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Fig. 3. Discrete and continuum spectrum at different streamwise locations: (a) = 50 mm; (b) z = 200 mm; (c) z = 1000 mm.
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. *
waves by transverse rectangular microgrooves

Liu Yong Tu Guo-Hua® Xiang Xing-Hao
Li Xijao-Hu  Guo Qi-Long  Wan Bing-Bing

(State Key Laboratory of Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China)

( Received 29 April 2022; revised manuscript received 12 June 2022 )

Abstract

Aiming at delaying boundary-layer transition of hypersonic vehicles, the second-mode wave in the
boundary layer of a Mach 6 flat plate is studied. Linear stability theory (LST) and direct numerical simulations
(DNS) are used to investigate the discrete modes and the relation between the suppressing effect of second-
mode wave and the location of transverse rectangular micro-groove (0.4 mm in width), respectively. The LST
results show that vortex/entropy waves cause the branch types of Mack’s second mode and “mode I” modes
(usually derived from fast acoustic waves) to change. The DNS results show that the influence of the grooved
surface on the base flow depends on the streamwise location (or boundary-layer thickness). As the grooved
surface shifts backward (or thickness increases), the influence of intensity on the base flow decreases, and the
friction resistance coefficient Cdy, differential pressure resistance coefficient Cd, and total resistance coefficient
Cd, of the grooved surface also decrease. It is found that the grooves located in front of the synchronization
region of the fast mode and slow mode still have an inhibitory effect on the second-mode wave, which is
different from the effect of small-sized (micrometer scale) micro-pores reported in the literature. It is also found
that the suppression effect on the second-mode wave is best when the grooves are arranged in the vicinity of the

maximum growth-rate point or at the location of the synchronization interval of the fast mode and slow mode.
Keywords: hypersonic, linear stability, transition control, rectangular micro-grooves
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