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Abstract — In this study, an arrangement design process for multiple wind turbines, placed on the 10MW class
floating wave-offshore wind hybrid power generation system, was presented, and the aerodynamic performance
was evaluated by using a computational fluid dynamics. An arrangement design, which produces a maximum
power in the site wind field, was found by using a commercial program, WindPRO, based on a blade element
momentum theory, then the effect of wake interference on the system between multiple wind turbines was studied
and evaluated by using ANSYS CFX.

Keywords: Hybrid Power Generation System( 327 A] A 8l), Multiple Wind Turbine Arrangement Design
(Th= S EMH wix] A A)), Blade Element Momentum Theory('g 7] & 48F 0] &), Computational Fluid
Dynamics(A4H7#1218}), Wake Interference($-5+ 1)
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Fig. 1. Baseline platform geometry.
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Table 1. Principal dimensions of the baseline platform

Item Value

LOA (m) 158.5
Height (m) 27
Draft (m) 15

Total Weight (Ton) 23,285
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Table 2. Specifications for baseline wind turbines
WT-3MW WT-2MW

Rated power (MW) 3 2

Rotor diameter (m) 112 90

Hub height (m) 78 66

Cut-in wind speed (m/s) 3 3

Cut-out wind speed (m/s) 25 25
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Table 3. BEMT and CFD results for the single wind turbine case

TSR C,, (BEMT) C,(CFD)  (BEMT-CFD)/BEMT
6.28 0.433 0.425 2%
7.54 0.484 0.45 8%
9.42 0.439 0411 1%
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Table 4. Thrust, torque, and power results from the Case 1(tandem,
wind direction N) simulation

Upwind WT Downwind wt (UPWind-Downwind)

/Upwind
Thrust (N)  3.50E+05  7.19E+04 “79%
Torque (N'm)  9.64E+05  2.24E+05 77%
Power (W)  1.61E+06  1.57E+05 90%
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(a) t = 30s

(b) t = 60s

(c) t = 90s

Fig. 9. Dimensionless velocity(=V,/V,,) distribution in the wake region
(Case 1).
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Table 5. Thrust, torque, and power results from the Case 2 (tandem,
wind direction NNW) simulation

Upwind WT Downwind WT (Upwind-Downwind)/

Upwind
Thrust (N)  3.46E+05 2.85E+05 -18%
Torque (N'm) 9.27E+05 6.67E+05 -28%
Power (W)  1.55E+06 1.12E+06 -28%

(a) t = 30s

(b) t = 60s

(c) t = 90s

Fig. 10. Dimensionless velocity(V,/V,) distributions in the wake
region (Case 2).
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Fig. 11. Convergence history of the rotor thrust and torque (Case 2).
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