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Analysis of Stall-Induced Flutter of 15 MW Wind Turbine Blade
under Parked Conditions

CHEN Xueke', LIAN Bo', ZHU Xiaocheng', SHEN Xin"”, OUYANG Ha'*, DU Zhaohui'
(1. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai, China, Post Code: 200240
2. Shanghai Non — carbon Energy Conversion and Utilization Institute, Shanghai, China, Post Code; 200240)

Abstract; In order to ensure the safe and stable operation of large-scale wind turbines under shutdown
conditions, a numerical study on the stall flutter problem of TEA 15 MW wind turbine blades under shut-
down conditions by using OpenFAST was carried out. The effects of different blade structure damping and
turbulence intensity on medium speed flutter of blades were compared. The results show that the stall flut-
ter with large amplitude occurs in —60° — —17° and 10° — 78° yaw wind directions for the blade with
actual structural damping at 45 m/s uniform wind speed. Two typical flutter wind directions of 50° and
—35° are analysed, and it is found that there is a critical wind speed of 31 m/s in the 50° wind direction
that causes a sudden increase in the blade vibration amplitude, whereas the blade vibration amplitude in-
creases logarithmically with the increase in wind speed in the —35° wind direction, and there is no sud-

den increase, indicating that the blades show different vibration destabilisation processes in positive and
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negative yawing wind directions. Under turbulent wind, the effect of turbulence intensity on the positive

wind direction is greater than that on the negative wind direction, and increasing the turbulence intensity

of the incoming flow will reduce the critical wind speed of blade flutter in 50° wind direction.

Key words: stall flutter, parked, yaw, edgewise, flapwise
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Tab. 1 Basic parameters of IEA 15 MW wind turbine
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Fig. 1 Schematic diagram of IEA 15 MW wind

turbine blade airfoil profile
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Tab. 2 Parameters of turbulent wind farm simulation
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HI Pl 2 Al %0, M 25 F B JE R 8w = 0. 001 B, 5
KW R R s B A S LR - 60 ~ — 17° 1
10 ~80°, 53CHR[ 1 145 2] M A FE RUnl i il - 52 ~
—16°F1 10 ~ 83° FEAAHAF, H Yy <0 Bf, AHF5
TR 17 5 3CHR[ 1] AT 45 R H20
Moy >0 B, BEARAWEFEAF BN 1E™ 1R/, (B
PRSI 1] —3,

BB B RL R HR Sh G L, ASBIE S
RZER e & & PR E, TEA 15 MW XU #L
MR PR S e R h A0 (3) /i, 18
BeamDyn FEHUE i —4~ 6 x 6 FFEE X ARFEIK
] HAG SEBRES AR E i 1 & 1 AR fb & 2 firs
MEFR AT A2 PR ES R B E T 1€ | B S/, {3
HEEREA &k 23.37m, S HE R8N
0. 001 MyTHEEE5 AR L, i B AN B XU 1) 3 T s Ak
Hi/NE —60 ~ — 17°H1 10 ~78°, FLIF 57 KU T 17 |
()22 /N

o=
[0.0030 O 0 0 0 0
0 00022 O 0 0 0
0 0 0.0008 O 0 0
0 0 0 00022 O 0 (3)
0 0 0 0 00030 O
L 0 0 0 0 0  0.0008 |

25 LTIk, OpenFAST ] LIS ASHLAR S T ot |
A8 S R IR HEATREALL , ARIF TR LA R Bl PRFEA
[7i) IXLTe] T She U0 DXL LA R i 3 5 J3E 0 I 2 S AR )

A0
2 BRUMERSH

2.1 IESRERESS

FERTE KGR X TEA 15 MW JXUS3 AL A 38 3l
PRSI, BB 50° F1 — 35° WIS AKSE U], BF5E T
AR RGN i R 7E Ly BT ] B IR DL &% 2 il s
] fe A A AR AR O, &l 3 s

45 70
—o— IR

401 o iR 160

35 L —g— PR AL %

30+

140 _
g ¢ >
E 20} 130 &
I

151 1o ¥
10}

110
5 .

L 10
S5 20 25 30 35 40 a5 °
K U/m - s7!

(a) y=50°
45 70
—o— IR
40F o sy 160
35 L —o— 7R
150
30}

140
£ 27 >
mE 20l 430 eg\f
=
IS

15} 1y ®
10}
110
5k
ol 10
-5 . P L . . . . | ~10
0 5 10 15 20 25 30 35 40 45 50
K U/m - s7!
(b) vy=-35°

B3 50° #1 -35° K@ T RiRIES AR
Fig. 3 Variations of vibration magnitude of blade tip
and torsional angle with wind speed in 50°

and -35° wind direction

HH L3RI, WA U] T B R XU U S R
R IR IETE « .y PN T7 ) o i AR A R — 3K
1, BT o S5 10 B R IR LU o Bl 1) R R R
50° KU R, 24 U <25 m/s B, 3EIR/NT 5.2 m,
HA/NT 300, MY UBEINZE 31 m/s B, 4RI



- 154 - W 3 TR 2025 4
SRR E 27,7 m, AN A, I A B IR AR 30 80
y=-35°
AL 2 500, Bl KU A g s 18 I R iR IR 20 60

Eey i N AN Y = W B i N =
P/ NI F S8 R ) A28 Ak 34, it 5 KO HIR i AL A
3R 45.6 m 1 58°, TR EULHIAYIE  BARTE U >
32.5 m/s J kSR KX M F 4R IR 20N, (B s
PRUSMIH K T 37.5 mo HHAT DL 25 3 XU m] Ky
50° B, A7 76 B fb %) i B DR A A5 i R iR i R AR R
A ZRGEZ R 31 m/s,

FE =35 A T, Bl 2 AU A 38 K, i R i
HMAFFEE R, 5 500 KU N R [E 92, i A 3R i
I AR AE AR XU T 1 PR, 7 e XU T 1 o A2
TE5 m/s KUH S BE XUEE K2 X80 i, f3%A
P B AYRAS 76 U =15 m/s B, M A 4R IE E 5 ik
14.9 m, B RS KA A 180, H AT, 25X
] S 970 B AN A7 B S A i 55 XU, R X 58 /0N B XL
R, A E R AR R

ST R T A MRS I ) R BRI R L R
A3 5%t 500 KU T 25 F132 m/s BL K —35° KU T 10
120 m/s it R PRl EY & Rt BT X L A dr, 1
4 bk 4 BB R o Ry Bl AR DL 2
i LA A IR AR R 2R 1

30 80
y=50°
20 160
10+ gir 140
E
B
S
30 1 I I I 4
0 200 400 600 800 1000
B ) /s
(a) U=25 m/s
E
®
&
il
-30 L L L L -40
0 200 400 600 800 1000
A E) /s
(b) U=32 m/s

fi#%/m

-30 I I I I —40
0 200 400 600 800 1000
A E) /s
(c) U=10 m/s
30 80
y=-35°
20
10 |
E
R 0
S
-10
20|
-30 L ‘ ‘ L -40
0 200 400 600 800 1000
A E) /s
(d) U=20 m/s

4 AEIRTHRABAERN
FHEELE
Fig. 4 Time-domain variation curves of vibration
magnitude of blade tip and torsional angle under
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