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Multi objective optimization of performance of small size horizontal axis wind turbine

based on NSGA-II
S. Karimian Aliabadi Mechanical engineering faculty, Tarbiat Modares University, Tehran, Iran
F. Ahmadpour Mechanical engineering faculty, Tarbiat Modares University, Tehran, Iran

Abstract

The main aim of this research is to redesign and optimize blade of a small wind turbine rotor in a wind speed range in terms of
starting time and power criteria. First, the aerodynamic modeling of the rotor and the wind turbine has been presented based on the
blade element momentum theory, and based on this, the torque, power, thrust and the turbine starting time are calculated. To validate
the model, the results are compared with NREL phase VI turbine data which shows a good corresponding. In order to optimization
of the wind turbine blade rotor, the optimization algorithm of NSGA-II (multi-objective) has been selected. In this algorithm the
output power of the rotor and the starting time are considered as the objective functions. In addition, the twist angle and chord length
for each section of the turbine blade are assumed as the optimization design variables. The variation ranges of design variables as
well as the maximum tip speed are defined as constraints in this problem. Pareto diagram of multi-objective optimization is derived
in terms of the values of the objective functions; From the Pareto diagram, it can be found that by increasing the power coefficient,
the starting time increases. Finally, three optimum points are selected on the Pareto diagram and for each of them the chord length
and the twist angle are calculated. The results of the optimization show that with slight changes in sections’ twist and the chord
length, enhancement of the power coefficient by approximately 9% and reduction of the starting time about 10% in the compromise
point is achievable.

Keywords: horizontal axis wind turbine, blade element momentum method, evolutionary optimization, NSGA, starting time,
power coefficient.
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