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1. Introduction (a) Synergetic use of ionic wind

It is well known that electrostatic precipitatiormsh rT—— —

been contributed significantly to achieve cleanienv | caries partictes into ’ i ool

ronment [1, 2]. There are still requirements t@ timia- s stream are collected efficiently

ture technology, such as to be more compact aid ef ¥ v

cient, long maintenance period, less usage of ratect : & 2 o .o i

power, and bio-particle treatment. e -]
Electrostatic precipitators have been using coror = PENEPEIC -

discharge to charge suspended particles. For ir@oor conventional Esp Effective

cleaning, corona discharge is not preferable becafis  utilization of ionic wind (Reducing speed of ionic wind)

generation of harmful ozone and nitrogen oxides [3] (b) Gradient force to reduce reentrainment

To avoid this problem, we have been studying a pos-
sible other means to charge the suspended pariticles
air to be treated. One possible method is to udecin
tion charging [4]. When particles touch to one o t
electrode on which electric field exists, a chaggm-
duced on the particle. This is called inductionrgha
ing, and is in proportion to the electric field. éfb-
fore, we have tested several method to use inductio
charging for ESPs or for pre-charger of mechanical —_

filter. F=F,+F,
Non-thermal plasma technology has been derived Fy=gE (Coulomh force)
from ESPs to promote chemical reactions at lower Fy=(v 0 /2) VE!(Gradient force)”

temperature by reactive radicals produced in NTP. o S
This process could be used for control of gaseolis p  Figure 1. Model of precipitation using ionic wind,

lutants and bio-particles [5]. and suppression of reentrainment

In this paper, several novel developments of ESPs
will be presented. Acryl plate of 3rua thickness
2. Synergetic use of ionic wind and suppression of T6rarn « 601z .
dust reentrainment using piles on collection elec- . y Y ,
trode Air 4
It has been reported that collection performance of flow 2 HV.(-dS) Stainless steel wire
ESPs can be improved significantly if ionic wind is | 2o @ {Diaraeter 0.1rar)
properly used, and gradient force is utilized t@-su . | v .
press the re-entrainment, as depicted in Figue T][ _|_
We have reported an ESP using an electrode made o = EE Electrode or —
electrostatic flocking, that can decelerate theicion ” & F P Electrode

wind from the corona electrode and reduce the oarry

ver of particles near the collecting electrode.e Pio- Front View Side View

truded tip of each fibers converge the electritdfand -

attract pgrticles due to gradier?t force. This foree Figure 2. The ESP used for the test

duces the re-entrainment of particles. ) ) . )
Figure 2 shows the ESP used for the test. Nylon Using suspended particles of cigarette smoke in

piies with volume resistivity of less tharﬁﬂ]m’ Zum room air, the test was made with the detention tifne

in diameter and 1 mm in |ength were p|anted on th@OG sec. The V-l characteristics with and withthe

surface of the collection electrode using elecatist flocking was almost the same at room temperatude an
flocking. 70% relative humidity. Penetration of 0.3—Qr& par-
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ticle was 5% (with the piles) vs. 11% (flat elected.
The microscopic observation indicated that most of. Use of induction charging
the smoke particles were attached at the tip of tH&lectrostatic flocking was made using carbon filders
piles. This result indicates that the use of pdasthe coat the surface. Diameter of the carbon fiberd wsses
electrode surface can reduce the size, or incréeesse around 7 micrometer. The fibers were cut with largjt
collection efficiency. The PIV measurement alsa-ind 0.8-2.0 mm. An aluminum plate of 50 mm square and
cated that the ionic wind along the electrode serfa 1.0 mm thick was used as the base. Using conductive
was slower with the pile [8]. paste, the fibers were fixed using electrostaticking.
After fixing, the length of the fibers were trimmambe
3. Suppression of dust deposit at the tip of corona 0.8 mm or 0.4 mm. Figure 5 shows the experimental
tip apparatus. 3 different electrodes, without fibeithw
Dust build-up on discharge electrode is an impdrta®.4 mm fiber, and with 0.8 mm fiber coating wereneo
problem of ESPs to be solved. In two stage ESPs fpared. The electrode separation, the gas flowaate
small scale applications, an effective corona disgd the applied voltage were varied for the test. Ctithe
electrode for anti-dust build-up has been developedfficiency for suspended particles of Qu& diameter in
The ground electrode has many holes in which gasr was measured using an optical particle countar
pass through, and the corona discharge electrdde is NOMAX Model-3905). Table 1 tabulates the measur-
cated at the center of each hole. The corona ®att ing condition.
the very end of the discharge electrode. With ¢hbis-

figuration, ionic wind is generated towards the eam a) Electrode with carbon fiber flocking

direction of the main gas stream, and at the corona

point, the speed of ionic wind is in the order 6frl/s, ZI= DC.H. V. Power Supply

and this high speed gas stream reduces the dugt bu il

up at the tip of the corona electrode. v
1w T
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Figure 3. Corona electrode to reduce dust build-Up g

Figure 5. Experimental apparatus using the parallel
electrode system with carbon fiber flocking

— Discharge needle

Table 1. Measurement condition
__DC-10kV

{:::3 {:} / ’ Elec tic  Elec

Condition Al plate flocking flocking

Dirty air - R S
% {xg (0.4mm) (0.8mm)
% . Interelectrode
\Circ wdar: hiole diitncs i) 1-20 34 2-20

— Flow rate [mIL/min] 200-3000
— Applied v ¥ ~
voltage [kV] 0-20 0-3 0-10

Figure 4. The other electrode for comparison
Figure 6 shows the collection efficiency vs. gas
The continuous field tests to comapre the V-1 chaflow rate when the electrode separation (base $e)ba
acteristics indicated that the apparatus in Figodld Wwas 3.0 mm, and the average electric field strength
be used for more than 1,500 h, whereas in the sarfw®ltage devided by base separation between twe pla
dust condition, the corona current in the electrodelectrode) of 500 V/mm. No corona current was ob-
shown in Fig. 4 reduced significantly after 300ger  served in this condition. With increasing gas fiate,

ation. The electrode system in Fig. 3 has been asedthe collection efficiency decreased. Without theefs,
a pre-charger of the two-stage ESP [9]. the collection efficiency was around 30%. With the
bers, the efficiency increased.
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— 50 5. Induction charging for dust collection

N | - A A The slit-type electrode assembly was tested as rshow
E‘ 0 r 8 0 0 in Figure 8 to evaluate the induction charging & b
2t used for suspended particles in room air. The rldet

E is made of L shaped electrode set parallel withrd m

E e A Electrostatic flocking 0.4 mm separation. For comparison, the parallel plate -elec
£ 10 ® Electrostatic flocking 0.8 mm trodes with the fibers of 0.4 mm length were uséth w

% " . Aluminum plate the separation of 4 mm between the electrode base.
© om0 300 00 500 600 Table 2 is the measuring condition.

Flow rate [mL/min]

Figure 6. Removal efficiency vs. gas flow rate (Ele
trode base separation: 3 mm,
Applied voltage: 1.5 kV)

High Voltage

Figure 7 compares the collection efficiency vs.
electric field strength, with the air flow speedpke

constant at 0.03 m/s. The current was monitordaeto (2) Electrode assembly (b) Parts
zero, and the voltage was adjusted within the rarige i
no current. The separation of the electrode bagede P=imm Fibers

100 mm

was between 3.0 and 20.0 mm. —
Regardless of the electric field of the electroite d N A”""‘ L ol o e
tance within the current was zero, the maximum col-  6aa \-” \L/\\J//\\l’/\\l//\\l//\\l//\\]/
lection efficiency was around 55-60%. This value in
dicates that most of the suspended particles having

(c) Size oftheelectrode

natural charge were collected. Figure 8. The slit-type electrode assembly
It should be noted that a weak corona discharge is
generated, the collection efficiency is increadgdit Table 2. Measuring condition for the slit-type elec
icantly[10]. trode assembly
Gas Cross Gas Deten- [Surface
a) The electrode with the fiber of 0.8 mm length R gy T biaespd ot - nallin
~ rate area of the|inside |[Time the
Y gas inlet the ESP |[sec] electrode
T [ &min] |[mm?] [m/s] [mm?]
S 60 °
z 'Yy -
550t pe - 6.91 3840 0.03 0.2 11520
S -
g ., Slit
= v = £ Cross section: 12 Electrode for the slit type
S 30 r ® . Interelectrode dist YP€  |assembly of 4 X80mm are lined. Effective width
2 y -m ASSteci ofe s snce of the parallel electrode is 6mm
& 20 + o, o ¢20mm W10 mm
< 0.36 200 0.03 1.67 5000
C 4mm 3 mm
Vit ¢ ™ Para-
on el =2 mm llel
0 : ﬂzo 10‘00 0 ’0‘00 7200 plate [Square plate 50 x 50 mm, 4 mm separation

Electric field strength [V/mm]

b) The electrode with the fiber of 0.4 mm length As shown in Figure 9 (a), with the E-field strength

_-0 of 500 V/mm, the slit-type electrode system had the

Seo | collection efficiency of about 45% at 0.01 to Or@s

g.' - gas velocity. This value was almost the same dotha

50 *

2 N the parallel plate electrode system. However, thle ¢

540 . Y lection efficiency of the parallel plate electrode

€30 | Ty ™ dropped quickly with the increasing gas velocitheT

§ 3 Interelectrode distance slit-type has the electrode with L-shaped crossiagc

=20 o3 420 mn ®10 which is more suitable for the suspended partites

Y | . 4mm ©3mm collide for induction charging compare with the glar
n =2 mm lel plate electrode in which the air flow is morei-u

0 . .

form, resulting in less collision of the suspengeuti-

cles to the electrode.

. . - . Figure 9 (b) shows the collection efficiency with

Figure 7. Col_lect|on efficiency vs electric field the E-field of 1000 V/Imm. With the increasing ireth
strength with the gas speed of 0.03 m/sec E-field, the maximum collection efficiency was

0 200 400 600 800 1000 1200
Electric field strength [V/mn]
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around 50%, and collection efficiency of the sjipe

We have reported various methods to control bac-

electrode assembly was lower than the parallekplatteria and viruses, and the mechanism of destruction
Flocking of the fibers increased the collectioni-eff [12, 13]. The use of ESPs as one of non-thermaltpla
ciency of the slit type electrode assembly.

ma which generates reactive radicals, will be im-

In any case, the efficiency was around 50%. Thigortant to protect diseases.
result indicates that, for collection of suspengeadi-
cles with no charge, these electrode assembly utitho7. Conclusion

corona discharge do not work.
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ESPs are regarded as a mature technology, there are
still various possible improvements. lonic wind and
gradient force are important to be considered foréu
design. Use of induction charging is also imporfant
reducing power consumption.
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