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Abstract
this process is not yet in-depth. This paper establishes a simplified plasma-assisted methane combustion mechanism,

Non-equilibrium plasma can assist lean methane-air combustion, but the numerical simulation of

and a one-dimensional fluid model is used to simulate the micro-scale DBD non-equilibrium plasma-assisted lean
methane-air combustion process. The simulation results show that plasma discharge can effectively promote the
combustion reaction at a lower initial temperature. With the increase of discharge voltage, the number density of
electrons in the discharge space increases significantly, and the combustion temperature is effectively increased. The
numerical simulation results can reflect the changing trend of the primary active particles. In this stage, the increase
of Ar content or the molar ratio of CH, to O, will slightly increase the combustion temperature, but the impact is
negligible. The results of this study enhance the understanding of this process.

Keywords Dielectric barrier discharge, Non-equilibrium plasma, Methane-air combustion, Ignition pro-

cess, Numerical simulation
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Tab. 1 Simplified mechanism of DBD non-equilibrium plasma assisted methane combustion reaction
i Fa A(Kg,cm,K,mol)*’ n Ea/(cal-mol 'Y’ Ae/(eV)’ Ref.
RI CH,(+M)=>CH;+H(+M)’ — [4]
kf 6.30x10" 0 104000
kf0 1.00x10" 0 86000
R2 CH,+H(+M)=>CH,(+M)* _ [4]
kf 5.20x10" 0 -1310
kf0 8.25x10" 0 -19310
R3 CH,+H=>CH;+H, 2.2x10* 3 8750 _ [4]
R4 CH,+H,=>CH,+H 9.57x10 3 8750 _ [4]
R5 CH,+OH=>CH;+H,0 1.60x10° 2.1 2460 _ [4]
R6 CH;+H,0=>CH,+OH 3.02x10° 2.1 17422 — [4]
R7 CH,+0=>CH,0+H 6.80x10" 0 0 — [4]
RS CH,+0,=>CH,0+0 5.00x10" 0 25652 — [4]
R9 CH;+OH=>CH,+H,0 7.60x10° 2 5000 _ [4]
R10 CH,0+H=>CH,0+H, 2.00x10" 0 0 _ [4]
R11 CH,0+M=>CH,O+H+M 2.40x10" 0 28812 _ [4]
R12 CH,+0=>CO+H, 3.00x10" 0 0 _ [4]
R13 CH,+OH=>CH+H,0 1.13x10’ 2 3000 — [4]
R14 CH,0+H=>HCO+H, 9.00x10" 0 3991 _ [4]
RI5 CH,0+OH=>HCO+H,0 3.00x10" 0 1195 _ [4]
R16 CH+0O=>CO+H 5.70x10" 0 0 _ [4]
R17 CH+OH=>HCO+H 3.00x10" 0 0 - [4]
RIS CH+0,~HCO+0 3.30x10" 0 0 _ [4]
R19 CH+CO,=>HCO+CO 8.40x10" 0 200 — (4]
R20 HCO+H=>CO+H, 4.00x10" 0 0 — [4]
R21 HCO+M=>CO+H+M 1.60x10" 0 14700 — (4]
R22 CO+OH=>CO,+H 1.51x10 1.3 ~758 — 4]
R23 CO,+H=>CO+OH 1.57x10° 1.3 21000 — [4]
R24 0,+H=>0+0H 1.55x10" 0 16800 — [4]
R25 O+OH=>0,+H 1.20x10" 0 690 _ [4]
R26 O+H,=>0H+H 1.80x10" 1 8826 — [4]
R27 OH+H=>0+H, 8.00x10’ 1 6760 — [4]
R28 OH+H,=>H,0+H 1.17x10° 13 3626 — [4]
R29 H+H,0=>0H+H, 5.09x10’ 1.3 18588 — [4]
R30 OH+OH=>0+H,0 6.00x10° 1.3 0 — [4]
R31 0+H,0=>0H+0H 5.90x10’ 1.3 17029 — [4]
R32 H+O,+M=>HO,+M° 1.60x10" 0.8 0 — [4]
R33 H+HO,=>OH+OH 1.50x10" 0 1004 — 4]
R34 H+HO,=>H,+0, 2.50x10" 0 700 _ [4]
R35 OH+HO,=>H,0+0, 2.00x10" 0 1000 _ [4]
R36 HO,+HO,=>H,0,+0, 8.00x10" 0 0 _ [4]
R37 H,0,+M=>0H+OH+M 1.30x10" 0 45500 _ [4]
R38 OH+OH+M=>H,0,+M 9.86x10" 0 ~5070 _ [4]
R39 H,0,+OH=>HO,+H,0 1.00x10" 0 1800 _ [4]
R40 H,0+HO,=>H,0,+OH 2.86x10" 0 32790 — [4]
R41 OH+H+M=>H,0+M 2.20x10™ -2 0 _ [4]
R42 H+H+M=>H,+M 1.80x10" -1 0 _ [4]
R43 0,+0+M=>0;+M 8.60x10" 0 7213 — [4]
R44 0,+0,=>0,+0+0, 1.54x10" 0 2.306x10* — [4]
R45 O,+N,=>0,+0+N, 4.00x10" 0 2.267x10* — [4]
R46 0,+0=>0,+0+0 2.48x10" 0 2.273x10°* — [4]
R47 0,+0,=>0,+0+0, 4.40x10" 0 2.306x10" — [4]
R48 0,+0+0;=>0;+0, 1.67x10" -0.5 -1391 — [4]
R49 0,+H=>0,+OH 8.43x10" 0 933.9 _ [4]
R50 0;+H=>0+HO, 4.52x10" 0 0 _ [4]
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= J i A(Kg,cm,K,mol)*’ n Ea/(cal-mol ™) Agl(eV)’ Ref.
R51 0,+OH=>0,+HO, 1.85x10" 0 831 _ [4]
R52 0;+H,0=>0,+H,0, 6.62x10" 0 0 _ [4]
R53 0,+HO,=>0H+0,+0, 6.62x10" 0 993.9 _ [4]
R54 0,+0=>0,+0, 4.82x10" 0 4094 _ [4]
R55 0,+CH,=>CH,0+0, 5.83x10" 0 0 _ [4]
R56 e+0,=>e+0,’ k. — — 1.627 (8]
R57 0, +H=>0H+0 4.0x10" 0 1.4x10° — [4]
RS8 OH+O=>H+0,’ 5.80x10" 0 2.454x10" — [4]
R59 CH;+ 0, =>CH;0+0 2.11x10" 0 1.4372x10°* — [4]
R60 0, +M=>0+0+M 5.82x10™ 0 9.539x10* — (4]
R61 0, +H2=>H+HO, 3.28x10" 0 3.619x10° — [4]
R62 0, +OH=>0+HO, 2.39x10" 0 3.396x10°* - [4]
R63 0, +CO=>0+CO0, 1.0x10" 0 1.5x10* — [4]
R64 0, +CH,=>CH,+HO, 7.59x10" 0 3.616x10° — [4]
R65 CH+0O=>HCO+e 3.00x10" 0 1.5x10* — [4]
R66 HCO'+H,0=>H,0'+CO 5.00x10" 0 4000 — [4]
R67 H,0 +e=>H,0+H 2.29x10" -0.5 2000 — [4]
R68 H,0"+e=>H,+OH 10.25x10" -0.5 4000 — [4]
R69 O,+e=>0+0+e k. — — 12.06 (8]
R70 H,0+e=>H,+O+¢ ks — — 13.0 (8]
R71 CO,+e=>CO+0+e k., — — 6.5 (8]
R72 H,+e=>H+H+e ks — — 8.9 (8]
R73 CH,+e=>CH,+H+e ke — — 10.0 (8]
R74 e+0,=>e+e+0," k,, — — 12.06 [8]
R75 CH,+e=>CH; +e+te ke — — 12.6 (8]
R76 CH,+e=>CH, +e+e k.o — — 10.0 [8]
R77 0, +e=>0+0 3.6132x10" -1 0 — [4]
R78 CH, +e=>CH,+H 3.0712x10" -0.5 0 — [4]
R79 CH, +e=>CH,+H+H 3.0712x10" -0.5 0 — 4]
RS0 CH;+e=>CH,+H 6.3231x10" 0.5 0 — [4]
R8I N, +N,+0,=>N,+0, 1.81x10’ 0 0 — (71
RS2 N, +N,+N,=>N, +N, 1.81x10 0 0 — [7]
RS3 N, 40,=>0,+N,+N, 1.51x10° 0 0 — [7]
R84 N, +0,=>0,+N, 3.61x10’ 0 0 — [7]
R85 0, +N,#N,=>N,0, +N, 3.26x10° 0 0 — [7]
RS6 N,O,+N,=>0, +N,+N, 2.58x10° 0 0 — [7]
R87 N,0, +0,=>0,+N, 6.02x10° 0 0 — (7]
RS8 0,+0,+N,=>0, +N, 8.69x10° 0 0 — [7]
RS89 0,'+0,+0,=>0,'+0, 8.69x10° 0 0 — [7]
R90 0, +0,=>30, 6.02x10" 0 0 — [7]
R91 0, +0,+0,=>30,+0, 7.25%10" 0 0 — (71
R92 0, +0, +N,=>30,+N, 7.25%10" 0 0 — (71
R93 0, +0, +N,=>20,+N, 7.25x10" 0 0 — (71
RY94 0, +0,+0,=>20,+0, 7.25%10" 0 0 — (7]
R95 0+0,+0,=>0,+0, 9.06x10' 0 0 _ (7]
R96 0+0,#N,=>0;+N, 9.06x10' 0 0 _ (7]
R97 e+0, =>20, 8.43x10"(300/Te)’ 0 0 — (7]
ROS e+0,+0,=>0,+0, 7.25%10°(300/T¢) 0 0 — (7]
R99 etNy=>ete N, Keto — — 15.6 (8]
R100 etN,=>e+N, ks — — — (8]
R101 et0,=>e+0, ki — — [8]
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Tab. 2 Surface reaction of mixed gas

e FMH e | FT e Ve

1 N,=N, 0.1 7 CH,"=>CH; 0.1
2 0,=>0, 0.1 8 HCO'=>HCO 0.1
3 N,=>2N, 0.1 9 H,0=>H,0 0.1
4 0,=>20, 0.1 10 H,0'=>H,0 0.1
5 N,O0,=>N,0, 0.1 11 0,=>0, 0
6 CH,+=>CH, 0.1 12 0,=>0, 0
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