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This study performed numerical investigations of a floating offshore wind turbine under a complex atmospheric boundary
layer inflow. The complex and realistic ABL inflow was generated by large eddy simulations, and wind turbine blades were
modeled by the actuator line model. The platform motions were solved by potential theory. A baseline case with a uniform
inflow condition was conducted to provide some comparable data. The difference of the aerodynamic power in the two inflow
scenarios is minor, except that small bumps in the atmospheric scenario are observed. The yaw moment is significantly
enhanced as a result of the lateral asymmetry of the atmospheric inflow on the rotor plane. A significant observation of
this study is the large-scale wake meandering caused by the presence of atmospheric turbulence structures. In addition, the
high-velocity atmospheric airflow enters in the wind turbine wakes, and its mixing with the low-velocity wakes leads to a
faster wake recovery.

INTRODUCTION

In recent years, with the great development of society, tradi-
tional fossil resources have had difficulty meeting the significant
energy demands. Wind energy harvesting has received increas-
ing attention because wind is a nonpolluting, renewable resource
(Chehouri et al., 2015), and the increase in harvesting is responsi-
ble for the promising growth of wind turbine technology. Accord-
ing to the 2021 Global Wind Energy Report (Global Wind Energy
Council, 2021), the installed capacity of wind turbines in 2020
reached up to 93 GW, resulting in a 53% year-on-year increase.
The development trend of wind turbines has gradually moved
toward the large-scale and floating type (Asim et al., 2022), which
has had significant impacts on the aerodynamic performance and
fatigue loads of wind turbines subjected to the complex atmo-
spheric boundary layer (ABL). Consequently, it has become very
necessary to study the dynamic responses of a floating offshore
wind turbine (FOWT) under a complex ABL inflow.

The effects of the complex ABL inflow on the bottom-fixed
wind turbine have been widely researched. By incorporating the
large eddy simulations (LES) and actuator line model (ALM),
Churchfield, Lee, Michalakes, and Moriarty (2012) presented a
numerical study of atmospheric and turbine wakes on wind tur-
bine dynamics. Their findings revealed that the turbulence struc-
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tures generated in the ABL can cause the isolated loading events
as significant as when a wind turbine is waked by an upstream
turbine. Lee et al. (2012) investigated the effects of atmospheric
stability and surface roughness on wind turbine fatigue loads; the
results showed that the two parameters have significant impacts
on turbine fatigue loads. Ning and Wan (2019) examined the wake
meandering and its effects on wind turbulence aerodynamics. Liu
et al. (2022) studied the wake dynamics of a waked wind turbine
with four different downwind spacings and three different inflows.
In contrast to the above studies of flat terrain, Li et al. (2022)
studied the effects of ground roughness and atmospheric strati-
fication on the wake characteristics of wind turbines over com-
plex terrains. It was found that the effects of the two parameters
are superimposed or counteracted, depending on the shape of the
complex terrain.

Compared with the bottom-fixed wind turbine, the inflow wind
conditions are more simplified on the FOWT because of the com-
plex feature of the two-phase flow. Cheng et al. (2019) performed
the fully coupled aerohydrodynamic responses of a FOWT with
the combined uniform wind inflow and regular incident wave. To
consider the properties of ABL inflow, a simplified shear wind
inflow (Huang and Wan, 2019; Huang et al., 2019) was adopted
for the FOWT. However, the wind turbine aerodynamic perfor-
mance is significantly affected by the complex ABL inflow as a
result of the large-scale development of wind turbine blades. By
generating the ABL wind field based on the Kaimal turbulence
model (Kaimal et al., 1972), Li et al. (2018) studied the effects of
wind fields on the FOWT aerodynamic performance. Turbulence
structures in the ABL wind fields allowed for the observation of
the unstable thrust force and power generation. Similarly, Zhou
et al. (2022) investigated the aerodynamics and hydrodynamics
of a FOWT under different inflow wind conditions, and the ABL
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