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Numerical simulation of hypersonic vehicle thermal protection with
active film cooling
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Abstract: For studying the thermal distribution on the hypersonic vehicle head in the case of full cover
protection, this paper proposes a thermal protection scheme with the active film cooling based on micro jet, and
an optimization of the distribution of the film holes. By solving the Navier-Stokes equations, the hypersonic
stagnation pressure and the surface temperature distribution of the vehicle front are obtained. It is shown that the
temperature at the wall of the hypersonic vehicle could be below 1000 K under the active thermal protection.
This scheme provides a new idea for the future hypersonic vehicle design.
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Fig. 1 The schematic diagram of the vehicle head
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Fig.2 The mesh of computational model
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Fig. 3 The temperature distribution comparison between
simulated and experimental values of X33 vehicle
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Fig. 4 Pressure, velocity and temperature contours
in case of no micro-jet
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Fig. 5 The distribution of the pressure contours in case of
micro jet and three different pore distributions
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Fig. 6 The distribution of the velocity contours in case of
micro jet and three different pore distributions
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Fig. 7 The distribution of the temperature contours in case of
micro jet and three different pore distributions
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Fig. 9 The temperature distribution of different positions
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