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Horizontal- and vertical axis turbines
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Uniform motion
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Hydrofoil and tidal kite
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Self-excited vibration
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http://www.vortexhydroenergy.com
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Von Karman vortex street
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The origin of VIV studies in offshore
engineering
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Experiments and countermeasures
(when needed)
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The Strouhal frequency
St
=—V
J; D

/. 1s the vortex shedding frequency of a stationary cylinder

D 1s the diameter of the cylinder

V' is the flow velocity bSt sumer & Fredsoe, 1997 .
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The lift and drag coefficients for
stationary cylinders

The lift coefficient:

F,
C, = - 2
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The drag coefficient: C 5
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VIV of an elastically supported cylinder
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Results of the free vibration experiment
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The synchronization phenomenon

in-phase anti-phase
synchronization synchronization
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synchronization An original drawing by

. - Christiaan Huygens
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phase shift illustrating his

experiments with
pendulum clocks
(17th sentury)

http://www.scholarpedia.org/article/Synchronization
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The forced vibration experiment

S J A

[
90.6: / | RN
0.4% 1% i — q “‘\gl !

://_,_,-/—Qs
0 i (S s I I 1l I | l | ol e 2 ) ITI Ll l S N | l I Pl N | 1 | R ol | I
3 4 5 6 7 8 9 10

4
vr vr

Added Mass Added Damping

Tidal/current energy harvesting using the phenomenon of
Vortex Induced Vibration (VIV)

o]
TUDelft




The wake oscillator model: idea

ISV

Equation of Motion of the Structure:

=]
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Oscillator:

G+e(q —1)g+q= A7 MQ ‘ 6{0

Tuning A, €
parameters:

Model by Facchinetti et al. (2004)
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Generalization to large angles

Model by Facchinetti et al. (2?04)

J+20Q y+Qy = M(St} (—ySt(:’fo +q@§1j
G+e(q —1g+q= 4y

Model by Ogink & Metrikine (2010)
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G+e(qg’—1)g+q= Ay
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Back to VIVACE

How VIVACE works

A device invented by a-University of Michigan professor and students harnesses the energy in a water
current, and then drives a generator to create electricity. The device will be put into the Detroit River
next year.

1 Boxes with cylinders are

placed on the bottom of the river. e—— AC cable 4 The DC current is

2% changed to AC and
S sent to shore where
T it will light a new

AC converter — wharf between the
Renaissance Center
and Hart Plaza.

LDC collector

£ Each bobbing
cylinder moves a
magnet up and
down a metal
coil creating a
DC current.

- Magnet

B As the current passes over the
cylinders it creates vortices that
makes them bob up and down.

Source: University of Michigan DAVID PIERCE/Detroit Free Press
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Back to VIVACE

 The VIVACE converter is a transformational technology.

e |t taps into a vast new source of clean and renewable
energy, that of water currents as slow as 1 to 2 m/s,
previously off limits to conventional turbine technology.

* The vast majority of river/ocean currents are slower than
1.5 m/s.
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VIV energy generation: strong point

30 =
25 Occurs in a large range
of current velocities and
20 Us,=9.25 [ CD - -
N P T Is easily tuneable.
U* 15

10 —=— End of synchronization

-— Start of synchronization
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VIV energy generation: weak point

Currently captures moderate amount of kinetic
energy of currents

Obvious solution: arrays and use of the wake-
induced vibration .,
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Recent theoretical findings
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Flow and flow-induced vibration of a square
array of cylinders in steady currents

Ming Zhao', Liang Cheng’, Hongwei An” and Feifei Tong”
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Recent theoretical findings
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‘The synchronization range can be expanded and as much as
needed kinetic energy can be captured
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Thank you for your attention
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