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ABSTRACT 
Floating offshore wind turbines (FOWTs) are typical multi-physics and multi-body 

coupled systems, where complex interactions exist among aerodynamic, hydrodynamic, 
and structural dynamics. To improve the prediction accuracy of FOWT responses under 
combined wind–wave–current loading, this study develops high-fidelity CFD-based 
numerical methods and investigates the unsteady aerodynamic behavior of wind 
turbines influenced by platform motions, as well as the nonlinear hydrodynamic 
characteristics of floating platforms considering fluid viscosity and current effects. A 
fluid-structure interaction framework is established by integrating advanced CFD 
techniques, unsteady actuator-line modeling, and six-degree-of-freedom platform 
motion simulations. Based on forced-vibration analyses, aerodynamic and 
hydrodynamic models accounting for fluid–structure coupling effects, vibration 
frequency, platform motion, current velocity, and member interaction are proposed. The 
results reveal that increasing platform motion frequency significantly alters turbine 
aerodynamic performance, while ocean currents enhance vortex intensity around the 
platform and strongly affect hydrodynamic coefficients. The developed unsteady 
aerodynamic–hydrodynamic models are incorporated into a coupled dynamic analysis 
framework for FOWTs and validated against CFD simulations under various wind-
wave-current conditions. Compared with conventional blade element momentum theory 
and potential-flow-based methods, the proposed models substantially improve coupled 
response prediction accuracy. 

 
  

Fig. 1 Wind–wave–current response of floating offshore wind turbines 
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