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Global stability analysis of a Mach 4.5 flow over a flat plate
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Global stability analysis (GSA) on the development of disturbance uniformly applied to the Mach 4.5 flat-plate
boundary layer is conducted to investigate the turbulent transition and stability of high-speed flow considering
the effect of oblique shock waves. Arnoldi method is used to solve eigenvalue problem of realistic size. Spectrum
transform of eigenvalues is conducted to obtain unstable modes preferentially. Weighted essentially non-oscillatory
(WENO) scheme is adopted for both calculation of base flow and algorithm of Arnoldi method to capture the shock
wave. As a result, in the most unstable mode, the development of disturbance is observed, whereas the disturbance
is suppressed in the stable mode, the eigenvalue of which is negative. The development of the disturbance did not

change by passing the oblique shock wave.
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Fig. 1: Steady mean flow pressure contours.
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Fig. 2: Near-wall velocity profile of steady mean flow
at £=0.5.
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Fig. 3: Pressure distribution of steady mean flow along
the wall.
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Fig. 4: Convergence of the real part of A\, for reduced
dimension M (T = 0.1).
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Fig. 5: Convergence of the real part of A\, for the inte-
gration time T' (M = 300).
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Fig. 7: Pressure contour of real part of Mode 1
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Fig. 8 Pressure contour of real part of Mode 1
(M =300,T =0.3).
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Fig. 9: Relation between pressure fluctuation and the
oblique shock wave (M = 300,7 = 0.1).
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Fig. 10: Pressure contour of real part of Mode 298
(M=300, T=0.1).
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