KX FH

396 AH 10
2018410 A

P2t
He

ACTA ENERGIAE SOLARIS SINICA

22,
=

1

Vol. 39, No. 10
Oct., 2018

XEHS:0254-0096(2018)10-2981-07

RAHU B A5 1 55 T 45 % RT3

EEfE', F

(1. i T RZEREE S 307 TR B, LI 200093;

E:
=S

i

2, SR, A

2. RiTHTE) TR Z A 8 S S50, i 200093)

Y, TEI!

o ARGERI P 7 Sl RS S TR AR R 18] 956 2 22 i L XEAR L Von Karman FINWTCUP A28 2

WYy, i Z2 AR 8l 1 ~E R FAST 5 LI AR 26 F T 89 KU HIL 45 SR AR I Sl 25 ey 17, SR I G ek
SRAFEHAIE AR H& ra U Hh SR BIE /T A B R X AL Jr S AR T A7 o 45 R 3R - SR I il Bl 2
W IS 14370 24 50 DT 14094 DR /0 T R DA I, 24430 085 5 0y S I S MR AR 19 7 A XA AL AR A/ s A
[F] DR T~ A [5) i O XA 2 1) ) 2 R PR ) (X Rz 9 7 10 AR KR AN TR, 2 AN [ ) i 0 XS B A HL R S

M TEAERR

KA. WAL M g 8 18k iR

hE4 S TKS3 XHEERIRAD . A

=

=1

51

o T L & LA v 32 0 B AR R AR A
Z—o MR AL TSIy B i s A A
Z A IR S AR AR R SR AR R A P
Jo W2 XA HIE R8T R E N R Z —,
FC 2 2T M e B CREHLBEIR T SO B |
PRI SR+ BB

R AT 5T I 1 gl 2R d W ) 7 12 0 S 6
IR VEUE BT IE o SRR A 2K i e
2y SRR ] R i SO I X HOE e 55 . 2R
5 368 3 00 A o A A S R e, TSR0k 2y
I R | S SR NN U E DI SR
HEMT A R B Sh AR . SCHRDS 132 —Fh B g
N7 TR I v b 2540 B i & B 3R A
SE WA R R B R 8 AT, DA O A
THEAE T 95 8dE . SCRRE6 IR HT DAS Bidlafs 5k
RGO KR AT B Fr BEA T SR S, il
Ao W W I R IR B A S AR RS A D i
FE LA TE IR TT BILI R F R LR 285 10 8 vk i ik 1
WAKYE . SR I IE AR A 5 {5y X B

s EE: 2016-06-15

L ARE K, 4N NREL 5 MW XU HLIH A A2 K
123 m, 5% & 777 BRI AL, 5T S5 &% 5 1 R
BRI 22 B 2 1, DA K o T 2 2o i v [ A
SRR T el AR 1T 7= AR 1) [ BR RE A e, BT DL H
I A HH B0 AT S A S8 5 i X B TR TR Y
I ) PN & G 0 T

g LI - 28 SR 53 A 7 s R XA 1 a2
S5 BRI T B AR SR A, — e X iz 3y R i
TR sk g, X e b 307 vk TAE B K, SR
DUARMER A o SCHRL 10 1R FH AR B A iy it i 2 8 R0
¥ A B A IR A JETF Floquet B 43
BEE e v sl A R sl AR A e 1, H s T #E ST
% 614G AR R 2 A BEL X IR 1 B R e . E R
38 15 A BRICTE  K S5 MR A 1 iz o R i A
EONEE 8 )W i R VA N1 BURS (X T I BV
5 RS 2 45 B AR S 0, 1 U AN A M R G
MBS HEE . SCHRL 11 R A FR T RISE IR 45 A 1)
J7E BT R HLRE ML AR 2R 40 1 sh S Fe v A T F
I8, SRR B IEE TAERT 3 ) Wik R 2 X R
SRR (A 52 M A/ I W 800 e 3 PR N N 2
A AR 3E A B ) S 2 AR R A O R I R

HEWH. EXAKRE:ES(51176129); FigdiRHZES H (13DZ2260900)
BEEE. 22 F0963—), J, W+, £z, WEES, FENFRYBRIETT . S4Bk sh B AR REE R A 45 5 1T Ay

7%, lichun8778@163.com



2982 XK [H

2
H

=1
b

MR A AR, SCik [ 12 ]2k A BRocE: , 15 211t
BAE RS S0 I 2 R AR — 2 ek (13 ] 0
A FRICH 2% NREL KUTHLM 7 647 6 B 4 80 52
W oE 5 B A S R 5 S E AR . A RRITTr
AR AR SR T K 25 S TR B PRI R
T B REE PR 5 2l i VG J5E X 55 (] 2T

O3B 2E SR — 1 DR BB 4 5, HL N T 43Uk 43
72 o 43I (Fractal) i 3€ E IBM 2 &858 HhO 4
BETRITFE 53 05 A R B 2159 P T 1975
SRR R SO AL AR L iR . gy
TEHR A5 2 )3z N %) 5 25 PR R 4 7 AN [
RETFERM DRI R B E . M R—
PRI 5 s, T B o S0 0 16 T A e S R
Fb AR RS B Rl 0 RS R 4l i A
PRSI SAR LM R G0 0 8 e 5, AT 6 BE AL L E
MAEMAEL T R G ST R AR
D 2 4% A B D 2 T B 110 o R, SR AE
IPIEAE UM AR e ™ B AN, 08 HoA RS a4
g, 24 KT AIL F 35 SR AR IR A B U H A 1 4
AN R B AT AT /NI AT o TCIE IR B A B
A, AT 5 B AL 7% I (] P PR AN R0 5 HL TG vk
FAL G LT 5 5 . 408 S5 M7 K/ RUEE I
FEAE R F AL 2, P e 20 T B8 ELAT AR5 19 4
IRFRE M AN SZ AR S B UK BE R 52

T UL AR A A0 5 AL R 5 5%
FIER A Bof 1] 7 5] 68 4% 1 1l 40 BT 65 1600 ) 1) ) A
Ak $, 0t T 5 o A b BF 55 KT ML e ) B S
P£, 3T Von Karman F1 NWTCUP X 2 F it i XUk
B AR X, S FAST 32 ] XU T KU L
W 2 S R AR 40 o) Sl gl 285 7, 4 HE B R IR (01 B
Bl IR = O 2 T | 1% G = Bt a Tl
SRR 5[] 3 2 2 5 HA A3 TR ARAE , s im TH3
SRR, 5 B LA R RO R sh ARt S 500
AT . B e o B o3 T8 e 5505 XU HL S S D) % )
MR, B UE S T 4R 5 e 548 A R HLAL T4
FEIRI S HL

1 RUERRE R I shaSss 1t
R R R

Von Karman 571
Von Karman B8RS0 R R E 4508, &5 i

1.1
1.1.1

¥4l 39%:
( K=w,y,z ) RS AT Sy
_ 4muhmy6 ()
[1+71/L, /1))
BIEJE A -
5.0y 2/ ”/6.[1 +189( fLK/u.,uh)j
[l +71(f LK/ uhub)z]
(2)

£, f Wi L, — KRS S50 u,, ——
BB EA I ; o — R 22
1.1.2 NWTCUP %!

NWTCUP 45 B J2 56 [ ] Ff A= fE I 3¢ 30 &
(National Renewable Energy Laboratory, NREL) 2 T
SRS AT SMOOTH it 37 AU AR 3 5 1
191125 J5C SMOOTH i It XIS ASE 52 Ty 42 335 555 132 R AR
15, 48 TR BRI S B 2515 o X TR E
i B A8 Sk A SMOOTH it 3 XU 55 75 i £
PG AT N,

St =PrsSxin(Fif) + PasSuua(Fonf) - (3)
X, P o Fo — SR KL, D80 S 45 19
% TF Ri 30 (Richardson number) Y 45 56 bR 201 72
i=1,2;Ri AR, s I ) I0S JAR E IY
FeAE
12 HEERES5SH

FAST 158 W MLE T 4544 8h 7 2 ma o 13
o, WGP sl = R ACERUXU P, AR
LA NREL 5 MW XUHLU RBP4, H 2240
® 1R,
#&1 NREL5SMWRAHNEESH
Table 1  Configuration of NREL 5 MW class wind turbine
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Fig. 1  Wind field area and grid
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Fig. 2 Flapwise and edgewise

3 1 Bl A Ay RN ) R B Y R, FAST ] 4
SR LR AR & S XU ML A s B Y
LA B g 2 N, 38 a4 ) A F L £ BLAE DR A
ARS8 n] BRI WA TR T80, 3 FAST
AR TE T 00T A& L) R e sk Az 4k, & 3
J s S AR E

st o—/ bt oG8

T

R

' LERIZNZSI R

15 S

it

5

/

WAL St e
O, s D

B3 shira i il

Fig. 3 Flowchart of dynamic simulation
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Fig. 4  Flapwise dynamic response of different wind speed
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Fig. 5 Edgewise dynamic response of different wind speed
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Table 2 The fractal dimension
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Table 3 The average power output
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RESEARCH ON RELATIONSHIP BETWEEN DYNAMIC
CHARACTERISTICS OF WIND TURBINE BLADES AND
FRACTAL DIMENSION

Li Qianqgian', Li Chun'?, Ye Kehua', Yang Yang', Ding Qinwei'
(1. School of Energy and Power Engineering , University of Shanghai for Science and Technology , Shanghai 200093, China;
2. Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering , Shanghai 200093, China)

Abstract: In order to explore the relationship between dynamic characteristics and the fractal dimension of wind turbine

blades, the two kinds of wind field were generated based on Von Karman and NWTCUP turbulent wind spectrum

models, the multi-body dynamics software FAST is used to simulate the dynamic response of wind turbine blade flapping

and shimmy under different wind speed conditions, and the fractal dimension is solved by the box-counting dimension

method. The generator output power was used to verify the feasibility using the fractal dimension to describe the dynamic

characteristics of the wind turbine blade. The results show that the fractal dimension of the dynamic response of the

waving time domain decreases with the increase of wind speed and the shimmy is opposite, As reaching rating power, the

fractal dimension changes of waving and shimmy are smaller; Although the power of different turbulence wind spectrum

models under the same wind speed is almost the same, but the corresponding fractal dimension is different, indicating

that different turbulence wind spectrum models have their specific fractal dimension.

Keywords: wind turbine; blade; fractal dimension; flapwise; edgewise; power



