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e Althou rge-
scale phy
conversion d

tar-CCM+ is

recommended for those interested in the
computational fluid dynamics modeling of the
various wave-energy conversion devices. An
example of the application of this software is
shown on the next slide, Slide 3: wave-induced
motions of a free barge towards a seawall.







 Focusi from
destruc cted and
incident w

 |ntroduced to wa
and J. Falnes in the mid 1970’s

* Analyzed by J. N. Newman, C. C. Mei and others
late 1970’s and 1980’s

* Phenomenon lead to the term “Point Absorber”

rsion by K. Budal

* Areal sketches in Slide 5 illustrate the phenomenon
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a. Point-Absorber b. Attenuator c. Terminator




In Slide 5, t
are introdu
shoreline system. ion is to deal
with some of the prac large-scale studies
of diffraction focusing by point absorbers and attenuators.

rminator
as a

The prototypes of the two are respectively presented in Slide 7.

The U. S. Naval Academy 117-meter wave tank was used in both
studies. The tank is approximately 8 meters wide and 5 meters
deep. Waves up to 1.0 meter in height and 3.3 seconds in period
can be produced. Regular and irregular waves were used in both
studies, although only the regular wave results are presented.







Th

* The de 7, is
a 140-ton
(attenuator) sy

eployed in the

Shannon River Estuary (Ireland) from 1996 to
2004. The pitching motions of the forward
barge of the three-barge system were found
to far exceed those of the middle and after
barges. This observation led to the single-
barge experiment sketched in Slide 9.




Deep-Water Forward Barge Study — 1/4™ to 1/3™ Scale
1.67s < T<3.33s
0.094m < H<0.279m
1bar < p < 5bar
0.1 Js<Q<0.3[[s

.—SDHiC Gauge

y O1il Pump
— "
0-787|m/| — Splash Deck i ! !
30?\ Hinge
\ 0.10m

Calm Waterline




Arti lons

stem. The
em is shown in
Slide 11 as a fu avelength ratio.

Turmec Engineering o hat the threshold
power required to excite the hydraulic pumps was about 36
Watts. This power value must be added to those on the
previous graph to determine the total power absorbed by the
system.

For L < 0.3_] the values of the ratio of the total power and the
wave power incident on the width of the system were 1.26
and 1.60. This attributed to diffraction focusing.

Although the scale of the experiment was relatively large, the
scaling of the hydraulic takeoff system power is difficult, since
both dry and fluid friction were present and significant in the
study.

The power ta
time-averagec
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The se dy of
a proto ped with
S|de and b artially

ident waves by

wake losses.

The system is sketched in Slide 13, and the
designed motions are illustrated in Slide 14.

An areal sketch of the tank set-up is presented in
Slide 15.
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Still Waterline

4. Fixed in Heave bh. Free to Heave
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The time-av 17 as
functions o from 0.8
secondto 3.3s

The damped natural pitc |-exceeded 5 seconds,
and that of the heaving motions was about 2.8 seconds.

Over most of the test spectrum, the pitching motions are
dominant.

In Slide 18 are normalized buoy motions and the wave-height
ratio (transmission coefficient) as functions of the float
diameter and the wavelength. The down-tank wave heights
are the averages of the center and side wave gauge readings.
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Heaving and surge vs period
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spectru ons of
nce (our
desired goal) in a large tank.

2. The side-walls o eflective; hence, each
reflected wave pair (from both walls) simulates the
addition of a pair of the system being studied.
Fortunately, when those radiated waves arrive, there is
a step in the motions data, and the effect is easily
identified.

3. The scaling of the power take-off is most difficult.
Not only are Froude and Reynolds scaling not

compatible, for direct electrical conversion by linear
inductance introduces other scaling problems occur.
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‘well above
the upper um, low-period
radiation results sion was questioned.
If the absorbed wave energy in the beam (fin to fin) of the
buoy is divided by the total incident wave energy, the
resulting transmission coefficient is about 0.897. We note
that the last three values of the coefficient are less than 0.7
for the shorter waves in Slide 18. This fact leads to the
conclusion that diffraction focusing occurred.

The effect of the vortex shedding frequency has been
raised. This will be investigated.

4. Since the primary energy extraction is due to viscous-

pressure effects, scaling poses a problem.
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