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Numerical Simulation Research on Flow Characteristics
of Hypersonic Vehicles (HIFIRE-5)

PEI Jin-liang, YU Hai-tao, BAO Wen-chun, RAN Jing-hong, KONG De-cai, YANG Xue-jun

(Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract; The flow field characteristics of hypersonic vehicle HIFIRE-5 has been investigated
based on the numerical computational method. The method succeeded in capturing the phenomenon of
shock wave system, crossflow transition in the leeward face and surface flow. The mechanism of
forming flow structure has also been analyzed simultaneously. The research results indicate that:
(1) the numerical method is valid and effective; (2) crossflow and crossflow instability are the
main reason of 3D vortex system in the flow field. The acquisition can provide design reference for
hypersonic vehicle configuration design, optimization and aerodynamics analysis.
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Fig. 1 Structural layout of HIFIRE-S aircraft used in flight test

(a) S4B XURK G B (b) FEHEHEERNHIR S

(c) MAEBRELER (d) RTE MR ERIXE
2 ESh§t3d HIFIRE-5 )RR K 36 5 52

Fig. 2 Wind tunnel test of HIFIRE-5 in foreign countries
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Fig. 3 Grid partition of surface and space mesh
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Fig. 4 Setting of computational domain and

boundary conditions
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Fig. 5 Mesh of symmetry plane and surface at different

mesh densities
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Tab. 1 The boundary conditions of computation model

Ma B/ MEM/C) FE/Pa BHE/K O BER/K
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Fig. 6 Axial pressure distribution along meridian line
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Fig. 7 Flux of windward flow field along Y direction

at symmetry plane
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Tab. 2 Comparisons between calculation and experiment results

X HE I

2 A R AT 5 22
WAL —55. 80mm —55. 47mm 0.59%
BUR I —34.03mm —34. 60mm —1.65%
A X FE BE 21. 77mm 20. 87mm 4.31%
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Fig. 8 The characteristic value distribution of Ma and

limiting streamline
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Fig. 9 'The pressure distribution of meridian line along X direction
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Fig. 10 The pressure distribution of windward and leeward

face along Y direction at symmetry plane
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Fig. 11 The characteristic velocity value of U, W at base section
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Fig. 12 The velocity distribution of U, W along Y

direction at windward face
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