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Two-stage aerodynamic optimization method based on early
termination of CFD convergence and variable-fidelity model

MIAO Ji, GONG Chunlin, LI Chunna

(School of Astronautics, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract; Efficient aerodynamic design optimization method is of great value for improving the aerodynamic per-
formance of little UAV's airfoil. Using engineering or semi-engineering estimation method to analyze aerodynamic
forces in solving aerodynamic optimization problems costs little computational time, but the accuracy cannot be
guaranteed. However, CFD method ensuring high accuracy needs much more computational cost, which is unford-
able for optimization. Surrogate-based optimization can reduce the number of high-fidelity analyses to increase the
optimization efficiency. However, the cost of CFD analyses is still huge for aerodynamic optimization due to multiple
design variables, multi-optimal and strong nonlinearities. To solve this problem, a two-stage aerodynamic optimiza-
tion method based on early termination of CFD convergence and variable-fidelity model is proposed. In the first opti-
mization stage, the solutions by early termination CFD convergence and the convergenced CFD solutions are regar-
ded as low-and high-fidelity data respectively for building variable-fidelity model. Then, the multi-island genetic al-
gorithm is used in the global optimization based on the built variable-fidelity model. The modeling efficiency can be
greatly improved due to many cheap low-fidelity data. In the second stage optimization, the global optimum from the
first optimization stage is treated as the start of the Hooke-Jeeves algorithm to search locally based on convergenced
CFD computations in order to acquire better-optimum. The proposed method is utilized in optimizing the aerodynam-
ic performance of the airfoil of little UAV, and is compared with the EGO method based on single-fidelity Kriging

surrogate model. The results show that the present two-level aerodynamic optimization method consumes less time.

Keywords: variable-fidelity model; early termination of CFD convergence; two-stage aerodynamic optimization;

Kriging model; airfoil optimization
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