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Numerical research on gas injection combustion of solid rocket scramjet

CHEN Yongzhi, SHI Baolu, ZHAO Majie, LI Pengchang, FENG Ying
(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Considering some problems in the combustion chamber of solid rocket ramjet, such as
short fuel residence time, difficult mixing with air flow, poor flame stability, and low particle combustion
efficiency, based on the Eulerian Lagrange method, a two-phase flow combustion simulation model was
established and the primary gas was simplified by using the minimum free energy method and the law of
conservation of energy and mass. Based on a solid rocket scramjet model with a cavity flame stabilizer, the
influences of different gas injection angles and positions on temperature rise efficiency, total pressure
recovery coefficient, cavity performance and particle combustion efficiency were explored. The results
showed high calculation accuracy of this method. It was found that increasing the gas injection angle could
improve the fuel penetration depth and increase the particle combustion efficiency, but the total pressure
loss would increase; the change of gas injection location affected the combustion efficiency of particles not
only because of the particle retention time, but also because of the temperature distribution in the region

with the particles.
Keywords: solid rocket scramjet; gas-solid two phase flow combustion; primary gas;

supersonic flow; combustion organization
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Table 1 Reaction mechanism of carbon particles
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Table 2 Gas phase chemical reaction mechanism

eI A A/10% (kg/(m*-s))  E/107 (J/kg-mol)
2C0+0,—2C0, 22390 17
2H,+0,—2H,0 9.87 3.1
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Fig. 1 Schematic of solid rocket scramjet
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Table 3 Experimental and numerical simulation of

inlet parameters of scramjet
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SIR/K 1490 1490 1835
#E/K 786
HE/MPa 1.54 1.54
i £/ MPa 0.088 0.088
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Table 4 Parameters of primary gas

PR RIR/K HoE R/ (1/ (kg K) ) Hek&/(Tkg)
1835 2385 —1283 588
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Table 5 Mass fraction of primary gas
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Table 6 Parameters of secondary gas
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SAR/K (J/(kg'K)) (J/kg) (g/mol)
2536 2250.7 1153740 29.8
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Table 8 Comparison of simulation and experimental data
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