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Fig. 1 Schematic diagram of physical model for numeri-

cal computation and flow field structure of de-

layed oblique detonation wave
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Table 1 Computation cases and initial conditions
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Initial condition

Case name

Q Lref /M Kiactor
Q40. 0L.2. 5K1 40.0 2.5X10* 1.0
Q50. 0L.2. 5K1 50.0 2.5X10°* 1.0
Q52. 5L2. 5K1 52.5 2.5x10* 1.0
Q40. 0L2. 5K2 40.0 2.5xX10¢ 2.0
Q50. 0L.2. 5K2 50.0 2.5X10* 2.0
Q50. 0L.3. 5K1 50.0 3.5X10°* 1.0
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Fig.4 Variations of wave angles along wave front for different chemical kinetic parameters
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Preliminary study on wave angle and normal velocity-curvature
relation of oblique detonation wave
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Abstract: To provide an insight into the instability of oblique detonation waves and the evolution law of cellular-like struc-
tures, a numerical study on the curvature effect of wedge induced oblique detonation waves is conducted with different chemi-
cal kinetic parameters (heat release quality, heat release ratio and reference lengths of chemical reaction zones). The sol-
ver based on the Weighted Essentially Non-Oscillatory (WENQO) scheme processed spatial discretization and additive Runge-
Kutta method processed time discretization is used here. The numerical results show that the trend of the wave angles along
the oblique detonation wave front can be divided into three regions: Region |, where the wave angles decrease smoothly;
Region Il, in which the wave angles experience a steep increase first and followed then by decay; Region Ill. where the
wave angles exhibit an oscillation. The normal velocity-curvature relation in Region | is a quasi-vertical line with the flow field
being a decaying oblique detonation wave. A “D” shaped curve consisting of a polar line, a smooth horizon curve and a qua-
silinear curve can be found in the normal velocity-curvature diagram for Region Ill, where a cycle evolution of cellular-like
structures occurs in the front. Region Il is deemed as the coupling effect of Regions | and Ill. Different chemical kinetic pa-

rameters bring diverse effects on the oblique detonation wave front.

Keywords: numerical simulation; oblique detonation waves; detonation instability; cellular-like structures; wave angles;

normal velocity-curvature relations

Received: 2019-12-04; Revised: 2019-12-19; Accepted: 2020-02-03; Published online: 2020-02-07 13:57
URL: http:/hkxb. buaa.edu.cn/CN/html/20201114. html

Foundation items: National Natural Science Foundation of China (11672309, 11472279)

% Corresponding author. E-mail: yuelj@imech. ac. cn

123701-11



