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STUDY OF DRAG PROPERTY IN THE ENTIRE FLOW REGIME FOR
SUPERSONIC FLOW OVER A FLAT PLATE

HU Yuan', CHEN Song', SUN Quanhua'? FAN Jing'*

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

(2 Hypersonic Research Center CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract It is always a challenge to predict accurately the skin friction in supersonic flows. In this paper, the

drag property of supersonic flow over a flat plate is investigated in the range of entire flow regime under zero

angle of attack, by combining traditional CFD approach solving the Navier-Stokes equations and the direct

simulation Monte Carlo method mimicking the microscopic motions of molecules. It is found that: there is

shock wave / boundary layer interaction that is strengthened with free stream Mach number and a non-

equilibrium region near the leading edge; the rarefaction effects could thicken the shock and boundary layer,

strengthen the viscous interaction, increase the non-equilibrium strength and range, and weaken the shock wave.

Finally, a fitting expression is obtained for the drag coefficient for the continuum flow, and the theoretic formula

from free molecular theory is extended, which predicts satisfactory the drag coefficient in the entire flow regime

with the help of a bridge function.

Key words flow over flat plate, flow regime, supersonic flow, skin friction



