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Fig. 1. Geometry structure of two-dimensional fluid

model of methane needle-plane discharge plasma at

atmospheric pressure.
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Table 1. Plasma physical and chemical reactions and

the corresponding reaction rate coefficients in methane

discharge plasma.

?g R R
Rl  e+CHy — e+CHy P e A 5
R2  e+CHyg — e+CH}(1) SNz R ITRA N
R3  e+CHy — e+CH3(2) P Rl T T 5
R4  e+CHy — 2e+CHJ H R AR T 5
R5  e+CHy — 2e+H+CHY 1l e AR T o 5
R6  e+CHy — e+CHs+H il e A T T A
R7 e+CHy — e+CHao+Hy SER O AR
R8  e+CHy — e+CH+3H Rl AR T B
R9  e+Hy — e+2H H A5 A U
R10 e+Hy — 2e+Hy Pl AT 5
R11  e4+CaHg — 2e+CoHf +Hs bl i A T 22
R12 e+CoHg — e+CoHs+H H R AR A T T B
R13 e+C3Hg — e+CaHa+CHy P il A AR T T 5
R14 e+CoHy — e+CoHa+Ho P e A T 5
R15 e+CoHy — 2e+CoHS bl i A T 2
R16 e+CoHy — 2e+CoHT H iR A T 5

R17 CHf+CH4 — CH7 +CHs
R18 CHj +CHy — CoHF +Hs
R19 CHF+CoHg — CoHF +CHy+H,
R20 Hp+HJ — HI+H

R21 Hi+CHs — CHJ +Hp
R22 HI+CoHg — CoHF +2H
R23 HI+CoHy — CoHf +H,
R24 2CH3 — C2He

R25 CHz+H— CHy

R26 CyHs+H— 2CH3

R27 CyH5+CHs — C3Hs

R28 CHa+H— CH+H,

R29 CH+CHy — CoHj

R30 CHy+CHy — 2CHg

R31 CHy+CHy — CoHy+H
R32 CH4+CH— CoHy+H
R33 CH3+CHz — CoHy+H
R34 CoHs+H— CoHy+Ho

R35 2CH:; — CaHa+Ho

1.5x107 m3/s
1.2x10715 m3/s
5.0x10716 m3/s
2.5x1071% m3/s
1.6x1071% m3/s
2.0x1071% m3/s
1.9x10715 m3/s
3.7x10717 m3/s
7.0x10718 m3/s
6.0x10717 m3/s
4.2x107 8 m3/s

2.7x10716 m3/s

1.0 x10716 m3 /s

1.7x107 17 m3/s
1.7x10717 m3/s
1.0x10716 m3/s
3.3x10717 m3/s
3.0x10718 m3/s

1.1x10717 m3/s
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Fig. 2. Subdivision results in calculation domain
using axial symmetry structure and asymmetry tri-

angle mesh.
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Abstract

Methane needle-plane discharge has practical application prospect and scientific research significance since methane
conversion heavy oil hydrogenation is formed by coupling methane needle-plane discharge with heavy oil hydrogenation,
which can achieve high-efficient heavy oil hydrogenation and increase the yields of high value-added light olefins. In this
paper, a two-dimensional fluid model is built up for numerically simulating the methane needle-plane discharge plasma
at atmospheric pressure. Spatial and axial distributions of electric intensity, electron temperature and particle densities
are obtained. Reaction yields are summarized and crucial pathways to produce various kinds of charged and neutral
particles are found out. Simulation results indicate that axial evolutions of CH; and CH; densities, electric intensity
and electron temperature are similar and closely related. The CHF and CoHJ densities first increase and then decrease
along the axial direction. The CHs and H densities have nearly identical spatial and axial distributions. Particle density
distributions of CHz, C3H4 and C2Hjs are obviously different in the area near the cathode but comparatively resemblant
in the positive column region. The CH;r and CH;r are produced by electron impact ionizations between electrons and
CH;. The CH; and CoHj are respectively generated by molecular impact dissociations between CH3 and CHy and
between CH} and CH,. Electron impact decomposition between electrons and CHy is a dominated reaction to produce
CHj, CHz, CH and H. The reactions between CHz and CH4 and between electrons and C2H4 are critical pathways
to produce CoHy and C2Ha, respectively. In addition, the yields of electron impact decomposition reactions between

electrons and CH4 and reactions between CHz and CHy4 account for 52.15% and 47.85% of total yields of Ha respectively.

Keywords: discharge plasma at atmospheric pressure, methane discharge plasma, needle-plane discharge,
fluid model
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