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Abstract By taking advantages of rapid heat release, high specific impulse and simple combustion chamber structure,
oblique detonation plays an important role in hypersonic air-breathing propulsion systems, which has been attracted
more attentions in recent decades. However, due to the existence of technical difficulties, such as high-speed test
environment generating, fuel and oxidant mixing, and high-temperature combustion flow-field structure measurement,
the ground experimental research about oblique detonation wave at home and abroad is still limited at present. Thus, it’s
difficult to support the development of oblique detonation engines. To study the wave structures and dynamic
characteristics of the self-sustained propagating oblique detonation wave, investigation on oblique detonation induced
by a hypersonic projectile launching has been conducted based on a two-stage light-gas gun device. The spherical
projectile with a diameter of 30 mm is launched into a test chamber, in which fills with stoichiometric hydrogen/oxygen
combustible mixture to induce the initiation of the detonation wave. In this work, two different shadowgraph techniques
have been employed to record the structures of shock induced by the projectile. Three kinds of shock structures have
been observed with different projectile velocities and filling pressure: shock induced combustion, detonation wave
initiated by the projectile and steady oblique detonation wave around the projectile. A decrease in the filling pressure
results in increasing length of transverse wave and unsteady flow structure of detonation wave. The measured oblique
detonation wave angle agrees well with the theoretical result. The discrepancy of the shock wave angle between
experiment and theory exists due to large angle of attack of the projectile, which is caused by aerodynamic instability.
The propagation velocity of the oblique detonation wave is determined by oblique detonation wave angle at various
points of detonation wave. Moreover, it shows that the detonation propagation velocity decays to the CJ detonation
velocity as moving away from the projectile, and thus accelerate the attenuation of propagation velocity of the oblique

detonation wave.

Key words oblique detonation, supersonic combustion, shock-induced combustion, oblique detonation wave, two-stage

light-gas gun
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Fig. 1 Schematic diagram of the hypersonic projectile induced oblique
detonation experiment
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Fig. 2 High-speed shadowgraph (left) and multi-sequence shadowgraph
(right) of oblique detonation wave (¥, = 3362 m/s, Py = 20.5 kPa,
H,:0,=2:1)

R IAE SR AR, R S AR S5 A7 2 4%
AR S sk R A R IR B AR AN RS M AR R L 59, 7EA
il FHSRFE G B0 T, BRLB A e T HI 59 55 ALBUA
M 5 ORAIE R (0 A0 . MR 25 SO0 A
AR (W42 2% 280 mm, K524 800 mm), Y627 M

S5 (4% 140 mm) BB TS50 M b

F 1N SEE O S SR RS, SRR AR
FEANEE 2w LR A A AR AR (H:0, = 2:1),
S P SR UV, (2.2 ~ 3.7 km/s) e SEE
FOHIUE TSR ST Py (9.8 ~ 23.2 kPa) LASKAF A [F] S
RAS. SEIARHALN 5 H DR F G I % =,
/D R AR S 7 A () R oS o S B IR G s, N 1 A
KL EE Jy 12.5 pm, 04SR5 48 5 )5
100 pm.

®1 OLBIR

Table 1 Experimental conditions

Case Vy/(m-s") Py/kPa H,:0, D¢y/(m-s™)
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5 2227 10.0 2:1 2718
6 2708 9.8 2:1 2718
7 3247 12.1 2:1 2728
8 3710 14.9 2:1 2740
9 3161 12.2 2:1 2728
10 2904 20.4 2:1 2756
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Fig. 3 Shape of oblique detonation wave and bow shock wave
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Fig. 4 Structure of shock wave induced by hypersonic projectile in the
2H, + O, mixture
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