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When placed in the wake of an upstream rotor, a wind turbine is subjected to significant
power reductions. The modelling of wind turbine wakes is therefore a subject of growing
importance, as part of a broader drive to develop renewable energies worldwide. Typically, wind
farms comprise dozens of turbines, for which conventional methods of flow simulation quickly
become unfeasible. For this reason, engineering wake models are used to give fast and reliable
estimates of the Annual Energy Production of wind farms. One of these models, currently
under development at the Technical University of Denmark, is based on a RANS look-up
table of wakes, generated for a stand-alone wind turbine under various flow conditions. Despite
promising results, this method is currently limited by its high memory requirements. Therefore,
the aim of this work is to design a new wake model capable of faithfully replacing the look-up
table. In particular, emphasis is placed on the development of a new added turbulence intensity
model. First, several expressions for a one-dimensional single-wake model are investigated. The
retained model is then generalized to higher dimensions and studied in parallel to a velocity
deficit model. Finally, the new wake model is implemented in the PyWake software, with which
wake superposition methods are used to analyze the flow characteristics in the merged wakes
of an array of five wind turbines. It results that, whether used in a single or multiple wake
situation, the new model developed in this work faithfully represents the predictions of the
RANS look-up table model. In addition, an in-depth analysis of the superposition methods
supports the physical interpretation, still debated today, of some of these methods.

Result of an LES simulation of the velocity field in the wake of an stand-alone wind turbine.



