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TET I A S A T 1 000 MW XU . FR AR 5 [ s 1 324k 05 6 F A BT (7Y
22 Wim HR T E) AU LA RN 1.5 MW HLAL 0B R 3. 1T i i T3 N R
A ARF SR AT EEXGETE &, N2 BT AR T 1 MW ZbL4L Al i Akl 2 ARl
K& T EZIE 5T K8 FRXEE. RS, 36 E B A A\ SetT % 18 i i KUBE A I Ay it | st
3 1 AT 9 XU A7 9 PR A T ) 2 2 2R 5 A0 B, WP b XUE AR rf T R B R 5 2 P ) B AT
Bl 48 TR R A5 T & v KT B, s g b XU TR

« WFRBH. 2009-09-10; f&iTHHEA: 2009-11-12
ESWH: EZK“973 &8 AEabirst &R i) % Bz H (2007CB714605)
EE®EA: BT (1935—), 5, BIRITA 247,
ZE(TAE(1963—) 5B, 88 A SIW (B R . +86-931-2756250 ; E-mail ; lirn@ lut. cn) .
12



£k & A4 N W 3C Fi 13

ST IR 2 PP S5 e B A T R e D 2, BT A 1 % i 4 0
S R AT SRR R IR o T30 KPR ke 25 B 7, 2 A o 1) 5 AR i
IR S P My 5 S M T 3, L B 5 2 R 1 2 G079 )L R WL s 11
TR RISMIT 4 SRR KU T G T B AR [ B . sk U WL 2 A5 3 7 2 S0 5 7 s
3, TSl HEAS AR L. P T D Ak D 5 R R , ELR VB0, U sh it T
S AT A IR RURLA 25 1 P, LA B 55 0 A2 A P TR LRI ) 258 000 44 52 2 0k
SRR, BUTE R L G Y 2 N KT B SR B St LA, 1R R
DTG LA B A 7
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Kb (4575 S TR R 5 BT 52 (9S8l 1, R A S e e 1 XURE AR P R 3R 1 0 22 8k P il R
S H L RE -

L _ oo
C, =8:03[ TL1/A, = r(p + AB) Irdr, (3)

I _
Cp =82 Tr+ (u+AB)/A, 1dr, (4)

AP I 568 r & ENIERE R, )L 5 ES 8 iEe ¢ k52
FHOEI) K, B TR A5

W R B AT AN S SPERE R I XU AL % F S- R B SLAL, Ry 3k A5 R mT RE 5 i)
AER BB REE R F K, R E R U, FHCR 100 m/s(Mach 208 3.0) . Rl XU BLER 5
L85 m/s B /NI ORLR RS | LAshE G 25 SRR Mty SR AN RS2 ., F5 40 SERE o HUM 0. 08
SR, AF AT IXEEREE A K, SR 5 A i UL 2380 5 L REE S5 =R 1
e ORI IR K, BSEMR AT 25 T 9 FRBU(E, JFE X 2 MW SE 48 E 1T R AR IT 50, & 2
I 3 AL R, o AR BEXT K, W2 AR45 T H 6 FhEUE , IF4FXT 10 MW #4548
HEATPERETHER  THEZE AN 3R 3 A 4 PR, e S BT K, isgm W ArR4s 1 3 6 Flgt
(B, FHFET T 4 MW B4 gEAT PR RE A, LS N3k 4 Al 5 s,

FRAEG PR T 5T 25 SRR AT AR SCHIT 25 1) 3 NS (BT IR 2o 2 o B RN G 48 S )
XA FESSMRESE K, 5 C, WM. TEIZ R, B ek 0T 5 Rk ) i se et 2R
LR N 100 m/s, RS 0. 08 Ui iy, 40 1 A W] R XURR A1k R B50Rn JXURE R FH 22 b
SR I RN AR, H 2 1 RN 3 W] A B R 0 1 B 8 R 2 1 L B WRGK 20% IS
JUFANE 3302 PR R O th A s T KGR L P — R A, BRI 2R 8 LU AH ], 02 A A0 [ Y XU
FIFH Z 50 AT WAL 25 BB, & A 5 s B BB 7 R IS RURE | Mt LA & fL S AR X3S .

=1 SHBERNNERNEESSISILASH
& P /KW 1 000 2 000 4 000 7 000 10 000
HA&, D/m 28. 80 40.76 57.60 76. 10 91.10
VTR, V/ (m/s) 19.20 19.16 19.20 19.20 19.20
B, n /min 66.25 46.85 33.13 25.11 20.95
HEEFIRI R %L, C, 0.374 1 0.374 1 0.374 1 0.376 1 0.374 2
AF ] FHRUBER B, K, 0.964 9 1.044 7 1.092 2 1.128 7 1.156 2
A, Ad/(C) 32.92 32.92 32.92 32.92 32.92
HRYE, o 0.077 0.077 0.077 0.077 0.077
R AR o /m? 11.7 33.1 93.5 214.8 369.5
MARAZ R E, R, /(m) 2.88 4.08 5.77 7.61 9.11
HRZI, B, /m 2.43 3.43 4.86 6.41 7.68
MR, ¢,/ () 30.33 30.33 30.33 30.33 30.33
MRAZ I E, R, /m 14.41 20.38 28.83 38.03 45.57
AR5z K, B, /m 0.74 1.04 1.47 1.94 2.32
MRS, 6 /() -2.59 -2.59 -2.59 -2.59 -2.59
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B3 5 #HABRNSshiEaEms 4 2 MW RIS EteE %

T2 5 4 a Bt R A BEEE R R R A e S U R i R L E AR
B, R0 7 BB PR e oy ) DR 8 i 6 v P A7 241 XU S KU LB T G A 3, (R g5
FrAE . 2 2 BB IS 2 MW R iy, s XUE M/ INBI KA 9 B, &1 b A1 25 G a7, AR
AT GBI DR SB 152 3 G ) 25 A R A St e 184 P F, Je RH Rh 300% (K, = 0.342 5 —
1.044 7) JSEFHXAEER R B IMTZEB I, BRI 37% (€, = 0.592—0.374) . I WL 4 %
FR T F XU AT ol A A IS XU BE (1) BE T AR A5 R0, X0 25 SR I AR A Sl IR AR KA B 1 &
FRICHE AT RS IR, BRICZ A, e e ELAR R B (R BGE KA/ (D = 77.35 m — 40.76
m,v =225.8 m’ —33. 1 m’), FEMEEEAHLL I EEF RTINS, 3t 2 0 A R RSCR.

%2 2 MW BRBHMSH 5ILASESE (U, = 100 m/s, o = 0.077)
BEHRE, V/ (m/s) 10.73 14.27  16.45 17.81 18.64  18.96  19.16 19.2 19.48
KEEFIHIZE, C, 0.5920 0.5050 0.4434 0.3972 0.3865 0.3788 0.3741 0.3740 0.366 7
AERIARE R £, K, 0.3425 0.8349 0.9579 1.0081 0.0316 1.0150 1.0447 1.0349 1.0368
HAHA, D/m 77.35  54.60  47.04  44.15  41.78  41.14  40.76  40.79  40.16
AR, v /m? 225.8 79.4 50.8 42.0 35.6 34.0 33.1 33.0 31.6

2) L B WA A PR RE 52 )

10 MW Fde ok hie, H R R 6 F (U, = 60 m/s — 120 m/s) . 132 3 FIE
5 AN AR T AR R BRSO 3 1 ek, UBE R FH R U L-F R e ks 1 . B v o
LR TR R AR LR /N 29.3% (D = 91.1 m — 128. 8 m) , 1 HJXUBEM IS RE 141K
20.8% (K, = 1.156 —0.916) , KEEFI I RER 1 (C, = 0.374 —0.187) .

*3 10 MW #REFSFELA4HFESE (o = 0.077)
MR HE, Uy/ (m/s) 60 70 80 90 100 120
WEERI &L, C, 0.187 0.222 0.281 0.32 0.374 0. 469
AET FHRUBER B, K, 0.916 0 1.0450 1.123 0 1.156 0 1.561 0 0.971 4
R EHAR, D /m 128.80 113.80 105.20 98.50 91.10 84.82
R AR o /m? 1043.3 719.2 568.6 466.3 369.5 297.7

3) R SR R R 1 R 1 S

EEXTA 6 FISCEEM 4 MW B4k e HoE R AR b, 5648508 h 0. 03 B4 0. 08, IF4R
ZRTURE N 100 m/s o BEE, FCAE 1T FHXURE PSS KUBE A R B0 s 4 1 (K, =0. 63 —1.092,
C,=0.144 —0.374) . HIH WHIIEIE 73.3% , )5 & 3k 160% , 1l # 1 AR H G & K
72.4% (D =99.3 m —57.6 m) . QiAM ARG H IR 9%.
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o AE ] JH KARERFIE R B K, o AER] I KAEREE R HL K 0
0 0 0
60 70 80 90 100 110 120 0.03 0.04 0.05 0.06 007 0.08
U,/ (m/s) o
B 5 10 MW B2 94514 ih 2k B6 4 MW EHREFEL
x4 4 MW #8 MR 5 JUTEHESE (U, = 100 m/s)
WA, o 0.03 0.04 0.05 0.06 0.07 0.08
WEEFIR R KL, C, 0. 144 0.203 0.258 0.306 0.355 0.374
AETTHIBER AL, K, 0.63 0.737 0.891 0.985 1.061 1.092
R EHE, D/m 99.3 78.3 69.4 63.7 61.7 57.6
A REL, v /m? 102.8 73.9 72.3 75.9 89.9 93.5
:l__: »
3 én I/I:\,

HIHR SR Ul A5 a5ie i r .

1) SR AT 32 IR sl A RSB i 49 DXLt B i P9 XA T BILBSE T XU, 38 XL
AR S ri AN/ NP 38 AR T 45 Z SR O BILAHL 25 RO ) S BB T2 B, VA LI 35 48 1) XL
REMI A BT AR B e AR AT PR A AR R P B AR SR BE R 1Y, UGN T 5 R
(R RRER] FH AR KL

2) AR IR PR AL TR T HLEE S T s 9 P 2R3 L (AR ) L RV I
R 2t o 2 SR P A T A Al i 2R, & Al A f B )™ B R, (0 48 LA (TN T e HILZEL 4%
P T ) A Al WA,

3) DR R LALAF R i el DR B 8 ELAR AN 7 (AR 3 B A 8 S B A 2 ]
BB ARTT R Z —.

4) S R LB XU A HELA AR T XUBE RS PR DR R, A P A A 75 RO RS . — 2 XL )
DX 38 9 DRSPS 00 TR A ) 5 3 O — > R R XU 2 B 3 1 77 5, AR
UEAR XU T DL I SR8 AT5 A /Al A i O XURE A FH AR %L
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Criterion of Aerodynamic Performance of Large-Scale
Offshore Horizontal-Axis Wind Turbines

CHENG Zhao-xue', LI Ren-nian', YANG Cong-xin', HU Wen-rui'”’
(1. Lanzhou University of Technology, Lanzhou 730050 ,P. R. Chian;
2. Institute of Mechanics, the Chinese Academy of Sciences,
Beiging 100080, P. R. Chian)

Abstract . Taking offshore wind energy project as investigation object, the aerodynamic per-

formance and geometric characteristics of wind turbine rotors with large capacity (1 MW to 10

MW) were analyzed in connection with their main characteristic parameters (e. g. rated wind

speed, blade tip speed, and rotor solidity). First, it was pointed out that an essential criterion

of high-performance wind turbine is its annual usable energy pattern factor, which should be as

high as possible with its dimension possibly minimum as well, so that a maximum wind energy

would be captured and maximal annual power output obtained. Then the influence of above-

mentioned three parameters on the pattern factor and rotor geometry of wind turbine operated

in

Chinese offshore meteorological environment was investigated. The variation pattern of aero-

dynamic and geometric parameters were obtained, analyzed, and compared with each other.

Finally, it was pointed out that the method for aerodynamic analysis and its result could be

taken as a basis for evaluation of aerodynamic performance of large-scale offshore wind turbine

rotors.

Key words: offshore wind energy project; horizontal-axis wind turbine; rotor aerodynamic de-

sign; usable energy pattern factor; power coefficient; wind turbine rotor; wind

turbine blade



