R FEENE Y —HRARRE JAMSTECR 27 (March. 1992)

Utilization of the New Wave Power Convertor for the Improvement

of the Marine Environment
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In this report, the authors discuss the following three items. |

Firstly, the method for estimation of the behavior and performance of the floating
terminator OWC type wave power convertor are discussed in this paper. Theconvertor
1s moored at the offing and it can absorb the wave energy, convert it to a different
form of energy, and create a calm sea area behind the device as a floating break
water effectively. | |

Secondly, as an application of this method, authors have designed a new concept
floating wave power convertor. Itis “the Mighty Whale” and it has several unique
behaviors. The outline of this device is introduced.

Finally, the concept of utilizing the wave energy, which is converting from wave
to compressed air by “the Mighty Whale” is described. The authors propose that
the wave power device should be used for improvement of the marine environment,
because this energy is renewable and clean.
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1 INTRODUCTION

Ocean has several kinds of natural energy
resources which are renewable and clean, and
wave energy 1s the most convenient energy
resources in the ocean. Because the total amou-
nt of the wave energy 1s very huge and we can
utilize 1t at most part of the coastal zone except
in the bay. However, the density of wave energy
is not so high and the output of energy fluct-
uates with time. Nevertheless, the study on the
utilization of wave energy 1s continued still
now. Because, the wave energy will not occur
any pollutions like CO. gas or acid rain.
Japan Marine Science and Technology Center
carried out the open sea tests for two types of
proto type wave power devices up to date.
These are the floating attenuator type device
“KAIMEIL” ¥ #3% and the shore fixed type
device “SANZE” *’. As a result of the project
of KAIMEIL we could confirm the possibility
to utilize the wave energy, however the estima-
ted value of the cost for the electrical generation
was not so cheap and output power was not
stable. In order to improve these shortcomings,
JAMSTEC continued to research and succeeded
to develop on the new type of the wave power
device “the Mighty Whale ( Wave Height
Absorbing Leisure Equipment)” *’.
As a result of this research and development,
it was clarified that the floating terminator
OWC type device like FOWAD ° has most ef-
fective performance for the absorption of wave
energy and the dissipation of the incident waves,
if it will be moored at near coastline easily.

2 OUTLINE OF THE MIGHTY WHALE
The Mighty Whale has several air chambers
which can absorb the incident wave energy and
convert to the other energy resources. A floating
chamber behind air chambers has the ability to
keep the buoyancy. Every air chamber has an
orifice and the air turbine generator on 1t, and
it causes the damping force for vertical motion
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of the oscillating water column in an air
chamber. Behind the floati ng chamber, a sloped
plate is attached as the estabilizer and 1t creates
an artificial beach which faces to natural beach
for a marine leisure on it. A scheme of the
Mighty Whale is shown 1n Fig. 1.

Usually, the Mighty Whale 1s moored by some
catenary chain lines, and its longitudinal axis
coinsides to the significant direction of wave
crests at the offing like a the floating break
water.-

Most characteristic behaviors of the Mighty
Whale are ;

(1) High efficiency of energy conversion from
wave power to air power,

(2) High efficiency of dissipation of incident
wave height,

(3) Small mooring force (Minus mooring force

in some cases of wave frequency and wave

height)
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/
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Floating chamber

Air chgmbar

Principal dimension of the scale model

Length 0.Tm
Breadth 0.49 m
Draft 0.09 m
Depth 0.20 m
Depth of curtain wall.  0.025 m
Weight ' 5.5 kg

Fig.1 Scheme of the Mighty Whale
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3 METHOD FOR ESTIMATION OF
PERFORMANCE

3.1 Motion
When the Mighty Whale 1s moored and oscillates
in the regular waves, Since the coupling between
heave and pitch and between sway, yaw and
roll are remarkable rather than the coupling by
the surge, the equations of six modes of motion
should be considered under the condition of sea.
However, in order to compare with the results
obtained by the scale model test in the wave
tank, we assumed that only three mode of
motion, thes are heave, pitch and surge will oc-
cur in regular wave, that is a two dimensional
condition. In such case, heave and pitch are
described as follows.

M..z +(N..+ Nowe,::) 2 +(C.itCowc,:. )2
+M,. 8 + (N,.+ Nowec,,.) 6
+(Csz + Cowe,p:) 8 = F;

Mz ¥ (Nw F Nowciow) 2+ (ConF Conesn)z
+M,, 6+(N,, + Nowc,»p) 0
+(CoptCowe.rs) 6 = Mo

And surge motion is described as follows.
M.x + N.x +C.x=F.

where, z : vertical component (displacement)
x ; horizontal component (displacement)
6 : rotating angle of pitch motion
p ; component of pitching
M : mass and inertia moment of device
N ; damping force coefficient
(' ; restorering force coetficient
F; wave exciting force (moment)
owce ; component due to OWC

In these equation, hydrodynamic force coef-
ficients, such as added mass coefficients, wave
making damping force coefficient and wave
exciting force coefficients of each mode of
motion are calculated by Ursel-Tasai method
on a part of only air chamber with floating ch
amber. And, total force which acts on the device
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is calculated by integration, that is the strip
method. And, authors considered the stabilizer
contributes for only viscous damping due to the
eddy making at the edge of it.

Normally, the optimal breadth of the air
chamber of such OWC type wave p'ower device
is about 15% of a wave length, and the GptimaI
length of the floating wave power device is
almost same as wave length”’ . Consequently,
the author supposed that the stripe method 1s
an available and convenient method to estimate
the motion of the Mighty Whale even 1t has a

“stabilizer” in waves. So, every term of dif-
ferential equation were integrated along the
londitudinal axis. However, 1t has several char-
acteristics which the ordinaly ocean structure
and ship do not have. These are the oscillating
water column (OWC) 1in the air chamber, and
large stabilizer. Consequently, the strip method
have to be modified to apply to the Mighty
Whale.

Strictly speaking, the mass of water ineach air
chamber changes at every moment because 1t 1s
the OWC, and 1ts surface 1s waving also. How-
ever, since such changes and effects due to such
phenomena is not so large, it is available to
neglect such items in this paper.

That means the mass of water (OWC) in the
air chamber can be regarded as “the rigid body”

which oscillates in the wave with the floating
wave power device. Consequently, the total
mass of the Mighty Whale should be considered
as the mass of hull added the mass of OWC 1in
each air chambers. Furthermore, it was con-
sidered that the restoring force caused by the
displagement of the Mighty Whale is occured

by the discharged volume of the hull and the

OWC in each air chambers.

By the way, the damping force caused by the
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orifice on each air chamber must be considered
and taken into the questions of motion. Because,
the air chamber has a characteristics to absorb
the wave energy efficiently and 1t generates a
large damping force for vertical motion of the
air chamber ¥’ . In this report, 1t was estimated
as added damping force “D” which 1s assumed
the linear damping force which 1s 1n proportion
to the velocity of vertical motion of the OWC
in each air chamber. So, the damping force due
to the air chamber 1s

Nowe Z =D
:dasz (Sn Cn) Z

The coefficient of the added damping force -

“da” 1s*’,

de= 5% 0. (Aw./ (S.C))) wh.

where 0. ; density of water
A. : sectional area of an air chamber
S, : area of an orifice
C. ; coefficient of constraction
w ; angular velocity of wave
h.: wave amplitude

3.2 Wave Power Absorption

For the estimation of wave power absorption
by the Mighty Whale the author tried to apply

“the thermodynamics and wave-kinematics
method (TWM) ” which was proposed by
Takahashi et.al ”’ for the estimation of efficien-
cy of the wave power absorption, rather than

“the equivalent floaling method” . However,
since the Mighty Whale i1s oscillating in the
waves: TWM should be modified in order to
consider on the effect due to the oscillation and
the floating device. The thermodynamics and
wave-kinematics method 1s following method.

When an air chamber 1s fixed in the waves there
is a following relation between amplitude and
phase of incident waves and oscillation of OWC
in the air chamber. |
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ho= 5 howe ({ @, f (kh, kd.) Sinw T+ €OS @ T
+ kb }?
+ {ﬂof(kh, kd:) cost w7

kb \: 1.
+ tmkb} I .(6)
Powec = — tan™ (—{a.f(kh kd.) sSiRw T COSW T
+ kb)/ |
(a.f(kh, kd.) cos*w 7
kb
tan kb)} 7

where, Ao ; amplitude of motion of OWC
® ... ; phase of motion of OWC
k : wave number |
h ; water depth
b : breadth of the air chamber
d.; depth of the curtain wall
Q.= Kp./” pwgdo
r =C,/C,
C, ; specific heat at steady pressure
C, ; specific heat at steady volume
p ; atomospheric pressure
0 » ; water density
g ; gravitational acceleration
d ; height of chamber on the wate
surface

f(kh, kd.) =
2 coshkh sinh(h—d.)
coshk(h—d.)sinhk(h—d.)+k(h—d.)

wt=cos?(yV 1T+ A5°—8)

Colo o
(wd,)? he

B o) Uk — 1)

C. ; coefficient of contraction
C, ; velocity coefficient

€ » ; nozzle ratio

T ; absolute temperature of air

Using these equations and some equations oi
the energy of incident waves, we can derive th
equation of efficiency of wave power absorptios
by the air chamber in regular waves as follows
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K Qo bw _hqw*c
0ugds Cs& ha

SNw T COS w T

??:

where C, ; group velocity of wave
T. ; wave perfod

Since the air chamber oscillates in waves, it is
‘neccessary to correct the incident wave height
"h+” in order to be availabel to TWM. In this
report, the relative wave height at each air
chamber was calculated by response and phase
of motion of the Mighty Whale as following

equation.

hi=h.cos{wt— (l;+ x:)k cos §
“y;k sin E} — Zi

where, h. ; incident wave amplitude
[; ; distance between center of device and
each air chamber
Xi, Vi, 2: ; displacement of each air
chamber
£ ; incident angle of wave

4 RESULTS OF MODEL TEST
AND CALCULATIONS
The scale model test was carried out in a wave
tank under the condition of two dimension.
We supposed the scale of this model was
about 1,100. In the test, incident wave and
transmitted wave, 2 modes of motion (heave
and pitch) , air pressure in the air chamber and
tension of a mooring line of weather side were

measured.

As some results of the calculation and the scale
model test, the characteristics of heaving and
pitching motion of the Mighty Whale in regular
waves (head sea) are shown in Fig. 2 and
Fig. 3, transmitted wave height ratio is shown
in Fig. 4, behavior of mooring force is shown
Fig. 5, and the performance of wave energy
absorption in regular wave is shown in Fig. 6.
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By the comparison of the results of calculation

and model test, we could confirm that the
method for the estimation explained before in
this paper is available to estimate heave motion
and the efficiency of wave energy absorption,
except pitch motion. We guess the reason of
difference of pitch motion i1s effectad by the
value of viscous damping due to the stabilizer.
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; Two dimensional condition
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Fig. 6 Performance of wave energy

absorption in regular waves
by the Mighty Whale

Actually, as you can see, the performance of
wave energy absorption, wave dissipation and
mooring force are very convenient behavior for
the wave power device. Because, the efficiency
of wave energy absorption is high against the
wide region of wave period, the ratio of trans-
mitted wave height is less than 0.5 in the region
of about 1.0sec in wave period for the 1,100
scale model, and the mooring force is very
small, sometimes, 1t was minus value.

When the mooring force was minus, we could
observe very special phenomenon. That 1s slow
propulsion to the opposite direction of wave
propagation. We guess that the reason of this
phenomenon caused from the difference of
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pressure between the front part and the rear
part of the Mighty Whale. And, this difference
was caused by the wave energy absorption by
the air chamber which 1s attached at the front
part of the Mighty Whale. Still now, we did
not make clear on it quantitatively. But, this
event 1s so interesting for the floating structure
that we are going to analyze later.

5 CONCEPTION OF UTILYZATION

OF THE MIGHTY WHALE
Wave energy has two shortcoming from the
view point of conventional utilyzation. One is
the fluctuation, and the other one is the problem
on the cost. However, fortunately, since 1t will
be installed in ocean, so the wave power
device has a opportunity to take advantage such
chance. Because, there are a lot of demands to
supply the energy for many purpose in the ocean.
For example, there are fishery, marine
amusement and sports, navigational aids
and refreshment of the environment.

In order to solve the problems of the fluctuation
of wave energy, several strage systems for
energy are studied. Authors thought that the
most convenient type to strage the energy 1s
"Compressed Air Energy Strage (CAES)” in
the ocean. In our conception, this system is
considered with a compressed air tank on the
sea bed, some air pipe lines to connect from the
tank to land, and the wave power device which
produce the compressed air, as shown in Fig. 7.
The compressed air which 1s produced by the
Mighty Whale and straged in the tank is send
with clean sea water as a condition of mixed
flow to the area to be refreshed. Consequently,
this system perform the aeration and the ex-
change of sea water 1n enclosed coastal sea.

For design and quantitative discussion on this

system, we need more precise information and
surveyed data on the condition of pollution of
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Fig.7 A scheme of conception for utilization of the Mighty Whale

for refreshment of marine environment

sea water, area and volume to be refreshed and
wave condition at the site. In this paper, we
only propose new conception to utilyze the wave
power device. Because, that is the biggest ob-
struction and the most important item for the
wave power device to reach the stage of practi-
cal use.

6 CONCLUSION

(1) The Mighty Whale 1s a floating terminator
OWC type wave power device and has several
superior behaviors. These are, the high ef-
ficiency of wave energy absorption, the high
performance of dissipation of wave and very
small mooring force.

2) The high efficiency of wave energy ab-
sorption 1s caused by small responce of pitch
and heave motion in waves. the high per-
formance on wave height dissipation is caused
by same reason. However, even under such
condition, mooring force, that is drifting
force 1s very small, and sometimes 1t becomes
minus value.

3) In spite of some shortcoming of the wave
power device, the Mighty Whale has a good
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possibility for utilization in the ocean. That
is the supply of air and clean sea water to
enclosed coastal sea which has a problems on
the polution. Furthermore, the Mighty Whale
will be used for the marine leisure on 1t. That
means the Mighty Whale 1s a multi purpose
ocean structure.
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