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Aerodynamic Stealth Optimization of Airfoil
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Abstract: MOEA/D-DE algorithm is easy to implement and widely used to deal with multi-objective optimization
problems, while its hyper—parameters CR and F have a great impact on the performance of the algorithm. In this pa-
per, based on the MOEA/D-DE algorithm framework, the Sobol global sensitivity analysis method is used to im-
prove the cross control parameter CR in the differential evolution operator, and the Levy flight strategy is used to
control the scale factor F. Then the hyper-parameters in the MOEA/D-DE algorithm obtain adaptive ability. And
MOEA/D-DE algorithm with adaptive hyper—parameters (MOEA/D-DEAH) is proposed. The MOEA/D-
DEAH MOEA/D-DE with different hyper—parameters settings and NSGAII are tested and compared with func-
tion tests and aerodynamic stealth optimization of airfoil. The function test results show that the new algorithm has
good performance, and the algorithm can obtain strong robustness by adapting the super parameters. The optimiza-
tion results of airfoil aerodynamic stealth show that MOEA/D-DEAH algorithm has better optimization results
than other algorithms.
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Table 1 Test function information

function d m N Gmax
UF1 30 2 300 500
UF2 30 2 300 500
UF3 30 2 300 500
UF4 30 2 300 500
UF5 30 2 300 500
UF6 30 2 300 500
UF7 30 2 300 500
UF8 30 3 595 500
UF9 30 3 595 500
UF10 30 3 595 500
WFG1 14 2 100 250
WFG2 14 2 100 250
WEFG3 14 2 100 250
WEFG4 14 2 100 250
WEGS 14 2 100 250
WEG6 14 2 100 250
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/N IGD A .

N[ # 2 % MOEA/D-DE % % 5 MOEA/
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B e K 22 8000 bR B AR T s A i A R R
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Table 2 Comparison of IGD values of test function algorithms of similar algorithms

MOEA/D—DE .,

MOEA/D—DEx— 5

MOEA/D—DE MOEA/D—DEAH

Function
mean std mean mean std mean std
UF1 6.45E—02 4.24E—02 2.87E—02 2.98E—02 3.29E—03 7.41E—04 1.91E—02 4.27E—03
UF2 1.82E—02 1.49E—02 1.54E—02 8.55E—03 1.16E—02 2.97E—03 1.12E—02 2.12E—03
UF3 1.96E—01 4.37TE—02 1.06E—01 3.49E—02 1.85E—02 1.76E—02 1.04E—01 3.29E—02
UF4 4.37E—02 1.87E—03 5.12E—02 3.12E—03 6. 58E—02 5.72E—03 4.77E—02 2.03E—03
UF5 3.45E—01 1. 10E—01 2.85E—01 6. 17E—02 4.13E—01 9.50E—02 2.24E—01 1.02E—01
UF6 2.45E—01 1.86E—01 1.64E—01 9.08E—02 2.08E—01 1.83E—01 1.46E—01 9. 78E—02
UE7 7.29E—02 1. 28E—01 1.22E—02 5.04E—03 5.69E—03 1.85E—03 1. 11IE—02 1.57E—03
UF8 7.90E—02 3.19E—02 7.86E—02 5.07E—03 7.3TE—02 1. 28E—02 7.85E—02 2.45E—03
UF9 1.01E—01 6. 58E—02 1.09E—01 6. 74E—02 1.02E—01 7.17TE—02 8.36E—02 5.43E—02
UF10 2.90E—01 9.75E—02 3.65E—01 7.14E—02 6.61E—01 8.38E—02 3.59E—01 6. 26E—02
WFG1 1. 69E—02 1.06E—03 1.73E—02 1.03E—03 1.77E—02 1.36E—03 1. 69E—02 1.02E—03
WFG2 6.51E—02 3.90E—02 3.94E—02 1.59E—02 4. 01E—02 5.01E—03 3. 68E—02 4.12E—03
WFG3 1.78E—02 1.27E—03 1. 60E—02 5.89E—04 1.74E—02 1.38E—03 1.62E—02 6.81E—04
WEFG4 2. 14E—02 2.26E—03 2.77TE—02 2.95E—03 5.06E—02 6.61E—03 2.56E—02 4. 18E—03
WEG5S 7.00E—02 3.01E—04 6.99E—02 1. 78E—04 7.01E—02 1.30E—04 6. 98E—02 1.09E—03
WEG6 1. 10E—01 4.01E—02 9.71E—02 4.74E—02 9. 70E—02 5.96E—02 8.56E—02 6. 17E—02

MOEA/D-DEAH 5 % Fll NSGATI 7k X
AN pA U 30 Y 57 38 B T AR i 28 IGD i 3 E A
J7 25 QN 3R 3 B, v ok B0 48 AR A /NME E B
HL, AT LLE L MOEA/D-DEAH 8 ¥ 78 K £ 50
B S T NSGATTA 1, B Bk AU T A [
S0 IR 25 00 b T A S A Y 28 LRk

25 ik ,MOEA/D-DEAH 5. ¥: 098 2 8 B
T N D RE A A A, v IR 4R R TR Y n) [ S A
O S B B R AT BB AR S B TR B
WA BRI R T
3 ab P A3 4 A 4R TR A OC AR B R R AR
R AT AT
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Table 3 Comparison of IGD values of classical

algorithm test function algorithm

) MOEA/D—DEAH NSGAII
Function
mean std mean std
UF1 1.91E—02 4.27E—03 9.76E—02 1.14E—02
UF2 1.12E—02 2.12E—03 3.99E—02 7.74E—03
UF3 1.04E—01 3.29E—02 1.98E—01 5.17E—02
UF4 4.77TE—02 2.03E—03 4.34E—02 6.30E—04
UF5 2.24E—01 1.02E—01 2.33E—01 5.26E—02
UF6 1.46E—01 9.78E—02 1.26E—01 6.94E—02
UF7 1.11IE—02 1.57E—03 6.85E—02 8.67E—02
UF8 7.85E—02 2.45E—03 2.67E—01 8.43E—03
UF9 8.36E—02 5.43E—02 1.84E—01 8.00E—02
UF10 3.59E—01 6.26E—02 3.48E—01 2.53E—02
WFG1 1.69E—02 1.02E—03 1.61E—02 2.36E—03
WEG2  3.68E—02 4.12E—03 1.58E—02 8.54E—04
WEG3 1.62E—02 6.81E—04 1.79E—02 1.53E—03
WEG4  2.56E—02 4.18E—03 1.77E—02 9.62E—04
WFG5  6.98E—02 1.09E—03 7.15E—02 9.20E—04
WFG6  8.56E—02 6.17E—02 8.79E—02 2.04E—02
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