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Abstract: In view of the problems that the leading edge curvature of the wind turbine airfoil
with high lift-to-drag ratio has large radius, the traditional airfoil parameterization method has in-
sufficient leading edge control ability, and there exists poor prediction accuracy based on the pan-
el method XFOIL , an enhanced class function/shape function transformation (CST) parameter-
ized method was used to control the shape change of airfoil, Latin hypercube experimental de-
sign, computational fluid dynamics (CFD) flow field calculation module, Gaussian process re-

gression model and genetic algorithm, based on high - confidence Reynolds average Navier -
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Stocks (RANS) and Gaussian regression model-assisted genetic algorithm for airfoil optimization

design method. The results showed that the airfoil optimization method based on the Gaussian re-

gression model can reduce the number of CFD calculations for optimization by one order, there-

by greatly improving the optimization design efficiency. The resistance reduction design of the su-

percritical airfoil RAE2822 of the standard calculation example showed that the resistance of the

CFD frequency in the order of hundreds of times was reduced by 43.16% , the shock wave was

weakened and the lift, moment and area could strictly meet the constraints. The maximum lift-to-

drag ratio of the wind turbine airfoil NACA 64618 showed that the designed airfoil not only great-

ly increased the lift-to-drag ratio at the design angle of attack and the secondary design angle of at-

tack, but also improved its aerodynamic performance in the entire range of the small angle of at-

tack. And there were two main design points, without bad resistance.

Key words: Gaussian process regression (GPR); CST parameterization method;

genetic algorithm; Bayesian optimization; airfoil design
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Alx)=A, (24)

X B S CFD 5T Z s A3, o] LUTE 4%
VL b R A AR RN A 2 R R R
FEARYEL 300 AP EE 1 000,38 AR Ny 0.9 Fil S R

0.0,

F gy TR AR ETE 3R ) R AL
T+ 1 Z 80 B 7 ZR B0 3 T R A

M 1A, EVBH ) R B AR 43.16 %0, B ) &

x1 RUTWEEEANBA AR

Table 1 Lift,drag,area of baseline and optimum airfoils

“ﬁ‘i

LR C., Cy C A
e ofi 5L 7Y
DAL 3R

—0.0926 0.021553 0.824 0.077 749

—0.0881 0.012250 0.824 0.077 750
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RSN ELSE . KISHE 6, H
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Y 5 B, D6 T I TR L 55 AL Okt O B R R
K. &\ RN HHE L RMILT LY
TR B2 A R L B 0 &R B RE IR 93.03 X
104, SRRERS B SR AT T g™, LB )
REAIG 84 X 10, A L AR SC U v e Ak 0 i KR 4 e
BESCHR[28-3114H L , 1 Ak 2% 5 A Ak 5T i 4B A5 31
TR o o SOk (2903 T R 2 9 45 455 R Y
RAE2822 3 I {ft 1k >R fit Navier-Stocks (NS) J5
265 YR HIEE T A5 o 35245 505 1Y RAE2822 It k5K
fift NS J7 2 3 000 K o % SCHR[3114H Lb | Hfk Jot &
Y AL ROR G 2] T 48 SR % NS 75 R 300
WL MIAR SC 142K . UL, 27 B K B AR T i
B FF 5 o DA Ak MAC S50t A AR AR B R, BRI 40
FEA 4R v B AR 2 SR R AR B AR AR SR AT L, A
T Y RS R Bz AR AR L B 128 YT
YiBH 1 B2 %0k 123.570 <10 4, 45 132 i % Ry
REN 12249510 4, L R 110 4 1okl
RN 00 o
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Fig.5 Comparsion of pressure distributions and geometries

for baseline and optimum airfoils
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S0 i (2)= 057665 I I F R 1 380 C, B 3% K 42 A, i P AT
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B, CED B UOs g /D 158 235 S J0 Al 42 2% .
%2 RUMBEEEANRY.EHRZHMEAR
Table 2 Lift coefficient,drag coefficient and area of baseline and optimum airfoils
- e L e s
a=—1° a=—6 a—1° a=—6°
C, 0.576 7 1.0739 0.6488 1.162 2
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