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The purpose of this study is to show the validity of the analysis result for ionic flow in a wire-to-plate type electrostatic
precipitator. The gas flow distribution in the ESP, with the ionic flow considered, was calculated using the simulation software
COMSOL Multiphysics “(Ver.5.3a). The analyzed corona current was fitted to the experimental value, whereby the negative ion
density on the surface of the wire electrode as the boundary condition was determined. The current density on the surface of the
grounded plate electrode was measured, and the gas flow distribution was also measured using particle image velocimetry
(PIV). As a result, it was shown that the analysis result of the current density distribution on the surface of the grounded plate
electrode agreed with the experimental result. The analyzed gas flow velocity in the ESP increased and eddies were generated
between the wire electrode and the grounded plate electrode as the applied voltage increased. This result also agreed with the
experimental result. Therefore, these results show the validity of the simulation in this study.
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Fig.3 Analysis model for current density and ionic flow.
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Table 1  Analysis parameters.
Applied voltage to wire electrode -10 kv -11kV -12kV -13 kv

Negative ion density on the surface
of the wire electrode

4804 X105 1/m* 1.075%10161/m? 1.32X 10 |/m?

1.93 X106 1/m?

Gas flow

0 nv/s and 1.0 m/s

Negative ion diffusion
coefficient!(Air)

Mobility of negative ion!¥ (Air)
Electronic charge
Dielectric constant of vacuum

Relative permittivity

4.26 X105 m¥/s

1.69 X 104 m¥/(Vs)
1.602 %109 C
8.854 X 102 F/m
1
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Fig.4 Analysis result of Electric field distribution.
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Fig.5 Analysis result of Negative ion number density distribution.

2 WEEROMEHNTHE & FERE
Table 2 Analysis result and experimental result for discharge

current.

Applied Voltage Analysis result Experimental result
-10kV 0.24 mA 0.21~0.25mA
-11kV 0.45 mA 0.43~0.46 mA
-12kV 0.60 mA 0.56~0.60 mA
-13kV 0.83 mA 0.77~0.82 mA
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Fig.6 Comparison between analyzed current density distribution
and experimental result (-10 kV ).
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Fig.8 Analysis result of ionic flow at main gas flow of 0 m/s.
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Fig.9 Experimental result of ionic flow at main gas flow of 0 m/s.
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Fig.10 Analysis result of gas flow interaction at main gas flow of
1 m/s.
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Fig.11 Experimental result of gas flow interaction at main gas
flow of 1 m/s.
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