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Abstract

A numerical model to simulate the steady, axialwflfield inside
DC plasma torch with taking the induced electramadl magnetic effects
into account, where magneto-hydrodynamic equatiomduding the
continuity equation, the momentum equations, thergagnequation, the
current continuity equation and the turbulence dpant equations are
solved by a finite volume method based on the aptiam of plasma
being optically thin and electrically neutral,. Tlemical kinetics
model is employed to calculate the production aggtrdiction of species
due to chemical reaction among species, while kbetren temperature
is predicted from the energy equation of electrdime transport
coefficients of plasma gas are obtained from thep@tan-Enskog
solution of the Boltzmann equation. The heat andssn&ansfer
characteristics of well-type non-transferred steptasma flow are
calculated and analyzed by the proposed two-tertyreranodel to
understand the influence of electron temperaturéhenprediction of

thermal plasma flow.

Keywords: DC plasma torch, two-temperature model, non-temstl,

well-type cathode, steam plasma.
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Neutral Reactions

No. Chemical Reaction Chemical Reaction Rate Ref.
1. HO + m + —~ OH + H + k, = 266x10" exp478/(RT,))N 15
2. OH + m + - O + H + k, = 400x10° exp-416/(RT,))N 9
3. H + H + m —» H, + m ky = 877x10°%(T /299 *°N? 9
4. + m + - H + H + k, = 370x10"°exp402(RT,))N 9
5. O + O +m — O + m + k, = 926x10°(T, /29§ °N? 9
6. O + m + -~ O + O + ks = 199x10"°exp451(RT,))N 9
7. OH + O + —~ 0, + H k, = 455x107(T, /299 exp(309/(RT,))N 9
8 OH + OH + — HO + O ks = 102x107%(T, /299™ exp(L66/(RT,))N 9
9. H + 0, + —- O + OH ky = 256x107(T, /299 **exp-496/(RT,))N 9
100 H + OH + - O + H ky, = 686x107(T, /299 expE-1621/(RT,))N 9
11. H,0, + OH + — HO, + H,O ky, = 291x10"*exp-133/(RT )N 9
12. O, + OH + —~ HO, + O k,, = 37010 exp(-220/(RT,))N 9
13. OH + OH + — H,0, ks = 183x107%(T, /299" %N 16
14. OH + OH + - 20 + 2H k., = 409x10° expt-416/(RT)N 9
15. H,0, + O + — HO, + OH ks = 142x10*4(T, /299 *° expt-1663/(RT,))N 9
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No. Chemical Reaction Chemical Reaction Rate

16. H,0, — OH + HO ks = 401x10™* exp(-1663/(RT,))N 9
17. H,0; — HO, + H, k., = 80x10™" exp¢3326/(RT,))N 9
18. Hy0; — 2HO; ks = 90x10™" exp(166/(RT,))N 9
19. HO, — HO + O, ko = 481x10™"'expR08/(RT,)N 9
20. HO, — OH + 0O, kyo = 29110 exp(L66/(RT,))N 9
21. HO; — 20H k,, = 281x10"°exp(-366/(RT,))N 9
22. HO, - H, + O ky, = 110x10*°exp(-890/(RT,))N 9
23. HO;, — H0, + O Ky, = 301x10"N 9
24. HO;, — H,0, + H k,, = 501x10™ exp109/(RT,))N 9
25. HO, -~ 0O, + H Ky = 241x10°(T, /299 *exp-203(RT )N 9
26. O —~ OH + m Ky = 436x10°%(T, /29§ °N? 9
27. O, — HO; + m k,; = 579x10°%(T, /299 N? 9
28. OH — H,O + H Ky = 297x107%(T, /299 exp¢-1971/(RT,))N 9
29. O — OH + H Kyo = 344x10™(T, /299 % expt-2627/(RT,))N 9
30. O —~ OH + OH kso = 125x107(T, /299" expt-7150/(RT,))N 9
31. m S m + O3 ks, = 134x10°4(T, /29§ °N? 9
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Ref.

No. Chemical Reaction Chemical Reaction Rate

32. H + H,O + —  H, OH ks, = 6882x107(T, /299" exp{-8082/(RT,))N 9
33. 0O, + H, + —  HO, H ks; = 241x10"°exp(237/(RT,))N 9
34. 03 + + -~ 0O + m ky,=716x10"exp9312/(RT,))N 9
35. 03 + H + — OH 0, kys = 272x10™Y(T, /299 *°N 9
36. O3 + OH + — HO, 0, kye = 376x107%(T, /299 *°exp-502/(RT,))N 9
37. OH + OH + — H HO, k,,=183x10"N 9
3. H + HO, + — H,0 0 kys = 83x10™ expt-418/(RT,)N 9
39. HO + 0O, + — HO, + OH ks = 772x10™"?exp-310/(RT )N 9
40. HO, + H,0 + — H,O, + OH kyo = 465x10" ' exp137/(RT,))N 9
4. OH + H + m — HO m k,, = 148x10%(T, /299 “*exp(-258/(RT, ))N 9

N=6.022x16°<(0.01) (molecules/mole)(icr?)
R : 8.314x10° (kJ/mole- K)

T, : Gas temperature (K)

Te : Electron temperature (eV)
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Electron Reactions
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No. Chemical Reaction Chemical Reaction Rate Ref.
42. H, H, + H, + H" + H +e K,=51x10"T "1+ 44x10°T )exp¢4.6x10°/T )N 20
43. H, + Y+ H o+ 2e K, = 19%x10%T * (1+ 53x10°T,) exp€3.8x1F/T,)N 20
44, H + '+ H + e Ky = 15x107°T, % (1+ 17x10°T, ) exp¢1.2x10°/T )N 20
45, H, + * + H, + e Kys = 7.9%107T % (1+13x10°T, ) exp¢1.6x10°/T )N 20
46. e + Y+ 2e Ko = 47x10MT *°(1+13x10°T,) exp€l.6x1G/T,)N 20
47. H, e + 2H + e k,; = 130x107°T.%(1+2.0<10°T, )exp(-3.810'/T,)N 20
48. O e + 20 + e K,, = 686x10° expt629/(T.))N 21
49. O, e + O + O + 2e K,o = 188x10"°T. **expt 1681 T )N 21
50. O e + o" + 2e ks, =90x10°T" expf136/T)N 21
51. e e + O e + O k;, =10x10"°(0026 T )*N? 21
52. e ot + O O + O ks, = 60x107" (0026 T,)°N? 21
53 O O 20, kss=1.8x10™'exp(-2300T )

54 e H* H kss=2.62x10%°T %>

55 e o) kss=5.24x10°T¢ %
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Case A
| (A) MFR (g/s)
125 4.76
150 4.76
175 4.56
200 4.56
Case B
| (A) MFR (g/s)
200 3.32
200 4.56
200 6.22
200 7.78
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