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Numerical simulation of shock train oscillation flows caused
by periodic throttle disturbances
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Abstract: Based on the dynamic mesh method, the shock train oscillation flows of a two-
dimensional inlet/isolator configuration caused by periodical throttle at frequencies from 50 to 500 Hz
were investigated through numerical simulations under Mach number 6 freestream. The results showed
that evident shock train oscillations appeared as the throttling ratio varied periodically within the range of
(0.2—0.32), and the oscillation frequency accorded with the throttling disturbance frequency. The
throttling frequency evidently affected the oscillation amplitude of the shock train and the characteristics of
the wall pressure fluctuation. The oscillation ranges of shock train decreased with the increase of throttling
frequency higher than or equal to 100 Hz, despite of the similar values between 50 Hz and 100 Hz

conditions. The streamwise oscillation range was 15.5 mm and 10.8 mm under 100 Hz and 500 Hz

W is B #: 2021-09-19

E S E : w s b R SR TR IS ER A RREIES (12102116); ZHUE FARRFFE4: (1908085QA14)

1B 2 181 v B0 (1990—), B, BIZER 5 -1-AE S0, 11, B R 5 B S . B-mail: wzgao@hfut.edu.cn

SIAAE S moCE, B, THEM, & EBT RIS T RS Sl i B L] iz 3 024, 2023, 38(4): 994-1004. GAO Wenzhi,
ZHAO Pengfei, NING Chongyang, et al. Numerical simulation of shock train oscillation flows caused by periodic throttle disturbances [J].
Journal of Aerospace Power, 2023, 38(4): 994-1004.



5 43

v SO AR JRIIDI WU I T S A 4 35 U B B (A A 995

conditions, respectively. Variation law of wall pressure with throttling frequency was complex. Time-

averaged magnitudes and mean square deviations of the wall pressures decreased as the throttling

frequency increased for the upstream section of the central part of cavity, while the variation laws of wall

pressure were ambiguous for the downstream section. The highest square mean deviation was 21 times the

freestream static pressure for the cowl sidewall pressure under 50 Hz condition. The analyses showed that

variations of shock train oscillation with frequency were related to the response time of inlet/isolator flows

to throttle disturbances. It is necessary to comprehensively consider the influences of configurations and

back pressure parameters on shock train oscillation in engineering design.

Keywords: hypersonic inlet; isolator; dynamic backpressure; shock train oscillation;

fluctuating pressure
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Fig. 2 Time histories of throttle ratio in a typical throttle period
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