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(57) Abrégée/Abstract:
An undersea power generation apparatus (1) comprises two turbines (3) mounted side by side at elther side of a support strut,
each turbine (3) having a set of turbine blades which counter rotate. The apparatus (1) is pivotally interconnected at point (9) to a
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(57) Abrege(suite)/Abstract(continued):
pair of mooring cables (7). The turbines (3) are positively buoyant such that in zero current they point vertically upwards. VWhen the

current flows in the direction shown by arrow A, the drag forces on turbines (3) and support strut cause the apparatus (1) to pivot
about pivot point (9) and pitch over into the condition denoted by (10). VWhen the tide begins to change direction, the magnitude of
the water current flowing past the apparatus (1) decreases. Accordingly, the apparatus (1) will tend to float back into the vertical
condition. Eventually, due to the effect of the tide, water will begin to flow in the direction shown by arrow B, and the apparatus (1)

will pitch over into the position denoted by (12).
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(57) Abstract: An undersea power generation apparatus (1) comprises two turbines (3) mounted side by side at either side of a
support strut, each turbine (3) having a set of turbine blades which counter rotate. The apparatus (1) is pivotally interconnected at

& point (9) to a pair of mooring cables (7). The turbines (3) are positively buoyant such that in zero current they point vertically upwards.
& When the current flows in the direction shown by arrow A, the drag forces on turbines (3) and support strut cause the apparatus (1) to

e\ pivot about pivot point (9) and pitch over into the condition denoted by (10). When the tide begins to change direction, the magnitude
of the water current flowing past the apparatus (1) decreases. Accordingly, the apparatus (1) will tend to float back into the vertical
condition. Eventually, due to the effect of the tide, water will begin to flow in the direction shown by arrow B, and the apparatus (1)

will pitch over into the position denoted by (12).
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submerged Power Generating Apparatus

The present invention relates to apparatus for generating electrical power from water
ilow, and relates particularly, but not exclusively to generating electricity from tidal

flow.

In order 1o make sources of renewable energy economically viable, the costs of

electricity production from renewable energy sources have to be minimised. In

particular, in the case of tidal power due to the generally hazardous and aggressive

Nt

nature of the sea, the costs of production and maintenance of tidal power generation

devices are high.

Prior art tidal powerogeneration devices rely on a turbine to align itself with tidal
current by rotating around a vertical axis through a mooring point, or by rotating a

pillar or other such fixing device. This type of device suffers from the drawback that

as a result of the turbine’s strong tendency to align itself with the direction of water

flow such that the furbine blades rotate about a generally horizontal axis relative to

the turbine body (in order to maximise the efficiency of the furbine), movement of the

turbine from a forward facing 1o a rearward facing orientation tends to cccur about a

generally vertical axis. As a result, repeated rotation of the turbine as a result of

ny
power cable attached to the turbine, which is furn means that complicated and

—

changes in the direction of current flow leads to twisting of the mooring cable or a

expensive slip ring arrangements become necessary to avoid twisting of the cables,
- or operation of the power generation apparatus must be halted to enable twisting of

the cables fo be reversed.

Preferred embodiments of the present invention seek to overcome the above

disadvantages of the prior art.

e

According to the present invention there is provigded an apparatus for generating

alectrical power from water tlow, the apparatus comprising:-
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e

at least one positively buoyant turbine comprising a respective first part and a
respective second part adapted to be rotated about a respective axis by means of
water flow relafive to said first part, wherein the centre of mass and the centre of

buoyancy of the or each said turbine are spaced apart from each other such that the

axis of the of each said turbine is adapted to adopt a substantially vertical orientation

in non-tlowing water; and

at least one mooring cable for mooring the or each said turbine in a submerged

conaition to the floor of a body of water.

By providing a positively buoyant turbine moored in a submerged condition to the sea
s

or river bed, due to the opposing forces of buoyancy and the mooring force provided

by the cables, the mooring cables are always in a taut condition. By arranging the

centre of mass and the centre of buoyancy of the or each turbine to be spaced apart

from each other such that the axis of the of each furbine is adapted to adopt a

substantially vertical orientation in non-flowing water, this provides the advantage that

the turbine can move from a forward facing direction (representing incoming tidal

flow) to a rearward facing direction (representing outgoing tidal flow) with its axis

remaining in a generally vertical plane. This in turn provides the advantage of

minimising the tendency of cables connected to the turbines to twist, as a result of

which there is no need for rotatirig parts or any form of drive io align the turbine with’

the current. Furthermore, this provides the advantage that a reaction force is always

present to enable water flow to rotate the turbine blades. Moreover, as the turbine is

moored under the water surface, this provides the advantage of eliminating damage

caused by surface waves and weather.

In a preferred embodiment, at least one said turbine may be connected by means of

a plurality of said mooring cables to the floor of the body of water.

This provides the advantage of further minimising twisting of cables connected to the

turbine.
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The apparatus may further comprise at least one spacer member separating a pair of

sald mooring cables.

This provides the advantage of minimising the axtent to which the plurality of cables

twist arouna each otnher.

In a preferred embodiment, a pluraiity of said turbines may be rigidiy connected {o

cach other.

The second parts of at least one pair of said interconnected turbines may be adapted

to rotate in opposiie senses to each other.

This provides the advantage of minimising the resultant torque proguced by rotation

of the respective turbine blades.

At least one said turbine may turther comprise an electrical generator.

The apparatus may further comprise at least one electrical cable connected to a said

turbine and adapted to remove generated electricity to a location remote from said

turbine.

At least one said mooring cable may be rigid.

This provides the advantage of increasing the strength of the apparatus.

Preferred embodiments of the invention will now be described, by way of example

only and not in any limitative sense, with reference to the accompanying drawings in

which:-

Figure 1 is a sideways view of an apparatus for generating electrical power of a first

embodiment of the present invention, in which the apparatus is shown in three

orientations relative to a mooring;



CA 02519007 2005-09-13
WO 2004/083629 PCT/GB2004/000766

Flgure 2 is a front view of the apparatus of Figure 1;

Fiaure 3 is a side view of an apparatus of a second embodiment of the Invention;

Figure 4 is a front view of the apparatus of Figure 3; and

Figures 5a to 5c show a retrieval process for the apparatus of Figure 3.

Referring to Figures 1 and 2, an undersea power generation apparaius 1 comprises

two turbines 3 mounted side by side at either side of a support strut 4 ot hydrofoil-

shaped cross section. Each turbine 3 has a set of turbine blades 5, which in the
embodiment shown in Figure 2 counter rotate so as to cancel out the respecitive
forque produced by each turbine. The apparatus 1 is pivotally interconnected at point

9 to a pair of mooring cables 7, which are moored to the seabed 6.

The turbines 3 are positively buoyant such that in zero current they point veriically

upwards as denoted by 8. When the current flows in the direction snown by arrow A,
the drag forces on turbines 3 and support strut 4 cause the power generation
apparatus 1 to pivot about pivot point 9 and piich over into the condition aenotea by

10 and shown in broken lines.

In this position the force of water flowing past the turbines 3 causes the furbine
blades & to rotate and thus produce electricity in an electrical generator (not shown).

This electrical energy is removed from the turbines 3 by a cable 11.

When the tide begins fo change direction, the magnituae of the water current flowing

past the turbine assembly 1 decreases. Accordingly, the turbine assembly 1 will tend

to float back into the vertical condition shown by 8. Eventually, due to the effect of the,

tide, water will begin fo flow in the direction shown by arrow B, and the apparatus 1

will pitch over into the position denoted by 12 and shown in broken lines.

In this way, it can be seen that the turbine assembly 1 changes airection to align itself

with the current by rotating in a generally vertical plane about an axis through point
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13, the point at which the mooring cable is moored o the seabed. The turbine

assembly 1 is prevented from rotating about a vertical axis, as a result it which the
mooring cables 7 are prevented from tracing out a conical surface, by virtue of there
being two mooring cables 7 and the fact that these cables are always taut due to the
buoyancy of the turbine assembly 1. This therefore minimises fwisting ot any cables

such as mooring cables 7 or cable 11.

Referring to Figures 3 and 4, a second embodiment of the power generation

apparatus 1 is shown. In this embodiment the mooring cables 7 are separated by a

spacer bar 14, and four further cables 15 (ftwo of which can be seen in figure 4)
arranged in two V-shaped configurations moor the spacer bar to the seabed at points

16 and 17. As a result of this, the apparatus 1 pivots about spacer bar 14 in order o

follow the flow of water current. In this respect, the apparatus 1 behaves in a similar

manner {o the apparatus of Figures 1 and 2.

With reference to Figures 5a, 5b and 5¢ a maintenance process for the power

generation apparatus 1 will now be described.

Spacer bar 14 is moored to the seabed 6 at anchor points 16 and 17. One of the

mooring cables, in this case the one anchored 1o the seabed at anchor point 17 is
further connected to an extended portion ot cable 18, which has oné end aifixed 10

mooring cables 15 and a second end connected to a buoy 19 floating on the surface

of the sea.

In order to raise the turbine assembly 1 to the surface, a surface vessel 20 must

retrieve buoy 19 and connect cable 18 to a winch (not shown). Anchor point 17 is

equipped with release means which enables cable 18 to be fed through anchor point

17 such that the turbine assembly 1 is able fo float to the surface of the sea. The

vertical rate of ascent of the generator assembly 1 controlled by a winch (not shown)

on board surface vessel 20. The release of the anchor mechanism (not shown)at 17

(which may be a ball grab or equivalent system) is achieved by means of a remotely

operated vehicle, wireline or other such system as will be familiar to persons skilled in
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the art. When the turbine assembly 1 is on the surface of the water, any suitable

repairs or maintenance may be performed.

In order to return the turbine assembly 1 to its operational position under the water,
the winch (not shown) on board surface vessel 20 is reverseda ana the turbine

assembly 1 is pulled back into position. The anchor mechanism (not shown) at

anchor point 17 is then reactivated thus securing the mooring cabies 15 {o the sea

bed.

It will be appreciated by persons skilled in the art that the above embodiments have

been described by way of example only and not in any limitative sense, and that
various alterations and modifications are possible without departure from the scope of
the invention as defined by the appended claims. In particular, the embodiments
described above feature two turbines placed side by side such that the counter-

rotation of the turbine blades cancels out the effect or forque produced by the

turbines. If the mooring assembly were formed from a rigid structure, the rigia
mooring assembly could be designed to be strong enough to counteract the forque
producing effect of the turbine such that only a single turbine is used in the power

generalion apparatus.
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Claims

1. An apparatus for generating electrical power from water flow, the apparatus

comprising:

at least one positively buoyant turbine comprising a respective first part and a
respective second part adapted to be rotated about a respective axis by means of
water flow relative to said first part, wherein the centre of mass and the centre of
buoyancy of the or each said turbine are spaced apart from each other such that the
axis of the of each said turbine is adapted to adopt a substantially vertical orientation

in non-flowing water; and

at least one mooring cable for mooring the or each said turbine in a submerged
condition to the floor of a body of water, wherein at least one said mooring cable is
connected to a buoy adapted to float on said surface when said mooring cable is
attached to said floor and wherein at least one said mooring cable is adapted to be
releasably secured to said floor to retain said turbine below the surface of the water,

and to be released from said floor to allow the turbine to float to said surface.

2. An apparatus according to claim 1, wherein at least one said turbine is connected

by means of a plurality of said mooring cables to the floor of the body of water.

3. An apparatus according to claim 2, further comprising at least one spacer member

separating a pair of said mooring cables.

4. An apparatus according to claim 1, wherein a plurality of said turbines are ngidly

connected to each other.

5. An apparatus according to claim 4, wherein the second parts of at least one pair of

said interconnected turbines are adapted to rotate in opposite senses to each other.
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6. An apparatus according to claim 1, wherein at least one said turbine turther

comprises an electrical generator.

7. An apparatus according to claim 6, further comprising at least one electrical cable
connected to a said turbine and adapted to remove generated electricity to a location
remote from said turbine.

8. An apparatus according to claim 1, wherein at least one said mooring cable is rigid.

9. A method of retrieving an apparatus according to claim 1, the method comprising:

releasing at least one said mooring cable from said floor to allow the turbine to float to

said surface;

retracting said mooring cable to submerge the turbine; and

attaching said mooring cable to said floor to retain the turbine in a submerged

condition.
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