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Prediction method of aero-heating of hypersonic vehicle bi-curvature leading
edge based on machine learning

YANG Fan"?, LIN Mingyue"?, HU Zongmin"”", LUO Changtong"

(1. State Key Laboratory of High-Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The prediction technology of hypersonic aero-heating is one of the key technologies for the
development of high-speed vehicles. Creating an efficient method for predicting the hypersonic thermal conditions is
highly important for designing thermal protection systems and optimizing aerodynamics. In order to obtain the heat
flux distribution on the surface of hypersonic vehicles quickly and to shorten the vehicle design cycle, a fast prediction
method for the aerothermal environment of the bi-curvature leading edge of hypersonic vehicles is proposed based on
the multi-level block building (MBB) algorithm. The MBB algorithm is distinguished by its generalized separability,
which enables it to efficiently represent highly nonlinear data. First, numerical simulations are conducted to obtain the
database composed of the aero-heating data of the bi-curvature leading edges of the vehicles in the training set. Based
on the MBB algorithm, an explicit expression for predicting the distributions of heat flux is given. The statistical
analysis results demonstrate that the discrepancy between the estimated value and the observed value is below 2%,
suggesting that the formula given in this study exhibits a high level of predictive precision. Further, an extrapolation
of the formula is performed to verify its applicability for different geometric shapes. At the stage of thermal design
and aerodynamic optimization of the bi-curvature leading edge configuration, the formulation proposed in this paper
enables accurate and rapid prediction of the aerodynamic thermal environment.

Keywords: hypersonic flow; aero-heating; multi-level block building algorithm; fast prediction method; heat

flux of stagnation point; bi-curvature leading edge

Received: 2022-08-30; Accepted: 2022-12-05; Published Online: 2023-02-14 14: 11

URL: link.cnki.net/urlid/11.2625.V.20230214.0911.001

Foundation items: National Natural Science Foundation of China (12172365,12072353,12132017); National Key Research and Development Program of
China (2019YFA0405204)

* Corresponding author. E-mail: huzm@imech.ac.cn



