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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) in order to overcome the low collection efficiency for sub-
micron particles and high pressure drop, which were the main problems of general fabric bag filters. The experiment
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
higher pressure drop reduction ratio as 40-90% than that of bottom inlet. In addition, the electrostatic cyclone/bag filter
represented an increment of over 5% for the collection efficiency of submicron particles (guonith tomparison
with the general fabric filter.

Key words: Electrostatic Cyclone/Bag Filter, Centrifugal Force, Electrostatic Force, Collection Efficiency, Pressure Drop
Reduction Ratio

INTRODUCTION tem vessel are collected on the vessel inside-wall by centrifugal and
electrostatic forces; and the collection is made by the electrostatic
Recently, the exchange and modification of conventional air pol-force and filtration mechanism in the fabric filter media [Humphries
lution control equipment installed in industry have been seriouslyet al., 1984; Fjeld and Owens, 1988]. Therefore, the first collection
required due to the tightening emission control law for atmosphereauses a decrease of dust loading on the fabric filter, and the second
ic pollutants. The fabric bag filter has been widely used as an aidecreases the pressure drop of fabric filter by the formation of a
pollution control equipment because of its high collection efficiency dendrite structure caused by the inter-repulse force due to the same
(over 99%) [Beitez, 1993], but it has the disadvantages of low colpolarity of particles deposited on the fabric filter [Frederick, 1980;
lection efficiency for submicron particles underrg, limitation of Lastow and Bohgard, 1992].
treatment gas flow rates and high pressure drop compared to the In this work, we designed the lab and pilot scale experimental
other control system. To overcome the above problems of the bagpparatus for the analysis of a collection system with two inlet types
filter, installing a cyclone [Sheperd and Lapple, 1939] as the pre{upper and bottom inlet). The experiments were executed for the
treatment system has been combined with a conventional fabric bagnalysis of collection efficiency and pressure drop characteristics
filter system to reduce the dust loading on a fabric filter, althoughof the electrostatic cyclone/bag filter of upper or bottom inlet type
this causes an increment of installation area and maintenance cost. comparison with those of a conventional fabric bag filter with
In spite of that, the high pressure drop and low collection effi-the various experimental parameters such as inlet velocity (filtra-
ciency for particles underm still remain as serious problems. tion velocity), applied voltage and inlet type.
Many studies are being carried out to increase the collection effi-
ciency for submicron particles and decrease the excessive pressure EXPERIMENTAL
drop combining the fabric filtration mechanism with electrostatic
force [Frederick, 1961], but these also induce similar problems ad. Experimental Apparatus
mentioned above, due to the limitation of collection mechanism. The collection system is composed of a tangential inlet for cen-
To overcome these problems, the present work analyzed the charifugal effect, a center inlet considering the characteristics of a con-
acteristics of the electrostatic cyclone/bag filter combined with theventional fabric filter, a precharger for charging of particles, a high
centrifugal force of cyclone, filtration collection of bag filter and voltage power supply, a particle feeder, a pulse-jet filter cleaning
electrostatic force in one unit system. In the present system, duslystem, a hopper, an I.D. fan and measurement systems for collec-
particles charged in a precharger inflowing tangentially into the systion efficiency and pressure drop. The layout of the experimental
system for the lab scale with an upper inlet is shown in Fig. 1.

To whom correspondence should be addressed. -1 Main Body . o .
E-mail: sjyoa@pknu.ac.kr A single fabric filter is installed inside the lab scale main body

*Presented at the IhSymp. on Chem. Eng. (Cheju, Feb. 8-10, 2001), composed of the tangential and center inlets. The physical charac-
dedicated to Prof. H. S. Chun on the occasion of his retirement fromteristics of the filter used in this experiment are presented in Table
Korea University. 1. The tangential inlet for a centrifugal 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 filter — o
—=-Pllse-jet air

Iltem Content

=—=-—Pliise—jet air

Material Polyester & % Outlet

Weight (g/n) 510 = fﬂT s :Eouﬂet
2 !
Thickness (mm) 2 O “Tangentia =

inlet
Air permeability (cc/crfisec) 20
Tensile strength (kg/5 cm) 165x%150
Bursting strength (kg/cfn 37
Thermal resistance tempCj) 125

I

— Bag filter —___|

600

—J

[~ Guide vane §

or bottom of main body, and the center inlet to compare the char ] -
acteristics of the present system to a general fabric filter is installe: (78

) - ‘.\'J
at the bottom center of main body as in Fig. 2. In the case of th Contral
upper inlet type, a guide vane is installed for the separation of a dowr Central g inlet - }

©

k T inlet 1] Tangential
ward outer vortex and upward inner vortex, and to prevent the dis & M| inlet

turbance of the outer and inner vortex flows. Fig. 2 shows the con =
figuration of the main body with inlet types of a lab scale electro-
static cyclone/bag filter.

The basic configuration of a pilot scale experimental system is
similar to that of the lab scale, and 9 filters for the upper inlet anc
12 filters for the bottom inlet are installed inside the main body for
the treatment of higher flow rate. Table 2 shows the main dimen-
sions of the pilot scale experimental system.

1-2. Particle Feeder

The experimental dust is a coal fly ash sampled at coal-fired powe a0 200
plant and used after drying during 24 hours to prevent the chang () Upper inlet type (b) Bottom inlet type
of size distribution with the humidity condition. The particle feeder _. . . i .
. ; . . . Fig. 2. Schematic of electrostatic cyclone/bag filter with upper and
is designed to change the inlet concentration by controlling the screw bottom inlet.
revolution speed to supply the suitable quantity of particles.

1-3. Precharger

Particles suspended in a gas stream may be charged through tleeated at the central axis of cylinder from a high voltage power

electric field formed by applying a high voltage to a discharge wiresupply. The lab scale precharger consists of cylinder 100 mm in

200

300

Hopper g Hopper
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Table 2. Dimension of a pilot scale electrostatic cyclone/bag filter 200
Upper inlet Bottom inlet e
type type m- 15 Fi
- - o 150 o 18mA F,
Central inlet duct diameter  W150 w150 3 4 21miy &r‘"
Tangennal |_nlet duct size 63x126 83x167 ; y
(widexheight) 3 i - &
Body length 850 2000 = jf
Body diameter w950 w1100 Z
Outlet duct diameter w150 Y150 i &0
Filter dimension W150xL810 W150%xL1060
'_.'-"'
i P i . .
5 10 18 20 25

diameter, 300 mm in length and wire of 100 mm in length installed
at cylinder center.
2. Experimental Method Fig. 3. Current vs. applied voltage with various inlet velocities (W

The collection efficiency and pressure drop of the present sys- 0.0 mg/n).
tem are estimated with the inlet velocity, applied voltage and inlet
type (upper and bottom inlet). Fractional collection efficiency is ditions such as the inlet velocities (filtration velocities), applied volt-
determined by aerodynamic particle sizer (APS3310, TSI Inc.) whichages, and inlet types. The specific experimental conditions are de-
can measure the number and mass density with particle sizes. Gssribed in Tables 3 and 4.
flow rates and filtration velocities are estimated by measuring the
duct velocity with a micromanometer (FCO12, Furness Controls RESULTS AND DISCUSSION
Ltd.). The velocity measuring and dust sampling points are selected
at the point of 14.6% and 85.4% of cross section area of duct, antl Experimental Results in Lab Scale
the averaged values of velocities, number and mass densities atel. Voltage-Current Characteristics
measured. For the analysis of pressure drop characteristics with the For the analysis of voltage-current characteristics at the precharger,
inlet types (centrifugal effect) and electrostatic force, the pressurd/-I experiment is performed on the various applied voltages, dust
drop is measured by micromanometer at the points of 50 mm apafbadings and inlet velocities by multimeter (Fluke 27, LG DM-332).
from the inlet and outlet of experimental apparatus for 30 minuted-ig. 3 represents the V-I characteristics with the inlet gas velocities
by 2 minutes interval with the inlet velocity and applied voltage. without dust loading. As shown in the figure, the V-I characteris-
And the pressure drop data measured at 6 minutes after dust fedits are almost the same for the variation of inlet velocity. The slight
ing is used for the comparison of pressure drop characteristics. difference of V-1 with the gas velocity is similar to the experimen-

The experiments are performed on the various experimental cortal results performed by Jaworek and Krumps [1996]. It means that
the gas velocity does not affect the current 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

Appled waRage (KW

Table 3. Inlet velocity vs. filtration velocity (lab scale)

Tangential Flow rate Filtration Center inlet Precharger 20 kV because sparkover occurs over 25 kV.
inlet velocity (m¥min) velocity  velocity velocity 1-2. Collection Efficiency
(m/s) (m/min)  (m/s) (m/s) 1-2-1. Fractional Collection Efficiency
12 0.65 2.8 5.54 1.38 To analyze the collection efficiency characteristics of the present
15 0.815 3.5 6.92 1.73 system, the particle number concentration is measured by APS at
18 0.978 43 8.30 2.08 the inlet and outlet of the system, and fractional collection effi-
21 1.141 5.0 9.69 2.42 ciency is estimated by Eq. (1).
_Nini "Now,
o o 1,(%) ==24—=44x 100(%) 1)
Table 4. Inlet velocity vs. filtration velocity (pilot scale) i
Tangential Flow rate Filtration Precharger . Wheren, is fractional pollection 'efficiency,.i,hl is frgctional par-
inlet velocity (éimin) velocity  velocity ticle number concentraﬂon at the inlet angl;Né fractional particle
(m/s) (m/min) (m/s) number concentration at the outlet.. . ' '
Botiom 9 75 15 207 Fig. 4 shows the fractional collection efficiency with an applied
. : ' ‘ voltage of 0 kV, inlet concentration of 300 md/amd filtration ve-
inlet 15 12.5 2.08 11.79 locities of \j=2.8, 3.5, 4.3 and 5.0 m/min (tangential inlet velocity
21 175 2.92 16.5 V; =12-21 m/s) for the upper inlet type. The fractional collection
Upper 9 4.27 125 4.04 efficiency is over 95% for all size ranges and the collection effi-
inlet 15 7.14 2.08 6.74 ciency becomes higher as the inlet velocity (filtration velocity) is
21 10 2.92 9.43 increased. At an inlet velocity of 21 m/s, the collection efficiency is

Korean J. Chem. Eng.(Vol. 18, No. 4)



the tangential inlet, as mentioned in Fig. 4. For tangential inlet type,
as voltages are applied as high as 10 and 20 kV, the increment of
collection efficiency is over maximum 6% than that of center inlet
(applied voltage of 0 kV) aroundutn in diameter. It is due to the
effect of electrostatic cyclone increasing the particle mobility toward
a body wall [Dietz, 1982], and electrostatic force on the filter media
to be more effective for smaller particles. For an inlet velocity of
21 m/s and applied voltage of 0 kV, the upper inlet type shows higher
collection efficiency than that of bottom inlet type. This higher ef-
ficiency is caused by the first collection effect of upper inlet type
induced by the separation of inner and outer vortex flow (the effect
of guide vane installed inside body) generating effectively the cen-
trifugal force compared to the bottom inlet type.
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Fig. 4. Collection efficiency vs. particle diameter with various inlet
velocities (upper inlet, M,=300 mg/ni, applied voltage=0
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Fig. 5. Collection efficiency vs. particle diameter with various ap-
plied voltages (bottom inlet, M=300 mg/ni, inlet velocity=
21 m/s).

1-2-2. Overall Collection Efficiency
The overall collection efficiency can be expressed as the follow-

ing Eqg. (2).

V Nln] - j' Youtj
nx%)=Z£————————l

> (ViNj)

Wheren, is overall collection efficiency, 6 volume of particle
for each size, |\, is number concentration at inlet for each particle
size and I, ; is number concentration at outlet for each particle
size.

Fig. 6 shows the overall collection efficiency of the upper and
bottom inlet with the inlet concentration of 300 mi/filtration
velocities of 2.8, 3.5, 4.3 and 5.0 m/min (inlet velocities 12, 15, 18
and 21 m/s) and applied voltages of 0 and 20 kV. In the applied volt-
age 0 kV, the overall collection efficiency of tangential inlet type at
least does not decrease with the increment of inlet velocity, while
that of a conventional fabric filter decreases beyond the certain limit
of inlet velocity owing to the seepage and pinhole plug effects as
mentioned in Fig. 4. Moreover, the upper inlet type of applied volt-
age 20KkV, shows an excellent overall collection efficiency 99.9%
under the all inlet velocity condition (12-21 m/s). It is due to the ef-
fective first collection based on the electric cyclone characteristics,
and electrostatic force on the fabric filter in addition to a filtration
mechanism as stated earlier. The present collection system com-
bining a conventional fabric filter with the centrifugal and electro-

*x100(%9 @)

5% higher than that of 12 m/s. This means that the particles whicl

are not captured on the fabric filter owing to seepage and pinholt 1000+ = = 5 5

plugs effects [EI-Shobokshy et al., 1994] may be collected by the g r *

vortex flow generating the centrifugal force in tangential inlet, and 3 - :

this effect becomes higher as inlet velocity is increased. = =

Fig. 5 shows the fractional collection efficiency with inlet veloc- E 2 d =

ity of 21 m/s (filtration velocity of 5.0 m/min), dust loading of 300 & ==f

mg/n, applied voltages of 0, 10 and 20 kV for the bottom inlet type. &

In the case of center inlet (applied voltage of 0kV), the fractional § .. ,

collection efficiencies are maintained over 91% for all size rangesu

however, the efficiency is minimum at the critical size ofuix8 = P

corresponding to the transition point of efficiency. This characteris-g w2 x ':_:_': Lo

tics are analyzed by diffusion, interception and inertia impaction - BerID - 2N

which are the main collection mechanisms of a general fabric filtter.  gg 5. . - . —
12 15 18 el

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,

Inlal Vil {mi)

which means a general fabric filter. This is explained from the par+ig. 6. Overall collection efficiency vs. inlet velocity with inlet types
(M,=300 mg/n).

ticle callection [Zhou and Soo, 1990] by centrifugal force effect in
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static force is suitable to treat the various gas flow rates with no condue to the electrostatic force. Figs. 7 and 8 show the pressure drop
cern for the variation of inlet velocity. of a fabric filter with inlet concentration of 300 md/inlet veloci-
1-3. Pressure Drop ties of 12, 15, 18 and 21 m/s and applied voltages of 0, 10 and 20 kV
The high pressure drop, which is one of the main problems ofor the upper and bottom inlet types. It is shown that the pressure
general fabric bag filters, is caused by a dust layer on the filter mediarop of the fabric filter is increased with higher inlet velocities (fil-
This pressure drop of a fabric bag filter system is presented byration velocities). In case of tangential inlet and applied voltage 0kV,
Darcy’s pressure drop equation [Kim and Cho, 1990] as follows. the gradient of pressure drop increment becomes smaller than that
@ of the center inlet. And this effect is more clearly represented as
high voltages are applied with 10, 20 kV for the upper and bottom
Where K and K are resistance factors of filter media and dust inlet types. For an inlet velocity of 12 m/s and applied voltage of
layer, V; is filtration velocity, Cis dust loadings on filter, tis filtration 0 kV, the difference of filter pressure drop between tangential and
time, K.V, is pressure drop by clean filter angOKV/t is pressure  center inlet types is 0.4 mmgBl, but those are larger as 0.6, 1.0 and
drop by dust layer on filter media. 1.4 mmHO for the higher inlet velocities of 15, 18 and 21 m/s, re-
One of the main purposes of this experiment is to decrease thepectively. This is due to the combined effects of the first collec-
high pressure drop caused by the dust loading on filter media showtion induced by the stronger centrifugal force with the increment of
in the second term of the right hand side of Eq. (3) by the effectivanlet velocity, and pressure drop of filter increasing with second
combination of centrifugal and electrostatic forces to maximize thepower of filtration velocity as shown in the Eq. (3). We introduce
first collection efficiency, in addition to the formation effect of a Eq. (4) of next section to estimate indirectly the first collection effect
dendrite structure by the charging particles deposited on the filte(lower G than that of center inlet) caused by the only centrifugal
force without considering the effect of filtration velocity increment
(effect of \P) for the pressure drop. In the tangential inlet and ap-
x > plied voltages of 10 and 20 kV, the pressure drop of the fabric filter

AP=K,V,*+K,C Vi

‘E T o is shown apparently lower than that of the center inlet (0 kV). The
E T L 3 difference of filter pressure drop for the tangential inlet of 20 kV
E s o e and for the center inlet of OkV is 0.9 mp@in the inlet velocity

F 2 7 of 12 m/s, while those are increased as 1.2, 1.7 and 2.1@nfoiH

| the higher inlet velocities of 15, 18 and 21 m/s. In particular, the
E P v pressure drop of the fabric filter for the tangential inlet of 20 kV
B may be reduced over 3 times in comparison with that of center inlet.
& S o — Similar to the case of the tangential inlet of 0 kV, the particle migra-
ﬁ R = tion velocity toward the body wall is increased by the properly com-
E e : bined effects of the enlargement of vortex strength for higher inlet
x ol ey e velocity and electric force due to the high applied voltage. Based

od R I on the above statement, the pressure drop of fabric filter may be
1z iG 7B reduced by the first collection effect and increment of the filter sur-
Inkat eleclty (mis) face area due to the formation of dust layer with dendrite structure
caused by the electrostatic effect on filter media. Especially, the fact
that the difference of pressure drop is increased as the inlet velocity
is higher is related to the effect of filtration velocity increment (ef-
fect of i in Eqg. (3)) in addition to the reason discussed above. As
e = the applied voltages are increased to 10 and 20 kV, the effect of pres-
[ o center - oy ' sure drop reduction is more clearly evaluated by the enlargement
o et A of particle migration velocity toward the body wall due to the high
T SN charging rate, and the easier formation of dendrite structure caused
= by coulomb force between the deposited particles on filter media.
Thus for the tangential inlet of 0 and 20 kV, it is estimated that the
treatment flow rates can be increased with 1.5-2 times than that for
the center inlet of O kV at the same pressure drop condition. Fur-
thermore, it is found that the experimental values of filter pressure

5]
==

. Pressure drop of fabric filter vs. inlet velocity with various
applied voltages (upper inlet, M=300 mg/nf).

'

L=

Prossuna Dvop of Fabric Fiber (mimH 01

Fig.

Irded Waladly (mia)

8. Pressure drop of fabric filter vs. inlet velocity with various
applied voltages (bottom inlet, M=300 mg/n{).

drop for the upper inlet are larger 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) defined in Eq. (4) is
introduced to analyze quantitatively the pressure drop of fabric filter
with the tangential inlet (upper and bottom) and center inlet type of
a conventional fabric filter. Eq. (4) is obtained by modifying the
equation of PDRR proposed from Greiner et al. [1981].

Korean J. Chem. Eng.(Vol. 18, No. 4)
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Fig. 9. Pressure drop reduction ratio vs. inlet velocity with various
applied voltages (upper inlet, M=300 mg/nf).
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Fig. 10. Pressure drop reduction ratio vs. inlet velocity with vari-
ous applied voltages (bottom inlet, =300 mg/nr).

(AP, —AP,) —(AP, —AP)
(AP. —AP)

PDRR= x 100 %) @)

WhereAP. is a pressure drop of the center inlet of OK®/, is
that of the tangential inlet of 0, 10 and 204K, is that of the center

inlet after cleaning andiP;, is that of the tangential inlet after clean-

ing, respectively.

Figs. 9 and 10 show the PDRR with inlet velocities 12, 15, 18 T
and 21 m/s and applied voltages 0, 10 and 20 kV for the tangenticT; b — g
inlet types (upper and bottom). As shown in Fig. 9, it is found that &

S.-J. Yoa et al.

inducing the decrement of dust layer (lowgrbg 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 bottom inlet types, while decreasing for the larger inlet veloc-
ity because of the relaxation of electrical force by the decrement of
charging rate. That is, the electrostatic effect indicates about 20%
among PDRR 70% for the inlet velocity of 21 m/s. In the case of
10kV, for the lower inlet velocity (12 and 15 m/s), the increment
of PDRR compared to that of 0 kV becomes larger than that of high
inlet velocity. It means that the electrical force is relatively more
effective at lower inlet velocity, and the applied voltage of 10 kV
may be considered as a transition point generating the electrical force
effect in addition to the inertial force for the given inlet velocity range
(12-21 m/s). And, it is shown that the PDRR of upper inlet type
with the clearly separated vortex region is a little higher than that
of bottom inlet in spite of similar trend for both inlet types.

2. Experimental Results in Pilot Scale

The experiment on a pilot scale is executed with inlet types (upper
inlet and bottom inlet) by a similar method to that of lab scale for
the analysis of characteristics of collection mechanism. The treat-
ment flow rate is 20-25 times that of lab scale, that is, 5.1-7.6 m
min in bottom inlet and 4.3-10%min in upper inlet, respectively.

Fig. 11 shows the overall collection efficiency with the inlet veloc-
ities 9-21 m/s (filtration velocity, 1.25-2.92 m/min), applied volt-
ages 0, 40KkV in the bottom, and center inlet. The collection effi-
ciencies are maintained over 99.9% in the given experiment condi-
tions. Additionally, in case of center inlet which means the char-
acteristics of a conventional fabric bag filter, it is found that the col-
lection efficiency decreases a little with the increment of inlet veloc-
ity. In tangential inlet, the collection efficiency increases for the larger
inlet velocity, that is, it is due to the first collection effect by the cen-
trifugal and electrostatic force.

The characteristics of pressure drop for an electrostatic 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 pressure before cleaning filter 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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PDRR is increased to 40-50%, when the inlet velocity becomes Iar(_:E
er in OkV for upper inlet type. In Eq. (3), the pressure drop of the&

fabric filter may be determined by the combined effect of dust load-=
ing C and filtration velocity V. Thus, it is so hard to evaluate the
centrifugal effect by the difference of pressure drop of the centel
and tangential inlet with the increment of filtration velocity (inlet
velocity). However, as in the Eq. (4), the numerical value itself of
filtration velocity may be almost negligible in PDRR which depends

949.00
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on the only dust loading on the fabric filter. Thus, in OkV, the in- Fig. 11. Overall collection efficiency vs. inlet velocity with various

crement of PDRR s directly connected to the first collection effect
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Fig. 12. Pressure drop of fabric filter vs. inlet velocity with vari-

Fig. 14. Pressure drop reduction ratio vs. inlet velocity with vari-
ous applied voltages (bottom inlet, M=70 g/n). g b vy

ous applied voltages (\=70 g/n).

' filter. Fig. 14 shows the PDRR with the inlet velocity, applied volt-
| [ ] P age and inlet type. In case of 0kV, the effect of pressure drop re-
| = Lppar - a0y | r duction becomes higher with the increment of the first collection
; effect by the centrifugal force as the inlet velocity is increased. As
x| - the high voltages 25, 40 kV are applied, the PDRRs are higher than
' - those of 0 kV, and increased with the lower inlet velocity, since the
f - electrostatic force may be dominantly applied in comparison with
= - the centrifugal force for lower inlet velocity. It is highly estimated
[ T as 34-73% by the combined effect of centrifugal and electrostatic
104 L force in case of 40kV. In the applied voltage 0 kV, the characteris-
[ T T i tics of PDRR with inlet type are shown as a similar trend and its
sl difference is maintained within 5%. However, it is difficult to di-
rectly compare the effect on pressure drop with inlet type at the same
applied voltage owing to the different precharger device.

Prezaure Drop of Fabeic Filar :|"'r'||l"._':f-|

12 18 18 21
Il Walooly (mias

Fig. 13. Pressure drop of fabric filter vs. inlet velocity with vari-

X A CONCLUSION
ous applied voltages (upper inlet, M=70 g/nT).

The present study is aimed at the analysis of the characteristics
with inlet types. On the whole, it shows a similar trend to that of of an electrostatic cyclone/bag filter combined with the centrifugal
lab scale, that is, the pressure drop becomes lower, as the tangenfiice of cyclone, filtration collection of a bag filter and electrostatic
inlet type and applied voltages of 25 and 40 kV are applied. Theforce in one unit system. Experimental studies have been performed
gradient of pressure drop increment with inlet velocity is shown toto estimate the collection efficiency and pressure drop of electrostatic
be smaller in the case of tangential inlet compared to a center inlatyclone/bag filter (lab and pilot scale) with various experimental
of O kV since the particle loading added to the fabric filter decreaseparameters such as the inlet velocity (filtration velocity), applied
by the effect of the first particle collection to body wall. This effect voltage and inlet types (upper tangential, bottom tangential and cen-
is remarkably represented as higher voltages of 25 and 40 kV atter inlet). The following conclusions are summarized.
applied for the both upper and bottom inlet type because of the
first collection effect increased by the coulomb force of charged par- 1. Higher collection efficiency and pressure drop reduction ratio
ticles and the effective formation of dendrite structure on filtter media.can be achieved by combining the centrifugal force, electrostatic
In Figs. 12 and 13, the pressure drops in the bottom inlet are largdorce and filtration mechanism in one unit system in comparison
than those of the upper inlet owing to the different initial dust layer with those of conventional fabric bag filters.
conditions. 2. At the tangential inlet of 0 kV, the collection efficiency is in-

It is difficult to quantitatively compare the characteristics of pres- creased with the inlet velocity increment by the particle collection
sure drop with inlet types in pilot scale because of the different exdue to the centrifugal force. In addition, this effect is clearly eval-
perimental parameters such as the equipment scale, treatment flavated as the high voltage is applied.
rate, precharger, in the present experiment. Thus, it is desirable to 3. For both cases of upper and bottom inlets, the overall collec-
estimate the pressure drop reduction ratio (PDRR) already mertion efficiencies are over 99% on the present experimental condi-
tioned in Eq. (4) for the pressure drop characteristics of the fabridion, and the fractional collection efficiency of the upper inlet be-
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comes higher over 5% than that of the bottom inlet arowmd 1 (1988).
diameter at the inlet velocity of 21 m/s and applied voltage of 0 kV.Frederick, E. R., “How Dust Filter Selection Depends on Electrostat-
4. At the upper inlet of 0 kV, the pressure drop of the filter is lower  ics} Chem. Eng 68(6), 107 (1961).
as 0.4 and 1.4 mmB than those of the center inlet of 0KV for the Frederick, E. R. Fibers, “Electrostatics, and Filtration: A Review of New
inlet velocities 12-21 m/s, and the gradient of pressure drop incre- Technology;J. Air Pollut. Control Assag30(4), 426 (1980).
ment becomes much smaller for higher inlet velocity. Greiner, G. P,, Furlong, D. A., Van Osdell, D. W. and Hovis, L. S., “Elec-
5. The PDRR is maintained over 70% at the tangential inlet of trostatic Stimulation of Fabric Filtratiod; Air Pollut. Cont. Assoc.
20kV (inlet velocities of 12-21 m/s) of lab scale. Thus, it can be 31, 1125 (1981).
expected that the treatment flow rate is increased over two times &tumphries, W., Jones, C., Miles, G. and Stewart, G., “Electrostatic En-
the same pressure drop in comparison with that of a conventional hancement of a Fabridlter Baghouse; Proceeding of the Second
fabric filter. International Conference on Electrostatic Precipitation, Institute of
6. In lab scale, the PDRR of the upper inlet type is shown higher Electrostatics Japan, Kyoto, 471 (1984).
than that of the bottom inlet type. However, in pilot scale, it is foundJaworek, A. and Krupa, A., “Corona Discharge from a Multipoint Elec-
that the characteristics of PDRR are similar for both upper and bot-  trode in Flowing Air;Journal of Electrostatics38, 187 (1996).
tom inlet types. Kim, J. M., Han, G.Y. and Yi, C. K., “The Characteristics of Particle
Flow in the Overflow and Underflow Standpipe of Fluidized Beds;
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