IJEANS International Journal of Food and Nutritional Sciences

Research paper © 2012 IJFANS. All Rights Reserved,
POWER MAXIMIZATION STUDY OF A PIEZOELECTRIC

ENERGY HARVESTER IN HVAC SYSTEMS BY INDUCED
VORTEX SHEDDING

M. Lakshmana Kumar?,
! Department of ECE, Koneru Lakshmaiah Education Foundation
Sunandana Reddy Machireddy?
2 Rajeev Gandhi Memorial College of Engineering & Technology (Autonomous), Nandyal,
AP, India

Abstract

A piezoelectric PVDF film is made to vibrate in HVAC air ducts and is excited between fin
attached to it and the vortices shedding from the bluff obstacle. The bluff obstacle is placed
ahead of the fin and the piezo-electric film arrangement. Maximum power output from the
PVDF film, is achieved when input excitations from vortex shedding are iteratively modified
to match the natural frequency of the film. The incoming airflow velocity is maintained in the
range of 2.5-3 m/s. In the HVAC air duct, the output power is generated by utilizing various

fin materials at an airflow speed in the range of 2.5-3 m/s. The resultant output power which

could be used to power wireless sensors, is found to be in the range of 0.655 * 1072 W.
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1. Introduction

In modern times, the energy crises has become a global issue to look for a renewable source
of energy from our environment. Energy harvesting technique is an idea of converting the
ambient energy into electrical energy to power local electronic devices. The significant usage
of energy harvesting applications are to support wireless sensor nodes. Powering these

wireless sensor nodes require long phase stability instead of short phase resolution. On micro
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and nanoscales, recent technologies like piezoelectric energy harvesters for advanced
wireless sensor networks, biosensors and MEMS devices are being researched.

At present wireless sensor nodes are restricted by the batteries because of permanent
economical limitations of restoring thousands of batteries. An energy harvesting device
which are incorporate with rechargeable batteries could enhance wireless sensor nodes
lifetime and reduce the usage to change the restore batteries. Over the past decade,
piezoelectric energy harvesters have been increasingly investigated.

The piezoelectric effect was first introduced in 1880 by Pierre Curie and Jacques Curie. They
found that if certain crystals like quartz were subjected to mechanical strain, the degree of
polarization was equivalent to the applied strain and they become electrically polarized. At
present, polycrystalline ceramics are commonly used piezoelectric materials. Piezoelectric
ceramics like lead zicronate titanate (PZT) and barium titanate (BaTiO3) have high
piezoelectric co-efficients. Piezoelectric polymer like polyvinylidene fluoride (PVDF) is
widely used because of its high flexibility. PVDF films are of low cost which makes them
commercially available. The piezoelectric polymer have less piezoelectric coefficient than
piezoelectric ceramics.

Among vibration energy harvesters (VEH) the piezoelectric energy harvesters (PEH) are
considered to be prominent. By using piezoelectric materials the mechanical energy is
converted into electrical energy and this process is known as piezoelectric energy harvesting
(PEH). Piezoelectric energy harvesting concentrates on harvesting low-level energy. These
low-level energies are in the form of microwatts and milliwatts. Due to its convenience, low
cost and small scale piezoelectric cantilevers have made them successful. In the beginning,
several methods of flow-induced excitations has been analyzed. The vortices which are
created by the bluff obstacle were the initial process of flow excitation which were examined.
In these cases, the piezoelectric transducer generates a periodic forcing in the wake of bluff
obstacle and causes it to oscillate and creates the Karman vortex street. The mechanism
involved in producing the movement of the transducer, is known as vortex-induced vibration
(VIV). These sort of arrangement is advantageous to analysis the optimization to tune the
harvesters under flow conditions. Galloping is another aerodynamic fluctuation, is being
studied which produces self-excited vibrations by a bluff obstacle which is mounted on a

cantilever tip.
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Xie et al.[1] proposed flow-induced vibrations to harvest energy by using a flexible
piezoelectric cylinder. One-dimensional mathematical model is used to determine the
performance and output power of the harvester. Under the lowest resonant frequency of the
cylinder with airflow speed of 5 m/s, could generate electrical energy in the range of 103W
by shedding.

Hobbs and Hu [2] examined VIV to harvest wind energy through a power scavenging device
of small size. The piezoelectric transducers, are made to vibrate by connecting a linear array
of four cylinders in a uniform flow. Wen et al. [3] analyzed a vortex-induced vibrations
(VIV) energy harvester system based on its pressure in fluid flow to optimize the harvester. A
cube-shaped bluff obstacle was analyzed and it is correlated to a cylinder-shaped bluff
obstacle. Under a 100 kQ resistor load with an airflow velocity of 2ms™ the output power of
1 W could be generated. Gao et al. [4] stated that an energy harvesting method comprising
of a cylindrical expansion at the end of piezoelectric cantilever. The working principle was
based on a piezoelectric beam, which is connected to the end of a cylinder is harvesting
energy from the VIV phenomenon.

Dai et al. [5] recommended a theoretical model of apiezoelectric cantilever beam, connected
to cylinder for energy capture. To harvest energy from vortex-induced vibrations (VIV) this
design was refined based on the nonlinear parameter model. Xu-Xu et al.[6] evaluated the
vortexainduced vibrations (VIV) of a circular cylinderain a dual-mass formation by energy
production from the fluid flow. In the absence of the dual-mass the restrictions and
advantages of the design were also presented. The improvement of efficiency of energy
production had a further scope in this analysis.

Dunnmon et al. [7] developed piezoelectric patches that are fixed on a elastic strip by using
an aero elastic energy harvester. The aero elastic energy harvester is installed at the end of a
bluff obstacle and therefore the flapping flag was excited in an uniform axial flow. In a wind
speed of 27ms™ they generated an output power of 2.5mW. Li et al. [8] investigated a model
of flapping-leaf, i.e. operated based on aero elastic flapping. This type of device was suitable
for low-cost organic piezo-materials. Weinstein et al. [9] proposed, by attaching a fin at the
end of the piezoelectric cantilever, the VIV is excited in the steady air flow conditions to
harness energy. They stated that, the airflow speeds may range from 2 to 5 m.s™ in situations

of small weights that are placed along the fin.

1158 |Page



IJEANS International Journal of Food and Nutritional Sciences

Research paper (CRI VAT NERV B SRS L UG C CARE Listed (Group -I) Journal Volume 8, Issue 3, 2019
2. Vortex Shedding

A vortex-induced vibrations (VIV) are produced by the bluff obstacle placed in a flowing
fluid [10]. This VIV can occur with the bluff bodies and the streamlined bodies. These have
been observed in various areas such as mechanical engineering, civil engineering, aerospace
engineering and ocean engineering. Recently, with the revived notice of wind energy
systems, oscillations of wind turbine blades draw considerations. This analysis examines the
rotational analysis of a flat plate to provide a fundamental outlook of VIV in pitch oscillation
in the wind tunnel.

Through the variations of fluid pressure on the structure surface, the oscillating forces are
formed which are produced by vortex shedding. These vortices are scattered correspondingly
from both sides of the surface when the fluid pressure fluctuates. The periodic unbalanced

flow generated by the vortex shedding is distinguished as Karman vortex street.
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Figure 1: Schematic view of energy harvester
Usually, the flow parameter which determines the performance of the vortex shedding is

distinguished by the Reynolds number which is shown in equation below

VD
Re = ry 1)

where 1, is the velocity of the coming flow. D is a characteristic dimension of a body. 9 is
the kinematic viscosity of fluid.

The vortex shedding frequency has a feasible correlation with the flow velocity. These
correlations are characterized by Strouhal number which is expressed as non-dimensional

parameter.

stD
Se ="~ @

where f;; is the frequencyaof vortex shedding of a total cycle for the body at rest.
The lift and dragaforces acting on the cylinder are caused by the shedding of the vortices

alternately. If the cylinder is free to move the vibrations are formed in a direction horizontal
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to the flow which are resulted by the oscillating lift force. These types of vibrations are
considered as “Vortex-Induced Vibrations”.

When theavortex sheddingafrequency equivalent to the natural frequency of the body is
known as “lock-in phenomenon” [11-13]. This is also important to identify the extent of
vortex shedding frequency balancing with the fundamental structural frequency, f, is used to

study energy harvesting device.

fo=5{*m ©)
where, K is stiffness of the spring. m is the mass applied to the cylinder.
According to ohms law
V =1IR (4)
where V is voltage generated by the piezoelectric harvester. I is amplified current supplied to
the system. R is the resistance paired to the harvester to measure outputapower.
Power generated by the piezoelectric energy harvester is
P=VI (5)

3. Experimental setup

The bluff body used in this experiment is cylindrical PVC obstacle having diameter of 1 cm.
The commercially available piezoelectric PVDF film of 25mm x 13mm size with a thickness
of 0.15mm is used for energy harvesting. Polyvinylidene difluoride (PVDF) are the most
regularly used piezoelectric polymers. It is a semi-crystalline polymer which is having
repeatingaunits of (CH,-CF,). In an amorphousamatrix approximately 50% crystals are
implanted in PVDF. PVDF film is a solid polymer and it is light-weight that can be used in a

broad range of thickness.

Figure 2: Piezoelectric PVDF film
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Balsa wood is used as a fin material for energy harvesting because of its high stiffness to
density ratio. The fin material is moulded into aerodynamic shape to allow the incoming
airflow to easily flow over the fin surface. The fin location should not be too close to the
cylindrical obstacle because of its inferences in the formation of vortices. Also if we place the
fin too far from the cylindrical obstacle, the energy dissipates from the vortices before it
reaches the film.

Figure 3: Fin material (Balsa wood)
A 220 kQ resistor is paired with the PVDF film to measure power output. The other end of
the resistor is connected to the digital oscilloscope which is used to measure the resonant

frequency. The incoming air velocity is measured using a digital anemometer.

4. Experimental work

In HVAC air ducts, the PVDF film is made to vibrate and is excited between fin attached to it
and the vortices shedding from the bluff obstacle. The bluff obstacle is made of cylindrical
body. The incoming air is allowed to pass through the bluff obstacle. The air flowing past the
bluff obstacle creates a periodic oscillating field behind the obstacle and thus phenomenon is
referred to as Karman vortex street.

The vorticesashedding fromathe bluff obstacle exerts a force on the both sides of the fin
which makes them vibrate in to and fro motion. This vibrating fin is attached to the
piezoelectric PVDF film which is subjected to deformation. Due to this, deformation
polarization occurs over the piezoelectric material and voltage is induced. In this experiment,
two types of fin materials namely cardboard and balsa wood respectively are used to harness

the energy from the harvester.

5. Results
An experiment is conducted by using fin materials like cardboard and balsa wood at an
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airflow speed in the range of 2.5-3 m/s. The 220 kQ resistor which is paired to the harvester’s

one end and the other end connected to the digital oscilloscope gives the resonant frequency
at a flow speed of 2.5-3m/s. By using these resonant frequencies, the maximum output power

is found out to be.

Table 1: Experimental readings of energy harvester
Fin Material Voltage generated(V) | Output Power(W)

Card board 34.40 mV 538 10°°W

Balsa wood 12.00 mV 0.655 « 10~°W
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Figure 5: Balsa wood reading shown in digital anemometer.
We had conducted experiment by using PVDF film containing no mass as a piezoelectric
bender. The fin material is made up of balsa wood shaped aerodynamically to avoid the
disturbance of air flow and allows it to easy flow on the surfaces of the fin material. We can
also conduct the experiment by using a flow straightener placed ahead of the piezoelectric

harvester to decrease turbulence of the incoming airflow in the future study by using this
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experimental setup we can improve the power output by making slight modifications. The
PVDF film can be clamped in both horizontal and vertical direction of airflow. The fin
material is made up of plastic or polymer in the shape of triangle and it is attached to the free
end of the PVDF film through a plastic hinge.

6. Conclusion

In this study, an experimental setup is installed that can harvest available vibration energy
into electrical energy to measure maximum output power by using different fin materials at a
flow speed of 2.5-3m/s. By adding fin material to the tip of the PVDF film, there will be an
increase in output power generation. The power generated at an airflow speed of 2.5-3 m/s by
the cardboard material is 5.38 nW and the power generated at an airflow speed of 2.5-3 m/s
by the balsa wood is 0.655 nW. The resultant output power is sufficient to power a wireless

sensor node.
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