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Numerical study of atmospheric pressure He plasma jets with dual-channel
inlet under different electrode structures

Zhang Bide,  Li Wanshun, = Wang Bingchuan
(School of Electrical and Electronic Information, Xihua University, Chengdu 610000, China)

Abstract: An atmospheric pressure helium plasma jet with a coaxial dual-channel inlet under single electrode
structure (stainless steel needle tube) and double electrode structure (stainless steel needle tube—high voltage ring
electrode) is comparatively studied using a two-dimensional axisymmetric fluid model. The study shows that
compared with the single electrode structure, the propagation velocity of the jet decreases significantly under the
double electrode structure, and decreases more in the dielectric tube. Meanwhile, the spatial structure of the jet changes
significantly under the double electrode structure. Under the single electrode structure, the jet structure changes from a
donut-shaped hollow structure to a solid disk-shaped structure with its development; while under the double electrode
structure, a transformation process from a solid disk-shaped structure to a donut-shaped hollow structure and then to a
solid disk-shaped structure is shown, which improves the uniformity of the jet spatial distribution. The effect of high-
voltage ring electrode thickness on jet under the double electrode structure is also investigated. It is shown that as the
ring electrode thickness increases, the jet propagation velocity decreases further and the jet channel shrinks radially,
and the inner diameter of the jet with the donut-shaped hollow structure decreases, which improves the uniformity of
the radial distribution of the jet.
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Table 1 Chemistry reactions used in the simulation

index reaction rate coefficient reference
R1) ¢+He — ¢+ He BOLSIG+ 21]
(R2) e+He —e+He BOLSIG+ [21]
(R3) e+ He — 2e + He" BOLSIG+ [21]
(R4) e+N, > 2e+N," BOLSIG+ [21]
(R5) e+ N, — e+ N,(c’TI) BOLSIG+ [21]
(R6) He" + 2He — He,™ + He 1.1 x10™ [m¥s] [22]
(R7) He" +2He — He," + He 2.0 x107* [m%/s] [22]
(R8) 2He,” — He," +2He + e 1.5 107" [m¥/s] [22]
(R9) He," +M — 2He + M 1.0 x10° [1/s] [22]
(R10) 2He" — He, + ¢ 1.5 107" [m?/s] [22]
(R11) e+ He," > He + He' 8.9 X107 (TJ/Ty) ' [m¥/s] [22]
(R12) e+ Ny’ >N, 4.8 X107 (T/Ty) °° [m¥s] [22]
(R13) He," + N, — N," + He," 1.4 x107" [m?/s] [22]
(R14) He'+N, > He+N, +e 5.0 x10™7 [m/s] [22]
(R15) He," +N, - 2He + N, + e 3.0 x10™"7 [m/s] [22]
(R16) N, +2N, - N, +N, 1.9 x107*' [m%s] [22]
(R17) N, + N, +He — N, + He 5.0 x107*" [m®/s] [22]
(R18) N, +N, — N, + 2N, 2.5 x107% [m¥s] [22]
(R19) N, +He — He + N, + N," 2.5 107! [m¥/s] [22]
(R20) e+N, — 2N, 2.0 x10™2 [m¥/s] [21]
(R21) Ny(c*nll) — N, + h 2.45 x107 [1/s] 21]

Note: In reaction R9, “M” represents background particles He and N,.
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Spatial profiles of electron density as the jet propagates to different axial positions for single and double electrode structure
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Fig. 5 Spatial profiles of electric field when the ionization wave propagates to different axial positions for single and double electrode structure
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Fig. 6 Radial profiles of electric field in the ionization head when the ionization wave propagates to different axial

positions inside and outside the tube for single and double electrode structure
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Fig

.7 Spatial profiles of reactive species as the jet propagates to axial position z=3 mm for single and double electrode structure
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Fig. 8 Spatial profiles of electron density at different ring electrode thicknesses for double electrode structure
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Fig. 9 Spatial profiles of ionization rate when the ionization wave propagates to axial positions z=11, 8, 4 mm

at different ring electrode thicknesses for double electrode structure
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