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AN APPROXIMATE UNSTEADY AERODYNAMIC MODEL FOR HYPERSONIC
PROBLEMS AT HIGH ALTITUDE

Chen-an ZHANG, Hangiao HAN and Famin WANG

(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract: The paper introduces a local piston theory with viscous correction for the prediction of hypersonic

unsteady aerodynamic loads at high altitude. A semi-empirical relation for the determination of effective shape
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for this method is presented. Numerical examples with various Mach numbers, angles of attack and operating
altitudes for typical thin airfoil and typical blunt airfoil are provided. The unsteady aerodynamic force
coefficients are in well agreement with the unsteady N-S prediction for all operating conditions. Compared with
classical piston theory and local piston theory, this model performs much better at high altitudes. This model can
be applied in supersonic/hypersonic problems with wide range of Mach number, angle of attack, altitude and

shape.
Key words hypersonic, viscous interaction, unsteady acrodynamics, approximate model, local piston theory,
viscous correction
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