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Abstract Title: Breakwater wave energy converter

A device for the absorption of wave energy comprises at least one hollow block 1, with a wave-receiving
surface and an opposing parallel surface, supported on a slope. At least one water-receiving tubular
member 3 is held within each hollow block 1. The movement of water entering flexible tube 3 forces the
air 8 above the water into an air chamber 5. The compressed air then drives turbine (9) for generating

electricity.

Also disclosed is a method for the absorption of wave energy comprising receiving water into a tubular
member, forcing air into an air chamber, where the air drives at least one turbine.

5

Figure 2

VY 096 8ly ¢ 99

Original Printed on Recycled Paper



Wy Ioud ;1 231

—

uumgo)) aABAp Surwoouy
Id1B A\ JO UONIOIN

|

uwmjon Iy

S~

Iaquret) 3O [lep W01y

Iojelsuan) pue auiqmy,

SJoI



Figure 2



AIIII:'II. —
rlllllllii!l
:IT[I["'I'I[I’I
_.lll—_.l,|l|||
T | 7
_,m m
i 1
— |
| —t L1
_— _— — = —

S— ¥ ——l

e | B ) —
—
I

gjog¢




4 of 5

Figure 4



sjog



Breakwater Wave Energy Converter 24 1 8960

Description

The invention comprises a structure for the absorption of wave energy and the conversion of
this energy into electrical or another type of readily useable energy.

The Oscillating Water Column principle is a means of hydropneumatic energy conversion
whereby an entrained volume of air is forced into damped harmonic motion by a rising and
falling water surface. A number of shore based Oscillating Water Column (OWC) type wave
energy devices have now been built around the world, refer to the prior art arrangement
shown as Figure 1. These devices usually comprise a large enclosed chamber with an opening
that is below lowest water level. Wave motion outside the chamber induces a rising and
falling water level within the chamber, which in turn produces pressure changes in the air
enclosed at the top of the chamber. Pneumatic to mechanical energy conversion is typically
achieved by the use of a self rectifying turbine.

The designs of these OWC devices have a number of disadvantages that limit both efficiency
and application. In general, a large chamber is required such that the breath of the structure is
a proportion of the distance between successive wave crests. This makes the structures bulky
and also means that efficiency is reduced for upper and lower bound wave conditions.

Another problem is construction in the marine environment. Many of the devices constructed
have been built on the shoreline or set within breakwater structures and have been
constructed using reinforced concrete. This type of monolithic insitu construction is
inherently difficult in marine conditions and special measures are required to protect the
structure from the effects of waves while it is being built.

The present invention seeks to overcome these problems by applying maritime rubble mound
breakwater design to the OWC concept. Rubble mound breakwaters are built by placing a
mound of stone rubble on the seabed and then protecting it with either large quarry rock or
specially constructed concrete armour units that are of sufficient weight to resist the force of
the most extreme waves. These structures provide an efficient means of absorbing wave
energy with minimal wave reflection and transmission.

The present invention comprises a sloping rubble mound breakwater structure with an outer
layer of hollow concrete blocks that have a flexible tube placed within the voids of the
blocks. Waves break on to and run up the structure causing the deformation of the flexible
tube and the conversion of wave energy into a rising and failing fluid level within the flexible
tube.

A specific embodiment of the invention is now described by way of example with reference
to the accompanying drawings in which:

Figure 2 shows in cross section an arrangement for the structure against an existing structure,
wall, or cliff,

Figure 3 shows in plan an arrangement for this structure.
Figure 4 shows in cross section an alternative arrangement as an offshore breakwater.

Figure 5 shows in perspective a hollow block unit.
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Figure 2 shows an arrangement where the structure is built against an existing breakwater,
wall, or cliff. The structure comprises a layer of hollow blocks (1) laid on a sloping rubble
mound (2). Within the hollow blocks is a flexible tube (3) that is open at the bottom (4) and
fixed to an air chamber at the top (5). The whole structure is built on the sea bed and extends
above still water level.

As a wave breaks onto the structure the outside water level rises (6), water is drawn into the
flexible tube (3) through the lower opening (4), the tube is also deformed by the force of the
wave, and the water inside the tube is displaced upwards. As the water level inside the tube
(7) rises, the air above the water (8) is compressed and flows into a connecting air chamber
(5). This air chamber connects a plurality of other tubes and is itself connected to a turbine or
turbines. The compressed air drives the turbine and some air is expelled. As the wave crest
reaches its zenith and then starts to recede, water flows out of the flexible tube (3), the tube
expands, the inside water level (7) drops, and air is drawn into the system through the turbine,
or other device.

Figure 3 show a typical part plan view of the invention. The hollow blocks (1) are laid in a
regular pattern on the rubble mound such that the flexible tube (3) can be placed within the
blocks and connected to the air chamber (5). The air chamber (5) comprises an airtight pipe
or chamber placed on top of the structure. A turbine (9) is then connected to the air chamber.
The advantage of this arrangement is that the size of the porous armour blocks, flexible tube,
air chamber and the number of turbines, can all be optimized for the expected wave
conditions.

For the arrangement shown in Figure 2, a turbine that works for reversing directions of flow
would be used to best effect. However, with the suitable use of valves an alternative
arrangement using a single direction turbine could also be used. A dynamo or alternator
connected to the turbine would then generate electricity.

Figure 4 shows a typical section where the structure is constructed offshore. One or both
sides of the structure can be constructed with hollow blocks. The alignment of the structure,
in plan, can then be varied to optimize the incoming wave energy on one or both faces.

Figure 5 shows a typical arrangement for the hollow block. The block has an opening at the
top (10), and side openings (11) and ( 12) to accommodate the flexible tube. The internal void
can also be shaped to accommodate the flexible tube. The shape and size of the void and
openings may vary. Additional openings may be added to the side walls or to the bottom
wall.

These blocks are commonly used in coast protection revetments and port breakwaters and are
usually referred to as single layer armour units. They are constructed of plain concrete, but
steel or fibre reinforcement may be added for additional strength. The blocks are tightly
placed to a regular pattern and achieve stability under wave loading by their self weight and
importantly the friction between blocks. The blocks have a high porosity ratio and therefore
have excellent wave energy absorption properties. These blocks have been in use since the
1970s and have been used in numerous revetment and breakwater structures.

The advantage of using these blocks is that they can be precast on land and then placed on the
structure using a crane. The blocks can also be placed underwater. An alternative to using
individually placed blocks would be to cast the surface layer insitu. This could be achieved
by using suitable forms and void formers to achieve substantially the same result. However,
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this type of construction would be inherently more complex and susceptible to storm damage.
The surface layer would also be rigid and would require steel reinforcement.

The hollow block shown in figure 5 is specifically designed for holding a flexible tube.

The flexible tube may comprise any suitable material being strong, airtight, flexible and
durable. As the only moving part of the structure below water level, the tube will be subject
to wear and will have to be replaced on a regular basis. The tube would be inserted into the
voids of the armour blocks, and fixed to the lowest inlet block and fixed again to the top
armour block. The fixings would be designed to aid replacement of the tube. An alternative
arrangement would be to use a tube that is closed at the bottom end, thus becoming a bag.
This bag would then be partially or entirely filled with a fluid.

The present invention is based on the established OWC concept. However, the means of
converting wave motion into pneumatic energy is novel in comparison to other wave energy
devices. Rather than having a large collector chamber, waves break onto the sloping face of
the structure and wave energy is absorbed due to the displacement of the flexible tube and
also by the process of waves running up on the structure, known as “wave runup”. This is a
process where as waves break onto a sloping structure there is an increase in the local still
water level followed by a wave up rush to a greater height than the incoming wave crest. This
generates a rising and falling water level within the flexible tube that has a greater peak to
trough height than the incident wave (eg for a smooth slope at a gradient of 1 in 2 the runup
level would be about 2 x Hi, where Hi is the incident wave height). This means that a
relatively small diameter tube, say 2 to 3m, could be used for most wave conditions. Another
advantage of this type of structure is that it would have low wave reflection and should
therefore be a more efficient wave energy absorber.

The whole structure is based on maritime breakwater design. The advantage is that the device
is constructed using existing breakwater technology and construction plant. The rubble
mound and armour units can be placed in open water conditions provided that wave heights
are within acceptable limits. Another advantage is the use of flexible materials and a sloping
structure.

The device may be constructed for the purpose of wave energy conversion, or may have a

dual purpose as a port structure such as a breakwater. The device may also be combined with
wind turbines or used in combination with tidal energy generation or for water desalination.
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CLAIMS

1.

10.

1.

12.

13.

A device for absorption of wave energy comprising:

at least one hollow block comprising a wave-receiving surface and a parallel
opposing surface supported on a slope;

at least one tubular water-receiving member held within the at least one hollow block.

A device for absorption of wave energy according to claim 1 wherein the wave-receiving
surface of the at least one hollow block defines at least one opening.

A device for absorption of wave energy according to claim 1 or claim 2 wherein the
surfaces of the at least one hollow block define at least one opening.

A device for absorption of wave energy according to any of claims 1 to 3 wherein the
tubular water receiving member is deformable.

A device for absorption of wave energy according to any preceding claim wherein the at
least one hollow block is made of concrete.

A device for absorption of wave energy according to claim 5 wherein the at least one
hollow block is reinforced with steel or fibre.

A device for absorption of wave energy according to any preceding claim comprising two
or more hollow blocks.

A device for absorption of wave energy according to claim 7 wherein the two or more
hollow blocks are arranged in a regular pattern.

A device for absorption of wave energy according to any preceding claim wherein the at
least one tubular water-receiving member is connected to an air chamber.

A device for absorption of wave energy according to claim 9 wherein the air chamber is
connected to at least one turbine.

A device for absorption of wave energy according to any preceding claim wherein the at
least one tubular water-receiving member is connected to at least one further tubular
member.

A device absorption of wave energy according to claim 11 wherein the at least one
further tubular member is connected to a turbine by the air chamber.

A device for absorption of wave energy according to any preceding claim wherein the
opposing parallel sloping surface is fixed to any one of a sea bed, a breakwater, a wall, or
a cliff.



15.

16.

17.

A device for absorption of wave energy according to any preceding claim wherein the
device extends above still water level.

A device for absorption of wave energy according to claims 12 to 14 wherein the at least
one turbine is connected to a dynamo or an alternator.

A method for absorption of wave energy comprising:
receiving water into a tubular member:

forcing air into an air chamber connected to the tubular member, wherein
the air chamber drives at least one turbine.

A device for absorption of wave energy substantially as herein before described and
referred to in the accompanying figures.
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