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Optimization of Transonic Airfoil Using GA
Based on Neural Network and Multiple Regression Model
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Abstract

The design of airfoil had practiced by repeat tests in its first stage, though an airfoil has been designed
based on simulations according to techniques of computational fluid dynamics. Here, using of traditional
optimization is unsuitable because a state of flux is hypersensitive to the shape of airfoil. Therefore the paper
optimized the shape of airfoil in transonic region using a genetic algorithm (GA). Response surfaces are based
on back propagation neural network (BPN) and regression model. Training data of BPN and regression model
were obtained by computational fluid dynamic analysis using CFD-ACE, and each analysis has been designed

by design of experiments
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Fig. 1 Shape function
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Table 2 ANOVA of drag-force coefficient by SAS (Error term: wlxw2xw3)

Source DF Type III SS Mean Square F Value (P}i:/;je)
wl 3 0.00391711 0.00130570 1704.22 <.0001
w2 3 0.00282817 0.00094272 1230.45 <.0001
w3 3 0.00214563 0.00071521 933.50 <.0001

wixw2 9 0.00009260 0.00001029 13.43 <.0001
wixw3 9 0.00004409 0.00000490 6.39 <.0001
w2xw3 9 0.00002641 0.00000293 3.83 0.0032
Table 3 ANOVA of lift-force coefficient by SAS (Error term: wlxw2xw3)
Source DF Type III SS Mean Square F Value Pr>F
__(P-value)
w1 3 0.01001672 0.00333891 179.18 <.0001
W2 3 0.00484576 0.00161525 92.97 <.0001
w3 3 0.00149704 0.00019901 28.72 <.0001
wlxw2 9 0.00248837 0.00027649 15.91 <.0001
wixw3 9 0.00105692 0.00011744 6.76 <.0001
w2xw3 9 0.00071165 0.00007907 4.55 0.0010
Table 4 Regression analysis of drag-force coefficient (Rzadj: 99.42)
Variable DFTParameter Estimate Standard Error t Value Pr>|t|
(P-value)
Intercept 1 0.04864 0.00027193 178.87 <.0001
wl 1 0.10493 0.00154 68.27 <.0001
w2 1 0.08924 0.00154 58.06 <.0001
w3 1 0.07771 0.00154 50.56 <.0001
wixw2 1 0.20362 0.02064 9.86 <.0001
wlxw3 1 0.13749 0.02064 6.66 <.0001
w2xw3 1 0.10357 0.02064 5.02 <.0001
wixw2xw3 1 -0.05468 0.27721 -0.20 0.8444
wl2 1 0.08956 0.02569 3.49 0.0010
w22 )\ 0.04338 0.02569 1.69 0.0971
w32 1 0.04404 [ 0.02569 1.71 0.0923
Table 5 Regression analysis of lifi-force coefficient (Rzadj: 93.93)
_ . Pr>|t|
Variable DF Parameter Estimate Standard Error t Value
(P-value)
Intercept 1 0.38073 0.00134 284.40 <.0001
wl 1 -0.15834 0.00757 -20.93 <.0001
w2 1 -0.11473 0.00757 -15.16 <.0001
w3 1 -0.06485 0.00757 -5.57 <.0001
wixw2 1 -1.06570 0.10162 -10.49 <.0001
wlxw3 1 -0.66901 0.10162 -6.58 <.0001
w2xw3 1 -0.53086 0.10162 -5.22 <.0001
wlxw2xw3 1 -0.25706 1.36470 -0.19 0.8513
wi2 1 -0.93626 0.12645 -7.40 <.0001
w22 1 -0.35959 0.12645 -2.84 0.0063
w32 1 -0.02846 0.12645 -0.23 0.8228
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Table 6 Data of NACA0012
Ma o Area Cd Cl CYCd
NACA0012 0.8 2° 0.0818 0.0486 0.3845 7.91
Table 7 Results by CFD-ACE and respondents of BPN
# of CFD analysis Response of BPN Difference (%)
data C, (] Ca G Cq G

1 0.0546 0.3730 0.0530 0.3710 3.04 0.54
2 0.0485 0.3822 0.0519 0.3733 -6.98 2.34
3 0.0524 0.3781 0.0504 0.3751 3.83 0.80
4 0.0455 0.3847 0.0442 0.3809 2.81 0.98
5 0.0412 0.3858 0.0395 0.3833 4.16 0.66
6 0.0423 0.3866 0.0416 0.3847 1.46 0.49
7 0.0370 0.3880 0.0366 0.3866 0.88 0.36
8 0.0521 0.3802 0.0505 0.3751 291 1.35
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Table 8 Results by CFD-ACE and respondents of regression model
CFD analysis Response of regression model Difference (%)
# of data c C c, s L G
i 0.0546 0.3730 0.0549 0.3701 049 | 0.77
2 0.0485 0.3822 0.0539 0.3744 -11.11 2.05
3 0.0524 0.3781 0.0523 0.3772 0.08 0.24
4 0.0455 0.3847 0.0456 0.3829 -0.25 0.45
5 0.0412 0.3858 0.0414 0.3860 -0.52 -0.04
6 0.0423 0.3866 0.0425 0.3870 -0.54 -0.12
7 0.0370 0.3880 0.0373 0.3887 -1.02 -0.19
8 0.0521 0.3802 0.0516 0.3764 082 1.02
Table 9 GA’s result using BPN
wl w2 w3 Cd Cl Cl/Cd
BPN 0.030596 -0.09961 -0.1 0.0335 0.3830 11.44
CFD 0.030596 -0.09961 -0.1 0.0356 0.3855 10.84
Table 10 GA’s result using regression model
wl w2 w3 Cd Ci Cl/Cd
Regression 0.03001 -0.1 -0.09902 0.0353 0.3894 11.04
CFD 0.03001 -0.1 -0.09902 0.0356 0.3855 10.84
Table 11 The comparison of BPN and regression model
Diff. Diff. Diff. wea | Diff Max t/c
of Cd(%) of Cl(%) of ratio(%) of area(%) x
BPN 5.81 0.64 -5.49 0.0737 9.90 0.1045
Regression 0.84 -1.00 -1.86 0.0737 9.95 0.1049
= 7|
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