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Abstract: The low-temperature plasma technology has demonstrated application potential in fields such as gas treatment
and energy conversion. Dielectric barrier discharge (DBD) is the most common method for generating plasma in engi-
neering applications;however, it faces challenges like small plasma generation range and high array wind resistance. This
paper proposes a low wind resistance plasma actuator (surface dielectric barrier discharge DBD + direct current DC dis-
charge). The effects of the exciter structure on discharge characteristics and products are studied using a two-dimensional
fluid model and a zero-dimensional kinetic model, compared with traditional surface dielectric barrier discharge (SDBD).
The results indicate that: (1) The discharge in this model occurs in three stages. When the pre-ionization density of the DC
discharge reaches 2x10'" m™, the space electrons overlap, and the streamer transitions to a diffused discharge. (2) The
closer the DC electrode is to the DBD high-voltage electrode, the easier it is for the discharge to break down the entire
channel. As the DC electrode diameter increases, the reduced electric field gradually decreases, but the breakdown time
remains largely unchanged due to the decrease in discharge gap. (3) Under the same parameters, the number density of
active particles generated near the DBD remains consistent, but it is an order of magnitude lower in space discharge.
Nonetheless, plasma covers a wider area and is more conducive to efficient gas treatment. The optimized design of this
actuator offers new solutions for industrial gas treatment and environmental control, and possesses broad application pro-
spects.
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Fig.4 Spatiotemporal evolution results of the electron density and reduced electric field
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Table 2 Comparison of experimental gas treatment methods
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Table A1 Table of detailed reactions
P i HAH A B
R1 e+N, >e+e+N, f(o,€6,) [39]
R2 e+0, >e+e+0] f(o.e,) [40]
R3 e+0, >0 +0 f(o.€,) [39]
R4 e+N, —>e+N2(A32“) f(o.€,) [39]
RS e+N2—>e+N2(B3Hg) Sf(o.e,) [39]
R6 e+ N, >e+N,(C,) f(o.€,) 39]
R7 e+0,>e+0+0 f(o,€,) [41]
RS e+02—>e+0+0('D) f(o,€,) [41]
R9 N;+N,+N, >N, +N, 5x107% [36]
R10 N;+N,+0, > N} +0, 5x107% [36]
RI11 N;+0, >0} +N,+N, 2.5x10710 [36]
RI2 N; +0, > 0; +N, 6x10711 [37]
R13 0;+N,+N, > O}N, +N, 9x1073! [37]
R14 OIN,+N, >0, +N, +N, 9x1073! [37]
RIS O;N,+0, >0} +N, 4.3x10710 [37]
R16 0;+0,+N, > 0] +N, 107 [37]
R17 0;+0,+0, >0} +0, 2.4x107%° [37]
RI8 e+0,+0,50;+0, 2.4X10°2(300/T¢) [37]
R19 0 +0—>e+0, 1.4x10710 [38]
R20 0,+0—>¢+0,+0 1.5x1071° [38]
R21 e+N; >N, +N,(C1,) 2.3x1076(300/T¢)5* 38]
R22 e+N; > N+N 1.8x1077(300/Te)*> [38]
R23 e+0; >0+0+0, 1.4x107%(300/Tc)*5 [37]
R24 e+0; >0+0 2.0x1077(300/Tz) [37]
R25 0,+0; - 0,+0,+0, 107 [37]
R26 0,+0;+N, >0,+0,+0,+N, 2.0x1072 [37]
R27 0,+0;+0,—->0,+0,+0,+0, 2.0x107% [37]
R28 0,+0;+N, >0,+0,+N, 2.0x107% [37]
R29 0,+0;+0,—>0,+0,+0, 2.0x107% [37]
R30 O +N; >O0+N+N 2.0x107(300/Te) [41]
R31 NZ(C3HU)+N2 —)N2(B3Hg)+N2 1.0x10711 [36]
R32 NZ(CSI'I“)+O2 —>N2+O+O(1D) 3.0x10710 [36]
R33 N, (CT,) > N, +hv 2.45x107 [36]
R34 N, (B, )+0, >N, +0+0 3.0x10710 [36]
R35 N, (B, )+N, - N, (A’Z, )+ N,(v) 1.0x1071 [36]
R36 N, (A"Zu ) +0,>N,+0+0 2.5%10712(300/T)0-50 [36]
R37 0(D)+0, »0+0, 3.3%1071(67/Tgas) [36]
R38 O('D)+N, >0+N, 1.8x1011(107/ Toas) [36]
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