Energy Engineering and Management, Vol. 15, No. 1, PP. 70-85, 2025

:

Engineeringfandimanagement

UCB/oK‘JB

University of Kashan

Experimental Investigation of Wind Energy Harvesting Based

on the Galloping Phenomenon

Ehsan Bakhshi,' Amin Taraghi Osguei,** Alireza Alizadeh Milani®

! Faculty of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran, bakhshie26@gmail.com
2 Faculty of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran, taraghi@sut.ac.ir
® Faculty of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran, a_alizadeh403@sut.ac.ir

Keywords:

galloping phenomenon,
piezoelectric,

wind energy harvesting,
electromagnetic induction,
renewable energy.

Original Research Article

Paper History:
Received: 26/08/2025
Revise: 24/09/2025
Accepted: 20/10/2025

Abstract: In recent years, due to the growing global demand for
sustainable and environmentally compatible energy solutions, the
focus on the development and utilization of renewable energy
sources has increased. Among these, wind energy has attracted
special attention due to its wide availability and considerable
potential for generating electrical power. In this study, inspired by
energy harvesting systems (based on structural vibrations caused
by the galloping phenomenon), a laboratory-scale setup was
designed and constructed. This system consisted of a cantilevered
flexible beam on which two types of mechanical-to-electrical
energy converters were mounted in combination: a piezoelectric
transducer and a coil-and-magnet assembly for electromagnetic
induction. The main objective of this research was to achieve
maximum electrical power output from galloping-induced
vibrations and to compare the performance of two energy
conversion methods. Experimental results showed that the
maximum power output of the designed setup, using the
electromagnetic induction method in AC mode with a load
resistance of 100 ohms, was 8100 microwatts. The results showed
that the proposed structure could be very useful as a power
generation unit with the aim of producing maximum power for
simultaneous consumption and storage. Providing the possibility of
adjusting the external load of the consumer unit and the storage
unit independently for maximum energy harvesting was the main
advantage of the proposed structure.
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Extended Abstract

Introduction

In recent decades, the rapid growth of the global
population and the increasing energy demand, along
with the environmental concerns arising from the
excessive use of fossil fuels, have drawn the attention
of researchers toward renewable and clean energy

sources. Among these resources, wind energy has
gained particular importance due to its abundance,
accessibility, and high potential for electricity
generation. However, conventional wind energy
harvesting technologies such as large-scale wind
turbines face several challenges, including high
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installation and maintenance costs, the need for
extensive land areas, and the generation of noise
pollution. Therefore, the development of small-scale
wind energy harvesting systems capable of utilizing
structural vibrations induced by wind flow has
become an important area of research.

One of the well-known phenomena in this context
is the galloping phenomenon, a type of self-excited
oscillation that occurs in bluff bodies subjected to
crosswind flows. When properly controlled, this
phenomenon can serve as a significant source for
converting mechanical vibration energy into electrical
energy. In the present study, inspired by the galloping
phenomenon, a hybrid energy harvesting system
based on piezoelectric and electromagnetic induction
mechanisms  was  designed, fabricated, and
experimentally evaluated. The main objective of this
research is to examine the performance of these two
energy conversion methods under urban wind
conditions in order to achieve the maximum electrical
power output from galloping-induced vibrations.

The distinguishing feature of this study lies in the
simultaneous use of both energy harvesting
mechanisms and the experimental comparison of their
performances within a common laboratory setup, as
well as the measurement of the power output in the
hybrid operating mode. This approach provides a
more comprehensive understanding of the system’s
behavior under realistic urban wind conditions. The
findings of this research indicate that the hybrid
approach can significantly contribute to the
simultaneous development of energy harvesting and
storage systems, particularly for off-grid applications
and low-power electronic devices.

Materials and Methods

In this paper, to investigate the performance of the

system, a small-scale laboratory prototype was

designed and fabricated. The system consists of a

cantilevered aluminum beam, at the free end of which

a rectangular bluff body, made of lightweight foam,

was attached to induce galloping oscillations. Two

energy transducers were mounted on the beam in a

hybrid configuration:

1. A piezoelectric transducer for converting
mechanical deformations into electric charge
through the direct piezoelectric effect.

2. An electromagnetic induction transducer,
consisting of a copper coil and a neodymium
permanent magnet, which generated an induced
voltage according to Faraday’s law of
electromagnetic induction as a result of the
relative motion between the magnet and the coil.
To generate airflow, a laboratory jet fan with a

uniform and controlled velocity was used at different
distances (ranging from 0 to 20 cm) from the bluff
body to simulate galloping conditions. The system
was equipped with electronic circuits for AC-to-DC
conversion and an energy storage unit using a lithium
battery.

The output voltage and current were measured
using a digital multimeter under various external load
resistances. The range of resistance values was set
between 47 and 2000 Q for the electromagnetic
converter and between 780 and 100,000 Q for the
piezoelectric converter. The electrical output power
was calculated using the relation (1):

V2
P=— 1)
R
where P is the power (in watts), V the output voltage
(in volts), and R the load resistance (in ohms).

Experiments were conducted under constant
airflow conditions and at different fan-to-bluff-body
distances to determine the relationship between wind
velocity, vibration amplitude, and output power.

Results

The experimental results demonstrate that the
proposed hybrid system is capable of effectively
harvesting energy from vibrations induced by the
galloping phenomenon with considerable efficiency.
Among the two employed conversion mechanisms,
the electromagnetic induction method exhibited a
significantly superior performance compared to the
piezoelectric method.

The maximum voltage output obtained from the
electromagnetic induction mechanism was +1.38 V in
DC mode and approximately 1.8 V in AC mode. The
maximum power output in AC mode was measured to
be 8100 pW, while in DC mode it reached about
382.5 pPW. For the piezoelectric converter, the
maximum generated power was only 1.25 pW at a
resistance of 50 kQ.

An increase in the distance between the fan and
the bluff body resulted in a noticeable reduction in the
amplitude of oscillations and consequently in the
output voltage. On average, at a distance of 20 cm, the
voltage drops approximately 22% compared with the
case of near-zero spacing. The power—current plots
for all three configurations showed a concave
downward trend, indicating that as the current
increased, the power initially rose to a peak value and
then decreased due to internal damping and resistive
losses.

Experimental observations also revealed that the
hybrid system is capable of simultaneous energy
harvesting in both AC and DC modes, allowing for
direct consumption of the generated energy while
simultaneously ~ storing it.  Furthermore, the
electromagnetic  induction method demonstrated
greater stability against sudden changes in wind
velocity, whereas the piezoelectric method produced a
continuous but lower-amplitude voltage under low
wind speed conditions.

Discussion and Conclusion

The results of the present study indicated that utilizing
the galloping phenomenon as a source of vibration
can serve as an effective foundation for small-scale
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wind energy harvesting. A comparison between the
two energy conversion methods revealed that the
electromagnetic induction approach, due to its higher
efficiency and greater power output, was more
suitable for applications requiring relatively higher
energy levels. In contrast, the piezoelectric method,
owing to its simplicity, miniaturization capability, and
rapid response to low wind speeds, can be effectively
employed in low-power applications such as wireless
sensors.

The proposed hybrid piezoelectric—
electromagnetic structure combines the advantages of
both mechanisms. The piezoelectric transducer
provides the initial voltage at low wind velocities,
while the electromagnetic transducer generates higher
power at moderate to strong wind speeds. This
synergistic interaction enhances the total harvested
energy and improves the adaptability of the system to
various electrical load conditions.

Moreover, the findings showed that optimizing the
system’s geometric parameters such as the shape of
the bluff body, the stiffness of the beam, and the

spacing between the magnet and the coil, has a
significant influence on the onset of galloping and the
overall energy conversion efficiency. The designed
prototype achieved a maximum electrical power
output of 8100 uW, which is sufficient to power low-
consumption electronic devices, wireless sensors, and
small energy storage units in urban or off-grid
environments.

However, the present research demonstrates that
the galloping phenomenon, typically regarded as a
structural instability, can be effectively harnessed as
an innovative renewable energy source on a
microscale. The proposed hybrid configuration
enabled simultaneous energy harvesting, storage, and
utilization, providing a promising foundation for the
development of  self-powered systems and
autonomous sensors independent of external power
supplies. It is recommended that future studies focus
on optimizing materials and electronic circuitry and
evaluating the system’s performance under real wind
flow conditions to pave the way for the
commercialization of this technology.
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