
EUROPEAN-AMERICAN 

COLLABORATION IN WIND ENERGY 
 
 

MONTHLY WEBINAR SERIES 

 

U.S. NATIONAL SCIENCE FOUNDATION NATIONAL CENTER FOR ATMOSPHERIC RESEARCH 

RESEARCH APPLICATIONS LABORATORY 

P.O. BOX 3000   |   BOULDER, COLORADO 80307-3000    |    303-497-8422    |    RAL.UCAR.EDU 

 

Nonsteady Forcing of the Wind 
Turbine Main Bearing by the 
Passage of Atmospheric Surface 
Layer Turbulence Eddies 
 
James G. Brasseur 
AEROSPEACE ENGINEERING SCIENCES,  
UNIVERSITY OF COLORADO 
 
Wednesday, May 14, 2025 
1600 CET (1400 UTC, 0800 MDT) 
WEBINAR Meeting ID: 984 1156 7139 I Passcode: 2SDsrzZY I Please Join Us Via Zoom 
 

 
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 aerodynamic 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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