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Abstract The oblique detonation engines and shock-induced combustion ramjets have been proved to be practicable
for high flight Mach number air-breathing engines in recent years. However, whether the oblique detonation engines and
shock-induced combustion ramjets have enough thrust or not is unknown yet. In this paper, the combustion
characteristics and propulsive performance of scramjets are discussed theoretically. Firstly, the mechanism of engine
unstart of scramjets is discussed from the point of view of shock/shock interaction and deflagration-to-detonation

transition. The results show that engine unstart process is very similar to the deflagration-to-detonation transition process.
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In the combustor of scramjets, the maximum velocity of the deflagration wave is very close to the detonation velocity.
Therefore, the C-J detonation velocity is defined as the stable operation boundary of scramjets. Secondly, the formula of
thrust produced by the divergent nozzle is put forth and key parameters influencing thrust are obtained. According to the
thrust formula, supersonic combustion is beneficial for increasing the thrust. The main way to increase the thrust is to
increase the pressure of combustion products. The propulsive performance of scramjets is theoretically analyzed by using
C-J detonation theory, which is the critical condition when the engine is thermally choked. Finally, the theoretical method
to increase the thrust is discussed. For high flight Mach number scramjets Ma = 12, the velocity in the isolator is much
faster than the C-J detonation velocity in the combustor and the problem of engine unstart disappears. Therefore, extra
fuel and oxidizer can be injected into the combustor to increase the thrust further as long as the shock wave generated by
the high pressure combustion products is slower than the air velocity in the isolator. The theoretical results agree well
with the existing experimental and numerical results, which can be used as a baseline for the development of high Mach

number scramjets.
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Cases Fuel Velocity in isolator/(m-s ™) Unstart equivalence ratio Detonation velocity/(m-s ') References
1 H, 1720 0.5 1635 [7-10]
2 H, 1000 0.10 985 [11]
3 C,H, 1000 0.32 1133 [12-13]
4 CH, 1060 0.39 1434 [15-16]
5 C,H, 900 0.21 1139 [19]
6 H, 1750 0.48 1612 [20-22]
7 H, 2500 1.26 (start) 2039 [23]
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