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ABSTRACT: Objective To put forward a new approach of active thermal protection system termed as film cooling
for future hypersonic vehicles (Mach 20 flow) and validate its performance by CFD. Methods By solving
Reynolds—averaged Navier - Stokes equations, the finite—rate chemical reaction model with Park—I 5 components (N,
0., N, O, NO) 17 equations was used to investigate the real gas effect. For the typical blunt body, a numerical study of
the effectiveness of film cooling was presented for Mach 20 flow at 30 km, with the special designed micro inject hole
located at the stagnation point. Results The reduction of heat flux on the isothermal wall (300 K) with film cooling at
the vicinity of the hole could be as much as 90% compared to that without film cooling, and the covering area of the
coolant flow could be 10 times larger than the out area of the hole. Conclusion The study showed promising prospect
of film cooling for heat proof of future hypersonic vehicles.
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Table 1 Park—1 reaction scheme for air

RN ST I AR LN PR G BEARSeE RERT . OVITEEE- sk
N 8.25x 10" 3.0 -1.00 59500
N, 2.75 % 10" 1.0 -1.00 59 500
i 0,4M<>20+M 0 8.25x 10" 3.0 -1.00 59500
0, 2.75x 10" 1.0 -1.00 59500
NO 2.75x 10" 1.0 -1.00 59 500
N 1.11x 10" 3.0 -1.60 113 200
N, 3.70 x 10" 1.0 -1.60 113 200
B No+M<>2N+M 0 1.11x 10" 3.0 -1.60 113 200
0, 3.70 x 10" 1.0 -1.60 113 200
NO 3.70 x 10" 1.0 -1.60 113 200
N 4.60 x 10" 2.0 -0.50 77 500
N, 2.30 x 10" 1.0 -0.50 77 500
B NO+M<>N+0+M 0 4.60 x 10" 2.0 -0.50 77 500
0, 2.30 x 10" 1.0 -0.50 77 500
NO 2.30 x 10" 1.0 -0.50 77 500
WS NO+0<>N+0, — 2.16 x 10° — 1.29 19 220
HhE A 0+N,>N+NO — 3.18 x 10" — 0.10 37700
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