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Analysis and Geometric Optimization of Vibrating Beams under Fluid Flow to
Maximize Energy Harvesting

H. Ghane Department of Energy Conversion, Iran University of Science and Technology, Tehran, Iran
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R. Fathi Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
S. E. Razavi Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

M. Homayoun Sadeghi

Abstract

Energy harvesting from flow-induced vibrations (FIV) using piezoelectric transducers is a significant focus in mechanical
engineering. Maximizing the energy harvesting from FIV requires amplifying the vibration of a beam. The primary objective of this
study is to determine the dimensions of a beam to maximize its displacement at the tip. This can be achieved by ensuring that the
natural frequency of the beam aligns with the frequency of the force applied to it from the fluid side. It is essential to prevent the
displacement from causing the beam to break, so the beam should oscillate within the resonance range. Any obtained dimensions for
the beam that are not within the appropriate design range should be omitted. To obtain optimized dimensions, an algorithm was
developed in MATLAB. Subsequently, by coupling MATLAB and COMSOL Multiphysics, these dimensions were calculated. The
algorithm has performed calculations for regular rectangular and elliptical cross-sections. Ultimately, the article specifies a range of
suitable beam dimensions that maximize vibration while preventing beam breakage, presented in the form of multiple figures.
Keywords: Energy harvesting; Fluid-Solid interaction; Optimization; Computational investigation; Vortex-Induced vibration,
Numerical modeling.
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