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ABSTRACT Wind turbines operate in the daytime surface layer region of the atmospheric boundary layer. We
present key new knowledge of the nonsteady characteristics of the aerodynamic loads on a wind turbine rotor in
response to the passage of coherent elongated surface layer eddy structure through the rotor disk. Of particular
interest are the time changes in hub moment and force vectors acting at the rotor hub and on the main shaft, with
consequent forcing of the main bearing. The aecrodynamic responses are quantified with high-fidelity large-eddy
simulations of the NREL 5 MW wind turbine embedded within a canonical daytime atmospheric boundary layer, with
the rotor blades modeled using a state-of-the-art actuator line method. We find that whereas the rotation of the 3
blades through the time-averaged nonuniform velocity field over the rotor plane generates a highly periodic
contribution to rotor hub moment and force, the passage of the rotor blades through the internal structure of the
coherent atmospheric turbulence eddies creates strong enhancements and modulations to the periodic 3P responses, as
well as the generation of strong nonperiodic hub load content at much lower and much higher frequencies. These
correlate with the passage of clusters of coherent surface layer eddies and lead to the creation of exceptionally large
peak-to-peak time changes in force acting on the main bearing. The largest time changes in main bearing force arise
from specific 3P-with-high-frequency modulations that likely underlie premature main bearing failure and
corresponding increases in levelized cost of energy.
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