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Abstract: The application of the variable camber technology has promising results in improving the lift-to-drag
performance during the cruise phase, particularly under multi-lift conditions. This improvement is crucial for
enhancing the economic benefits of the entire flight. A smooth and continuous flow separation function was de-
veloped to constrain the buffeting performance. An optimization model for cruise performances under multi-lift
conditions of wing cross sections was constructed through combination of this function with the variable cam-
ber technology and an artificial neural network surrogate model. The deep deterministic policy gradient
(DDPG) method was used to optimize this model, resulting in a cruise average lift-to-drag ratio improvement
of 6.8% under buffeting constraints. This improvement surpasses the results obtained by other optimization al-
gorithms, such as the particle swarm optimization ( PSO) and the improved gray wolf optimization ( GWO).
The results of the generation and analysis of 2 conical swept wings with the unoptimized and optimized airfoils,

show the contribution of the 2D variable camber airfoil optimization to 3D wings.
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Fig. 1 The optimization design framework for variable curvature airfoils
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Fig. 2 Lift-drag ratio curves of supercritical airfoils under different trailing edge deflection angles
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Fig. 3 Buffet onset determination of the Aa = 0.1 method for different Mach numbers
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Fig. 4 Buffet onset determination of the separation function method for different Mach numbers
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Table 1 Mesh convergence study for the CRM wing

mesh size a/(°) Ma C, C,
coarse 1 089 048 2.47 0.85 0.500 0.022 1
medium 5083 584 2.43 0.85 0.500 0.021 5
fine 21 028 625 2.42 0.85 0.500 0.021 4
A Cc, N I-O n

F =
/ F A i
%é’/ 69.5% lower surface upper surface

B7 PlEEmENzE
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Fig. 9 Mesh convergence study for the RAE2822 airfoil
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Fig. 12 Loss function convergence curves for the training set and the verification set
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Table 3 Comparison of optimization results

base 0 base PSO GWO DDPG-5 DDPG-1
C/Cy - 62.37 64.67 65.00 65.12 65.04
t/s - - 861.48 824.86 235.24 48.33
C,/C, (CFD) 61.15 62.80 64.52 65.28 65.18 65.29
buffet onset 1.075 1.075 1.103 1.085 1.121 1.076
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