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Influence of leading edge delamination on flow field around

airfoil and aerodynamic performance of wind turbine

LI Ren-nian'?®*, YU Jia—xin', LI De-shun'?*, LI Yin-ran'?*®

(1. College of Energy and Power Engineering, Lanzhou Univ. of Tech., Lanzhou 730050, China; 2. Wind Energy Technology Research Cen-
ter of Gansu Province, Lanzhou Univ. of Tech., Lanzhou 730050, China; 3. Key Laboratory of Fluid Machinery and System of Gansu Prov-
ince, Lanzhou Univ. of Tech., Lanzhou 730050, China)

Abstract: In order to study the effect of leading edge wear on the aerodynamic performance of airfoil, a
special-purpose airfoil S809 for wind turbines was taken as investigation object, and SST k-w turbulence
mode was used to carry out its numerical computation, and study the effect of different leading edge de-
lamination depths on the flow field around airfoil and aerodynamic performance. The results show that the
leading edge delamination will change the shape of the airfoil, so that the leading edge flow will become a
step flow, causing the flow separation zone at trailing edge to expand and the separation point to move for-
ward. With the increasing of the delamination depth and the angle of attack, the flow separation zone at
trailing edge of airfoil on suction surface and the backflow vortex at leading edge of airfoil on suction sur-
face will be changed from mutually independent state of each other to completely fused. Under condition of
identical angle of attack, the leading edge delamination will have a greater influence on the pressure coeffi-
cient on the blade surface at the leading edge. When the angle of attack is less than 3°, the leading edge de-
lamination will have little effect on the lift and drag coefficient of the airfoil. When the angle of attack is
greater than 3°, the lift coefficient of the airfoil will gradually decrease as the degree of delamination be-
comes higher, but the drag coefficient will gradually increase. Compared to a smooth airfoil, the lift loss
rate of airfoil with leading edge delamination will amount to its maximum of 55.08% and the drag growth

rate 150.48%.

Key words: S809 airfoil; leading edge delamination; flow field around airfoil; aerodynamic performance

: 2018-03-06
(973 )(2014CB046201) , (51766009,51566011)
(1963-), . s ,



« 58 416
21 1:1.3. s
.2016 54 GW s
. 487 GW', 2050 (NREL) S809
2 870 GWH, s
. 13%,
N N 1:1.3, 1 .
s (h/csh NG ) 0.1% 0.
SR \ 2%.,0.3%.0.4%  0.5%.
’ ’ 1
Mohammed [ Fig.1 Schematic diagram of delamination of airfoil at its
leading edge
300 kW
) .Corten, 1.2
Sapre o7 2 C
N 10 C, s 20 s
o 20 N 20
, , 20c
25%. Sapre, Sareen 1% ]
DU96-W-180
DU96-W-180 _ 8
80% ~ 200%, N
0.17, 80% . 5.
S809 ; )
< 40c .
1 2
1 Fig.2 Calculation domain model
s N 3
, ) C
S e ; 755 ;
s s 240 , 190 s

.Gharali ¥

hsM

23%.Sareen

190 532.



0°~6° ﬁ* =0.09,
‘8* =0.11.
3 3
Fig.3 Grid around airfoil and local grid near delamination at
leading edge 3.1
1.3 >
5
Wou) | Ipu u;)  Ip ’
dt T dx; o dx,; T
J u '
i o »/ ./ 1
Prs (# Iz, pu;u; ) @D ,
8.2° ,
g 2) ’
dx; - ’ ’
HY ,p:1.225 kg/m?’;/x . .
s =1.789 4 X107 ,
1.4 s
SST k-w b ,
ke : 3.2
. 5
, 14.607 m/s,
, 0. s
SIMPLEC , \ , 5
2 ’
N-S ,
, SST k-w ,
SIMPLEC . ) : 8.2°
B .
4 )
12 ¢
1.0 |
0.8 ’
D~ 7
- 3" =0.09 ’
06 - B’ =0.11
a4 é‘ b
04 280 Hh '
0'2 I I : I I I l I b b
2 4 6 8 10 12 14 16 18
B/ ()
4 ’

Fig.4 Comparison of numerical simulation to experimental

results



. 60 46

6.1°

82°

10.1°

12.2°

14.2°

16.2°

h/c=0 hfc=0.1% h/c=02% h/c=03% hfc=0.4% hf/c=0.5%

5
Fig.5 Streamline plots around smooth airfoil and airfoil with different delamination depth at leading edge under different
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Fig.6 Local flow at leading edge of smooth airfoil and airfoil with different delamination depth at leading edge
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Fig.7 Streamlines over suction surface of airfoil with different delamination depth under different angles of attack
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Fig.8 Pressure coefficient curves of airfoil with different delamination depth under different angle of attack
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