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Abstract An investigation of swept-forward fin shock interactions is conducted theoretically and numerically, focusing
on the effects of wedge angle and swept-forward angle on the flow pattern and heat flux distribution of type II interaction.
Numerical results indicate that three types of jets are observed in the downstream flow pattern of the type II interaction on
the symmetry plane: supersonic, subsonic, and transonic jets. Notably, an extremely high heat flux which is caused by a

supersonic jet is observed in the case where the wedge angle is 20°. In contrast, for cases with transonic and subsonic jets,

2024-05-31 Wfi, 2024-09-06 £, 2024-09-07 M 4 bt & 3.
1) A R B LAl AT VR AT 7L R B2 Bh I H (ZDBS-LY-JSC005).
2) MEAEF YL, WAL 5L, BT R KAT 844 B T A 4L . E-mail: kcui@imech.ac.cn

SImtas: o, AL Hd, 2R, M58, HOBIE B AT AR R 1 SR T IS R DAL, D, 2024, 56(10): 2815-
2826

Yang Jing, Cui Kai, Tian Zhongwei, Li Guangli, Xiao Yao, Chang Siyuan. Type II hypersonic shock wave interaction on a swept-
forward fin. Chinese Journal of Theoretical and Applied Mechanics, 2024, 56(10): 2815-2826



https://doi.org/10.6052/0459-1879-24-252
https://doi.org/10.6052/0459-1879-24-252
https://doi.org/10.6052/0459-1879-24-252
https://doi.org/10.6052/0459-1879-24-252
https://doi.org/10.6052/0459-1879-24-252
https://doi.org/10.6052/0459-1879-24-252
https://doi.org/10.6052/0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
https://cstr.cn/32045.14.0459-1879-24-252
mailto:kcui@imech.ac.cn

2816 VAl = = Eitd 2024 3 56 &

the peak heat flux is significantly lower than that of the supersonic jet, due to the weakening of the wall strike effect. The
study demonstrates that within a specific range of geometric parameters, increasing the wedge angle does not necessarily
result in a corresponding increase in heat flux. Instead, a larger wedge angle can promote the transition of the jet from
supersonic to subsonic speeds, thus leading to a reduction in heat flux. This finding challenges conventional assumptions
and offers potential pathways for controlling acrodynamic heating in high-speed flows. The conditions for the generation
of subsonic and supersonic jets are theoretically analyzed under the assumption of local uniform flow in the interference
region and numerically verified with a freestream Mach number of 6.36. Theoretical analysis indicates that subsonic and
transonic jets, which result in lower heat flux peaks, are generally present within a wide range of parameters. For a given
freestream Mach number, larger wedge angles are more likely to produce subsonic or transonic jets. Due to the
simplifications inherent in the uniform flow assumption, the critical wedge angles predicted for the formation of subsonic

and supersonic jets were found to be slightly higher than those obtained from CFD simulations, with a discrepancy of

approximately 1°.
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Fig. 1 Illustration of the swept-forward fin shock interaction
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Table 1 Overview of the performed calculations

6/(°) A/(°) Types of flow pattern
20 65, 55, 50, 45, 46, type [

20 43,42, 40,37, 35, 30,27, 25, 20 type I (supersonic jet)
30 70, 65, 60, 58, 57 type [

30 55, 52, 50, 47, 45, 40, 35, 30, 20 type Il (sub/transonic jet)
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Table 2 Four grids used in the grid independence study

Grid Ng X Ny X Ny
coarse 501 x 101 x 201
medium 1001 x 101 x 201

refined 1001 x 101 x 301
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Downstream flow pattern in the case of 4 =30° (continued)
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