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Optimal arrangement of multiple wind turbines on an offshore wind-wave floating platform for

reducing wake effects and maximizing annual energy production
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Abstract: A large floating offshore wind-wave hybrid power generation system with an area of 150 m2 and four 3 MW class
wind turbine generators was installed at each column top. In accordance with the wind turbine arrangement, the wake generated
from upstream turbines can adversely affect the power performance and load characteristics of downstream turbines. Therefore,
an optimal arrangement design, obtained through a detailed flow analysis focusing on wake interference, is necessary. In this
study, to determine the power characteristics and annual energy production (AEP) of individual wind turbines, transient compu-
tational fluid dynamics, considering wind velocity variation (8 m/s, 11.7 m/s, 19 m/s, and 25 m/s), was conducted under differ-
ent platform conditions (0°, 22.5°, and 45°). The AEP was calculated using a Rayleigh distribution, depending on the wind tur-
bine arrangement. In addition, we suggested an optimal arrangement design to minimize wake losses, based on the AEP.

Keywords: Floating wave-wind hybrid power generation, Near wake, Annual energy production, Optimal arrangement,

Computational fluid dynamics
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Figure 1: Conceptual configuration of the floating wave-
wind hybrid power generation system(KRISO)
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Figure 3: Arrangement of floating platforms according to the variation of wind direction(a: Case-A, b: Case-B, c¢: Case-C)

Figure 4: Calculation result on the rotor speed and the blade
pitch angle as a variation of inflow wind speed

Table 1: Rotor speed and blade pitch angle variation of
up-stream wind turbines

Items Wind speed(m/s)
11.7 19 25
Rotor speed (rpm) 15.3 17 17 17
Pitch angle (°) 0 242 | 1613 | 22.89
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Figure 7: Wake patterns of a single wind turbine for wind
Table 2: Wind speed deficit and operational conditions of

speed variation(2.0D)
the down-stream wind turbines

Figure 5: Computational mesh at the blade sections
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(a)
Figure 8: Velocity contour fields at hub height of the

Table 3: Power ratio variation of down-stream wind turbines

WT1 WT2 WT3 WT4
(%) (%) (%) (%)
Case A-1 | 100 99.9 10.6 10.7
Case A-2 | 100 100 36.5 40.0
Case A-3 | 100 100 94.4 94.4
Case A-4 | 100 99.9 85.0 85.1
Case B-1 | 100 107.3 54.8 60.0
Case B-2 | 100 103.5 83.6 86.0
Case B-3 | 100 101.1 94.3 93.9
Case B-4 | 100 100.8 93.9 96.7
Case C-1 | 100 115.2 14.3 115.2
Case C-2 | 100 105.5 37.6 105.5
Case C-3 | 100 101.7 95.5 101.5
Case C-4 | 100 101.2 85.7 101.2
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floating platforms (a: Case-A, b: Case-B, c: Case-C, 8m/s)
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Figure 9: Definition of the radial distance in accordance
with yaw angle
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Figure 10: Power variations of the wind turbine pair accord-
ing to the changes in the normalized radial distance

Table 4: Comparison of SCADA and CFD analysis results
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Table 5: Comparison of AEP calculation results(8m/s ~ 25m/s)

WTI | WT2 | WT3 | WT4 [ Total
(GWh)
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Table 6: Platform installation angle for wind direction changes

Wind Platform installation angle
direction Case-A Case-B Case-C
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