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A Study on hypersonic flow over a flat plate with narrow channels

by
Yuya Ohmichi and Kojiro Suzuki

ABSTRACT
At the development of hypersonic vehicles, it is quite important to estimate the aerodynamic heating with high accuracy, because
hypersonic vehicles are exposed to high temperature and/or high pressure flow behind a strong shock wave formed over the body. A
hypersonic vehicle often has small irregularities on its body surface. For example, the gaps between the tiles for the thermal protection may
work as the surface roughness. Such irregularity on the body surface causes local peaks of aerodynamic heating. In addition, it may
enhance laminar-turbulent transition in the boundary layer flow. In this study, we numerically analyze the effect of the surface roughness
by the presence of narrow channels opening flush with a flat plate in a hypersonic flow at Mach number 7. To represent the tile gap over a
hypersonic vehicle, the H-form channel layout composed of one longitudinal and two lateral channels is considered. The numerical
simulation has been conducted by solving the three-dimensional laminar Navier-Stokes equations with SLAU scheme. The results show
that a shock wave appears and the aerodynamic heating is significantly augmented near the downstream edge of channels. Such heating

augmentation strongly depends on geometric and flow parameters, such as, the width of channels or angle of attack.
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