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Collection Characteristics of Multi-layer Multi-stage Porous Plate System

with Polarization Charge to Impaction Effect

Bo—Bae Kim

Department of Environmental Engineering Graduate School,

Pukyoug National University

Abstract

Recently fabric bag filter and electrostatic precipitator (ESP) are frequently used
in as main collection equipment. Especially, fabric bag filter is the most widely
used in existing industry low filtration velocity makes large scale equipment, filter
clogging makes excessive pressure drop those Kinds of disadvantages make cost higher
than other devices because of periodic filter replacement. To improve this fabric bag
filter, we need to study more.

In this study, by introducing impaction and polarization charge we can make an
experimental analysis of the particle collection characteristics of 'multi-layer
multi-stage porous plate system which can miniaturization equipment scale.

multi-layer multi-stage porous plate system with polarization charge to impaction
effect Keeps porous plates multi-layed and multi-staged. It makes particles get
through tubes of plates'and formed fast Jet velocity. It is the system that applied
to the way of being collected at dnternal black boxes through following layered black
hole. Negative electrode and positive electrode have to be confronted each on the top
and bottom of neighboring plates and approved of D.C. voltage. When increasing the
number of stages, insulators can be installed in zigzag and collect fine particles by
electrostatic force attributed to polarization phenomenon between plates.
Re-entrainment can be prevented by maximizing electrostatic force effects inducing
air current inflow.

Thus, the main purpose of this study is to investigate the collection
characteristics of multi-layer multi-stage porous plate system with polarization

charge to impaction effect, experimentally. The experiment is carried out to analyze

_\/l_



the characteristics of pressure drop and collection efficiency for the present system
with the experimental parameters such as inlet velocity, stage number, and applied
voltage, etc. In results, the collection efficiency becomes higher 92 to 98 % with
increment of stage number of multi-layer porous plate system with polarization charge
to impaction effect (1 to 5 stages, applied voltage 2.5 kV), while the gradient of
increment of collection efficiency is to be lower.

Additionally, it is estimated that with increment of stage number (1 to 5 stage) at

tube diameter 12 mm, inlet velocity o s.in 3.11 m/s, the pressure drop becomes
much higher as 18, 62, 73, 101 and 134 mmH:0, respectively.

This system might have an effort to maximize particle collection effect by using
impaction of particle and electrostatic force of polarization charge also it might be
more possible to miniaaterize the device and manage large flow and it might have an
advantage that can reduce maintenance cost because of it does not need to use the

filter.
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(b) Alternating polarization charge

Fig. 1. Schematic diagram of multi-layer multi-stage porous plate system with

polarization charge to impaction effect.
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Table 2. Inlet velocity and tube velocity with tube diameter.

Tube diameter | Inlet velocity | Tube velocity Flow rate
(mm) (m/s) (m/s) (m’/min)
1.55 9 0.73
2.07 12 0.98
12
2.58 15 1.22
3.11 18 1.46

Table 3. Experimental relational conditions with electrode array of multi-layer

multi—-stage porous plate.

H =

stage #

0345 53 A

plate 2
H3A3 73 A

plate thickness (mm)

Jo?

.2

tube

@12 steel tube

@ 12 insulation tube

plate plith (mm)

30

15
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Fig. 9. Schematic diagram of stage using current inflow method:
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Table 4. Chemical composition of test fly ash.

Component SiO; Al;O3 Fe2x0O3 CaO MgO C
Wt % 61.63 22.31 5.61 1.81 0.58 511

Component SOs3 Ti02 Na203 Na20 K20 others
Wt % 0.43 1.11 0.05 0.78 0.59 0.59
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Fig. 10. Size distribution of test dust.
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Table 5. Experimental conditions of Electrostatic Multi-layer Multi-stage Poros Plate

system.
Description Condition

Particle fly ash
Inlet velocity (m/s) 1.55, 2.07, 2.58, 3.11
Tube diameter (mm) 12
Stage number 2, =l
Applied voltage (kV) 0, 25
Plate pitch (mm) 10, 30
Inlet concentration (g/m') 3
Operating hours (min) 4
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Fig. 11. Velocity vector plot of multi-layer multi—stage porous plate.
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Fig. 12. Particle trajectory of multi~layer multi-stage porous. plate( dp =0.1 zm).

Fig. 13. Particle trajectory of multi-layer multi-stage porous plate( dp =10 gm).
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Fig. 14. Pressure drop with increasing stage number and inlet velocity.
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Fig. 15. Pressure drop with increasing stage number, inlet velocity and inflow current.
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Fig. 17. Collection efficiency with increasing stage number, applied voltage and
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Fig. 18. Collection efficiency with increasing stage mumber and various applied voltage

(fly ash, inlet concentration 3g/m’', non-inflow current).
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