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WO 2005/057006 PCT/GB2004/005189

WATER TURBINE CAPABLE OF BEING LIFTED OUT OF THE WATER

The present invention relates to water turbines that can utilise the kinetic energy of
flowing water such as rivers, estuaries and tidal streams and can convert it to the
rotational movement of an axle or the like. This rotational movement can be used to

generate electricity, power pumps, etc.

Turbines to extract the kinetic energy from a fluid are well and widely used in wind
power where they extract wind energy. Typically they consist of a rotor that converts
the wind into a circular motion about an axis. This rotation is then transmitted by
means of a shaft to a suitable load that uses the energy for a required purpose such as

generating electricity.

Traditional hydro-electricity schemes require a large civil engineering structure to act
as a barrage or dam, incurring problems with environmental disturbance such as the
disruption of tidal patterns and related natural habitats. Also the detrimental impact of
hydroelectricity schemes which flood areas of land on local populations and the

environment are well documented.

A scheme which uses stand-alone turbines, which operate like wind turbines in the
way that they absorb energy from the flow of the fluid without the need for a dam or
similar structure, would minimise the environmental impact of water energy
extraction. It would have added advantage that it can be applied in many sites where
it is disadvantageous to interrupt the watercourse, like shipping channels, rivers and
estuaries so that it would allow marine traffic and aquatic life to pass though the area
with minimal disruption. The energy density of flowing water is considerably more

than that of the wind and so it would be advantageous to use flowing water.

Wind turbines are well known and widely used. However for water, the turbine

location and magnitude of forces involved differ substantially from wind turbines and
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hence require a different approach. This difference is especially pronounced in the
installation and maintenance of turbines in a marine environment and the
maintenance costs incurred by a water turbine in a marine environment would

comprise a large proportion of the running costs.

Turbines for use in rivers have been disclosed in US Patent 3,986,787 and US Patent
4,7178,32. These patents disclose turbines suspended from floating platforms and
can only be used in particular circumstances, especially with very large rivers and are

expensive to install and maintain and susceptible to damage from surges etc.

We have now devised a system for extracting energy from flowing water which
reduces these costs, reduces the effect of corrosion in a marine environment, has low
environmental impact and ease of maintenance and incurs minimal costs while

undertaking routine maintenance operations.

According to the invention there is provided a system for converting the kinetic
energy of flowing water into rotational energy which comprises a turbine located
below the surface of the water and which is supported on a support structure and in
which the turbine has a rotor shaft on which blades are mounted and the flowing

water acting on the blades turns the shaft.

The support structure is connected directly to the ground either beneath the flowing

water, for example, the river bed or to the side, for example the river bank.
The turbine preferably uses an axial flow lift-type propeller turbine.
The energy converted by a turbine can be used for purposes that require energy input

via a rotating shaft. In the case of this invention, the rotation of the shaft can be used

to generate electricity or perform any other purpose.
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All components of the turbine system are designed to resist the corrosive marine
environment by using corrosion resistant materials, and easily accessible surfaces for

ease of application of protective coatings.

The turbine blades are shaped for optimum efficiency and, can operate at fixed pitch
or the pitch of the blades can be varied by a control system to increase the efficiency
of the system under various flow conditions and the blades can be turned completely
on a radial axis to enable the turbine to operate in reversed flow conditions. This
pitching angle may be varied over the blade as a whole or over sections of the blade
independently; also this pitching technique can be used to halt the turbine by angling

the blades as such that no net torque is produced on the turbine axis.

Preferably there is a structure to protect the blades from marine debris and large
marine life such as seals. Some marine mammals are renowned for their curious
nature and it is therefore important to prevent them from reaching the installation.
They can be deterred by sonic means or by a protective grid or mesh. This functions
to allow the water to pass through with velocity, but prevents larger marine creatures
from reaching the system components; it can also be of such design that marine
debris is diverted from the blades and it can be constructed from corrosion resistant
material. This grid can be used to protect an individual turbine or multiple turbines in

the case of a multiple installation.

There can be a shroud fitted around the circumference of the blades to protect the tips
of the blades from impact and to increase the velocity of the flow through the swept
area of the blades. The blades can also be constructed in such a manner that they are

able to resist the impact of marine debris should it collide with them.

Preferably the system is mounted on a support structure which enables the turbine to
be raised above the water level and lowered below the water surface to facilitate the

vertical displacement of the turbine and housing for the purpose of maintenance.
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In one embodiment the support structure comprises a telescopic arrangement column
attached to the ground below the water, e.g. the bed of a river or estuary or the sea or

it can be held in place by gravity below the water.

The telescopic arrangement can be actuated by variable buoyancy of the uppermost
section so that the section can have a positive buoyancy which causes the turbine to
be raised up, e.g. by filling part of the section with air and lowered by filling this
section with water. Optionally there can be multiple sections in which the buoyancy
can be varied independently of each other; alternatively the telescopic arrangement

can be actuated by a mechanical means.

In this case the telescopic arrangement can be actuated by a cable from a vessel

above.

Preferably the telescopic arrangement has neutral buoyancy and, as such, can be
easily displaced and can have a cross sectional profile as to be more streamlined than

a cylinder.

The telescopic support is at least partially hollow and has at least one fluid inlet hole
to allow for rapid pressure equalisation when the turbine is raised or lowered. In order
to facilitate the raising and lowering of the turbine, preferably the telescopic
arrangement incorporates low friction load carrying devices inside the telescopic

overlaps.

Preferably the supporting arrangement incorporates seals to inhibit the ingress of silt
and other marine debris and there can also be seals in the supporting means for the

turbine.

An alternative method of supporting the turbine is by means of a hinged cantilever

arrangement with one end of the cantilever arm attached to the turbine and the
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support for the cantilever arm attached to the ground. The support structure can be
mounted to ground to the side of the flowing water or mounted onto a platform
floating above the water. The cantilever arm can be hinged at the support structure
and operated by a mechanical means such as a winch to actuate the hinged cantilever

system.

Alternatively a variable buoyancy system can be used to assist in the operation of the
hinged cantilever. Preferably the hinged cantilever arrangement is of the
parallelogram type, in which the arc travelled by the turbine and housing, on
displacement, follows a radius of the parallelogram length about a point directly

horizontal to the operating position of the turbine.

In use, the turbine shaft transmits the produced torque, a thrust force and other
vibration loadings from the turbine blades to the turbine housing. The thrust force and
vibration loadings are preferably absorbed into the housing though low friction load
bearing devices and the torque is absorbed through the generator. The consequence
of this is that the housing must be capable of withstanding these forces, which in high

flow conditions, are very large.

Preferably the turbine housing coiltains the load for the rotor, which can be, for
example, electricity generation equipment or a pump, or a mechanical device suitable
for performing other tasks can also be used. It is sealed against water ingress and
includes a system to maintain a dry environment, such as a pump, to expel any leaked
water, or an air or inert gas positive pressure system. The generating equipment
includes a flexible coupling to a generator and electricity conditioning devices to

prepare the electricity to be transmitted to the shore or for another use.

A gearbox can be employed to alter the speed of the shaft used to generate electricity.
An embodiment of this design utilises a low speed electricity generator which

eliminates the need for a gearbox, hence increasing the efficiency of the drive train; a
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low speed permanent magnet generator is suitable for this purpose.

Another embodiment of this design utilises a kinetic energy storage device such as a

flywheel in such a way that it can be used to improve the operation of the system.

Performance monitoring and control systems can be contained within the sealed
turbine housing, e.g. a torque measurement device, a blade pitch control system, a
frequency monitor, a flow monitor, a temperature control system, a braking device
and communications equipment can be located here. The flow monitor can consist of
a central information processing point acting to interpret the measurements taken
from one or more measurement devices that are located separately from the main
structure of the turbine. In the case of a multiple installation the measurements from
these devices can be interpreted individually by each turbine system or interpreted by

one system to control more than one.

The turbine housing is attached to the supporting structure in order that the turbine
arrangement is held in place in the water where required. Multiple rotors and

housings can be supported by a common structure, hence reducing support costs.

In one embodiment of the invention, the housing is attached to the supporting
structure in such a manner that it is able to rotate independently of the supporting
structure to facilitate moving the rotor into or out of the direction of the oncoming
fluid. Rotation out of the direction of flow can be required for maintenance etc. This
rotation is facilitated by automated mechanical or electrical means, controlled using
information from the flow monitoring system; this yawing mechanism is limited to
360 degrees to ensure that the electrical output cables do not twist indefinitely. In
another embodiment the housing is firmly attached to the support structure and the
support structure turns with the rotor independently of the foundation. Similarly the
rotation is limited to 360 degrees. Alternatively, in situations where there is only one

significant flow direction, such as a river, or two coaxial flow directions as in some



WO 2005/057006 PCT/GB2004/005189

10

15

20

25

30

tidal currents, the yawing mechanism is not required. The variable pitch mechanism
can be used to reverse the direction of operation and the rotor can operate either
upstream or downstream of the housing or both directions under different flow

conditions.

An important aspect of the preferred embodiment of the invention is that the support
structure provides a means of locating the housing and associated components during
installation and returning them to the surface for maintenance. Access to the inside of
the housing is obtained by way of a sealed entrance for maintenance, which can
include mechanical routines such as replacing lubricants, the removal of biofouling
from operating surfaces of the rotor and housing. This is additional to mechanisms
that function to undertake automated maintenance during normal operation such as

self-cleaning and self lubricating systems.

The invention is illustrated in the accompanying drawings in which

Fig. 1 shows an embodiment with the turbine in lowered and raised positions;
Fig. 2 shows a turbine raised and lowered by buoyancy;

Fig. 3 shows details of the shape of the support structure profile;

Figs. 4 and 5 show cantilever arrangements.

Referring to fig. 1, this shows an embodiment of the invention that allows the entire
system to be submerged. This is advantageous in that there is no visual impact, and
minimal disruption to marine traffic. There is a telescopic supporting structure (3)
consisting of one or more sections that slot inside one other enabling the turbine
housing to be displaced vertically during installation and maintenance. The turbine
housing is attached to the uppermost section (4). The system is secured to the sea bed
by some means which may be a gravity anchor (24). The arrangement is dimensioned
as such that the turbine housing can be vertically displaced from the position of fig.
1a to above the surface (5) as shown in fig. 1b in order that maintenance operations

can be undertaken. During these operations the turbine housing remains firmly
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supported by the structure to enable this position to be sustained in periods of high
current flow. This is advantageous in that maintenance can be undertaken over a
sustained period without requiring the housing to be lowered to avoid the forces
experienced in periods of high flow. No large ship or divers are required to carry out

maintenance operations so these costs are not incurred.

One fluid inlet or multiple inlets are situated in the telescopic sections to allow for
pressure equalisation when the arrangement is displaced. These holes can incorporate

restrictive devices such as valves to assist in control in the ascent and descent.

Low friction, load bearing, corrosion resistant devices (6) are installed between the
telescopic sections to reduce the frictional loads between them and increase the
operating life of the structure. It is important that these devices function to support

the structure during turbine operation as the loads experienced increase dramatically.

There are seals (7) at the entrances of each telescopic section to provide protection
from silt and other marine debris. These must be capable of allowing the
displacement of the telescopic arrangement and be resistant to biofouling. These will
be installed before the installation of the system to eliminate the need for manual

intervention underwater.

The electrical cables are fed from the turbine housing to a place at the base of the
telescopic arrangement enabling them to travel to shore underwater creating minimal
visual impact. In use, the device is in the position of fig. 1a. When maintenance is

required etc. the telescopic section is extended and the turbine raised above the water.

Referring to fig. 2 this shows the telescopic arrangement actuated by variable
buoyancy. This can be one buoyancy chamber, or more likely multiple smaller
chambers that allow for controlled sinking of the lower chambers to bring the

arrangement vertical during installation. A buoyant system will allow the structure to
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be floated into position during installation and decommissioning, hence reducing the

requirements of the deployment vessels.

To supply the ballast pump with air, a refillable compressed air system can be used to
store air whilst the turbine is above water. Alternatively a releasable floating pipe
arrangement can be used. When required, the floating pipe (8) is released from the
turbine housing on a winch cable (9). This reaches the surface and then supplies the
ballast pump with air. When the housing reaches the surface the pipe is winched back
into the housing and can be re-packed with corrosion resistant protection (10). In use
the turbine is in the operating position of fig. 1a, buoyancy chamber(s) are filled with
air and the turbine rises up to the position of figs. 2b and 2c¢. Alternatively the air inlet
pipe can be grouped with the electrical cables, as such that the inlet is located on land

close to the point where the cables emerge.

Other methods of actuation include mechanical in the form of rack and pinions, worm
gears or screw type methods. Hydraulics can also be utilised to similar effect, also a
lifting vessel method can be used, wherein a cable is either released in a similar
method to the floating pipe arrangement as described, or a diver can be used to affix

it manually.

Mechanical methods of actuation can be improved by incorporating neutral buoyancy
into the displaceable aspects of the system. This will reduce the forces experienced

during actuation and hence the requirements of system components.

Referring to fig. 3, this shows different embodiments of shape of the cross section of
the telescopic sections. A circular cross section (12) can be used, the primary
disadvantage being that some additional means such as a sliding rail is required to
take the torque loading about the central axis. These loads will occur in ordinary
operation owing to fluctuations in flow velocity, and comprise a significant force on

the system. A non-circular cross section will have the advantage that this load can be
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incorporated into the shape (13) and fig. 3b which shows an example of a streamlined
section that will function both to eliminate torque concerns and reduce the loading on
the structure through the reduction of drag forces. It is desirable that streamlined
telescopic sections will turn with the rotor into the direction of flow. Hydrodynamic
control surfaces can be incorporated to assist in manoeuvering and stabilising the

device.

Additional streamlining can be affixed to the telescopic arrangement and the housing

to reduce drag forces and minimise oscillatory forces originating in the wake.

A second embodiment of the support structure is shown in figs. 4 and 5 where the
support structure is not completely submerged. It is intended for use on smaller
installations where access can be gained from a platform consisting either of the land
at the side of a watercourse or a floating platform. This embodiment incorporates a

hinged cantilever that functions to lower the turbine housing into the water.

In this embodiment the hinged cantilever arrangement is a parallelogram type and the
system consists of a structure mounted through hinge (15) on platform or bank (14)
through upright supports (16). The turbine housing is suspended from an upright
frame (17) which can be braced and streamlined to increase the stiffness and reduce
the effects of system oscillation. The hinges (15) are low friction, high stiffness

devices to prevent vibration and enable ease of lifting.

The parallelogram cantilever arrangement comprises support (16) connected to
cantilever arms (23) by hinges (15). The other end of the arms (23) are connected by
hinges (22) to turbine support (17) on which turbine (21) is mounted. The arc traveled
by the turbine and housing on displacement follows a radius of the parallelogram
length about a point directly horizontal to the operating position of the turbine (21).
If dimensioned effectively this allows the turbine housing to be very easily accessible

on the platform or bank (14).
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A land platform installation shown in fig. 4 in a region of flow with varying direction
requires a yawing mechanism (18) as described above. If the velocity is constant, for
example in a river, the plane of rotation can then be fixed to suit the flow direction;
the electrical output cable is run up the structure to a point on land where it can be
utilised. For maintenance the turbine can be lifted out of the water and can be

accessed from the platform or bank (14).

A floating platform installation shown in fig. 5 rotates about an anchoring point (19)
with the flow so no yawing mechanism is required. The electrical cable is run up the
structure onto the platform where it follows the anchor cable to the bed where it is

transmitted under the water to the shore.

The hinged cantilever arrangement can be actuated by mechanical means including a
winch or hydraulics. Buoyancy effects can be utilised to assist displacement; however

this will not remove the turbine housing and rotor from the water completely.
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Claims

1. A system for converting the kinetic energy of flowing water into rotational energy
which comprises a turbine located below the surface of the water and which is
supported on a support structure and in which the turbine has a rotor shaft on which

blades are mounted and the flowing water acting on the blades turns the shaft.

2. A system as claimed in claim 1 in which the support structure is connected directly

to the ground.

3. A system as claimed in claim 2 in which the support structure is supported by the

ground beneath the flowing water.

4. A system as claimed in claims 2 or 3 in which the turbine is supported on a support
structure which comprises a telescopic arrangement comprising a plurality of

telescopic components which enables the turbine to be raised and lowered.

5. A system as claimed in claim 4 in which the telescopic arrangement is actuated by

variable buoyancy of a section.

6. A system as claimed in claims 4 or 5 in which the telescopic arrangement is
actuated by variable buoyancy of a plurality of its telescopic sections and in which the

buoyancy of the sections can be varied independently of each other.

7. A system as claimed in claim 4 in which the telescopic arrangement is actuated by

a mechanical means.

8. A system as in claim 4 wherein the telescopic arrangement is actuated by a cable

from a vessel above.
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9. A system claimed in any one of claims 4 to 8 in which the telescopic support has

substantially neutral buoyancy.

10. A system as claimed in one of claims 1 to 9 in which the support has a

streamlined cross sectional profile.

11. A system as claimed in any one of claims 1 to 10 in which there is at least one
fluid inlet hole connecting the interior of the support structure to the water to allow

for rapid pressure equalisation when the turbine is raised or lowered.
12. A system as claimed in any one of claims 4 to 11 in which the telescopic
arrangement incorporates low friction load carrying devices on the surfaces of the

telescopic components which overlap.

13. A system as claimed in any one of the preceding claims in which the supporting

arrangement incorporates seals to inhibit the ingress of silt and other marine debris.

14. A system as claimed in claims 1 or 2 wherein the support structure comprises a

hinged cantilever arrangement.

15. A system as claimed in claim 12 wherein the support structure is mounted on the

ground to the side of the flowing water.

16. A system as claimed in claim 14 wherein the support structure is mounted onto a

platform floating on the water.

17. A system as claimed in claim 14 in which mechanical means are utilized to

actuate the hinged cantilever system.

18. A turbine system as claimed in claim 17 in which the mechanical means
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comprises a winch mechanism to actuate the hinged cantilever system.

19. A turbine system as claimed in claim 14 in which variable buoyancy is used to

assist in the actuation of the hinged cantilever.

20. A turbine system as claimed in claim 14 wherein the hinged cantilever
arrangement is of the parallelogram type, and the arc travelled by the turbine and its
housing on displacement follows a radius of the parallelogram length about a point

directly horizontal to the operating position of the turbine.

21. A system as claimed in any of the preceding claims in which the turbine housing
is able to rotate on a vertical axis about the telescopic arrangement to enable the

turbine to face into and out of the direction of water flow.

22. A system as claimed in any one of the preceding claims in which the support
structure is able to rotate on a vertical axis about and independent of its foundation to

enable the turbine to face into the direction of water flow.

23. A system as claimed in any one of the preceding claims in which the turbine

utilises a mechanism to alter the pitch of the blades.

24. A system as claimed in any one of the preceding claims in which the turbine
utilises a mechanism to alter the pitch of sections of the blades independently of each

other.

25. A system as claimed in any one of claims 1 to 22 in which the turbine has blades

with blades that are fixed.

26. A system as claimed in any one of the preceding claims in which there is an

electrical generator which can function efficiently at the rotational speed of the shaft
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and is connected directly to the shaft without gearing.

27. A system as claimed in claim 26 in which the generator can run at variable speed.

28. A system as claimed in claim 26 or 27 wherein the generator is of a permanent

magnet type.

29. A system as claimed in any one of the preceding claims in which the complete

system is submerged in normal functioning.

30. A system as claimed in any one of the preceding claims in which there is a

releasable air inlet that can float to the surface.

31. A system as claimed in any one of the preceding claims in which there is a
compressed air system for the purpose of varying the buoyancy of a central section of

the support structure.

32. A system as claimed in any one of the preceding claims which incorporates a

system to remove any ingressed fluid from any sealed components.

33. A system containing a turbine as claimed in any one of the preceding claims and
a flow monitoring system in order that the flow characteristics of the water can be

ascertained without disturbance from the turbine being present in the measurements.

34. A system as claimed in any one of the preceding claims which incorporates a

kinetic energy storage device to improve the operation of the system.

35. A multiple system which comprises a plurality of systems as claimed in any one

of the preceding claims that act together to form one power generation unit.
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36. A system as claimed in any one of the preceding claims which incorporates a

sonic device for the purpose of deterring marine life from approaching the system.

37. A system as claimed in any one of the preceding claims that incorporates a

structure to protect one or more turbines from marine debris and large marine life.

38. A system as claimed in claim 37 in which a structure to protect one or more
turbines from marine debris and large marine life functions in such a way that marine

debris is diverted away from the structure and the turbine blades.

39. A system as claimed in any one of the preceding claims which incorporates a
structure positioned around the circumference of the blades of the turbine which acts
to protect the tips of the blades and to increase the velocity of the flow through the
blades.
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