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Experimental study on the post-flutter morphological chracteristics and
energy dissipation of a 15 MW wind turbine blade

KE Shitang" * *, LU Manman', WU Hongxin'' >, GAO Muen', TIAN Wenxin', WANG Hao®, WANG Shuo'
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Abstract: Most existing flutter analyses of wind turbine blades focus on predicting critical flutter states.
While the post-flutter morphological evolution and the associated energy dissipation, well-known for the
prominent non-linear effect, are usually ignored. To characterize this non-linear phenomenon, a three-
dimensional aeroelastic model of ultra-long flexible blades is proposed using the variational progressive beam
section method. And synchronous measurements of vibration and force are carried out in a wind tunnel using
high-speed cameras and a high-frequency six-component balance. The flutter sensitivity of wind turbine blades to
the wind direction and speed is firstly analyzed. Later, the post-flutter morphological characteristics and the
energy dissipation of wind turbine blades subjected to wind-induced vibration are systematically studied. Results
indicate that the proposed aeroelastic model and the experimental method can effectively capture the post-flutter
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dynamic process. The pitch angles of wind turbine blades prone to the wind-induced vibration fall in two ranges,

namely 93° ~ 96° and 284° ~ 286°, in which high-frequency locking vibrations can occur beyond the critical

wind speed. At the same time, the energy accumulation becomes particularly significant at higher wind speeds,

indicating that the wind-induced vibrations are non-stationary. The negative post-flutter aerodynamic damping is

the main reason for the divergence of structural systems.

Keywords: 15 MW wind turbine blade; aeroelastic wind tunnel test; post flutter shape; energy map;

aerodynamic damping
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Table 1 List of geometrical parameters of a 15 MW wind turbine blade
EKALE, r/R %K /m 41 /rad HepEh, z/c Jet /m il /m LA Sithe) SN

1.00 0.50 -0.02 0.37 117.00 4.00 FFA-W3-211 |
0.95 1.99 -0.03 0.35 111.15 3.43 FFA-W3-211 ‘
0.77 2.90 0.30 0.31 90.29 1.71 FFA-W3-211
0.64 3.50 0 0.29 74.67 0.73 FFA-W3-241 ‘
0.54 3.96 0.02 0.29 62.91 0.18 FFA-W3-270 blend “
0.44 4.48 0.04 0.30 51.38 -0.12 FFA-W3-301 ‘
0.33 5.15 0.08 0.31 38.47 0.24 FFA-W3-330 blend
0.25 5.68 0.12 0.32 29.30 -0.25 FFA-W3-360 ‘
0.15 5.65 0.19 0.38 17.55 0.21 SNL-FFA-W3-500 “
0.02 5.21 0.27 0.49 2.34 -0.02 circular ‘

0 5.20 0.27 0.50 0 0 circular (

S 4 RO Y 1056 v 1) 7 Vi BORE LM AR R 6 2, B W P2 B A T TR G B 1 s

BHRFRPVRBERRIAN @R R, 24K 3
PR I6 10 55 1 BOK T 4x10° J5, I3 14 3 O 970
3 A5 A T R VT B 7 AR A, TR AR B T O
R 25 20 o kT T AR AL ) g e A R B A
R AN LA 2 80, B R B BELJB LR ML,
7B DL 22 ot 50 56 45 SR 1 S 0, KL B A R L AT 4 b ok
91270, e A T6 A 40 S 50 ey A B v DO e 5T 5, B A
JATHLIE F ik A R R 2 B 3% 2

L £y % PR oL 2 BB 100 5 8 R T Ak B, SR
VABS B i 5 ) 10 25 20R A TR 2 AT KA HLHE 3

2 25 7 = o K SR M e L A R 4 o)
R, BRBACRA “ B3 + BB K4S
HTE 2, KR BE 77 b 2R B 2T 4 2 38 AR 5 TR 20
S fit o HE B LR T A R IR, BEAR AT B = A
28, FH AR AE B IA) e B 3 mm (] B, 73 B 48 B 72 o
JEE YL AR R HE AT B A2 9 5 1 % 50 3 e il 8 3 B8P
pINEUDE b N iR P E R 2D N B i = )

F2 HEELUL
Table 2 Similarity ratios

. L HHfBLEE 5 et
PSR BT g T TR KA L &
S ’ ' = N e . | A 1: L=117Tm L=1671m
R A, R g R = e, P T ' i
N § N, i 11707 .8 m/s .7 m/s
BRI ) R E 0 53 50 %8, 5 20 A SR e e v
AR T . 1T R HLI 94 RSO R e T “
N 25520 R T 7 A2 BRI A2 DL B AT G DO s e D8
AR R BE, S0 7E KT LI AR JE K 80% f fir B R e e 65252 ke 36927 g
P AL B2 S AT WS b s $R 48 . R M BT AOR0D P 0.0277 Pa
kT 5 B4 5 9 X L T %% e v il
804107 19.6 20.8
: 19.8 16.5 11.5 97.59
R I
6.0x107 : o = @ T « TNT
© M‘ - SN R
&
2 4.0x107 ¢ — BESERIE
= ) —— FAEARRIE
S 0r10 — Iﬂx@iﬂgﬂjg
0x107 + . SCBRHESENI
\ - SERABAR R
S — _ __ A SEBRAAE R EE
00 0.2 0.4 0.6 0.8 1.0

A 1] < JEE

B 1 RseiEE R R0 5 SURRI B X L

Fig. 1 Comparison of theoretical and actual stiffness of the blade girder
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JEATYF /Ha A PR TR 45 RO (4 R /Ha WE /% PR 245 R (4 RO /Hz W= /%

1B 0.555 4.724(0.565) 1.80 4.682(0.559) 0.70
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