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On large scales of turbulence in the energy entrainment of wind farms
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To understand what role large-scale motions play in providing mean kinetic energy (MKE) to the array, low dimensional
tools based on a proper orthogonal decomposition (POD) are used to analyze the spatially developing velocity field of a
3 x 5 turbine array. Modal decomposition of the Reynolds stresses and fluxes of the MKE are constructed. From these, it is
established that low order modes have large contributions to Reynolds shear stress. Additionally, it will be shown that MKE
transport resulting from Reynolds shear stress and wall normal stress typically bring energy into and out of the array respectively.
Furthermore, it will be shown that the sum of the first 13 modes for the mean fluxes contributes 75% of the total Reynolds shear
stress.

The concept of coherent energy transfers is employed here as means to uncover the scales responsible for entrainment
of MKE into the array. Major contributions are achieved by large-scale motions associated with sums of the Reynolds shear
stress modes. The sum of the first 9 modes yields 54% of the total energy entrainment, with scales given by L ~ 13D associated
with this sum. From these results, it is clear that scales of the order of the total wind farm size are those which are critical in
determining how much power can be extracted from the atmospheric boundary layer. It will be shown that dispersive stresses are
also important in the energy entrainment and dissipation in wind arrays with complex topography and where proximity between
turbines exists.
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