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Calculation of Optimal Blade Arc Angle and Thickness-to-Chord Ratio of Savonius
Wind Turbine Blades using Machine Learning Approach

A. Eslami

Collage of Interdisciplinary Science and Technology, University of Tehran, Tehran, Iran

S. Vakilipour

Collage of Interdisciplinary Science and Technology, University of Tehran, Tehran, Iran

Abstract

The present study focuses on optimizing the performance of Savonius wind turbines with airfoil-shaped blades, emphasizing blade
arc angle and thickness-to-chord ratio. The goal is to identify the optimal parameters to maximize the power coefficient and turbine
efficiency. Computational fluid dynamics (CFD) simulations and artificial neural networks (ANNs) are used to analyze flow
behavior and the impact of geometric variables. Initially, geometric models of the turbine with variations in blade arc angle and
thickness-to-chord ratio were generated, and then aerodynamic coefficients were calculated using OpenFOAM v2312. ANNS,
trained with simulation data, significantly reduced optimization time and computational costs. The ANN identified optimal values of
165° for the blade arc angle and 0.19 for the thickness-to-chord ratio. Additionally, overlap ratio analysis revealed that values
between 0.05 and 0.1 improved torque and power output at various tip speed ratios. The optimized geometry enhanced self-starting
capability and increased the power coefficient by 13.7% compared to conventional blades and by 5.2% over the initial airfoil-shaped
blade design.

Keywords: Savonius wind turbine, Airfoil-shaped blades, Blade arc angle, Thickness-to-chord ratio, Computational fluid
dynamics, Artificial neural network.
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