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Research on Hybrid Algorithm for Accurate Heat Flux Prediction on
Hypersonic Flows with Singularity Axis

TAN Guozhuo, LIQin, HUANG Xiao, WENG Yihui, YAN Pan, YOU Yancheng
(School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract: Accurate heat flux prediction is a key problem in the numerical simulation of hypersonic flows.
When the singularity axis appears in the grid, it further increases the difficulty of accurate flow simulation and
heat flux calculation. Aiming at the problems of instability of flow structure and large errors of heat flux
prediction in the finite difference calculation of singularity axis problems, a hybrid algorithm for solving the
singularity axis problem with high-precision difference schemes is proposed by combining the flux
reconstruction and conservation reconstruction. The algorithm is based on conservative variables
reconstruction near the singularity axis, which can reflect the influence of the flow field distribution near the
singularity axis. The algorithm can effectively solve the singularity axis problem in numerical simulation.
Applying the hybrid algorithm with WENO3-JS and WENO3-PRMj ; scheme, the numerical simulations of
hypersonic flow around sphere, HB-2, sphere cone and Apollo are carried out. The results show that the new
method can effectively solve the problems of flow instability with singularity axis, and can achieve accurate
heat flux prediction.

Key words: hypersonic; aerodynamic heat; singularity axis; hybrid algorithm; high accuracy scheme
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Case Ma.. Re P_/Pa p./(kgm™®) T./K
2 9.59 2.1x10° 75 5.0x10°° 52
3 7.50 1.3X10° 210 9.1x10°°* 138.9
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