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Solutions for Compressible Separated Boundary Layers

Including Supersonic Interaction

By Nobuhiro KAWAIl

ABSTRACT

This report first presents finite difference solutions for compressible laminar boundary-layer
equations for flows with separation and reattachment. In order to avoid separation singularity,
an inverse technique is used in which the displacement thickness is prescribed and the pressure is
derived from the resulting solution. To eliminate unknown pressure from the whole formulation,
a vorticity transfer equation and a modified stream function are introduced. To save computation
time and storage, a forward marching procedure is adopted, for which streamwise convection
terms must be neglected if the flow is reversed. Solutions are obtained by applying the Crank-
Nicolson scheme and imposing certain conditions for convergence.

A numerical method is next presented for calculation of interaction between outer super-
sonic flow and laminar boundary-layer flow including separation and reattachement. An interaction
equation is obtained by equating the pressure gradient deduced from the supersonic linear theory
and that from the momentum equation evaluated at the wall. The interaction equation is modi-
fied by adding an artificial-time term to it, and is solved by applying the alternating direction
implicit scheme and using the foregoing inverse technique. Results are shown for boundary-layer

flow with reverse flow regions over smooth compression ramps.
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