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Fig. 1 Schematic diagram of winglet
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Fig. 2 Schematic diagram of wake analyse
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Fig.4 Comparison of low speed shaft torque
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Fig. 5 Distribution of the Pareto-optimal solution

i it 7 B i 10 A ) /S BB IR B AT — S B4 L
P18 6~ 8 25 B AL By JLAT IR 20 A 181 6 R
R e LR SR B AR HERAE 207 BRI 24 2R AL
REA I AR Kt S i 2 MR E 50° e fh. I 7 7]
B : = HWREARZMNE =0 <V ;1 5H 2
SN FRMAITE 55°F 60°Z[H],3 S /NE A R
FAMIAEIE S 10SE FIN 5 B P /NE Y b B M AR 35
. =ANERHAARSE A MBI R
B, A fE 16 15 20 Z 6], B W7E 1.5 45 2 Z [,
I 5 i B A R R 8 A HH A AR 18] 230 A /N SEAR
EA A S E AR BB R B S R A
0. AR A RAET 6°/m, A LB S
EMRAR 2 A BT 3% 2/ SR AR LA X T4 5 /N B Y



LR VFUWESE . ST [ iy i Rl A0 g AL Sk i R /NI A A it 135

Bt M RVE AR GF i 4R AR TR, RS T LA AS B — > Pareto SR 4 .
50 Horfmfe— 44 b 7R REBAR YT . X
m o= Rl FH 2% 0 B A I P R RS R R O 30%6 . /N
o B JUT AR 7 A T 400 EL AT — 5 A 3
g X A5 N 5 T B AT AR B 1 A
= 0 00 _0seemess oo sse
10 *e o [1)
0 715 % j[ ﬁjk :
0.0290 0.%396 0.0302
6 Eﬁlﬁ DTl [1] JUPP]J. Wing Aerodynamics and the science of compromise
Fig. 6 Distribution of sweepback [J]. Aeronautical Jowrnal, 2001, 105(1053): 633-641.

_ _ _ [2] VAN HOLTEN. Windmill with aiffuser effect induced
A BRI w B2 o B3

7 by small tip vanes[ A]. In: International Symposium on
55 RRREME RRAMDOL M“N Wind Energy Systems[ C], Camdridge, UK: 1976.
; 35 [3] SHIMIZU Y, VAN BUSSEL G J, MATSUMURA S,
§ 15 et al. Studies on horizontal axis wind turbines with tip
- P 8°° o o . 00%0 attachments [ A]. EWEC'90 Conference proceedings
N ° o o™y, o%ojoos" [C], Madrid, Spain: 1990: 279-283.
0.0290 0.0296 0.0302 [4] JOHANSEN J, GAUNAA M. SORENSEN N N. In-
G creased aerodynamic efficiency on wind turbine rotor u-
7 ERFASH sing winglets[A]. 26th ATAA Applied Aerodynamics
Fig. 7 Distribution of dihedral angle Conference[ C]. Hawaii, USA: 2008: 12-21.
94 A 1 (5] AREH., s, ghnEss, & KPR/ # %
= {2 a X B B A ST [0, TR A B 22 4R, 2009, 30(10):
SRARRSEUE ot ® 1162-1164.
€ W (61 Best, VESSC. NFLREACE KU LI 55 5 H 1 s
o ot . [J]. #edbrs JiR24%, 2010, 37(5); 83-87.
3 (7] ¥riug, ERDE. BT F i Rl vk A oo ik 2846 X
0.88 0.91 ?,?;}1 0.97 1 TV ], RIS AR K2 i, 2011,

43(5): 592-597.

8 BHHARZRES
#H0 EmHH [8] WANG T G, WANG L, ZHONG W, et al. Large-scale

Fig. 8 Radial distribution of twist angle in solution B
wind turbine blade design and aerodynamic analysis[]].

4 _2_:5 'L/B Chinese Science Bulletin, 2012, 57: 466-472.
[9] DEBK, PRATA PA, AGARWAL S, et al. A fast and
elitist multi-objective genetic algorithm: NSGA-1I [J].

KH FVW/NSGA- I #1& J5 . %6 K pL 4R

PSSV N DIRGIPIA N /RS a7 il R Ll DT BU RS IEEE Transactions on Ewolutionary Computation,
B 45 R B XF L IR FVW I 3 50 R sl P RE Y 2002, 6(2): 182-197.

Aerodynamic optimal design of winglet based on

free vortex wake method and genetic algorithm

XU Bo-feng, WANG Tong-guang, ZHANG Zhen-yu, WANG Long

(Jiangsu Key Laboratory of Hi Tech Research for Wind Turbine Design,

Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: Forked winglet can improve the aerodynamic performance of wind turbine blades. Taking the
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maximum power coefficient and the minimum thrust coefficient as the optimization objectives, couple the free
vortex wake (FVW) method and the fast and elitist non-dominated sorting genetic algorithm (NSGA-1I) to
optimize the winglet shape. NSGA-1I can obtain the Pareto-optimal solutions of winglet shape by evaluating,
selecting and mutating the population members, of this aerodynamic performance is calculated by FVW
method. The results indicate that FVW method could simulate the aerodynamic performance accurately, and
two objectives optimization gives a Pareto-optimal solution set distributing on a curve rather than the particu-
lar optimum solution. Power coefficient can be increased by 30 percent than original NREL blade. The distri-
bution of winglet geometry has some regularity which can guide the later works of design and modification.
Key words: wind turbine; winglet; free vortex wake; fast and elitist non-dominated sorting genetic algo-

rithm; aerodynamic optimal design



