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ABSTRACT

In the present study, aerodynamic load analysis for a floating off-shore wind turbine was
conducted to examine the effect of periodic platform motion in the direction of 6-DOF on
rotor aerodynamic performance. Blade-element momentum method(BEM) was used for a
numerical simulation, the unsteady airload effects due to the flow separation and the shed
wake were considered by adopting a dynamic stall model based on the indicial response
method. Rotor induced downwash was estimated using the momentum theory, coupled with
empirical corrections for the turbulent wake states. The periodic platform motions including
the translational motion in the heave, sway and surge directions and the rotational motion
in the roll, pitch and yaw directions were considered, and each platform motion was applied
as a sinusoidal function. For the numerical simulation, NREL 5MW reference wind turbine
was used as the target wind turbine. The results showed that among the translation
modes, the surge motion has the largest influence on changing the rotor airloads, while the
effect of pitch motion is predominant for the rotations.
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Table 1. Gross Properties for NREL
5MW wind turbine[3]

Rating S5MW

Rotor configuration Upwind, 3Blades
Rotor, Hub Diameter 126m, 3m

Hub height 90m
Overhang length 5m

Shaft tilt angle 5°

Precone angle 2.5°

Blade pitch angle 0° (No pitch control)
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(a) t=32.64s

(max. velocity in downwind direction)

(b) t=34.68s
(max. displacement in downwind direction)

(c) t=36.72s
(max. velocity in upwind direction)

(d) t=38.76s
(max. displacement in upwind direction)

Fig. 6. Blade thust and torque under
platform surge motion

o o [ N
o 1% 1o
>

i)

e, ol
ol o] BA%HS)
ol 4
%9

o

—_
=
J—

.o

[3]1¢] DU35,
10°~20° &7 W

f
£.|{:,"

ZH FHe kg A

ZE A A
o 7 A =
4], pitch =l
Hog s
FAE9] roll 2l
A8t AT yaw
heave &% 93o] 7
242 |2 4y

Figure 72 3}%
2y A A

ahu
[*]

o

2 Rl
wake gom

o sy o Nt
o mo Jr Z i y¥

-

pac

K g
E>§ [llh'.
Acl
o,
=

1

o UH:‘

L
.

il
O N
1

g ©
ul S
o
< fz
f

=

2

[e)
Rl

So

0
o

\
o k

4
Il

o ¥
N

o

S
£
k1

a9

b
o

i

M Ho &
[l ot
= >
o Emr&
f ol
o 4

o,

p

pitch ZHE S} roll J
Al 7 AA Hsksk
e Wslk FAY F
PE yaw RUE)
o2 3= yaw
ElWE gl

N
2
o

N
=

of |
O
to &

38
o
m |m
il
)
4

>~
>,
%
o,
T
o
=

17

ey

i

o

4

(g A

o 32
o, B o

LU



374 A - Fes - A 7R T R
====€3-=-=- Yaw motion
1500 — -5— . Pitch motion ; 10000
——a&—— Roll motion | r
----e---l‘ wio motion : E 8000 E
1 1 1 1 b
z 1000 ! ! ! /'R\ =3 6000
= _— | |¢ ‘E 3
g B Gl e o o 4000E~
E 500 A & 5 |
= | | | £ 2000 |
N 4 : = i
' ~g” @ 0
1 1 1
06 " B845 6187 6531  68.74 2000,
Time(sec) %00 5843 6187 6531 68.74
Time(sec)
(a) Rotor Thrust
(c) Platform Roll Moment
10000 . . )
f ! ! ! Fig. 8. Comparison of platform pitch,
8000 | l | l A yaw and roll moment between
E . ) | 195 rotational modes
= 6000 |- ! ! ! b\
=3 1 1 I
T k. Q| _ﬁ
& 4000 S "“‘Q"‘“"'@"‘é‘ﬁ:_
13 r 1
2 A ' Fi
2000} X | :
] L N\aL ):( |
300 5845 61.87 6531  68.74
Time(sec)

(b) Rotor Torque

Fig. 7. Comparison of rotor thrust and

Pitch moment(kN-m)

Yaw moment(kN-m)

torque bewteen rotational modes

==--€3---- Yaw motion
20000 ; — -8 — - Pitch motion
3 | —-a—— Roll motion
oL : ==©=:= w/o motion
r 1 B !
r Ve ~N
-] L ! ! !
20000 T S S
r oy ! A
L ! ! !
-40000 - ! b
r 1 ! !
-60000 F / ! \
» i
-80000 ! ! n
r 1 ! AN
- - L L L
10000956 5843 6187 6531 6874
Time(sec)

(a) Platform Pitch Moment

4000 r ; ; ;
L e
2000 At P‘-\\l
r [N o] 1 b 1
2 L | % :
) S— A O | ;

b 1
—ZOOOr E’Gﬁ: 1 : ".Q qf'\
o g ! ! |
N : S
400056 8843 6187 6531  68.74
Time(sec)

(b) Platform Yaw Moment

(a) t=55.00s

(max. velocity in clockwise direction)

(b) t=58.43s

(max. displacement in clockwise direction)

\—7

(c) t=61.87s

(max. velocity in counter-clockwised direction)



4546 & % 5 g, 2018 5.

& 264 Ay Fegu - 375

(d) t=65.31s
(max. displacement in counter—clockwise
direction)
Fig. 9. Blade thust and torque under
platform pitch motion
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