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Table 1  Parameters of the optimization

range of the parameters

optimization parameters goal

min max

0/(°) 90 125

/() 70 10

d /mm 3 8

L /mm 60 100 Cy

w /mm 3 8

X /mm 5 15

F2 U 18° FIUMRILLE R

Table 2 Results of the optimization at angle of attack 18°

Cy, Cp K
clean airfoil 0.67 0.231 2.9
with flow deflector 1.11 0.246 4.5
1.2
200
- 1.0 /l
0 2)2—5-541
0.8 O ]/ \
g A\
g C, 060 E’\
N
~
-200 0.4 / ‘ O experimental results of clean
/ / airfoil )
0.2 A — calculated results of clean airfoil
’ y —e~ calculated results of airfoil
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Fig.7 Stream line around airfoil with flow deflector Fig. 8 Comparison of lift for airfoils
optimized by Genetic algorithm without /with flow deflector
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Table 3 The parameters of the blade
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Fig. 13 Model of the wind turbine Fig. 14 The variations of total pressure coefficient in

the core of blade tip vortex in different planes
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C,.=(p.—p.)/(pV2/2), (1)
Hrp ) p BRI, p, FRKAE,p RRTEE,V, RakmM, A0 v, =10 m/s,
p =1.225 kg/m’, R CAEMAR FUFEEST 3 IR, K/N0.4 mx0.4 m, i F x/c=0.5,1,
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Table 4  The static pressure and its coefficient in the core of the vortex in different planes behind the blade tip

planes x = 0.5¢ x=c x = 1.5¢
p, /Pa -237 -137 -86.1
clean tip
C,, -3.869 39 -2.236 73 —-1.405 71
p, /Pa =215 -132 -91.4
diffuser ¢ = 0°
C,, -3.5102 -2.1551 —-1.492 24
p, /Pa -219 -131 -86.7
diffuser ¢ = 5°
C,, -3.575 51 -2.138 78 -1.415 51
p, /Pa =222 -129 -80.3
diffuser ¢ = 7°
C,, -3.624 49 -2.106 12 -1.311 02

TE3 /e =0.5,1,1.5 FIWN, 50T 150 A G . &P sz Sk p, M EE R
e, TEWRA PR, B 14 FoRTE3 AV ETN SR R A2, T Z o B nl 30, s 9
i ] DA R A R R R B, FRAIE ISR s IR RS o = 7° AN I R U =, T IE R
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Fig. 16 The static pressure peak distributions of x/¢ = 0.5 plane
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Table 5 The total pressure coefficient of the vortex of the clean blade tip in different tip speed ratio

tip speed ration planes x = 0.5¢ x=c x = 1.5¢
p. /Pa -231 -129 -56.2
A =5
C,, -3.78 -2.11 -0.92
p. /Pa -237 -137 -86.1
A =6
C,, -3.87 -2.24 -1.41
p, /Pa -285 -171 -118
A =7
C,, -4.65 -2.79 -1.93
ps /Pa -343 -206 -147
A =38
C,, -5.6 -3.36 -2.4
- =5 - =5
-6 AN P P = 1=6 -6 P P = 1=6
s : ; : : : —— s ] g : : : s 2=7
N - 1=8 K i 2=8
— — i
=41 -4
Cps -3 Cps -3
_2_ _2,
-1 -1
0 . \ \ s 0 T . T \
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
position x / ¢ position x /¢
B 17 RREIJHE AT Tt B 18 RFIJRHE A T 2 iy i ds
ER YIS G AR TAAZ B R AR AL
Fig. 17 The variations of total pressure coefficient Fig. 18 The variations of total pressure coefficient
in the core of vortex of clean blade tip in the core of speed ratio

in different tip speed ratio

R6  AFEIJRHE LT AT o A R i B R AR

Table 6 The total pressure coefficient of the vortex of the blade tip with vortex diffuser in different tip speed ratio

tip speed ration planes x =0.5¢ x=c x = 1.5¢
ps /Pa -162 -92.4 -59.7
A =5
C,, -2.65 -1.51 -0.97
p, /Pa -215 -132 -91.4
A =6
C,, -3.51 -2.16 -1.49
p, /Pa =273 -172 -123
A =7
C,, -4.46 -2.8 -2.01
0 p, /Pa -332 -209 -152
A=
C,, -5.42 -3.41 -2.48

2) LAY B R

X TR ER Y B AR BURTRIZRE L A =5,6,7,8, 4351434 FiiF x/c =0.5,1,1.5
% 3 AN A, A% S R B A A, IR p, MHLBERELC,, PRILR 6 s, [ 18 &
TRAE 3 AT PN, ZE B HETR BRS04 2R T U 18 I TR 10 A% e B I 40 8 L A A8 AL A, A T
17 FE 18 (1 e /B T 0, Bl O 8 LU 3 K b2 104 56k Bl 2 1 ik i 4 2 1 L MG, R Ui i
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Fig. 19  Comparison of streamlines the of blade tip with and without vortex diffuser
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Lift Enhancement of the Airfoil and Tip
Flow Control for Wind Turbine

BAI Ya-lei, MA Xing-yu, MING Xiao
(Department of Aerodynamics, Nanjing University of Aeronautics and Astronautics,
Nanging 210016, P. R. China)

Abstract: Two techniques that improve the aerodynamic performance of wind turbine airfoils
were described. The airfoil S809, often used for wind turbine design, and the airfoil FX 60-100,
having higher lift-drag ratio, were selected to verify the flow control techniques. The flow de-
flector, fixed at the leading edge, was employed to control the boundary layer separation on the
airfoil at high angle of attack. The multi-island genetic algorithm was used to optimize the pa-
rameters of the flow deflector. The results indicate that the flow deflector can suppress the flow
separation, delay stall and enhance the lift. In the second part of this paper, the characteristics
of the blade tip vortex, wake vortex and the surface pressure distributions of blades are ana-
lyzed. The vortex diffuser, set up at the blade tip, was employed to control the blade tip vor-
tex. The results show that the vortex diffuser can increase the total pressure coefficient of the
core of the vortex, decrease the strength of blade tip vortex, lower the noise and improve the

efficiency of the blade.

Key words: flow control;flow separation; flow deflector; multi-island genetic algorithm ;blade

tip vortex; vortex diffuser



