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Study of the instability of a compressible boundary-layers
using a direct spectral method

by
Kouichi Satou*!,Hiroshi Maekawa*? and Kiyoshi Yamamoto*?

ABSTRACT

The effect of Mach number on the two-dimensional boundary layer has been investigated by
means of linear stability theory. The viscous compressible linear disturbance equations are solved.
The resultant disturbance equations are cast as a 5x 5 matrix eigenvalue problem. A direct spectral
method using a Chebyshev series is employed to solve the eigenvalue problems of the boundary layer
with adiabatic wall conditions. An Algebraic mapping function A(() over the interval (-1 < { <1)
, where the physical domain 0 < y < y,,,.. is transformed to the computational domain ~1 < ( <1,
is used because of robustness for the high Mach numbers instead of an exponential mapping. Results
by the spectral method show a good agreement with the numerical results obtained from a shooting
method developed by Mack. The direct spectral method can predict all of the unstable modes,
whereas conventional shooting methods can only for a single mode at a time.
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Fig.1 Distribution of eigenvalues of Blasius flow
in ¢ plane at a=0.179,R=1000,M=0.01
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Fig.2 Neutral curve for the first mode of 2D
disturbances. Adiabatic flat plate at M=2.2.
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