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ABSTRACT Vortex-induced vibrations are a type of flow-induced vibrations caused by alternating lift forces. With increasing demand
for renewable energy, the application of vortex-induced vibrations to renewable energy has been widely studied. Vortex-induced
vibrations for aquatic clean energy (VIVACE) converter is a renewable energy device that generates electricity from rivers or oceans
using vortex-induced vibrations. To increase the design life and power harnessing capacity of the VIVACE converter, the estimation
of fluid forces due to vortex-induced vibrations is essential. Herein, vortex-induced vibrations were experimentally tested, and their
amplitude and frequency response were measured. The amplitude results showed four different branches: initial branch, upper branch,
lower branch, and desynchronization range. According to the fluid force coefficient results, the maximum lift coefficient occurred at
the upper branch. Additionally, a mathematical model is proposed to estimate fluid forces due to vortex-induced vibrations without
using measurement devices. This mathematical model enables the estimation of fluid force coefficients and phase lag using amplitude
and frequency response of vortex-induced vibrations.

Key words Flow-induced vibrations(-3-%7] 21 X%, Vortex-induced vibrations(2}5:7] 21 2%, Current energy (3 & o 1] X)), Fluid
force(-F-A &)

Nomenclature Jaw  t natural frequency of circular cylinder in still
A : circular cylinder amplitude [m] water [Hz]
A*(:A/D) : dimensionless amplitude [-] f* : (: j}osc) dimensionless frequency [.]
) Fsystem damping coefficient [Ns/im] F : fluid force on circular cylinder [N]
C : fluid force coefficient [-] . - oystem stiffness [N/m]
D : circular cylinder diameter [m] I - cireular eylinder length [m]
Jose : oscillating frequency of circular cylinder [Hz] " . oscillating mass [ke]

Ma : added mass [kg]
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U : flow speed [m/s]
U*(:U/(fn,wD) : reduced velocity [-]

S : reference cylinder area [m’]
y : cylinder displacement [m]
y : cylinder velocity [m/s]

b : cylinder acceleration [m/s’]
P : water density [kg/m3]

¢ : damping ratio [-]
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Fig. 1. Concept of VIVACE converter (Reproduced from [6])
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Fig. 2. Schematic of circulating water channel (Reproduced
from [8])
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Fig. 3. Schematic of motion mechanism
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Table 1. System particulars of the device

Meyiinder [KQ] 2.54
m [kgl 9.78
ma [kg] 5,67
c [Ns/m] 3,44
Kk [N/m] 763

fn,w [Hz] 1.08
¢l 0.016
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Fig. 6. Time histories of cylinder response at each branch
(a) Initial branch, (b) upper branch, (c) lower branch
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