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Numerical simulation of coupled aero-hydro-elastic

performance of floating offshore wind turbine

HUANG Yang', ZHAO Weiwen', WAN Decheng'

(1. Computational Marine Hydrodynamics Lab (CMHL) , School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao
Tong University, Shanghai 200240, China; 2. Ocean College, Zhejiang University, Zhoushan 316021, China)

Abstract: With the rapid development of the offshore wind power industry, large floating wind turbines have gradually moved from
conceptual design to engineering applications, but they still face greater challenges. On the one hand, there is strong interference
effects between the wind turbine and the floating platform. On the other hand, the wind turbine blades become more thin-long-thin. This
leads to significant blade deformation, which will affect the coupling performance of the floating wind turbine. In this research, based on
the two-phase flow CFD solver naoe-FOAM-SJTU, combined with the elastic actuator line model and the equivalent beam theory, a
coupled aero-hydro-elastic calculation model is established for the FOWT. Furthermore, coupled aero-hydro-elastic simulation for the
Spar-type floating wind turbine under regular waves and shear wind is performed. The results show that the aerodynamic loads amplify
the flap-wise deformation of wind turbine blades, while the torsional deformation leads to a significant decrease of aerodynamic loads.
Besides, the surge displacement and the pitch angle of the floating platform are enlarged by the aerodynamic loads, and the
aerodynamic loads show periodical change trend with large fluctuation amplitude because of the platform motions. Moreover, the blade
deformation makes both the speed loss and the turbulent kinetic energy in the wake field slightly decrease.
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Fig. 7 Time history curves of the aerodynamic coefficients in grid convergence test
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Tab. 3 Blade tip deformation in the grid convergence test
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Fig. 10 Temporal and spatial distribution of the axial inflow wind speed of wind turbine blade
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Fig. 11 Temporal and spatial distribution of the attack angle of wind turbine blade
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Fig. 12 Time history curves of blade bending moments and yaw moment of the wind turbine blade
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Tab. 5 Aerodynamic loads and hydrodynamic loads acting on the floating platform

B eVE=20) IK B I3 B ff
LR

TFHIE BB IEE TFHIE B REAE
F./N 4.91x10° 5.93x10° 7.58x10° 1.89x10°
F /N -90 8.35x10° -630 6.08x10°
F/N -7.08x10" 8.08x10" -4.24x10° 9.96x10°
M./(N - m) 3.94x10° 5.63x10° 6.00x10* 1.04x10’
M/(N - m) 8.24x10’ 9.93x10’ 4.60x10° 1.82x10°

M./(N - m) -1.20x10° 9.30x10° 380 7.20%10°
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Fig. 13 Time history curves of the 6DoF motion responses of the floating platform
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Fig. 14 Time history curves of the mooring forces
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Fig. 15 Time-average wake velocity field in hub-height plane Fig. 16 Vorticity magnitude field in hub-height plane
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