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Numerical simulation for ion catalytic effect in

ignition process of pulse detonation engine
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Abstract; The gas composition was devived using the theory of gas ionization after hy-
drogen-air mixed gas ionization, the catalysis effect of active group on combustion rate and
intensity was found out with the theoretical analysis, and the influences on deflagration to
detonation transition (DDT) process in different ignition energies and different concentra-
tions of active group were analyzed. Fully considering the hydrogen-air combustion reaction
23-step kinetics mechanism, the the numerical simulation method was used to study DDT
process in different cases by FLUENT, and the theoretical analysis was verified. Results
show that when the equivalent ignition temperature is in the range of 2000K to 2500K, the
reactive group in the process of ignition can increase the combustion rate; DDT time can be
shortened by 11. 70% —21. 08% , DDT distance can be shortened by 3.32% —8.08%. With
increase of DDT time and DDT distance, the ignition temperature increases. Gas ionization

effect should be considered if ignition energy is high.
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Fig. 1 Schematic of detonation tube and ignition section
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Fig. 2 Ionization degree of each component changes with

temperature in different pressure
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Table 1 Hydrogen-air chemical recation model

¥ 5 2 B A n E,
1 H,+0,=20H 1.70x 10" 0 47780
2 OH+H,=H,O0+H 1.17X10° 1.3 3626
3 O+0OH=0,+H 4.00x10" —0.5 0
4 O+H,=0OH+H 5.06 X 10" 2.7 6290
5 H+0O, +M=HO, +M 3.61x10" —0.7 0
6 OH+HO,=H,0+0, 7.50X10" 0 0
7 H-+HO,=20H 1.40Xx 10" 0 1073
8 O+HO,=0,+0H 1.40X10" 0 1073
9 20H=0-+H. 0O 6.00x 10" 1.3 0
10 H+H+M=H,+M 1.00Xx10" —1.0 0
11 H+H+H,=H,+H, 9.20Xx 10" —0.6 0
12 H+H+H,O=H,+H,0O 6.00X10" —1.3 0
13 H+OH+M=H,0+M 1. 60X 10* —2.0 0
14 H+0O0+M=0OH+M 6.20X10" —0.6 0
15 O0+0+M=0,+M 1.89x10" 0 —1788
16 H+HO,=H,+0, 1.25X10" 0 0
17 HO,+HO,=H,0,+0, 2.00X10" 0 0
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18 H, 0, +M=0OH+OH+M 1.30X10" 0 45500
19 H,0, +H=HO, +H, 1. 60X 10" 0 3800
20 H,0, +OH=H, O+ HO, 1.00X10" 0 1800
21 O+N,;=NO-+N 1.40X10" 0 75800
22 N+0,=NO+0 6.40X10° 1.0 6280
23 OH+N=NO-+H 4,00X10" 0 0
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Table 2 Gas ionization degree of each component in

different temperature

RE/K O, N, H,
2000 0.0007521 0.0003733  0.0000977
2200 0.0029232 0.0014626 0.0003802
2500 0.0147956  0.0074951 0.0019343
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