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!'Vortex Induced Vibration (VIV)

2 Flutter

3 Galloping

4 Resonance

5 Lock-in

¢ Single Degree Of Freedom (SDOF)
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7 Bluff body

8 Inverted flag

? Tandem arrangement

10 Side-hy-side arrangement
1 Staggered arrangement
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14 Reynolds Averaged Navier Stokes (RANS)
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Fig. 2 Schematic model of the circular cylinder and energy harvester: a) arrangement of single beam,
b) parallel arrangement of three beams, ¢) triangular arrangement of three beams
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Table 1 Numerical values of Physical properties of the
piezoelectric beams [13]
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Fig. 3 a) Schematic diagram of computational domain, b) A view of the grid distribution in parallel
arrangement of three beams
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Fig. 4 a) Instantaneous vertical velocity component, b) Frequency response of the vertical velocity behind
the circular cylinder
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Fig. 5 Comparison of the time history of the beam tip displacement obtained by the present aero-electro-
mechanical approach with the results of the finite element method by, Amini etal [15]
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Fig. 6 Instantaneous vertical velocity component: a) in arrangement of single beam, b) in parallel
arrangement of three beams

(AN
15
i 3140 Hz e
12}
_09
;"t -
— |
[=
&
= 06
03}
0F N . L . A
10° 10 10°

Frequency (HZ)

\F



(&)

T
40 Hz —_— Parallel Beams

o

FFTof y,

L Ll I L Ll I 1 L /- I L L
10' 10° 10°
Frequency (HZ)

(@

241

FFT of y,
>
T

08

0 [ Ll | I L L_| III Il 1 L | II 1 Il L
10 10 10°
Frequency (HZ)

2 A Gio Gyl 50 (7 i aw (S51g0 1T 50 (0 i SO Gy 50 (Wl 155 S ol (oandlS 5 Gy Y JSEb
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arrangement of three beams, c) in triangular arrangement of three beams
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Fig. 10 Variations of the vibration amplitude with electrical resistance in parallel arrangement of three
beams: a) beam number one, b) beam number two, c) beam number three
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Fig. 13 Variations of the, a) voltage, b) power output with electrical resistance in arrangement of single
beam
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Fig. 14 Variations of the, a) voltage, b) power output with electrical resistance in parallel arrangement of
threesbeams
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Table 3 Calculated quantities in arrangement of single beam

U., (m/s) Re rmsv(volt) rmsy,(mm)  r.msP (uW)
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Table 4 Calculated quantities in parallel arrangement of three beams

U, (mis) rms(volt)  rmsyc(mm) rmsP@uW) ol
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Table 5:Calculated quantities in triangular arrangement of three
beams
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Effect of VVarious arrangements of piezoelectric beam
on Energy Harvesting of Vortex Induced Vibration of
Circular Cylinder

Shiva Sharifi, Ali Esmaeili'

Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran

ABSTRACT
In this study, in order to harvest energy from vortex-induced vibration of fluid flow, piezoelectric beams

mounted behind a circular eylinder are considered and effect of various arrangements of the beams are studied.
To reach this goal, a three-way coupling model in the turbulent, unsteady and viscous flow regime is numerically
investigated. The simulations” are investigated for different values of electrical resistance and its effect on
vibration amplitude, frequency ratio,«voltage ‘and power output are compared. It has been shown that the
maximum oscillation amplitude and.frequency: ratio is occurred by a resistance value of 1000 Q and its value
decreases with the increase of resistance:*Furthermore, by growing of the load resistance, the generated voltage
goes up significantly and the maximum voltage is.Obtained in the load resistance as 100 M(), Contrastingly,
maximum power is obtained at low values of the/load resistance. Finally, it is found that in the parallel
arrangement of beams, due to less damping ratio due-to stronger interaction between beams and shear layers,

larger vibration amplitude and much more electrical output occurs.
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