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Reduced kinetic model for supersonic

combustion of vaporized kerosene
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(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to explore the chemical kinetics process of kerosene combustion in scramjet combustor, a detailed chemical reaction model

for the combustion of RP —3 surrogate fuel was simplified to obtain a new reduced model (26 species and 89 reactions) based on the sensitivity

analysis and reaction path analysis, and the combustion characteristics of supersonic reacting flow field were depicted. The ignition and combustion

characteristics of this surrogate fuel under various conditions were simulated by using the reduced reaction model, and the simulation results were

compared with the experimental data and the calculated results by the detailed reaction model. Furthermore, numerical simulations were

implemented by using a coupled nonequilibrium reaction solver with the proposed reduced model, and the combustion characteristic of a scramjet

combustor with single-side cavity was analyzed in detail. The results indicate that the reduced model can represent the ignition and combustion

characteristic of the detailed model to some extent. And the proposed reduced chemical kinetic model predicts the myriad details of the reacting flow

field accurately, including the distributions of major species, such as alkenes and cycloalkanes. At the same time, the number of species involved

in the reduced model is much fewer, and the reduced model can improve the combustion simulation efficiency.
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Fig.1 Reaction path analysis for n-dodecane
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Tab.1 Reactions of n-dodecane pyrolysis

hacs e OB ek
1 C,,H, + H==C,H,, +H,
2 C,Hy, + 0=—=—=C,H, + OH
3 C,H, + OH=—=C,H,; +H,0
4 C,,H,e==6C,H, +2H
5 C,,H,,=—=5C,H, +2CH,
6 C,,H,;=—=6C,H, +H
7 C,,H,s + H==5C,H, +2CH,
8 C,,Hys + 0, ==6C, H, + HO,
9 C,H,s + CO==6C,H, + CHO
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Fig.2 Reaction path analysis for n-propylbenzene
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Tab.2 Reactions of n-propylbenzene pyrolysis

75 P B R 5

1 CH,, + H=—=C,H, +2CH,

2 C,H,, + 0,=—=C,H, +C,H, + HO,

3 C,H,, + CO=—=C,H, +C,H, + CHO

4 CyH,—C¢H; + C,H, + CH,

5 C,H, , +C,H; +CO

6 C,H; + 0=—=C¢H, + HCHO

7 C¢H; +20 ==C,H, +C,H, +2CO
He HCe
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Fig.3 Reaction path analysis for
1,3,5 - trimethylcyclohexane
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Tab.3 Reactions of 1,3,5 — trimethylcyclohexane pyrolysis

FFe s Sk
1 CHy + 0, =—=C,H,, + HO,
2 CHy +H=—=CH,, +H,
3 CoH;y + 0=—=C,H,, + OH
4 CoH,s + OH=—=C,H,, + H,0
5 CoH,, + H=—=3C,H, + C,H, + CH,
6 CoH,, +2H=—=2C,H, + C,H, +3CH,
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Tab.4 Modified kinetic parameters of major reactions

5 b5 RO IR = A/(em’ = mol ™'+ s7") n E/(J +mol™")
1 C,,Hy;=—=5C,H, +2CH, 8.30E +22 -1.6 88 270.0
2 C,,H,, + H==5C,H, +2CH, 8.20E + 15 0.0 28 590.0
3 C,,Hys + 0, —=6C, H, +HO, 2.00E + 14 0.0 27 000.0
4 C,,Hys + CO =—=6C,H, + CHO 4.00E +06 0.0 1800.0
5 C,H,,——C H; + C,H, + CH, 3.17E +17 0.0 70 000.0
6 CoH,, + H==C,H, +2CH, 4.00F +16 0.0 73 500.0
7 C,H,, +0, =—C, H, + C,H, + HO, 5.30E +20 -2.0 78 500.0
8 C,H,, + CO=——C,H, + C,H, +CHO 5.10E +20 0.0 73 500.0
9 C,H, + 0 =—=C,H, + C,H, +CO 6.03E +17 0.0 70 000.0
10 C,H, + 0 =——C,H, + HCHO 1.00E +13 0.0 0.0
11 CoH; +20 ==C,H, + C,H, +2CO 5.00F +15 2.0 1000. 0
12 CoH,, + H=—=3C,H, + C,H, + CH, 2.51E +06 2.0 3000. 0
13 CoH,, +2H=—=C,H, + C,H, +3CH, 3.51E +13 0.0 30 000. 0
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