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Numerical Simulation and Experimental Study on Hypersonic Plate
Boundary Layer
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100190, China
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Abstract: The hypersonic boundary layer is a basic scientific problem. In order to study the characteristics of the flow field in
the boundary layer of a hypersonic plate, three methods are combined: numerical simulation, theoretical analysis, and
experimental verification for comprehensive analysis. The numerical simulation is based on the two-dimensional Navier-
Stokes equation, using the fifth-order weighted essentially non-oscillatory (WENO) scheme and the six-order central
difference discretization for the convective and viscous terms respectively, and the time term is integrated by the third-order
Runge-Kutta method. Theoretical analysis uses the fourth-order Runge-Kutta combined with the shooting method to obtain
the flat-plate laminar boundary layer self-similar solution. The JF-12 duplicated wind tunnel test of the Institute of Mechanics
has obtained the wall heat flow of large-scale flat plates for analysis. The sensors arranged in the large-scale flat-plate
model achieve a high spatial resolution and can capture the physical phenomena that were previously submerged due to
the limitation of the model size. It is found that the numerical simulation of the boundary layer of a flat plate can avoid the
influence of the leading-edge shock by giving the entrance conditions of the self-similar solution. The large-scale flat-plate
boundary layer experiment has good reproducibility, and the measured heat flow in the laminar phase agrees well with the
self-similar solution and the boundary layer obtained by numerical simulation, which can provide a new idea for the

improvement of existing gas models and thermophysical parameter models.
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