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Research on the Collection Efficiency for

Single Tubular Type Wet ESP

Jong-Hwan, Jeung

Department of Refrigeration and Air conditioning Engineering
Graduate School

Pukyong National University

Abstract

The fabric bag filter and electrostatic precipitator which are highly
effective to treat the particle pollutants emitted form combustion and
incineration process, etc have been widely applied in the industry due
to its high collection performance. However, it is necessarily required to
make a technical development for the improvement of following
problem because, the fabric bag filter has the main problem of high
pressure drop. It is estimated that the development of collection
equipment combined two separated systems into one unique system is
desirable since, in case of installation of a cyclone for pretreatment to
overcome the above problem(high pressure drop). it cause the
enlargement of instailation area and increment of installation scale
operation cost. But Single Tubular Type Condensing wet ESP with simple
design, which are able to treat the large quantity of flue gas without
significant pressure drop.

Thus, in this study. it is a main object to investigate collection



efficiency, gas flowfield and mechanism of particle movement by
numerical simulation. Tubulent flow field was modeled by the Standard
k-¢ model and solved with an FVM c¢ode FLUENT 6.0. Particle
motion and charging were simultaneous solved by a Lagrangian
integration with time.

The result showed that the influence of the inlet-velocity to the
collection efficiency was important in the same electricfield. The rate of

particle deposition was getting higher with the applied voltage

increasing.
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Symboagls

Nomenclature

Average velocity of ion
Particle diameter

Inlet duct area

Electric charge quantity of electron

Electricfield strength

Electric charging force
Turbulent energy

Density of ion

Quantity of electric charge
Radius of electric precipitation
Relative Reynolds number
Particle charging time
Particle temperature

Gas velocity

Particle velocity

Migration velocity of Particle

Mobility of ion

Greek Symbols

Dissipation rate
Particle permittivity
Dvnamic viscosity

Turbulent viscosity

[m/s]

[m°]
[C]
[V/m]
[N]

[m’/s’]

[C]

fs]

(K]

[m/s]
[ms]
[m/s]
[m/V - s]



p - Gas density

Subscripts

i : At inlet of electric precipitation
fi . Field charging
di : Diffusion chargings
o : Particle of charge

_VI_

[kg/m’]
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Table 3.1 Date log of STT
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Photo. 3.1 Dust density of inlet vs. outlet
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Photo. 3.4 Partical counter
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Table 3.2 Collection efficiency of STT (in the year 2003)
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TS S T | g {oel| 219 | 2290 249 | 269 | 2890 | 309} 31d | o1
B l % | 97.1 | 970 | 969 | 96.7 | 966 | 96.1 | 96.9 | 96.8 | 96.7
g e |z b e |z 2]
Aq
23 & T |ms| 2 2 2 2 2 2 2 2 2
030m) | % | 952 | 943 | 946 | 955 | 94.6 | 93.2 | 94.9 | 953 | 955
A A 0.5(zm) % 1992 | 987 | 984 { 994 | 98.8 | 98.5 | 98.4 | 999 | 98.6
HA L 14m Y% | 9991999999 | 9971999 [ 998 | 99.9 | 99.9 | 99.9
2(4m) % | 99.8 | 99.9 1 99.9 | 999 | 99.0 1 999 | 99.9 | 999 | 99.9
Al 8 oAF mA | 45 | 45 | 45 | 45 | 435 | 45 | 45 | 45 | 45
£LFH KW | 2921292 292|292 1292 | 292|292 | 292 | 292
(200CMM) A e B e e
104
—&—  Dust
103 = v Particle Size 0.3X107-6
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Fig. 3.3 Collection efficiency for various particle diameter

(Pass velocity © 2 m/s, Applied voltage : 85 kV)
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Fig. 4.3 Path line by velocity magnitude (m/s)
at the STT (3 m/s)
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Fig. 4.4 Path line by velocity magnitude (m/s)

at the inlet duct (3 m/s)
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Fig. 4.7 Velocity magnitude at surface

(Im, 1.5m, 2m. 2.5m. 3m. 3.5m)
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Table 4.2 Average velocity for various inlet velocity in the STT
ii;i Ilm | 15m)] 2m [25m| 3 m |35 m g g_jg—
3 m/fs | 1.2632 1.0765 1 0.9695 | 0.9107 | 0.8610 | 0.8243 | 0.9847
9 m/s | 3.7900 | 3.2484 | 2.9110 | 2.6996 | 2.6107 | 2.5158 | 2.9626
12 m/s | 5.1865 | 4.4081 | 3.9283 | 3.6636 | 3.5089 | 3.3775 | 4.0121
15 m/s | 6.4386 | 5.4872 1 4.8928 | 4.5516 | 4.3877 142166 | 49958
18 m/s | 7.6312 | 6.5265 | 5.8325 | 5.3903 | 5.1949 | 5.0301 | 59343
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Fig. 4.10 Static pressure at line a. b. ¢ {3 m/s)

Table 4.3 Average pressure for various inlet velocity in STT

i

[s]
2
it

all

PEXED

>

W A

4l G F o d &
5k Urey SR e gt W
3 m/s 30.41 21.99 8.41 47.80
9 m/s 268.97 194.35 74.61 424.52
12 m/s 47727 343.24 134.03 752.95
15 m/s 743.64 535.50 208.13 1173.39
1068.52 768.87 299.65 1685.69

18 m/s
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Fig. 4.13 Grid configuration for the STT
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Fig. 4.14 Particle (1 gm) tracks at the STT
(Applied voltage : 0 kV)

Fig. 4.15 Particle {1 ym) tracks ai the STT
(Applied voltage : 85 kV)
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Fig. 4.16 Collection efficiency for analysis vs. experiment
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