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(54) Title: DEVICE FOR ENERGY CONVERSION FROM WAVE MOVEMENT

A

R

(587) Abstract

gas.

The invention relates to a device (1) for energy conversion from wave movement in water, comprising: a frame (2) connectable to the
bottom, a container (3) for containing a gas, which container is formed by at least two parts, a first part (4) connected to the frame (2) and a
second part (5) displaceable in vertical direction relative to the first container part, energy converting means (9) for energy conversion from
the displacement of the second container part, and means (19) for varying the volume of the space in the container intended for containing
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Device for Energy Conversion from Wave Movement
Technical Field

The invention relates to a device for energy conversion from wave movement in
water, comprising a frame connectable to a seabed, a container for containing a gas,
which container is formed by at least two parts, a first part connected to the frame and a
second part displaceable in a vertical direction relative to the first container part for
varying the working volume of the container, and energy converting means for energy
conversion from the displacement of the second container part.

Background of Related Art

There exist wave energy converters which have a gas-filled container which is
situated below the water surface. Due to wave movements on the water surface pressure
differences will occur periodically under the water surface. The pressure differences
result in vertical movement of the gas-filled container, which movement can for instance
be converted to drive a generator. Such an apparatus is disclosed in GB 1 604 372 with a
first tank member which moves relative to a second buoyant tank member. The tank
members cooperate in a gas tight manner such that compressed gas or partial vacuum may
be used as a source of power. The existing wave energy converters are optimized for
energy conversion at a determined, frequently occurring wavelength which is generally
local. When wavelengths differ, the efficiency of energy conversion is considerably

lower than at the wavelength for which the converter has been optimized.

Also GB 1 589 286 discloses a compression device using vertical motion of
water according to the type disclosed above. The device includes a float chamber with a
movable float so that when the float is acted upon the rise and fall of water motion the
volume of the further chamber changes;

Object of the Invention

It is an object of the present invention to overcome or ameliorate some of the

disadvantages of the prior art, or at least to provide a useful alternative.
Summary of the Invention

There is firstly disclosed herein device for energy conversion from wave
movement in water, comprising:

‘a frame connectable to a seabed;

a container for containing a gas, which container is formed by at least two parts,
a first part connected to the frame and a second part displaceable in a vertical direction

relative to the first container part for varying the working volume of the container, and
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energy converting means for energy conversion from the displacement of

the second container part, wherein,

the device also comprises means for changing the range of the working volume

of the container. ’

The present invention, at least in a preferred embodiment provides a wave
energy converter of which the adjustment can be optimized for varying wavelengths. In

addition, the device must have a simple construction.

10 The invention preferably provides for this purpose a device for energy
conversion from wave movement in water according to the type disclosed above,
characterized in that, the device also comprises means for changing the range of the
working volume of the container. The working volume of the gas-filled part of the
container is varied by mutual movement of the parts of the gas-filled container. The

15 range of the working volume of the gas-filled space thus determines at least partially the

S spring curve of the device. This spring curve can be influenced by changing the range of
§° eee the working volume of the gas-filled part of the container. The desired oscillation
.... frequency is thereby variable and the optimal adjustment of the device can be varied for
:‘:..' diverse wavelengths. The efficiency of this device, at least in a preferred embodiment is
:::E.: 20 considerably greater than the efficiency of existing devices for wave energy conversion,

particularly in an environment in which wavelengths of diverse lengths occur. The device

. can further preferably be placed in solitary disposition, which makes the device useful for
ceeat applications in which only a limited amount of energy is required. Further, structurally
the device can be embodied in very simple manner. The device according to at least a

cove 25 preferred embodiment of the invention also lacks means to vary the oscillation frequency.

The means for changing the range of the working volume of the container can be
formed in a preferred embodiment by a conduit system with pump with which liquid can
be pumped in and out of the container. The range of the working volume of the gas-filled

30  part of the container is varied by feeding respectively draining liquid into and out of the
container. The oscillation frequency of the device can thus be influenced in simple

manner.

In another preferred embodiment the means for changing the range of the

working volume of the container are formed by a displaceable wall. part. This
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3
displaceable wall part is preferably connected to a cylinder for placing thereof
in position as required. This displaceable wall part can be formed for instance by a
plunger. The range of the working volume of the container available for gas is variable
with such a displaceable wall part. It should be noted here that the displaceable wall part
s must connect gas-tightly, or at least close-fittingly, onto the inner side of the.container
since the working volume of the part of the container available for gas is otherwise not
varied by displacement of the displaceable wall part. A simple solution herefor lies in a
plunger construction, wherein a part of the container forms a cylinder wall onto which the
plunger must connect in gastight manner. It will be apparent that the displaceable wall
10 part has to be fixable in different positions to thus enable fixing of the part of the
container intended for gas in the desired setting. Displacement of the displaceable wall

part and fixing thereof can both take place using a cylinder.

The frame of the device is for instance preferably connectable fixedly to the

15 bottom. It is also possible however to connect the frame flexibly to the bottom. A fixed

: connection to the bottom has the advantage that the exact position of the device on the
bottom is known. This is possible for instance by providing the frame with a heavy
:::::: concrete socle. A lighter construction can suffice when the frame is connected flexibly to
* ::::: the bottom. What should be envisaged here is an anchoring in the bottom which connects
R 20 to the frame with flexible elements. The advantage of such a construction is that it can

take a lighter form.

. A simple construction of the device can be obtained when the container is
formed by a vertically displaceable hood opened on the underside and a stationary lower
::.::: 25  container part which connects onto the opened side of the hood. A water barrier is
:.:--E preferably arranged between hood and lower container part. This water barrier can for

instance be formed by a rolling membrane. When a water barrier is present, it is possible
using this relatively simple construction to prevent uncontrolled change in the range of
the working volume of the container available for gas. Account must be taken here not
30 only of liquid flowing in and out of the container but also of evaporation which may be

involved here.

The energy converting means consist in a preferred embodiment of at least one
hydraulic cylinder, the liquid from which drives an electric generator. The hydraulic

cylinder can be placed between the two container parts movable relative to each other
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4
such that the hydraulic system is activated at each mutual displacement of the
container parts. Electricity for instance can hereby be generated in relatively simple
manner. It is noted that the hydraulic cylinder is also a significant factor in effecting a
determined amplitude of the oscillation. Further options for ad_justing the oscillation
s frequency result by for instance arranging a mechanical spring or other spring between

the container parts displaceable relative to each other.

Brief Description of the Drawings
A preferred embodiment of the invention will now be described, by way of
10 example only, with reference to the accompanying drawings, wherein:
Figure 1 shows a cut-away perspective view of a first embodiment of the device
according to the present invention, and
Figure 2 shows a cut-away view of another embodiment of the device according
to the present invention.
15 Detailed Description of the Preferred Embodiments

e Figure 1 shows a device 1, a frame 2 of which also forms the lower part of a gas-

filled space 3. Frame. 2 is provided for this purpose with a standing upper edge 4, the

sees outer side of which connects onto the inner side of a hood 5 which is displaceable
:: oee’ vertically relative to frame 2. A rolling membrane 6 is placed between the outer side of
SR 20  edge 4 of frame 2 and the inner side of hood 5 to prevent uncontrolled quantities of water

penetrating into the gas-filled space 3.

cee? A foot 7 of frame 2 is placed for instance on a seabed 8. Due to ane movement
in the water in which device 1 is placed, the hood 5 will move in vertical direction
sens 25 relative to frame 2. Hood S is connected to frame 2 via hydraulic cylinders 9 which are
connected via conduits and at least one hydromotor to electricity generator 10. Electricity
generated by device 1 is discharged via a power cable 11 to a distributor 12 to which is
connected a plurality of devices 13 corresponding with the device 1 as shown. Solitary

arrangement of device 1 is otherwise also possible.

30

For strengthening of the hood § the inner side thereof is provided with girders 14

and rods 15. The wall thickness of hood 5 can hereby remain limited.
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Arranged in frame 2 is an internal space 16 which is filled with water 17. Space 16
transposes into the gas-filled space 3 wherein the boundary surface is formed by water
surface 18. The range of the working volume of the gas-filled space 3 can thus be

varied by varying the amount of water 17 in frame 2. When more water is supplied the

water level 18 will rise and the range of the working volume of gas-filled space 3

- becomes-smaller. The reverse occurs when water 17 is removed from frame 2. Feeding

and draining of water 17 into and out of frame 2 takes place using the pump 19 which
connects onto a conduit 20. Conduit 20 then transposes into a conduit 21 provided with

an inlet/outlet 22 for water.

The gas-filled space 3 can be opened or closed to the environment. In the embodiment
shown here, an air line 23 connects onto gas-filled space 3 which is provided by means
of a buoy 24 with a snorkel 25 for drawing air into or blowing it out of gas-filled space
3. A gas-filled space 3 thus results which communicates with the air above the water
surface. It is also possible however to embody the device such that air line 23 is omitted

and device 1 comprises a gastight system.

The water level 18 can be varied by operating pump 19, this resulting in a changed
oscillation frequency. Pump 19 can for instance be driven using electrical or mechanical

energy generated by movement of hood 3.

Figure 2 shows a device 26 displaying a great resemblance to the device 1 as shown in
figure 1. Corresponding components are provided with the same reference numerals.

Frame 2 in this figure is thus also connected to the displaceable hood 5 by means of

| hydraulic cylinders 9. These latter drive generator 10 through displacement of hood 5,

all in accordance with the description of figure 1.

However, the change in the range of the working volume of gas-filled space 3 in
device 26 takes place by means of a plunger 27 which is received gastightly for
displacement in a cylinder housing-like part 28 of frame 2. Plunger 27 is connected via

a piston rod 29 to a hydraulic cylinder 30. The position of plunger 27 can thus be



changed by hydraulic cylinder 30 and the range of the working volume of gas-filled
space 3 can be varied. For draining of water possibly entering gas-filled space 3 or for

supplementing of gas from gas-filled space 3 assimilating in the water, this device can

also be provided with an inlet/outlet 22 and snorkel 25. It is however quite well

conceivable for device 26 to be embodied without these attributes.

The other device 31 shown in these figures can, as required, be of the type as elucidated

with reference to figure 1 and/or as elucidated with reference to figure 2.




The claims defining the invention are as follows:

1. Device for energy conversion from wave movement in water,
5 comprising:
a frame connectable to a seabed;
a container for containing a gas, which container is formed by at least two parts,
a first part connected to the frame and a second part displaceable in vertical direction
relative to the first container part for varying the working volume of the container, and
10 energy converting means for energy conversion from the displacement of the
second container part, wherein,
the device also comprises means for changing the range of the working volume

of the container.

15 2. Device as claimed in claim 1, wherein the means for changing the range
of the working volume of the container are formed by a conduit system with pump with

which liquid can be pumped in and out of the container.

el 3. Device as claimed in claim 1, wherein the means for changing the range
Jeeee, 20 of the working volume of the container are formed by a displaceable wall part.
ceenl 4. Device as claimed in claimed 3, wherein the displaceable wall part is
sese, connected to a cylinder for placing the displaceable wall part of the container in a position
el as required.
el 25
R 5. Device as claimed in claim 4, wherein the displaceable wall part is
. formed by a plunger.
6. Device as claimed in any one of the foregoing claims, wherein the

30  frame is connectable fixedly to the seabed.

7. Device as claimed in any one of claims 1 to 5, wherein the frame is

connected flexibly to the seabed.
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8
8. Device as claimed in any one of the foregoing claims, wherein said
second part of the container is formed by a hood displaceable in a vertical direction and
opened on the underside and wherein said first part of the container is formed by a

stationary lower container part which connects onto the opened side of the hood.

9. Device as claimed in claim 8, wherein a water barrier is arranged

between said hood and said stationary lower container part.

10. Device as claimed in claim 9, wherein the water barrier is formed by a

10  rolling membrane.

11. Device as claimed in any one of the foregoing claims, wherein the
energy converting means consist of at least one hydraulic cylinder, the liquid from which

drives an electric generator.

eeee 15

&’ 12. Device as claimed in any one of claims 8 to 11, wherein said frame and
said first container part are integrated.

eeee, 13. Device as claimed in any of the foregoing claims, wherein a mechanical

20  spring is placed between the first and second container parts displaceable relative to each

eeccee Other'
St 14. A Device for energy conversion from wave movement in water,
' substantially as hereinbefore described with reference to any one of the embodiments of
:::::: 25 the invention shown in the accompanying drawings.
I Dated 16 May, 2001

] A.W.S.B.V.

Patent Attorneys for the Applicant/Nominated Person
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