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Reduced-order modeling research for hypersonic aerothermoelastic

analysis
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(1.Shanghai Aerospace Control Technology Institute, Shanghai 201109, China; 2.Shanghai Key Laboratory of Aerospace Intelli-
gent Control Technology, Shanghai 201109, China; 3.State Key Laboratory of Mechanics and Control of Mechanical Structures,
College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Aerothermoelastic analysis of hypersonic vehicle involves the coupling of fluid field, structural field, and thermal field,
and as a result is complicated and time-consuming. In this paper, a hypersonic aerothermoelastic analysis method based on reduced-
order models is developed according to the hierarchical solution strategy. The system identification method and the proper orthogo-
nal decomposition method are used to establish the reduced-order models of the hypersonic aerodynamic force and aerodynamic
heating, respectively. Then, these reduced-order models are combined with the modal superposition method to realize the rapid cal-
culation of aerothermoelastic problems under the static aerothermoelastic trim. Taking a typical hypersonic three-dimensional wing
as an example, the flutter speed of the thermal structure is predicted, and is in good agreement with the calculation of the full-order
fluid-solid-thermal coupling model. The aerothermoelastic analysis framework proposed in this paper is accurate and greatly im-

proves the calculation efficiency, which can be applied to the engineering analysis.
Key words: aerothermoelastic; flutter; hypersonic; coupling; reduced-order model
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