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Layout Optimization of Turbines in a Wind Farm
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Abstract

To avoid wake flow, the purpose of this study is to determine, among a given number of wind
turbines in a small wind farm, the optimum plane layout of wind turbines in order to achieve the
maximum efficiency of the wind farm. An analytical wake model and a power generation model are
used to account for the velocity deficiency in the wake and the energy generated by a turbine,
respectively. The complex nonlinear optimization problem is solved effectively by using a genetic
algorithm and an interior point method to obtain the optimum placement of wind turbines. With regard
to the optimization analysis, four objective functions representing different scenarios are considered in
this study. They include (a) the maximum power generated by the wind farm, (b) the maximum energy
generated by the wind farm in a whole year, (c) the minimum daily and monthly variations of the
energy generated by the wind farm, and (d) the bi-objective optimization problem of maximizing the
energy generated in a whole year and minimizing the monthly variation of the energy generated by the
wind farm. The verification of the analysis is carried out for the above case (b). It is found that
different ambient wind speeds do not affect the optimum layout of turbines for obtaining the
maximum energy generated by the wind farm in a whole year. The optimum number of turbines to
maximize the energy generated by the wind farm in a whole year within a fixed-size wind farm can
also be determined accordingly.
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