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Effect of shock wave on supersonic film cooling under coupled

heat transfer

XIANG Jixin, LI Zhigiang, LIU Peng, WANG Han
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Abstract: To study the interaction between shock wave and supersonic film, a model of supersonic
plate film cooling with discrete hole was simulated. A wedge was introduced into the mainstream to create
shock wave environment. Coupled heat transfer of supersonic film and high temperature wall was studied
under four different shock wave intensities, in which wedge angle was 0°, 15°, 20° and 25° respectively.
The simulation result showed that the appropriate intensity of shock wave can effectively eliminate the
reverse vortex pairs generated with film injection into mainstream, restrain the entrainment of film,
increase the average mole fraction of H, and also reduce the wall temperature. The analysis of metal
temperature field showed that the wall cooling effectiveness first increased and then decreased with the
increase of the shock wave angle. The flow field structure with wedge angle of 20° was the most effective
to wall temperature protection among all cases. In addition, the cooling effect of coolant at low Mach
number could be more easily improved by a smaller wedge angle, whereas the situation was opposite for
bigger wedge angles. The results showed that these trends couldn’t be influenced by thermal barrier
coating (TBC). The presence of shock waves weakened the scope of TBC’s influence. For revealing the
heat transfer mechanism of supersonic film under coupled heat transfer conditions, this method helps to
provide a reference for the design of supersonic film cooling, or to provide a basis for the optimization of

existing supersonic film cooling structure.
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Table 1 Material parameters of solid region

AR JEE/mm  FHREE(W/(mK))
8YSZ (B % 3eAA) 0.3 2.16
NiCoCrAlY (Fh%5)2) 0.2 4.00
Cooper (4 )& F-4) 5.0 387.60
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Table 2 Inlet parameters of different conditions

T Ma p'/kPa  T/K M
i 25 32 4000 1600
T H 19 750 400 03
AEF  TH2 H, 1.6 500 400 025
T8 3 H, 1.3 350 400  0.17
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