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A Curvilinear Coordinate Thin-Layer Navier-Stokes
Hybrid Scheme for Transonic Airfoil Analysis

Naoki Hirose, Ken-ichi Matsuno, Koji Komatsu
and Makoto Fujita

Abstract

A new procedure of hybrid finite difference scheme for the two-dimensional thin-
layer Navier-Stokes equations in a body-fitted curvilinear coordinates is proposed. The
present procedure utilizes a time and space splitting scheme which is a hybrid scheme
composed of explicit and implicit schemes. MacCormack’s explicit predictor-corrector
scheme is applied to the flow direction. The predictor-corrector type Crank-Nicolson
scheme originally developed for the boundary layer equations by Matsuno is extended
to the Navier-Stokes equations and applied to the direction normal to the body surface
and the boundary layer.

Some numerical computations were made for a supersonic laminar boundary layer
problem on a semi-infinite flat plate and for a parabolic arc airfoil problem in tran-
sonic flow. Comparison of the results with the other numerical code, NSFOIL, shows
favorable agreements although some improvement in computational efficiency still
remains.
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