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Summary

The wake generated by a wind turbine has an effect on performance of a
downstream wind turbine as well as mechanical loads, and therefore lifetime
of the wind turbine. The wake effects also increases in offshore wind farms
where the turbulence intensity is lower and wake is longer since there is less
turbulence to mix the flow behind an upstream wind turbine.

This paper examines the importance of the wake effects with respect to
fatigue damage. In the same context, this paper also investigated
characteristics of fatigue load at the blade root due to the wake effects and
quantitatively analyzed its effects at operating condition of a 5MW tripod
offshore wind turbine using Bladed 4.1 software.

The aim of this study is to analyze the wake effects on calculated fatigue
load on the wind turbine installed at a wind farm.

The wake effects was studied the way the wake's center position move
from the rotor center to the blade tip to the far-away position where the
wake doesn’t affect the wind turbine. When wake's center was located on
the blade tip or the rotor center, damage equivalent fatigue load was higher
than other positions. It was up to 10~149% compared to those of non-wake
case.

Results of this study would be helpful to design wind turbines and wind

farms to have lifetimes more than 20 years of the wind turbine.
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Fig. 1 Tlustration of wake at offshore wind farm in Horns Rev in Denmark[8]
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Method 2

Method 1

Fig. 11 Plan view of upstream turbine in the wake downstream turbine[14]
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Fig. 12 Wake development after a single turbine of PARK wake modell[7]
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F=10 for x>5.5 (7)
1
r—4.5\3
F—O.65+( 3.3 ) for = <5.5

o714, x= IHAAZTEH FHTHEHN Alo]e] Aglelw, o gFgrt Bl & A
g 5QqS o, F& 1.0°]th[14]

3#, Fig. 145 Eddy viscosity =2 2] Contour plotg WERH, E o o A
= 7ol 93 FHERY Jmas EAS dS5sta 467 flske], Eddy

viscosity 2@& AME-3F T}
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Fig. 14 Wake development after a single turbine of eddy viscosity wake modell7]
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2 Ao AMgRE FHENS Bladed 4.1 AZESO]oA AFdE 5MW
tripod A8 ZZE|Hlo]|t}t. Table 13 Fig. 169 ZHEwW e FaAdy JAS
747t e ek
Table 1 Main specification of 5SMW tripod offshore wind turbine

Rotor diameter 118m
Number of blades 3
Teeter hinge No
Hub height 80m
Offset of hub to side of tower centre Om
Tower height 78m
Tilt angle of rotor to horizontal 4deg
Cone angle of rotor Odeg
Blade set angle -3deg
Rotor overhang 6m
Rotational sense of rotor, viewed from upwind Clockwise
Position of rotor relative to tower Upwind
Transmission Gearbox
Aerodynamic control surfaces Pitch
Fixed / Variable speed Variable
Diameter of spinner 6m
Radial position of root station 2m
Extension piece diameter 2.5m
Extension piece drag coefficient 1
Cut in wind speed 3.5m/s
Rated wind speed 12.3m/s
Cut out wind speed 25m/s
Rotor speed 13.89RPM
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Fig. 16 Figure of 5MW tripod offshore wind turbine
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H oo A= [EC 61400-1 ed. 3& 7|WFo 2 Improved von Karman Y5
&35t 1027 dF7 dHY FEHdolHE AASAT B ;oo 9]
2

ElRle] AAFEH 123m/s2, vy A S 82 47 dA

ot

ol
-

Row, YdRdoe] dRAd =S 4 10037 A= ALrsdth(12]

o, =1,,(0.75V,,,+b) (10)
b=5.6
I,,=016
g
gy p— (11)
thlz

o714, 44 b IEC 61400-1 ed. 301 5602 A ] Qo 7EdFHE
e SHEY Sz FFEALA wet AA=H= grolvh. # ATelA=
2TIA AJolEo] AEA 7| 1A 01602 HA &

Axksle], 19.2846% 9] #he AUt A" FHH olE = Fig. 173 #2th[12]

Table 29} Zo] &

Table 2 Basic parameters for wind turbine classes[12]

Wind turbine class I II II1 S
Viet (m/s) 50 425 375
Values
A Iref (_) 016 Specified
B Ircf (_) 014 by the
designer
C Ircf (_) 012
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Fig. 17 Wind speed data for NTM(12.3m/s)
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SHrndo= PARK 29, Gaussian 249, Eddy viscosity %9, Larsen =4
So] glom B Ao A= Navier Stokes WA Ao 7|wkalar, AH ZF2 g H o

z
g As FRe AW FHEW Alele AdE ugew AoH: Eddy

A st th. Eddy viscosity 2SS A 2] &}7]

il

viscosity 2@ & o]&3lo] T

)84 = Table 33 72 vloE]7} ¥ sht),

Table 3 Input data of eddy viscosity wake model

Diameter 118m
Thrust coefficient(Cy) 0.6441
Tip speed ratio(A; TSR) 6.9774
Number of blades 3
Distance upstream(4D) 472m
Default turbulence intensity 19.2846%

g 71A, FHAFCH F481(N; TSR)E Table 494 o] A A3 4 12.3m/s
A we] grolw, o] AAFXHL Fig. 187 #o] FTHEW Y =934 (Power
curve)= 1#FHO2A A4S 5 QT

s, AT FTHEW Abole Arle UntHom §A§ AE FHAAT
o] 4~7H(A~TD)Z, g AL 7T~129(7~12D)E BAE =, B} F2 ¢

A3E dnd, EF S4B FAHY RAAE B A7 A3E 4§
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Table 4 C,, C; and AM(TSR) value for hub wind speed

Hub wind speed Power Thrust Tip speed
[m/s] coefficient(C,) coefficient(Cy) ratio(A; TSR)
11.8 0.4469 0.6758 7.2730
11.9 0.4455 0.6713 7.2119
12 0.4439 0.6667 7.1518
12.1 0.4423 0.6620 7.0927
12.2 0.4406 0.6574 7.0346
12.3 0.4362 0.6441 6.9774
12.4 0.4259 0.6151 6.9211
125 0.4157 0.5906 6.8657
12.6 0.4059 0.5687 6.8113
12.7 0.3964 0.5488 6.7577
12.8 0.3871 0.5302 6.7048

5.0 -
4.5 -
4.0
S 35-
2 4
< 3.0+
(0]
= |
g 25-
S 204
-06 .
L 1,54
w i
1.0 1
0.5+
o077 77T T T 7
2 4 6 8 10 12 14 16 18 20 22 24 26

Hub wind speed [m/s]

Fig. 18 Power curve of MW tripod offshore wind turbine
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Fig. 202 FHER A HAxAE by, o] TolA, Flap® ¥ XB, Edge'd
Edols HEAE Ui

]_
o= FEJ Z&3e= e liddeE BEWEMx, My, Mz)¢ 3 (Fx, Fy,

Fz)o] gith MxE Edge® RWE, My: Flapd®d R9E, MzE Span'd & =

WEZE Fxt FlapWd 3, Fyi EdgeWd 3, Fziz Spandd 38 7tz yepd

.
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Fig. 20 Co-ordinate system of wind turbine[20]
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Horizontal direction,

1012 Edgewise blade root loads
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Fig. 26 Auto spectral density for edgewise blade root loads(Horizontal)
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Auto spectral density
3@

Horizontal direction,
Flapwise blade root loads
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Fig. 27 Auto spectral density for flapwise blade root loads(Horizontal)
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Fig. 28 Auto spectral density for spanwise blade root loads(Horizontal)
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Auto spectral density
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Vertical direction,
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Fig. 29 Auto spectral density for edgewise blade root loads(Vertical)

Vertical direction,
Flapwise blade root loads
My (0,-59)
******** My (0,0)
My (0,59)
fffffff Fx (0,-59)
- Fx (0,0)
e FX(0,59)

0.1

Y AR |
1 10 100
Frequency [1/s]

Fig. 30 Auto spectral density for flapwise blade root loads(Vertical)
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Vertical direction,
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1014 Spanwise blade root loads
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Fig. 31 Auto spectral density for spanwise blade root loads(Vertical)
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Fig. 32 Equivalent load for blade root Mx(Horizontal)
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Fig. 34 Equivalent load for blade root Mz(Horizontal)
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Fig. 35 Equivalent load for blade root Fx(Horizontal)
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Fig. 36 Equivalent load for blade root Fy(Horizontal)
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Fig. 37 Equivalent load for blade root Fz(Horizontal)
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Fig. 45 Equivalent load for blade root loads(Vertical, Inverse SN slope=10)
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