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Abstract    : Wind-wave interactions are central to quantifying momentum transport at the air-sea 
interface and are critical to developing offshore renewable energy. Significant knowledge 
gaps exist regarding the coupling between waves, the atmospheric boundary layer, and their 
effects on offshore wind turbines. To this end, I will discuss a modeling framework for the 
marine atmospheric boundary layer that quantifies small-scale effects through physics-based 
models and couples them to high-fidelity simulations of large-scale flows. I will present a 
new “wall” modeling approach that overcomes these limitations and accurately predicts the 
wind-wave momentum transfer by modeling the pressure-based surface drag on the wind due 
to simple wavefields. Further, the model can be extended to realistic oceanic conditions using 
a dynamic procedure that calculates the momentum transfer due to waves unresolved in flow 
simulations based on a self-consistency condition of the total drag. Finally, I will discuss the 
application of the dynamic wave model to offshore wind farm simulations.
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