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Multi—physical Field Coupling Simulation of Hypersonic Inlet Considering Real Gas Effect
WANG Xin, YUAN Huacheng, LIU Fuzhou, ZHANG Jinsheng
(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Abstract . With the increase of the flight speed of the air-breathing hypersonic vehicle, the coupling effect between the inlet and the
external flow field is obvious under the strong aerodynamic load and thermal load. Meanwhile, the real gas effect in high temperature
flow will further aggravate the complexity of the multi-physicalfield coupling relationship in the inlet. Based on the multi-physical field
coupling simulation method considering the real gas effect, carries out the numerical simulation of the unsteady changes of the
aerodynamic performance and structural temperature field of the hypersonic inlet under the wall conjugate coupled heat transfer. It is
found that under the influence of the increase of wall temperature, the inlet outlet temperature at 300 s increases by 13.30%
compared with the initial time, the pressure increases by 13.53%, and the total pressure recovery coefficient decreases by 2%, while
the flow coefficient hardly changes. At 50 s, the wall temperature at the cowl-lip and leading—edge reaches 2 350 K, the maximum
wall temperature of the inner channel is 1 200 K, and the highest wall temperature of internal contraction tunnel is close to 1 900 K at
300 s. Therefore, while taking into account the thermal protection design of internal contraction tunnel, the reliability of the design of
the leading edge and lip should be taken into special consideration.

Keywords: hypersonic inlet; real gas effect; conjugate heat transfer; multi-physical field coupling simulation
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