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Test and Application of PHAROS Solver for Simulating Thermo-Chemical
Nonequilibrium Flow of Mars Entry

Yang Xinglian', Wang Jingying', Hao Jia'ao?, Sun Ke'
1. Shandong University, Jinan 250061, China

2. Hong Kong Polytechnic University, Hong Kong 999077, China

Abstract: The effective prediction of aerothermal environment at entry is of important significance to the thermal
protection system design of Mars rover. This study successfully simulates the Mars entry thermo-chemical
nonequilibrium flows using the in-house finite volume CFD solver Parallel Hypersonic Aerothermodynamics and
Radiation Optimized Solver(PHAROS) combined with two-temperature and 8-species chemical reaction kinetic
models. Both the detached distance of shock wave and wall heat flux of the Mars Science Laboratory (MSL) model
calculated by PHAROS are very consistent with those measured in the HET wind tunnel tests, which verifies the
PHAROQOS's fidelity. The results show the visible thermodynamic nonequilibrium phenomena exists in the shock layer
and the separation region downstream the shoulder of the test model in the HYPULSE wind tunnel. The present study
also employs PHAROS to solve the three-dimensional flow field of a MSL real flight case with an angle of attack of
15.7°, under the entry condition of which, the high radiation-adiabatic wall temperatures of about 1500K distribute
around the MSL nose and lower shoulder respectively, and the maximum wall temperature variance reaches nearly
300K; a double-ring pressure distribution pattern appears on the MSL forebody surface; the heat flux peak occurs
near the MSL forebody center up to 0.53MW/m?, while there is also a high level of aerodynamic heating at the vehicle
lower shoulder. The present test and application cases suggest that the PHAROS solver is reliable to predict the
aerothermal environment for Mars entry, which can contribute to the study of aerodynamic heating and design of
thermal protection system for the future Mars probe.
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