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Instability of Supersonic Laminar Boundary Layer Disturbed by
Forward/Backward-facing Step

Shoji Sakaue and Michio Nishioka
Osaka Prefecture University

Abstract

The object of the present study is to investigate the instability of supersonic boundary layer flow
past forward/backward-facing step, especially the behavior of Tollmien-Schlichiting wave over
step. Results of the present simulation show that we can predict the streamwise growth of wave
amplitude by the stability calculation on the basis of the mean boundary layer characteristics
past the step. And it is also shown that, for the backward-facing step case, in separated region
behind the step the flow develops an inflectional velocity distribution and excites higher
wavenumber mode, and after the flow undergoes reattachment, this inflection point vanishes
and the higher modes rapidly damp out.
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Fig.l Schematic illustration of flow field.
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Fig.2 Simulation result for boundary layer flow past forward/backward-facing step :
(a) wall pressure, (b) local skin friction coefficient.
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Fig.3 Streamwise variation of
fluctuation amplitudes for
forward-facing step (h = 0.4)
comparison between numerical
results and stability theory.

Fig.4 Instantaneous flow field for
forward-facing step (h = 0.4)
represented by means of
vorticity fluctuation contours.

Fig.5 Streamwise variation of
fluctuation amplitudes for
backward-facing step (h = -0.4)
comparison between numerical
results and stability theory.

Fig.6  Streamwise variation of
spatial growth rates for T-S
mode and higher wavenumber
mode.

Fig.7 Instantaneous flow field for
backward-facing step (h = -0.4)
represented by means of
vorticity fluctuation contours.
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