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Influence of Airfoil Pendulum Angle on Aerodynamic Performance
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Abstract: NREL S809 airfoil was selected as an object to study the impact of trailing edge angle on
its aerodynamic performances. The simulation results were compared with the experiment ones to
rule out the grid quality effects on aerodynamic performance, the effectiveness of S — A (Spalart-
Allmaras) turbulence model was verified and a reasonable simulation scheme was made sure to
analyze the airfoil well and truly. On this basis, the S809 trailing edge swing angle was altered to
generate S809 — 5°,5%,10°, 15° deformed airfoils. Then the CFD software was used to analyze
numerically each airfoil’ s aerodynamic characteristics. With the increase of trailing edge swing
angle, the differential pressure on the upper and lower surfaces of the airfoil becomes bigger. So for
the positive swing angle airfoils the lift and resistance characteristics are improved, however, when
the airfoil swing angle is increased, the angle of attack becomes smaller and the separation vortex
would appear. For negative swing angle airfoils,all of the lift, resistance and stalling characteristics

are worse.
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Fig.1 Schematic diagram of pendulum angle and

deformation of airfoil
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Tab.1 Relationship between pendulum angle and

corresponding angle of attack
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Fig.3 Schematic diagram of flow field

calculation domain
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Fig.6 y* near the airfoil (original S809 airfoil)
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Fig.7 Variation trend of lift and drag coefficient of

deformed airfoils with the change of angle
of attack
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Tab.2 Comparison of the average value of the

increasing Cj, of deformed airfoils with

that of original S809 airfoil

S809  S809  S809  S809
E5-57 M5 MR10T PR 1S

-17.6  33.0 49.1 59.7

AHXT S809 Ji iy 3 751

T B/ %

JERRIE R T ) R B/ N IS B N 2
VA S R PR 22 KO e Horf, X R 45 57
107,15°1X 3 Z&TH £k, B AE - 5~ 47X [H] 4
2 DX (R TR 32 vy 58 4 B 3 R ) - T A A
47~ 127 DX [] DU Ry 2 P DX gl (B 7R 3% 1T Oy e e i 31
s T ) -

JE AR IR — 6°~ 16" W MG . T ) R R
TWHIY — 0. 48~1. 14, 1ff T £ 3 1Y 5 240 A1 3 Hl N



336 SR 3E L I Ny = o <3

2015 4F 25 37 4%

= 6 A" Ty FR BB T 55 4 A2 54
TUETT T~ 6"~ 16" SUff T T 9 711 3R B At
[ ELAE B P 5 00 9 R R (B
e R M.

SHPIAET 5~ 20 HOAATE Y 4R 2% 1
TR HERFE (EL TF 3 SO0 A0 10 4 K T
HK.

FFEL 7o) A1 X TSR TR 0 — 6~
12706 K 5 /LA 38 O A I ] 250,013 08~
0.035 683 A T R4 AR U IO T 5~

1.0

0.5

y/m
=)

A°WF, e K5 e /NBE T &R AR AR gk RT L s )
0.011 12~0.027 37, BPFERFEF: F1 R ERIX () Y . FB 4%
TRE SRR R BRI R R T R ECE .
2.4 TRERREHENT

e 8 s, B R4 TR B3, AR
E LT AWARUN L2 N S E R (N (12 SR 1) =2F SR ALY
FE B BERRA K. M 22 B POk E, R - 55
R PR RMEZE /N (B 8(a)), TR 15" H Al R 2
B K (] 8Ce)) s MTTT AT LATH 5 4 Hb ik B 1 8 2% 12 41
AT LA = THBE L

100
60 F
£ 20}
& o-20p
& -60 | .
fla
-100
0
(@) 325
1.0

(b) JsishR 3T

x/m

(d) F#10°
B8 THBARMEFFESH

Fig.8 Static pressure distribution on the deformed airfoil surface

1.0

100
0 E
-100 |
‘f
-200 ¢
_300 1 1 1 1 J
0.2 04 0.6 08 1.0
x/m
(e) F4£15°



a4 FRRLAE FLRUE A XS PERE A R 2 B 337

2.5 EHEAXMERRINS BTN

R4 T30 EIAUTHH I R BCE R T B
AR RRGRE Bl X SRR 2 A7 A A A OS2 4
K9 . I 9 A 9(b) ] DL . B2 b

=

==_——
=

(a) S809_L#2-5°

(b) S809JF 4 LAY

2 - SRR F AR 8 T T I B R e T
MR BL T E R X B2 TR A A (B 7D
ELRTRIE B 8 M Al BRI TR Ty AR RO
KT R

%

(c) S809 F#25°

ﬁﬁ
e e

(d) S809 F#210°

9 RIARLKE(SHA)
Fig.9 Streamline of airfoil (angle of attack is 8°)

T 5°EECEL 9(e)) FH G Hh BB/ N B g I
JE TP 7E 35 78 FE R Az 5 48 10° B (J&1 9(d)) s Jie i
AR K S F L4 ) A AT 23 A &5 48 , 1T LU HY BE I
LR s B2 157w (& 9Ce)) . B @] LB B A
— XL 7 AR R IR AFE . B 9(2)—9(e) 1)
A REHAT LU, B RSk 420 B s i, 3
LR B AR 7 B 1 B W B AR /N — H 3R A
R4 IR S B 5 » o i A R A5 R 3 AU
IR ZE SR

42 - 5T AR TR RE A, CL SF N
17.6% » Cp ZBALH/N. S 15 JR IR 3 AL T 1671
FTFUR = AR WA A B B4 T 4% — 5" S A AE LA
1471 BRPFF R & A e o i

25 LAk, JR G S809 FL L T B L X A O
- 6°~16"[X ] , ffiZ S809 B4 T2 5°,10°F1 15°,
SR T B T 22 B0 R G 3R 1 R I
7 H e K T BH Ee B AR K. SR, T R G R B,
AR T b 3R R O Bl vk e L SR A T 4R AR
(1R 1 K o B AR 7= A 3 B 104 11 0 ) 00 i =2 41 i, 36 AR
564 [ A I S A X RN B - 57 ~47 IE R Is AT
DX ] R W 9 /N 5 B 45 5 T2 J O k. %o F 4 - 573
T LT BH B A i 0 30 ) 22 , 380 58 42 [ 4 3 B
B X ) — 37~ 147, B 5 < sh Rk i 5 in
FAI 2.

(e) S809 F#£15°

Xt S809 3 AU (1 FE Lkl oy AT 3E AT . A
CFD #ffxf S809 F42 - 5° F 4 5°.10° & 157 JE
SRR TRUERAU b 12 3 RE Rl BT X3
FRTHRELT 2R B TR SRR s R A DT T WESE T I
FSE A AR ER R I E B4 T RIS

a. TE/NEMTOLT - REIE MBI S EIF RS
FAEME/ NI RTE ) R BOE = i L R A
AN SETHREL AR R TR R B R T R B R R
(AR s RTHBH FETCA 91 ] L B 38 00 1) B 5

b, XTSI T A 3R R SR 45 A 3 R
FORZH WU st A 5y B3 5 T L 24250
FRITE A7 8 T8 i) B TR T 5 A S 17 i A e )
RS GEANE TN 2 S DA ES G PN

. B RL TEMIEA R, B R SR 22
WREZ B AR K. 3R g T 3Ok BRI
GBI I BAE TS 55 R G 5B TR TR
BIR. B8 - ST FR AR bR R s 22 fe /. R R 15
iR SN )i SN

d. IR TERH ) R B R TR R A R
LI 22 B AR A BIPEREA I S809 Jtln 3
R



338 b B TR e iR 2015 4F 55 37 &

[0 gk BT BB S5 FURERADACT AR BLI A
BEL: AU I P LT ). L T K2 24 2010, 32
C1T A it 5 SRR LI 5 0 5 N

[2]

[3]

[4]

[5]

(6]

L7]

(8]

[(M]. b ERRHOR R, 2012.

The Danish Society of Engineers and the Federation of
Engineers. DS 472 Loads and safety of wind turbine
construction [ S]. Copenhagen:Dansk Standard,1992.
Kooijman HJ T. Lindenburg C. Winkelaar D, et al.
DOWEC 6 MW pre-design: aero-elastic modeling of the
DOWEC 6 MW pre-design in PHATAS[ R ]. Petten:
Energy Research Center of the Netherlands,2003.
Sharma R N, Madawala U K. The concept of a smart
wind turbine system[ ] |. Renewable Energy, 2012, 39
(1):403 - 410.

Pasupulati S V, Wallace J, Dawson M. Variable length
blades wind turbine[ C] // Power Engineering Society
General Meeting, [EEE, 2005, 3.:2097 — 2100.

Barlas T K, Van Kuik G A M. Review of state of the art in
smart rotor control research for wind turbines [ J ].
Progress in Aerospace Sciences,2010,46(1) .1 - 27.
Mohamed M H, Wetzel K K. 3D woven carbon/glass
hybrid spar cap for wind turbine rotor blade [ ]J .
Journal of Solar Energy Engineering, 2006, 128 (4) .
562 — 573.

Rajadurai J S, Christopher T, Thanigaiyarasu G, et al.
Finite element analysis with an improved failure criterion
for composite wind turbine blades [ ] ]. Forschung im
Ingenieurwesen, 2008,72(4) : 193 — 207.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Andrew T L, Richard G J. Compliant blades for wind
turbines[ J]. IPENZ Transactions,1999,26(1) .7 — 12.
Veers P S, Eisler G R, Laino D J, et al. The use of
twist-coupled blades to enhance the performance of
horizontal axis wind turbines| R ]. New Mexico: Sandia
National Laboratories, 2001.
Mabheri A, Noroozi S, Toomer C A, et al. WTAB, a
computer program for predicting the performance of
horizontal axis wind turbines with adaptive blades[ J].
Renewable Energy,2006,31(11):1673 — 1685.
Maheri A, Noroozi S, Vinney J. Application of combined
analytical/FEA coupled aero-structure simulation in
design of wind turbine adaptive blades[ ] ]. Renewable
Energy.2007.32(12) .2011 — 2018.
Maheri A, Isikveren A T. Design of wind turbine
passive smart blades [ C] // European Wind Energy
Conference. 2009.
NREL’s S809 Airfoil graphic and coordinates [ EB/
OL].NREL. (2009 - 10 - 21)[2013 — 4 — 20 ]. http: //
wind. nrel. gov/airfoils/Shapes/S809 — Shape. html.
Ramsay R R, Hoffman M J, Gregore K G. Effects of
grit roughness and pitch oscillations on the S809 airfoil
[R]. Golden, Colorado; National Renewable Energy
Laboratory, 1995.

(S BO



