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ABSTRACT:

In this presentation we provide various illustrative examples of how fundamental fluid
mechanics knowledge has had profound effects on our understanding of wind energy and
wind farm performance. We discuss the fundamental concept of the logarithmic law for
turbulent boundary layers and its extension to a double-logarithmic mean velocity
distribution for the horizontally averaged velocity in large wind farms. We discuss
fundamental understanding of axisymmetric wakes and how these led to the development
of wave superposition models that are then coupled to models of the atmospheric
boundary layer structure. Focusing on individual wake structures, we then discuss the
technique of yawing wind turbines for wake steering, wherein turbine wakes can be
redirected to reduce interactions with downstream turbines. The wake deflection is

associated with the generation of counter-rotating streamwise vortices of very large size
(macro-vortices), whose magnitude can be predicted using classical lifting line theory.
Finally, we show how models of wave-number frequency spectra of turbulent boundary
Chcmes Mene\/eou layers can be used to predict frequency spectra of fluctuating power generation of entire

) wind farms, of direct relevance to understanding and predicting wind power variability.
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