 mm in length and wire of l00  mm in length installed 
at cylinder center. 
2. Experimental  Method 

The collection efficiency and pressure drop of the present sys- 
tem are estimated with the inlet velocity, applied voltage aid inlet 
type (upper and bottom inlet). Fractional collection efficiency is 
detennined by aer~yalamic particle sizer (APS3310, TSI Inc.) which 
can meas-ure the number and mass density with particle sizes. Gas 
flovv rates and filtration velocities are estimated by nlea.~ring the 
duct velocity with a miaxxnanometer (FCO12, Fumess Conlrols 
Ltd.) The velodty measuring aid dust sampling points are selected 
at the point o f  14.6% and 85.4% of cross section area of duct, mid 
the averaged values of velocities, number aid mass densities are 
measured. For the analysis ofpressame drop characteristics with the 
inlet types (cenlxifugal effect) and electrostatic force, the pressure 
drop is measured by micromalometer at the points of 50 nun apmt 
from the inla and outlet o f  expaimental apparatus for 30 minutes 
by 2 minutes interval with the inlet velocity and applied voltage. 
And the pressure drop data measured at 6 minutes after dust feed- 
ing is used for the conlpm-ison of pressure drop chmacteristics. 

The ex-petiments are performed on the vmious ex-perinlental con- 

Table 3. Inlet vdod ty  vs. filtration vdod ty  (lab scale) 

Tangential Flow rate Filtration Center inlet Precharger 
inlet velodty (m~/min) velodty velodty velodty 

(m/s) (m/min) (m/s) (m/s) 

12 0.65 2.8 5.54 1.38 
15 0.815 3.5 6.92 1.73 
18 0.978 4.3 8.30 2.08 
21 1.141 5.0 9.69 2.42 

Table 4. Inlet velodty vs. filWalion vdocity (pilot scale) 

Tangential Flow rate Filtration Precharger 
inlet velodty (m~/min) velodty velodty 

(m/s) (m/min) (m/s) 

i~. i....~. ~<~!: 

. ~  

Fig. 3. Omrmt vs. applied voltage with v',rious mdet velocities (Nip= 
0.0 m~m~). 

ditions such as the inlet velockies (filtration velocities), applied volt- 
ages, and inlet types. The specific expaimental conditions are de- 
saibed in Tables 3 mid 4. 

RESULTS AND DISCUSSION 

1. Experimental  Results in Lab Scale 
1-1. Voltage-Cunvnt Characteristics 

For the analysis ofvoltage-cu,ra~ cha'aeteristics at the precharga; 
V-I experiment is performed on the various applied voltages, dust 
loadings and inlet velocities by multhneter (Fluke 27, LG DM-332). 
Fig. 3 represents the V-I ch~aeterisfics with the inlet gas velocities 
without dust loading. As shown in the figure, the V-I chatactais- 
tics are almost the same for the variation of inlet velocity. The slight 
diffemme of  V4 w~h the gas velocity is similar to the ex-pa-hnen- 
tal results performed by Jaw~arek mid Knunps [1996]. It means that 
the gas velocity does not affect the curr~lt flow since the electron 
velocity is much higher than the gas velocity. As shown in Fig. 3, 
the applied voltages for this experiment are determined with 10 and 
20 kV because sparkover occut~ over 25 kV. 
1-2. Collection Efficiency 
1-2-1. Fractional Collection Efficiency 

To analyze the collection effMency chmacteristics of the present 
systan, the pm~dcle number concena~ion is measured by APS at 
the inlet and outlet o f  the system, mid fiactional collection effi- 
ciency is estimated by Eq. (1). 

Bottom 9 7.5 1.25 7.07 

inlet 15 12.5 2.08 11.79 
21 17.5 2.92 16.5 

Upper 9 4.27 1.25 4.04 
inlet 15 7.14 2.08 6.74 

21 10 2.92 9.43 

~1,(%) -- N'~" -N~'" • 100 (~ (1) 
N,o~ 

Where r} is fiactional collection efficiency, N ~  is fi-actional par- 
ticle number concen~ation a the inlet and N ~ .  is fi~actional p~atide 
number concentration at the outlet. 

Fig. 4 shows the fi'actional collection efficiency with an applied 
voltage of 0 kV, inlet concentration of 300 mg/in 3 and fdtmtion ve- 
locities ofVF2.8 , 3.5, 4.3 and 5.0 mhnin (tangential inlet velocity 
V,. ,=12-21 m/s) for the upper inlet type. The fi'actional collection 
effidency is over 95% for all size ranges mid the collection effi- 
ciency becomes higher as the inlet velocity (filllmion velocity) is 
increase& At an inlet velocity of  21 m& the collection efficiency is 
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plied voltages (bottom mtlet, 1VIv=300 m g m  ~, inlet vdoch'y= 
2 1  n V s ) .  

5% higher thin that of  12 m/s. This means that the particles which 
we not captured on the fabric filter owing to seepage and phlhole 
plugs effects [E1-Shobokshy ct al., 1994] may be collected by the 
vortex flow generating the cenb-ifugal force in tangential inlet, and 
this effect becomes higher as inlet velocity is increased. 

Fig. 5 shows the :[factional collection efficiency with inlet veloc- 
ity of  21 m/s (filtration velocity of  5.0 m/inin), dust loading of  300 
mg/m ~, applied vollages of  0, 10 and 20 kV for the bottom inlet type. 
In the case of  center inlet (applied voltage of  0 kV), the fi'actional 
collection efficiencies are maintained over 91% for all size rmge~ 
however, the efficiency is minknum at the cTitical size of  1.3 Bm 
corresponding to the trm]sition point of  efficiency. This chmacteris- 
tics me enalyzed by diffusion, interception and inertia in]paction 
which are the main collection mechanimas o f a  geneaxl fabric filter. 
And, at the applied voltage of  0 kV, the collection efficiency of  the 
tangential inlet type is a little higher than that of  center inlet type, 
which means a general fabric filter. This is explained f i~n the par- 
ticle collection [Zhou and Soo, 1990] by centrifugal force effect in 

the tmgential inlet, as mentioned in Fig. 4. For tm]gential inlet type, 
as voltages are applied as tfigh as 10 m d  20 kV, the increment of  
collection efficiency is over maximum 6% than that of  center inlet 
(applied voltage of  0 kV) around 1 ~ n  in diameter. It is due to the 
effect of  eleclrostatic cyclone increasing the p~aticle mobility toward 
abody wall [Dietz, 1982], m d  electrostatic force on the filter media 
to be more effective for smaller pm*icles. For an inlet velocity of  
21 m/s and applied voltage of 0 kV, the upper inlct type shows higher 
collection efficiency than that of  bottom fillet type. This higher ef- 
ficiency is caused by the fn'st collection effect of  upper inlet type 
induced by the sepmation of  inner and outer vortex flow (the effect 
of  guide x~]e installed inside body) generating effectively the cen- 
trifugal force compmed to the bottom inlet type. 
1-2-2. Overall Collection Efficiency 

The overall collection efficiency can be expressed as the follow- 
ing Eq. (2). 

Tb(~ = ~,(V~N,.~- V~No~a) x 100 (%) (2) 

Where'q, is overall collection efficiency, V~ is volume ofpeaticle 
for each size, N,,~ is number concentr'aion ~t inlet for each particle 
size and No~j is number concent~ion at outlet for each particle 
s i z e .  

Fig. 6 shows the overall collection efficiency of  the upper md 
bottom inlet with the inlet concenlration of  300 mg/m 3, fillration 
velocities of  2.8, 3 . 5 , 4 . 3  and 5.0 mknin (inlet velocities 12, 15, 18 
and 21 m/s) md applied voltages of  0 md 20kV. In the applied volt- 
age 0 kV, the overall collection effidency of  tmgential inlet type at 
least does not decrease with the increment of  inlet velodty, while 
that o f  a conventional fabric filter decaeases beyond the cettah] limit 
of  inlet velocity owhg  to the seepage and pinhole plug effects as 
mentioned in Fig. 4. Moreover, the upper inlet type of  applied volt- 
age 20 kV, chows an excellem overall collection efficiency 99.9% 
under the all inlet velocity condition (12-21 trds). It is due to the ef- 
feetive lust collection based on the electric cyclone characteristics, 
and eleclrostatic force on the fabric filter in addition to a filtration 
mechanis~n as stated earlier. The present collection system com- 
bining a conventional fabric filter w~h the centrifugal and eleclro- 
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static force is siitable to treat the various gas flow rates with no con- 
cem for the variation o f  inlet velocity. 
1-3. Pressure Drop 

The high pressure drop, which is one of  the main problems of 
general fabric bag filters, is caused by adust layer on the filter media 
This pressure drop of  a fabric bag filter system is presented by 
Darcy's pressure drop equation [Xhn md Cho, 1990] as follows. 

AP =K~Vf +K2CiV~t O) 

Where K~ aid K2 are resistance factors of filter media mid du~ 
1Wet, Vyis filtt~ion velocity, C~ is dust londings on filta; t is fillmdon 
time, K~Vfis p r e ~ e  drop by clem filter and K2Q Ve2t is p r e ~  
drop by dust layer on filter medi~ 

One of the main proposes of this ex-pet~nent is to decrease the 
high pressure drop caused by tile du~t loading on filter media shovm 
in tile second term of the right hand side of Eq. (3) by the effective 
conxbluafion ofcenlrifugal and eleclrostatic forces to m~imize the 
fu~ collection effidency, in addition to the formation effect of  a 
dendrite structure by the charging particles deposited on the filter 
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due to the electrost~ic force. Figs. 7 and 8 show the pressure drop 
of a fabric filter with inlet concentration of 300 mg/m 3, inlet velod- 
ties of 12, 15, 18 and 21 m/s and applied voltages of 0, 10 and 20 kV 
for the upper and bottom inlet types. It is sho~vn that tixe pressure 
drop of the fabric filter is increased with higher inlet velocities (fil- 
tration velocities) In case oftmgenfial inlet mid applied voltage 0kV, 
the gradient ofpressaz'e drop increment becomes smaller than that 
of tile center inlet. And this effect is more clearly represented as 
high voltages ~ applied with 10, 20 kV for the upper mid bottom 
inlet types. For an inlet velocity of 12 m/s mid applied voltage of  
0 kV, the difference o f  filter press~e drop between tangential md 
center inlet types is 0.4 mmH20, but those axe larger as 0.6, 1.0 and 
1.4 mmH20 for tile higher inlet velocities of 15, 18 mid 21 m/s, re- 
spectively. This is due to the conthined effects of the fit~ collec- 
tion induced by the stronger centrifuged force with the increment of  
inlet velocity, and presmte drop of  filter increasing wkh second 
power of filtration velocity as shown in the Eq. (3). We introduce 
Eq. (4) of  next section to estimate indireetly the fn~t collection effect 
(lower C~ than that of center inlet) caused by the only cenlaffugal 
force without considering tile effect of  filtration velocity increment 
(effect ofV~ 2) for the pressure drop. In the tangential inlet axd ap- 
plied voltages of  10 aid 20 kV, the pressure drop of  the fabric filter 
is shown epparently lower than that of the center inlet (0 kV). The 
d~'eralce of  filter presawe drop for the tangential inlet of  20 kV 
and for the center inlet of 0 kV is 0.9 mtnI-I20 in the inlet velocity 
of 12 m/s, ",affiile those are iucreased as 1.2, 1.7 and 2.1 mmH~O for 
the higher inlet velocities of  15, 18 mid 21 m/s. In p~ticular, the 
pressure drop of the fabric filter for the tangential inlet of  20 kV 
may be reduced over 3 tinles in comparison with that of  center inlet. 
Similar to the case of the tangemial inlet of 0 kV, the particle migra- 
tion velocity toward the body wall is increased by the properly conl- 
bined effects of the enlargement of vortex m-ength for higher inlet 
velocity mid electric force due to the high applied voltage. Based 
on the above statement, the presmre drop of  f~ric filter may be 
reduced by the fu~ collection effect and increment of  the filter sur- 
face area due to the formation of  dust layer wM1 den&ite structure 
caused by the eleclrostmic effect on filter media Eepecially, the fact 
that the difference of pressure drop is increased as the inlet velocity 
is higher is reMed to the effect of filttaion velocity inerenlem (ef- 
fect of  Vf in Eq (3)) in addition to the reason discussed above. As 
the applied voltages are increased to 10 aid 20 kV, the effect of  pres- 
sure drop reduction is more clearly ev~duaed by the enlargement 
ofp~icle  migration velocity toward the body vcall dueto the high 
charging rate, and the easier fonnatinn of  dendrite stmctm'e caused 
by coulonlb force between the deposited particles on filter media, 
Thus for the tangential inlet of 0 and 20kV, it is estimated ilia the 
treatment flow rates can be inoreased with 1.5-2 times than that for 
the center inlet o f  0 kV at the sane pressure drop condition. Fur- 
therrnore, it is found that the e~paimental values of filter pressure 
drop for the upper inlet are linger than those for the bottom inlet 
due to the different initial dust layer as in Figs. 7 and 8. 
1-4. Pressure Drop Reduction Ratio 

The pressure drop reduction ratio (PDRR) defiued in Eq (4) is 
imroduced to analyze quantitatively the pressure drop of fabric filter 
with the tangential inlet (upper and bottom) and center inlet type o f  
a conventional fabric filter. Eq. (4) is obtained by modifying the 
equation of PDRR proposed from Greiner et al. [1981]. 

K o r e a n  J. Cheat .  Eng , (Vol .  18, No.  4)  
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Fig. 9. Pressure drop re&lcfion ratio vs. ntlet vdodty with variot~s 
applied voltages (upper inlet, lVI~= 300 m~m~). 
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Fig. 10. P r e ~ e  drop reduclion ratio vs. h~let vdodty with varb 
ons applied volmge~ (bottom mdet, 1~=300 mg~m~). 

P D g g  - ( a P ,  - a P ~ , )  - ( / , P ~ - Z l % )  x 100 (%) (4) 
(zxP,-AP,,) 

Where APc is a pt~esstae drop of the center inlet of  0 kV, APt is 
that o f  the tangeaaial inlet of 0, 10 and 20kV, APc~ is that of the center 
inlet after cleaning and APt, is that of the Imlgenfial inlet after clean- 
ing, respectively. 

Figs. 9 and 10 show the PDRR with inlet velocities 12, 15, 18 
and 21 m/s and applied voltages 0, 10 and 20 kV for the tangential 
inlet types (up~r  and bottom). As shovm in Fig. 9, it is found that 
PDRR is increased to 40-50O/~ when the inlet velodty becomes larg- 
er in 0 kV for upper inlet type. In Eq. (3), the pressure dtvp of the 
fabric filter may be determined by the combined effect of dust load- 
hag C~ aid filWation velocity V:. Thus, it is so hard to evaluate the 
centrifugal effect by the difference of presmt~e ~op  of the center 
and tmgential inlet with the increment of  filtration velocity (inlet 
velocity). Hov:evet; as in the Eq. (4), the numerical value itself of 
[fllration velocity may be almost negligible in PDtLP. which depends 
on the only dust loading on the fabric filter. Thus, in 0 kV, the iq- 
crement of  PDKP. is directly connected to the first collection effect 

inducing the decrement of  dust layer (lower ~)  by the larger cen- 
trifugal force with the increasing inlet velocity. At the applied volt- 
age of 20 kV, PDRR are highly maintained over 70~ for the upper 
and botton~ inlet types, ~hile decreasing for the la'ger inlet veloc- 
ity because of the relaxation ofeleclrical force by the decrement of  
charging rate. That is, the dectrostafic effect indicates about 20% 
among PDRR 70O,6 for file inlet velocity of 21 m/s. In the case of  
10kV, for the lower inlet velodty (12 and 15 m/s), file increment 
of PDRR compared to that of 0 kV becomes larger than that of high 
inlet velocity. It means that the ele~ical force is relatively more 
effective at lower inlet velocity, and the applied voltage of 10 kV 
may be considered as atmnsition point geneiating the eleclrical force 
effect in addition to the inertial force for the given inlet velocity range 
(12-21m/s). And, it is shown that the PD1LR of upper inlet type 
with the dearly separated vortex region is a little higher than that 
of bottom inlet hi spite o f  sinfilar trend for both inlet types. 
2. Experimental  Results in Pilot Scale 

The experiment on apilot scale is executed wilt~ inlet types (upper 
inlet aid bottom inlet) by a similar method to that of lab scale for 
the analysis o f  cha'actefis*ics of collection mechan~n. The Ireat- 
ment flowrate is 20-25 times that o f  lab scale, that is, 5.1-17.6 m3/ 
min in bottom inlet and 4.3-10 m3Aa~in in upper itdet, respectively. 

Fig. 11 s h o ~  the overall collection efficiency with the inlet veloc- 
ities 9-21 m/s (filtration velocity, 1.25-2.92 mhnin), applied volt- 
ages 0, 40 kV in the bottom, and center inlet. The collection effi- 
ciencies are maintained over 99.9% in the given experhnent condi- 
tions. Additionally, in case of center inlet which means the char- 
actet@tics of a conventional fabric bag filter, it is found that the col- 
lection effidency dectxases a l ~ e  with the ineren~ent of htlet veloc- 
ity. In tangential inlet, the collection effidency increases for the larger 
inlet velocity, that is, it is due to the f'n~t collection effect by the cen- 
trifugal and electrostatic force. 

The chm'acteri~ics of pressure drop for an eleclrostatic cyclone/ 
bag filter (tangential inlet type) are investigated compared to those 
of a conventional fabric filter (center inlet). The pressure drop is 
estimated by measuring the pressm~ before cleaning fdter and after 
the formation of initial dust layer. Figs. 12 and 13 represent the pres- 
sure drop of fabric filter for the inlet velocity and applied voltage 
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Fig. 1L Overall colleclion eflidency vs. inlet vdodty with various 
applied voltages (bottom inlet, 1VIr= 70 g/m3). 
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Fig. 12. Pressure drop of fabric filter vs. inlet vdodty  with vmi- 
mis applied voltages (bottom inlet, M p 7 0  g/m~). 
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Fig. 14. Presslwe drap reduction ratio vs. inlet vdocRy with vari- 
ous applied voltages (M~= 70 g~m~). 
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Fig. 13. Pre~twe drop of fabric fUter v~ nllet vdo~ty will~ vari- 
ous applied voltages (upper ntlet, lVIr= 70 o~m~). 

with inlet types. On the whole, it shov~ a shnilar trend to tha o f  
lab scale, that is, file pressure drop becomes lower, as the tangential 
inlet type and applied voltages of  25 and 40 kV are applied. The 
gradient of pressure drop increment x~4th inlet velocity is shovel to 
be smaller in the case of  tangential inlet compared to a center inlet 
of  0 kV since the pmicle loading added to the fabric fdter decreases 
by the effect of  the fu~t pmicle collection to body walt This effect 
is remarkably represented as higher voltages of  25 mid 40 kV are 
applied for the bah  upper and bottom inlet type because of the 
fu~t collection effect increased by file coulomb force ofchaged par- 
ticles and the effective formation ofdend'ite muctare on f~er media. 
In Figs. 12 and 13, the pressure drops in the bottom inlet are lmgcr 
than those of the upper inlet owing to the different initial dust layer 
conditions. 

It is difficult to quantitatively compare the characteri~%cs of  pres- 
sure drop w~h inlet types hi pilot scale because of  the different ex- 
perimental pm~neters such as the equipment scale, tremnent flow 
rote, prechmger, hi file present experiment. Thus, it is desirable to 
estimate the pressure di'op reduction ratio (PDRR) already men- 
tioned in Eq. (4) for file pressure drop chm'acteristics of  the fahic 

fdter Fig, 14 sho~vs file PDRR with the inlet velocity, applied volt- 
age and inlet type. In case of 0kV, the effect o f  pressure drop re- 
duction becomes higher with the ino~nent of the fH'st collection 
effect by the centrifugal force as the inlet velocity is increased As 
the high voltages 25, 40kV are applied, the PDRRs are higher than 
those o f  0 kV, and increased with the lower inlet velocity, since the 
elec~ostatic force may be dominantly applied hi comparison ~ith 
the cenWifugal force for lower inlet velocity. It is highly estimated 
as 34-73% by the combined effect of  cenlrifugal aid elec~'ostatic 
force in case of 40 kV. In the applied voltage 0 kV, the characteris- 
tics ofPDRR ~ith inlet type are shown as a simila" trend and its 
difference is maintained within 5%. However, it is difficult to di- 
rectly compare file effect on pressure flop with inlet type at the stone 
applied voltage owing to the di:fferent prechazger device. 

CONCLUSION 

The present study is aimed at file analysis of fire characteristics 
of  an elecWostatic cyclone/bag filter combined with the centrifugal 
force of  cyclone, fil~'ation collection ofabag filter mid eleclrostatic 
force in one unit system. Experimental studies have been performed 
to estknate the collection efficiency and pt~sure flop of electrostatic 
cyclone/bag filter (lab and pilot scale) with various e~pcrimental 
paraneters such as the inlet velocity (filttmion velocity), applied 
voltage and inlet types (upper tangential, bottom tangential m)d cen- 
ter inlet). The following conclusions are summmized. 

1. Highcr collection efficiency and pressure drop reduction ratio 
can be achieved by combining the centrifugal force, eleclrostaic 
force and fdtraion mechanism in one unit system in compmison 
with those o f  conventional fabric bag filters. 

2. At the tangential inlet of  0 kV, the collection efficiency is in- 
creased with the inlet velodty increment by the pmficle collection 
clue to file centrifugal force In addition, this effect is clearly eval- 
uated as the high voltage is applied 

3. For both cases of upper and bottom inlets, the ovei~all collec- 
tion efficiencies a'e over 99% oil the present e~perimental condi- 
tion, and the fi~ctional collection efficiency of the upper inlet be- 
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comes higher over 5% than that of the bottorn inlet around I gm 
diameter at the inlet velocity of 21 m/s and applied voltage of 0kV 

4. At the upFer inlet of 0 kV, the pressure drop of the filter is lower 
as 0.4 and 1.4 mmH20 than those of the center inlet of 0 kV for the 
inlet velocities 12-21 m/s, and the gradient of pressure drop incre- 
ment becomes much snraller for higher inlet velocity. 

5. The PDRR is maintained over 70% at the tangential inlet of 
20 kV (inlet velocities of 12-21 m/s) of lab scale. Thus, it can be 
expected that the trealment flow rate is increased over two ~nes at 
the same pressure drop in comparison with that of a conventioi~al 
fabric filter. 

6. In lab scale, the PDRR of the upper inlet type is shown higher 
than that of the bottom inlet lype. However, in pilot scale, it is found 
that the chm-acteristics of PDRR are similar for both upper and bot- 
tom inlet types. 
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