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ABSTRACT Most countries in the world are trying to reduce the use of fossil fuels in the production of electricity and replace them
with renewable energy technologies. In Korea, there are abundant ocean renewable energy sources that will play an important role in
power generation in the future. This paper introduces a new tidal energy converter utilizing flow induced vibration (FIV), which can
work efficiently, even in the currents slower than 1.0m/s. All tests were conducted at the Marine Renewable Energy Laboratory at the
University of Michigan to examine the effects of the damping ratio of the electric generators on the power outputs and power
efficiencies. In these tests, two identical circular cylinders were used, and passive turbulence controllers were applied to the surface of
the cylinders to enhance the FIV. The experimental results showed that by using the two cylinders in the FIV, the power output and
efficiency reached up to 31 W and 36%, respectively. In particular, the results showed that the power efficiency was higher at the
relatively low flow speed (4<U*<U or 0.45<U<0.9 m/s). This indicates that this tidal converter can work efficiently, even at low flow
speeds, and will enable the use of more tidal energy.

Key words Tidal current energy converter(Z 5ol 2] ¥1%7]), Flow induced vibration(-3-%-3- %21 %), Power output(& 72 ),
Power efficiency(' A 8&)
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Fpiia  : fluid force, N
fose  :natural frequency in water, Hz

fose  : oscillating frequency, Hz

K : spring stiffness, N/m
k : average particle size of a roughness strip, pm
L : length of the cylinder, m

Mmose  : oscillating mass, kg

m, :ideal added mass, kg

mg : fluid mass displaced by cylinder, kg

m’ = Mos/mq : mass ratio

p : thickness of backup paper and double-sided
tape of the roughness strip, pm

Poecr : converted mechanical power, W

Pharness - harness power, W

Pyuia  : power in fluid in the area swept by cylinders, W

Rep :reynolds number

T, :period of oscillation, sec

t : time, sec

U : flow speed, m/s

*

U : reduced velocity

Yy : displacement of the cylinder, m
Y : velocity of the cylinder, m/s

y - velocity of the cylinder, m/s”
(e :structural damping ratio

Charness - harness damping ratio
Nmeer : mechanical power efficiency
Hharness © pOWer harness efficiency

p : density of a fluid, kg/m3

Subscript

VIVACE : vortex induced vibration for aquatic clean
energy converter

MRELab : marine renewable energy laboratory

PTC : passive turbulence controller
Vck : virtual-damper-spring
VIV : vortex induced vibration
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Adevice invented by a University of Michigan professor and students hamesses the eneray in a water
current, and then drives a generator to create electricity. The device will be put into the Detroit River
nextyear.

1 Boxes with cylinders are:

placed on the bottom of the iver. — ACcable

4 The DC currentis
changed to AC and
sent to shore where
itwilllight a new
whart between the
Renaissance Center
and Hart Plaza.

ﬂ As the current passes over the
cylinders it creates vortices that
makes them bob up and down.
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Fig. 1. Concept design of VIVACE (courtesy of Vortex Hydro
Energy Inc. and Detroit Press)
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Fig. 2. Schematic of the recirculating water channel (left), two lab—scale converters (center) and, schematic of the converters
(right)

Table 1., Details of experimental conditions

Symbol 1st Device 2nd Device
Diameter (m) D 0.089 0.089
Length (m) L 0.902 0,902
Oscillating mass (kg) Mose 7.286 7.302
Fluid mass displaced by cylinder (kg) my 5.432 5.432
Ideal added mass (kg) m, 5.432 5.432
Mass ratio (m*=mps/ 1) m* 1.341 1.344
Spring stiffness (N/m) K 755 755
Natural frequency in water (Hz) b water 1.226 1,225
Structural damping ratio Cotr 0.02 0.02
Damping ratios induced by generators Charness 0,04, 0,08, 0,12, 0.16, 0,20, 0,24
Horizontal spacing between the centers of two cylinders B/D 2.57
Temperature of water (°C) 20.5
Flow speeds (m/s) U 0.350~1.320()
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Table 2. Details of Passive Turbulent Controller

ISO/FEPA Grit designation P60
Average particle diameter of
roughness (k) 269 pim
Thickness of paper and
double—sided tape (p) 578 um
o, 3.02:10”
(ktp)/D 9.51-10”
12.7 mm
Width of PTC ’
(16° for =8.9 cm)
Angle of PTC 20°
Ardm'rm
Control board
Speed e
& Ly AD & DA signal
Position processing circuit
data e
Amplifier
]
Servo motor with
Build-in Encoder

Fig. 4. Schematic of Vrtual—damper—sprlng system (reproduced
from Sun et al. 2015™)
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Fig. 9. Optimal power curves and efficiency curves by a
single cylinder[8] and two circular cylinder with PTC
for various damping ratios; (K=755 N/m)
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