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Interactions Between Shock Train and Separation Bubble
on Inlet Shoulder

NIE Bao—ping, LI Zhu—fei, YANG Ji-ming

(Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China)

Abstract: Flow oscillations in a hypersonic inlet caused by interactions between the shock train and separa-
tion bubble on inlet shoulder were investigated in a shock tunnel with a freestream Mach number of 6. Synchro-
nized high speed schlieren photography and dynamic pressure measurements were conducted in the inlets with
and without a boundary—layer—suction device to better understand the interactions between the shock train and
the separation bubble on the shoulder. The results show that the inlet even with the boundary—layer—suction de-
vice generates a large scale separation bubble on the shoulder as the shock train moves forward. As a result, cou-
pled oscillations occur in both inlets with and without the boundary—layer—suction device, leading to severe fluc-
tuating pressure. As driven by the shock train, the separation bubble can freely cross the convex corner of the
shoulder to manifest its nature of low frequency oscillations. The pressure fluctuation in the shock train dramati-
cally changes the shape of the separation bubble. In turn, the variation of the separation bubble affects the pres-

sure in the shock train. Thus, the low frequency coupled oscillations can be maintained. The same low frequency
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oscillation characteristics were observed in the inlet without the boundary—layer—suction device. However, the

shock train oscillations show a certain broadband features in the inlet with the boundary—layer—suction device,

which are different from the low frequency oscillations of the separation bubble, because the suction slots impede

the communion between upstream and downstream. When the low frequencies of the coupled oscillations in both

inlets are nondimensionalized by the oscillation range of the separation shock and the velocity at the inlet en-

trance, the Strouhal numbers St range from 0.011 to 0.021, which are similar to the low frequency oscillations of

a canonical separation bubble.

Key words: Hypersonic inlet; Boundary layer suction; Shock train; Separation bubble; Coupled oscil-

lation
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Fig.2 Schlieren images at unthrottled condition (vertical knife edge)
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Fig. 3 Mean wall pressure distributions at unthrottled condition
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(b) Typical oscillatory cycle at TR=40%
Fig. 12 Schlieren images of the inlet with suction at TR=35% and 40%
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Fig. 13 Pressure signals of typical survey points at TR=35% and 40%
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