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Fluid-thermal coupling on drag and heat reduction induced
by spike and jet in hypersonic flow field

MA Kun', ZHU Liang’. CHEN Xiong' ,
LI Yingkun', ZHOU Changsheng'

(1. School of Mechanical Engineering,
Nanjing University of Science and Technology, Nanjing 210094, China;
2. Xi’an Modern Control Technology Research Institute,
China North Industries Group Corporation Limited, Xi’an 710065, China)

Abstract: To alleviate the serious temperature and pressure environment of the forebody
of hypersonic vehicle, the combined drag and heat reduction scheme of spike and opposing jet
was studied in depth. The Reynolds averaged Navier-Stokes equations were solved based on
the finite volume method, and the shear stress transport k-w turbulence model was used.
The conjugate heat transfer method was used to solve the heat conduction equation of solid
domain. Results showed that the application of the opposing jet significantly improved the
performance of drag and heat reduction. The drag coefficient of blunt forebody decreased sig-
nificantly with the increase of spike length. With the length-to-diameter ratio of the spike in-
creasing from 0.5 to 2.0, the drag coefficient decreased to about 21%. The peak value of
heat flux was almost unaffected. Increasing the total opposing jet pressure ratio can signifi-

cantly reduce pressure on the blunt forebody surface. Considering the additional drag induced
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by the opposing jet, as a result, the drag reduction effect became worse. With the total op-

posing jet pressure ratio increasing from 0. 4 to 0. 8, the peak value of heat flux on the blunt

forebody surface decreased by 62.5%. The result of conjugate heat transfer analysis shows

the temperature of blunt forebody increases significantly with time, and the peak value of

heat flux decreases slowly with time.
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opposing jet; drag reduction spike
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