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LEADING EDGE OPTIMIZATION AND PARAMETER ANALYSIS OF HIGH PRESSURE
CAPTURING WINGS Y

Li Guangli CuiKaP Xiao Yao Xu Yingzhou
(State Key Lab of High-temperature Gas Dynamigsstitute of Mechanics Chinese Academy of ScienceBeijing 100190, China)

Abstract In this paper, an aerodynamic optimization is carried out to analyzefibet ®f leading edge shape on the
aerodynamic performance for high pressure capturing wing (HCW) configurations. First, a parameterized method for
the wing leading edge of an HCW is developed by combining a power function and a cosine function. The lift-to-drag
ratio of the configuration is chosen as the goal of maximization. Next, a numerical optimization flow is constructed by
combining with the uniform experimental design method, the computational fluid dynamics, the radial basis function
surrogate model method and the genetic algorithm on the basis of the comparison of the accuracy between the polynomi:
surrogate model and the radial basis functional surrogate model. At last, the sensitivity analysis of optimization results for
each parameter is implemented. As the comparison of the optimal to the baseline, the results show that tfieikfihcoe
increased by 8.1%, the drag coefficient is decreased by 12.2%, the lift-to-drag ratio increased by 23.4%. In addition, the
sensitivity analysis results show that the lift-to-drag ratio presents non-linear relationship with the five design parameters
and the angle of wingspan had the greatest influence, followed by the exponential curve paramefiiecttbé ather

three parameters on the lift-to-drag ratio is relatively weak.
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Table 1 Aerodynamic coefficients of the baseline configuration

Part C (o L/D
Body 0 0.08517 0
HCW 0.3077 0.05832 5.39

All 0.3077 0.1435 2.14
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Fig.1 Three dimensional and three-view of the baseline configuration ., N N s e 3T e N T T,
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Fig.2 lllustration of computational grid
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Fig.4 lllustration of the design of cone combination with HCW
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Fig.6 Curves of the power (a) and cosine (b) control function
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Table 2 Boundary values of the design space

Variables Lower bound Upper bound
P1 0 1
P> 0 1
n 1 4
Rmax’mm 780 1070
0/(°) 0 25
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Fig.7 Sample set of configurations
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Fig.9 The convergence history of the objective function
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Table 3 Comparison of the aerodynamic parameters between

the optimal and the baseline configurations

Model C Cq L/D

baseline 0.3077 0.1435 2.14

optimal 0.3326 0.1260 2.64
percentage +8.1% -12.2% +23.4%
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Table 4 Comparison of the design parameters between the

baseline and the optimal configurations

Py P2 n Rmax/mm 6/(°)
baseline 0 0 1 780 0
optimal 0.855 0.486 2.159 961.219 2.593
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Fig.10 Shape comparison between the optimal and the baseline

configurations (in axial direction)

11 DRALSNB L e T 2 i ) Z [P L

Fig.11 Pressure contours comparison between the optimal and the

baseline configurations (on the lower surface)
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Fig.12 The pressure contours in the symmetry plane of the
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