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Abstract

In order to provide some insights into the influence of electric field, gas composition, and gas temperature on
electron energy distribution and electron transport characteristics, the Boltzmann equation was solved by using
cross section data for electron collisions. Critical electric fields for the corona development in dry air and flue gas
are 150 and 80 Td, respectively. It was seen that the decrease of critical electric field in flue gas is mainly caused
by the H>O addition through the comparison of ionization and electron attachment coefficients of gas components.
Increase of O, H,O, and CO, contents in gas affected discharge characteristics according to their reciprocal
characteristics between lowering the ionization threshold and increasing the electro-negativity. As electric field
increases, electrons with higher energies in the electron energy distribution also increase. The mean and
characteristic electron energies also linearly increase with electric field. The variation of flue gas temperature did
rarely affect on the electron energy distribution function and electron transport characteristics, because the gas
temperature is several hundreds or thousands times lower than the electron temperature.
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Fig. 1. Simulation scheme for the evaluation of corona
discharge characteristics.

Table 1. Number of collision type considered in the si-

mulation.

Type of collisions N: 0 H0 CO
Elastic (momentum transfer) i 1 1 1
Excitation (vibrational, electronic) 23 14 3 10
Ionization t 1 3 1
Attachment (dissociative, three—body) 2 3 1

Table 2. lonization and attachment reactions in the simu-
lation.
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Table 3. Gas mixtures used in the solution of Boltzmann
equation.

Fixed composition Varied composition
Na: 80%, Oz 20%

1) Dry air
N2 (o) =100-0:{%)
0, (%) =0-50%

N2 (%)=80-H,0 (%)
HO (%)=0-20%

2) Effect of oxygen

3) Effect of humidity Oy: 20%

4) Effect of carbon Nz{%)=80-CO0:(%)
M . ., 1 6%
dioxide Oy 14%. H;0: 6% CO2(%)=0-20%
Na: 70%, Oa: 14%,
3) Flue gas H,0: 5%, COx: 1%
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Fig. 2. Effect of reduced electric field on ionization and
attachment coefficients in dry air.
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Fig. 3, Effect of oxygen content on ionization and attach-
ment coefficient.
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Table 4. lonization thresholds of flue gas components.

Gas component tonization threshold (eV)

N, 156
0, 12.2
HO 133
CO, 12.6
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Fig. 4. Effect of water content on ionization and attach-
ment coefficients.
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