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Fig. 1. Schematic diagram of experimental setup.
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Fig. 2. The geometry of the simulation model.
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Table 1. Boundary conditions of the neutral gas flow
model.
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Table 2.  Boundary conditions of the plasma dynamics

model.
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Fig. 3. The discharge optical images for the different SG flow rates: (a), (c) 0 slm; (b) 1 slm; (d) 3 slm. The red curve shows the

brightest region of the discharge.
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Fig. 4. (a), (c) The contour line of the 98% helium mole fraction at different flow rates of SG; (b) the distribution of the helium

mole fraction(cy,) at axial position of z = 2.5 mm.
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. 5. Spatial and temporal profiles of the electron density n, (unit: m ®, in 10 logarithmic scale) for SG flow rates of (a) 0, (b) 1,

(c) 2 and (d) 3 slm. The magenta lines are the contour lines of different helium mole fractions.
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Fig. 6. Development of the ionization rate (unit: mol-m 31,
in 10 logarithmic scale) in the discharge region for SG flow
rate of (a) 0 and (b) 3 slm. The magenta lines are the con-

tour lines of different helium mole fractions.
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Fig. 7. (a) The average species density and (b) the average
spatiotemporal production rate of the species in discharge

region.
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Fig. 8. Radial distribution of the production rate of He" at

axial position z = 2.5 mm.
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Fig. 9. Radial flux of ions on the contour lines of different

helium mole fractions.
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Fig. 10. Reaction rate on the contour lines of different heli-

um mole fractions.
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Fig. 11. Distribution of ion density at axial position z =
2.5 mm for SG flow rate of (a) 0 and (b) 3 slm.
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Fig. 12. Variation of the radial electric field on the contour
lines of different helium mole fractions.
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Fig. 13. Spatial distribution of the reaction rates involving
(a) O;’ and (b) N;' . The magenta lines are the contour

lines of different helium mole fractions.

£3 5NFNFHOF HEEH LR R
Table 3. Reaction rates involving N;' ,N}' and O;‘ .

Cile = 98%%J§K2£J:

Ce = 95%%J§B2£J: CHe = 90%%J§B2£J:

B 2 A/ (mol- m 2s7Y) ARSI /(mol-m 2s1) AR NEA / (mol-m 25 7Y)

Ril:e+ Of >0+ 0 2.98 x 103 1.27 x 103 3.81 x 104
R46: Ny + N, + N — Ny + N 1.67 x 10 1.61 x 1079 2.67 x 107
R51: O, + Oy + OF — 0, + Of 8.86 x 107 3.83 x 10° 6.70 x 106
R52: He' + Ny — e + He + Nj 1.29 x 103 4.48 x 107 4.96 x 107
R55: He" + 0, — e + He + OF 1.28 x 1073 442 x 100 4.90 x 107
R58: He + Ny + N;r — He + NZL 1.86 x 103 6.92 x 107 541 x 107
R63: Ny + Oy + Nj — O, + N 4.45 x 107 4.29 x 107 7.09 x 108
R64: 0y + N — 2N, + Of 1.59 x 103 9.67 x 10 1.10 x 104
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Table A.  Chemical reactions considered in the plasma dynamics model.

P S Jr B R PiAE/eV SR
1 e+ He — e+ He fle, €) (m?s) / [40]
2 e+ He — e + He* fle, €) (m3st) 19.82 [40]
3 e+ He* — e+ He fle, €) (m3st) -19.82 [40]
4 e+ He — 2¢ + He™ fle, &) (m3s1) 24.587 [40]
5 e+Ny = e+ N, fle, €) (m3st) / [40]
6 e+ Ny — e+ Ny (VIBvl) fle, €) (m?st) 0.2889 [40]
7 e+ Ny — e+ Np(VIB3vl) fle, €) (ms ) 0.8559 [40]
8 e+ Na — e+ Na(VIB4vl) fle. €) (m*s ) 1.1342 [40]
9 e+ Ny — e+ Ny(VIB5vl) fle, €) (m?s™) 1.4088 [40]
10 e+ Ny = 2e+ NS fle, €) (m*s™) 15.6 [40]
11 e+ 0, e+ 0; fle, €) (m?st) / [40]
12 e+0; -0+0" fle, €) (m?sh) / [40]
13 e+0; = 05 fle, €) (m?st) / [40]
14 e+ 0y — e+ 0,(VIB3vl) fle, &) (m*s) 0.57 [40]
15 e+ 0y — e+ 0y(VIB4vl) fle, €) (m?s™) 0.75 [40]
16 e+ 0; — e+ 03(A1) fle, €) (m3s!) 0.997 [40]
17 e+0; >e+0; fle, €) (m?st) 0.997 [40]
18 e+ 0, — e+ 0y(Bl) fle, €) (mPs ) 1.627 [40]
19 e+0, > e+0, fle, €) (ms ) ~1.627 [40]

20 e+ 0y — e+ 0, (EXC) fle, ) (m*s1) 45 [40]
21 e+0;—e+0+0 fle, €) (m?s) 5.58 [40]
22 e+0, >e+0+0('D) fle, &) (m3s?) 8.4 [40]
2 ¢4 05 = 2+ OF fle, &)(mis ! 12.1 [40]
24 e+ He* — 2e + Het 4.661 x 10716 x T0-6 x e=4.78/Te (;m3.5~1) 4.78 [41]
25 e+ Hel — 2e + He 1.268 x 10718 % TO-71 x ¢=3-4/Te (3.5~ 1) 3.4 [41]
26 2He* — e + He + He™ 4.5 x 10710 (m?s1) -15 [41]
27 e+ He) — He* + He 5.386 x 10713 x T5 %5 (m3.s~1) / [41]
28 ¢+ Het — He* 6.76 x 10719 x T, %% (m3s~1) / [41]
29 2e + Het — e + He* 6.186 x 10739 x T, 44 (m3.s~1) / [31]
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KA () FETREARON

Table A (continued). Chemical reactions considered in the plasma dynamics model.

F5 J I 7 BRFEL AEEIRE eV BH IR
30 ¢+ He + Het — He + He* 6.66 x 10742 x To 2(mb-s~1) / (31]
31 2e+Hey — Hej +e 1.2 x 10°% (m®s™) / [31]
32 e+ He + He;' — Hej + He 1.5 x 10% (mfs 1) / (31]
33 e + He + He;' — He* + 2He 3.5 x 10 (mfs!) / (31]
34 2e + He2+ — He* +He +¢ 2.8 x 10% (mfs) / [31]
35 e+N; e+ N+N 1 x 10716 5 75705 x = 16/Te (3.5 1) 9.757 [42]
36 e+Nf > N+N 4.8 x 10713 x 7,08 (m3.s71) / [42]
37 e+ NS =N, 7.72 x 10714 x T 05 (mPs~1) / [43]
38 e+ N = 2N, 3.22 % 10713 x Ty %% (m*s~) / [44]
39 2¢+Nj =Ny +e 3.165 x 10742 x T, %8 (mS . s~ 1) / [44]
40 e+20, = 0, + 05 5.17 x 10743 x To 1 (mb-s~1) -0.43 [44]
4 e+0f - 0+0 6 x 1071 x Ty H(mPs™!) -6.91 [44]
42 e+0f =0, 4x 10" (m*s ) / (43]
43 e+ 0} =20, 2.25 x 10713 x 7702 (m3s71) / [44]
44 He* + 2He — He} + He 1.3 x 10* (m®s ') / [41]
45 Het + 2He — He,” + He 1 x10% (m®s™) / [41]
46 N2 4+ Ny +NF = N, + N O / [44]
47 0~ +0 - 0+0, 2 x 10" (m*s ) / [41]
48 0; +0 = 0, +0; 2 x 107 (m*s™) / [41]
49 0; +0) + 0, — 30, 2 x 10°% (m®s) / [44]
50 0, + 0 +0, — 40, 2 x 10°% (m®s) / [44]
51 0+ 0, + 0 — 0, + 0 24 x 10% (ms) / [44]
52 He* + Ny — e + He + N 7% 1077 (m*s 1) / [41]
53 Hej + Ny — e 4 2He + N IR / [41]
54 He} + 0y — e 4 2He + OF 3.6 x 107 (m*s™) / (43]
55 He* 4+ 0; — e + He + O 2.6 x 101 (m*s ") / [43]
56 He,” + N, — NJ” + 2He 5 x 107" (m*s™) / [41]
57 Het 4+ N, — NJ + He 5 x 107'% (m*s™) / [41]
58 He + N + N — He + N 8.9 x 10 % (ms 1) / [42]
59 He + 0 + 0 — He + O 5.8 x 10# (mfs) / [42]
60 He + 0, +O)” — He + 20, 2 x 10°% (m®s) / [43]
61 0; +0, + Ny =20, +N; 2 x 10% (m®s ") / [43]
62 0; +07 +N; =30, + N, 2 x 10°% (m®s) / [44]
63 No + 0y +Nf — 0y + N s / [44]
64 0, +Nj — 2N, + 0F 2.5 x 101 (m?s!) / [44]
65 0, +N+N =0, +N, 3.9 x 104 (ms) / [43)
66 0+0+N—0,+N 3.2 x 10 (més ) [42]

T fle, e) Fm B REUL M T H F A8 55310 bR AL (EEDF ) 8 AR G SRRt BRI AR A 1. 3R HeBE /R M8, eRRTHHFRER:
(eV), n N T FK/REFHEE (m3) FEFIEE V). MtEHe(23S)FHe(2'S). Hey [tFEHey(a? X ut). Ny(VIB wl), Nyo(VIB 3vl),
No(VIB 4v1) FIN,(VIB 501) 8NN, Oo(VIB 301), O5(VIB 4vl), Ox(A1), Oy(B1)FOL(EXC)HA A Oy; O('D)FO('S)HEHL M O.
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Effect of flow rate of shielding gas on distribution of
particles in coaxial double-tube helium
atmospheric pressure plasma jet”
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1) (School of Electric Power, South China University of Technology, Guangzhou 510641, China)
2) (College of Electrical Engineering, Sichuan University, Chengdu 610065, China)
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Abstract

In the application of atmospheric pressure plasma jet, the influence of ambient gas cannot be ignored,
especially in some specific scenarios which are highly sensitive to ambient particles. Coaxial double-tube plasma
jet device is a promising method of controlling the chemical properties of jet effluent by restraining the mutual
diffusion between jet effluent and ambient gas. In this work, the discharge characteristics and chemical
properties of coaxial double-tube helium atmospheric pressure plasma jet at different flow rates of shielding gas
are studied numerically, and the model is validated by experimental optical images. The results illustrate the
enhanced discharge at the high flow rate, the weaker discharge at the low flow rate, and discharge behaviors
without shielding gas as well. With the increase of shielded gas flow rate, the particle density increases in the
discharge space, which can be attributed to the wider main discharge channel caused by the increase of
shielding gas flow rate. In addition, the analysis shows the great difference in ion fluxes affected by the flow rate
of the SG between the contour lines of different helium mole fractions. This study further reveals that different
discharge positions have a great influence on the generation of nitrogen and oxygen particles, thus deepening
the understanding of influence of shielding gas flow rate on discharge behavior, and may open up new

opportunities for the further application of plasma jet.

Keywords: atmospheric pressure plasma jet, coaxial double-tube device, shielding gas, distribution of species
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