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Abstract: Numerical studies and modelling analysis are performed to investigate the asymmetry phenome-
non of oblique shock train with incoming Mach number ranging from 2.0 to 4.0. The structural morphology of
shock train in different states are analyzed by changing outlet back pressure and inlet Mach number. The differ-
ence of the starting point of leading edge shocks is used for defining the asymmetry coefficient of shock train. And
the change law of the asymmetry coefficient of shock train is obtained. The numerical results show that the starting
point and angle of leading edge shocks are both different when asymmetric phenomenon of oblique shock train ap-
pears. There is a limit value for the asymmetry coefficient of shock train at any Mach number, which can be calcu-
lated by free interaction theory and shock wave relation. The asymmetry coefficient of oblique shock train is gener-
ally proportional to the product of the square of Mach number and the wall friction coefficient.
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Fig. 1 Schematic diagram of computational domain and
details of local grid
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Fig. 2 Comparison between simulation results and
experimental results of shock train flow field
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Fig.3 Comparison between simulation results with different
grid resolutions and experimental result of wall pressure
profile
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Fig. 4 Simplified diagram of leading shock wave system
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Fig. 7 Asymmetric leading shock wave system at different
Mach numbers
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Fig. 8 Sketch to illustrate the space position relation of the
leading edge (L2) of expansion wave, slip line (L1) and L3
(marked in fig.7)

Fig. 9 Distribution of asymmetry coefficient of oblique
shock train with approaching Mach number
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Fig. 10 Sketch to illustrate the flow field and wall pressure
distribution of shock/plate turbulent boundary layer
interaction

Fig. 11 Sketch of simplified leading shock wave system and
wall pressure distributions
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Fig. 12 Relation between asymmetry coefficient of shock
train and Mach number and wall friction coefficient
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