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Abstract

The main purpose of this study is to investigate the collection efficiency characteristics of a cylindrical ESP.

To do that, it is necessary to analyze the electric field, gas flow field, and mechanism of particle movement by

numerical simulation based on EHD model. For a gas flow field, Navier—Stokes equation involving the electric

source term was solved by SIMPLE algorithm. In case of the electric field, the current continuity and electric

field equations were solved by S.O.R. method. The analysis of particle movement was performed on the basis of

PSI-CELL model from the Lagrangian viewpoint. The results showed that the influence on the gas flow field by

the electric field is almost negligible in a cylindrical ESP. The particle drift velocity v, toward the collection

surface is increased continuously by the electrostatic force due to the rise of particle charge as the particle is

moving to the flow direction and the particle size becomes larger. The collection efficiency is to be quitely

higher with the increase of applied voltage for the same particle size, while becomes smaller as the inlet velocity

is increased.
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Fig. 1. Computational model and coordinate system.
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(b) Ve =45kV, Ucvg:1.0m/s

Fig. 5-a, b. Gas flow field distribtion (U.,=1.0 m/s,
V=45 kV).
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Table 2. Particle charge with axial distance and residence time for various particle diameter (r/R=0.8, average
inlet gas velocity=1.0 m/s, unit of particle charge=coulomb).

Time(sec) 0.1 0.5 1.0 1.5 2.0
%/R
d, Gum) 0.8 3.4 6.8 10.2 14.0
1.0 0.782e-17 0.133¢-16 0.145¢-16 0.150e-16 0.152%-16
5.0 0.190e-15 0.332e-15 0.363e-15 0.375¢-15 0.381e-15
10,0 0.783e-15 0.133¢-14 0.154e-14 0.150e 14 0.153e-14

T T T = T T

0.0 1 T
0 1 2 3 0 1 2 4 5 6
x/R
(a) inlet velocity=0.5 m/s (b) inlet velocity=1.0 m/s

Fig. 6-a, b. Particle trajectory with inlet velocities (U.,=0.5, 1.0 m/s, V=45 kV).

V, = 35kV
I I
8 9 10
V, = 45kV
l T
8 9 10
V, = 55KV
0.0 I T I T T T T I \
0 1 2 3 4 5 6 7 8 9 10

x/R

Fig. 7. Particle trajectory with various applied voltages (U,,=1.0 m/s, d,=1.0 pm V=35, 45, 55 kV).
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Fig. 8-a, b. Particle drift velocity distribution with
inlet velocities (U.,,=0.5, 1.0 m/s,
d,=1.0 #m V=45 kV).
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Fig. 9. Particle drift velocity with various applied
voltages (U.;=1.0 m/s, d,=1.0 gm, V,=35, 45,
55 kV, x/R=1.6).
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particle concentration (¢ )

0.0 2 4 6 8 1.0
radial distance from wire (I/R)

(a) inlet velocity = 0.5 m/s

1.2

particle concentration ((l) )
o
|
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4 -
2
0.0 —gosass T | |

0.0 2 4 6 8 1.0
radial distance from wire (i/R)

(b) inlet velocity = 1.0 m/s

Fig. 10-a, b. Particle concentration distribution with
intet velocities (U.,=0.5, 1.0 m/s,
d,=1.0 #m, V.=45 kV).
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Fig. 11. Particle concentration distribution with various
applied voltages (U.,=1.0 m/s, d,=1.0 gm,
V=35, 45, 55 kV, x/R=1.6).
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Fig. 12. Collection efficiency with various particle
sizes (U.,=1.0 m/s, V.=45kV).
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Fig. 13. Collection efficiency with various particle
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Fig. 14-a, b. Collection efficiency with various applied voltages (U,,,=0.5, 1.0 m/s,
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