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(54) Title: WAVE POWERED PUMP ASSEMBLY

(57) Abstract: The invention provides a pump assembly (1;100) which harnesses wave power to drive a pumping mechanism (6;105).
W) The assembly (1;100) comprises a massive oscillatory member (2;104) guided for movement between an anchor (3;101) and a raft
W) (9;112) and connected to the pumping mechanism (6;105). The anchor (3;101) includes guides (4;103) to control the movement and
X for the member (2;104) which is connected to the raft (9;112) by a centrally located cable. In one embodiment, the member (2;104)
¥ is cast in concrete and connected to a plurality of pumping mechanisms (6;105) which discharge into a common delivery pipe. Each
pumping mechanism (6;105) includes a plurality of pumping units (13;106) having an annular resilient tubular construction, prefer-
ably a series of motor vehicle tyres (14;107). The valves for the pumping mechanisms (6;105) will preferably be simple flap valves
and the vehicle tyre (14;107) pumping units (13;106) will be supported in individual guides (4;103) comprising parts of larger tyres
(22;113) obtained by cutting the larger tyres (22;113) in a plane perpendicular to the tyres axis. These assemblies of unsophisticated
concrete and steel structures and used tyres harness wave power to pump vast quantities of sea water which can be put to any of a
number of uses.
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WAVE POWERED PUMP ASSEMBLY

FIELD OF THE INVENTION

This invention relates to a pump assembly and more particularly to a pump
assembly for pumping sea water using wave energy to power pump
mechanisms.

BACKGROUND TO THE INVENTION

Waves contain an enormous amount of power. It is estimated that at a sea depth
of 40 to 50 metres the average wave can contain about 50KW of power per linear
metre of wave frontage. This power is progressively dissipated as the wave

approaches the shore.

Many devices have been designed to harness some of this power and convert it
to electrical power. Some of these use the waves to direct large volumes of air
through wind turbines which drive generators, whilst others have the waves
acting against large vanes which operate hydraulic cylinders or are mechanically
linked to devices which convert the reciprocating motion to rotary motion, which
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drive the generators. Others drive turbines directly as the waves rise and fall in
enclosed areas.

Most of these machines are very large and can suffer from fatigue and storm

damage. Furthemmore, the mechanism is usually very expensive and prone to

excessive wear and tear in the harsh marine environment.

OBJECT OF THE INVENTION

It is an object of this invention to provide a pump assembly which is of relatively

simple construction and adapted for use in the harsh environment of the sea.

SUMMARY OF THE INVENTION

In accordance with this invention there is provided a pump assembly comprising
a massive oscillatory member guided for submerged movement between an

anchor and a raft and connected to drive a pumping mechanism.

Further features of this invention provide for the member to be cast in concrete,
for the anchor to include guides to control the movement and for the member to

be connected to the raft by a centrally located cable.

The invention also provides for the cable to be connected to a cradle structure
depending from the raft.

Still further features of this invention provide for the member to be connected to a
plurality of pumping mechanisms which may discharge into a common delivery

pipe, for each pumping mechanism to include a plurality of pumping units and for
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the units to be of an annular resilient tubular construction preferably a series of

motor vehicle tyres.

The valves for the pumping mechanisms will preferably be simple flap valves and

the vehicle tyre pumping units will be supported in individual guides comprising

parts of larger tyres obtained by cutting the larger tyres in a plane perpendicular

to the tyre axis.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of this invention will become apparent from the

following description of one example given below wherein reference is made to

the accompanying diagrammatic drawings in which -

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

is a part-section elevation of the lower portion of a first embodiment

of a pump assembly;
a similar end elevation of the pump assembly of Figure 1;

a plan view of the pump assembly of Figures 1 and 2, without
pumping units in the guides;

an oblique view of an installation of two pump assemblies;

a part-section elevation of a second embodiment of a pump

assembly; and

a part-section plan view of the lower portion of the pump assembly
of Figure 5.
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DETAILED DESCRIPTION OF THE INVENTION

Referring to Figures 1 to 3, the lower portion of a wave powered pump assembly
(1) consists of a massive member (2) mounted above an anchor (3). The
member is a concrete panel (2) and the anchor (3) has upwardly extending
guides (4) for the panel (2).

The anchor (3) is a large open topped box which will contain a heavy ballast
sufficient to hold it firmly in position on a seabed 40 to 50 metres below the sea

surface.

The guides (4) will also be massive, of concrete structure and each is shaped to
house a pumping mechanism (6).

Referring now also to Figure 4, the panel (2) has means (7) for the attachment of
a cable (8) which extends between the panel (2) and a floating raft (9). The raft
(9) will preferably have an open cradle structure (10) through which the cable (8)
will extend and be centrally attached to the upper surface of the raft (9) thus
stabilising the raft (9) under the forces which will be exerted through the cable (8)
and waves during use. The length of the cable (8) is easily and automatically
adjusted through a cable tension operated mechanism for example.

The cradle structure (10) is a series of elongate elements (11) extending between
the cable (8) from a position below the raft (9) and the lower edges of the raft (9)
along which they are spaced apart. The elements (11) may also be cables.

The lower end of the cable (8) will be attached to the panel (2) at the bottom of a
blind socket (12) extending into the panel (2). The socket (12) will be centrally
located in the upper edge of the panel (2) and end below the center of the panel

(2).
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The opening for the cable (8) will be through a tube and the length of cable (8)
can thus be adjusted with suitable equipment such as an automatically controlled
hydraulic piston and cylinder assembly located within the panel (2). This will be
desirable to accommodate changes of sea level with differing wave heights and
tides so that the panel (2) can operate continuously even though the stroke is
variable. The details of this assembly can be designed by competent engineers,
as can the details of suitable alternative assemblies.

Cables (not shown) will preferably be connected from the ends of the raft (9) to
secure the raft (9) against rotation. These cables will also maintain the raft (9) in

a desired position relative to the anchor (3) and panel (2).

In the preferred embodiment each pumping mechanism (6) includes a plurality of
pumping units (13) which are illustrated as banks of six pumping units (13) in the
guides (4) on each side of the panel (2). Each unit consists of a column (13) of
identical motor vehicle tyres (14), coupled together with spacer guides (16) to
form bellows.

The side walls of the tyres (14) are thus in sealing but flexible engagement with
each other down the length of the column (13) such that the rim edges of the
tyres (14) can be splayed apart and compressed together to provide a pumping

action.

A common inlet (17) is provided to the central hollow core of the stacked column
(13) of tyres (14). This inlet (17) is provided with a simple non-return flap valve
(18).

The discharge from each column (13) of tyres (14) is into a common delivery pipe
(19) which is laid to discharge at a particular location on land. The first length of
pipe (19) will be housed within the anchor (3). A single non-return delivery valve
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(not shown) will be provided from each column (13) of tyres (14) into the delivery
pipe (16).

A suitable connection is provided between the panel (2) and each column (13).
This connection will be made releasable so that each column (13) can be
independently rendered operative for start up of the pump assembly (1), or for

individual repair or replacement of pumping units (13) or an entire mechanism

(6).

Retractable arms (20) extending through slots (15) in the guides (4) will
releasably engage between the concrete panel (2) and a rod (21). This rod (21) is
connected to extend in a guided manner from the upper end of its column (13) of
tyres (14). One end of each column (13) will be anchored in its guide (4) so that
movement of the panel (2) will, through the arms (20), cause compression and

extension of the pumping units (13).

It will be understood that the panel (2) can be connected to the rod (21) to cause
the pump assembly (1) to operate on either an up-stroke or a down-stroke of the
panel (2) depending on the design of a particular assembly. Efficiencies between

the two systems will not vary to any great extent.

It should be noted that the guiding of each tyre unit (13) within its guide (4) is
facilitated by having some tyres (14) located in half tyres (22) of a larger size.
These half tyres (22) move against the surface of the guides (4). As this
movement is, in use, under water, there will be good lubrication between the half-
tyres (22) and wall of the guides (4). The half tyres (22) will preferably be
strapped together with flexible constant length elements (not shown).

In use pairs of assemblies (1) will be used spaced apart at distances of one half

wavelength which will give a substantially constant delivery of sea water
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dependant on wave height. A multiplicity of pairs of assemblies can be arranged
to meet the power generation demand of an overall installation.

As will be appreciated each assembly (1) is of simple but massive construction.

An expected size of an installation can be judged from the sizes considered
appropriate at this time with the panel (2) having a weight of 144 tons. The size of
the raft would be about 16 metres by 30 metres by 0.5 metres giving a lift of

some 250 tons.

As indicated above the design details of the assembly and an installation will be
within good engineering competence and many variations to the above described

embodiments can be made without departing from the scope of the invention.

A differently shaped and constructed embodiment of the invention is described
with reference to Figs 5 and 6. This embodiment is of an equivalent massive

structure to that described above.

Each pump assembly (100) has a box-like anchor (101) in which its ballast is
located around the base of an octagonal steel framework (102). The framework

(102) provides eight connected guides (103) for a massive member (104).

Each guide (103) is shaped to house a pumping mechanism (105) comprising a
pair of a columns (106) of identical motor vehicle tyres (107). The columns (106)
are each made from sixteen tyres (107) coupled together with spacer guides
(108) to form bellows. The framework (102) accordingly incorporates sixteen

pumping columns (106) of tyres (107).

The top of each column (106) carries an inlet valve (not shown) to admit the sea
water during the upstroke, whilst the bottom of each column (106) is coupled to a
common delivery pipe (109) which connects all the columns (106) and
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discharges into a main pipe (not shown) going to shore. Each column (106)
connection has a non-return valve (not shown).

The member is a slideable octagonal ram (104) inside the framework (102) which
is of sufficient weight to compress the diaphragm pumping columns (1086). It has
sixteen retractable arms (110) which engage with the columns (106) through
slots (111) in the guides (103). The ram (104) is suspended from a 32 metre
diameter circular raft (112) which has sufficient buoyancy to raise the ram (104)

with rising water level.

It will be appreciated that each column forms a pumping unit (106) including a
flap controlled inlet valve which operates in the same manner as the first
embodiment described above. This extends also to the support and guidance of
the tyres (107) in larger half tyres (113).

The raft (112) may be similarly attached to the pumping assembly (100), with a
cable (114) and cradle (115) arrangement as is described above with reference
to the first embodiment. Further, also included will be an automatic, and
preferably hydraulic, compensating mechanisms to vary the cable (114) length
with varying height of the tides. In exceptional storms the rafts (112) may in fact

be submerged.
The system is modular and can be expanded to suit demand.

An advantage of the above circular raft arrangement is that a constant

configuration is presented facing changing wave directions.

Both of the embodiments described, which are clearly not limitative to the scope
of the invention, enable individual pumping units to be removed and replaced
without interfering with the ongoing operation of the remaining units. All that is

required is a disconnection of the pumping unit from its associated panel or ram.
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To benefit from substantial wave power, the installation needs a sea depth of 40
to 50 metres, but the system can also be used as a breakwater near the shore to
create calm “lagoons” in the sea for harbours or recreational purposes. In this
case the power generation capacity will be reduced but can still be substantial

and viable.

The economic viability of the rafts can be enhanced if they are used for oyster or
mussel cultivation and they can also accommodate large areas of solar panels
which will enable them to be used as floating lighthouses.

A further benefit can be the creation of artificial reefs at the concrete bases which
will attract crustations and fish. When the tyres have eventually served their
purpose, they can be bundled and dumped alongside the bases to extend the

reefs.

The concept provides a means to harness wave power using unsophisticated
concrete and steel structures and used tyres which have for years created a
disposal problem. The vast quantities of sea water pumped can be used to
directly drive turbines or be delivered to elevated dams where it can be stored for
power generation on demand. Some other potential uses could be desalinization
plants, inland aquaculture, salt production, industrial cooling water or artificial

lagoons for recreational or aesthetic purposes.

The economic viability of the system is enhanced by the use of redundant tyres

for the pumping elements.
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CLAIMS

1. A pump assembly (1;100) characterized in that it comprises a massive
oscillatory member (2;104) guided for submerged movement between an
anchor (3;101) and a raft (9;112) and connected to drive a pumping

mechanism (6;105).

2. A pump assembly (1;100) as claimed in claim 1, characterized in that the

member (2;104) is cast in concrete.

3. A pump assembly (1;100) as claimed in claim 1 or claim 2, characterized
in that the anchor (3;101) includes guides (4;103) to control the movement
of the member (2;104).

4, A pump assembly (1;100) as claimed in any one of the preceding claims,
characterized in that the member (2;104) is connected to the raft (9;112)

by a centrally located cable (8;114).

5. A pump assembly (1;100) as claimed in claim 4, characterized in that the
cable (8;114) is connected to a cradle structure (10;115) depending from
the raft (9;112).

6. A pump assembly (1;100) as claimed in any one of the preceding claims,
characterized in that the member (2;104) is connected to a plurality of
pumping mechanisms (6;105) which discharge into a common delivery
pipe (19;109).

7. A pump assembly (1;100) as claimed in claim 6, characterized in that each
pumping mechanism (6;105) includes a plurality of pumping units
(13;106).
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10.

11.

12.

11

A pump assembly (1;100) as claimed in claim 7, characterized in that the
units (13;106) are of an annular resilient tubular construction.

A pump assembly (1;100) as claimed in claim 8, characterized in that the
units (13;106) are provided by a series of axially aligned motor vehicle
tyres (14;107) operatively sealed to each other and having an axial inlet

flap valve (18) and a common non-return outlet valve.

A pump assembly (1;100) as claimed in claim 9 or claim 10, characterized
in that the vehicle tyre pumping units (13;106) have guides comprising
parts of larger tyres (22;113) obtained by cutting the larger tyres (22;113)

in a plane perpendicular to the tyre axis.

A pump assembly (1;100) as claimed in any one of the preceding claims in

which the raft (9;112) is substantially circular.

A pump assembly (1;100) substantially as described with reference to
Figures 1 to 4 or 5 and 6 of the drawings.
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AMENDED CLAIMS
[received by the International Bureau on 18 May 2004 (18.05.2004);
original claims 1-12 replaced by new claims 1-11 (2 pages)]

A pump assembly (1,100) for submerged operation including a pumping
mechanism having pumping units of annular resilient guided tubular
bellows (13;106) construction characterized in that the assembly (1;100)
includes a massive oscillatory member (2;104) guided for submerged
movement between an anchor (3;101) and a raft (9;112) and connected to
drive the pumping mechanism (6;105).

A pump assembly (1;100) as claimed in claim 1, characterized in that the
member (2;104) is cast in concrete.

A pump assembly (1;100) as claimed in claim 1 or claim 2, characterized
in that the anchor (3;101) includes guides (4;103) ta control the movement
of the member (2;104).

A pump assembly (1;100) as claimed in any one of the preceding claims,
characterized in that the member (2;104) is connected to the raft (9;112)
by a centrally located cable (8;114).

A pump assembly (1;100) as claimed in claim 4, characterized in that the
cable (8;114) is connected to a cradle structure (10;115) depending from
the raft (9;112).

A pump assembly (1;100) as claimed in any one of the preceding claims,
characterized in that the member (2;104) is connected to a plurality of
pumping mechanisms (6;105) which discharge into a common delivery
pipe (19;109).

AMENDED SHEET (ARTICLE 19)
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10.

11.

13

A pump assembly (1;100) as claimed in claim 6, characterized in that each
pumping mechanism (6;105) includes a plurality of pumping units
(13;106).

A purmp assembly (1,100) as claimed in claim 1, characterized in that the
units (13;106) are provided by a series of axially aligned motor vehicle
tyres (14;107) operatively sealed to each other and having an axial inlet
flap valve (18) and a common non-return outlet valve.

A pump assembly (1;100) as claimed in claim 8, characterized in that the
vehicle tyre pumping units (13;106) have guides comprising parts of larger
tyres (22;113) obtained by cutting the larger tyres (22;113) in a plane
perpendicular to the tyre axis.

A pump assembly (1;100) as claimed in any one of the preceding claims in
which the raft (9;112) is substantially circular.

A pump assembly (1;100) substantially as described with reference to
Figures 1 to 4 or 5 and 6 of the drawings.

AMENDED SHEET (ARTICLE 19)
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