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Experimental investigation to clarify the wake structure of a floating wind turbine
(Periodic fluctuation of wakes caused by pitch motion)
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Abstract

The wakes of a wind turbine with a fixed foundation are mostly understood. However, the wakes of
a floating offshore wind turbine become complex due to the motion of the floating foundation, so further
knowledge is needed. In this study, a device simulating a floating wind turbine was developed, and the
wakes of the model wind turbine were measured when the Strouhal number (St) was 0.08, and the amplitude
of the pitch oscillation was 5 degrees. By applying the phase-averaging method to the wake measurement
data, the behavior of the wake during pitch motion was clearly expressed. It was found that the distribution
of wakes shifted vertically with time and returned to the original distribution over one cycle.
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Fig. 1 Wind turbine model
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Fig.2 Setting up the experimental apparatus
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Table 1 Designed parameters of the motion platform
Description Value
Pitch oscillation amplitude (deg) 1,5
Pitch oscillation period (s) >0.8
Surge oscillation amplitude (mm) 15, 60
Surge oscillation period (s) >18
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Table 2 Parameters set in the experiment

Parameter Value
Usp: Inflow wind speed (m/s) 10
D: Rotor diameter (m) 0.442
L: Length from the center of rotation of the 0.645
floater to the hub height (m)
A: Pitch oscillation amplitude (deg) 5
T: Pitch oscillation period (s) 0.8
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Fig. 4 Schematic of wind turbine wake measurement
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Fig. 10 Schematic diagram of a floating wind turbine

wake and related parameters.
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Fig. 11  Floating wind turbine “Hibiki”?

Table 3 Oscillation parameters of the actual turbine are

converted with Strouhal scaling

Model Hibiki 3 MW 12
L | 0.645m 723 m
T |08s 87.9s
Ui | 10m/s 10 m/s
St | 0.08 0.08
2025 4¢
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Table4  Nomenclature of related parameters

Parameter Description
X Main flow direction position (m)
y Horizontal position (m)
z Vertical position (m)
Gy Power coefficient
C; Thrust coefficient
Uin Inflow speed (m/s)
AU, Incremental relative inflow speed (m/s)
Uy Wake flow speed (m/s)
D Rotor diameter (m)
I Length from the center of rotation of the
floater to the hub height (m)
T Pitch oscillation period (s)
A Pitch oscillation amplitude (deg)
St Strouhal number
U Measured wind speed (m/s)
T Time elapsed since the start of the data (s)
N Number of phase average windows
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