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(57) Abrégée/Abstract:
The Invention relates to an energy generator powered by tidal currents and comprises a turbine (10) in a turbine housing (30) for
rotation therein about a substantially vertical axis. The turbine (10) Is connected to a supporting column (22) that is pivotally
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(57) Abrege(suite)/Abstract(continued):
supported (24) in the lower portion of the turbine housing and, with the aid of a plurality of rotating elements (36), Is In engagement

with an upper portion of the interior wall of the turbine housing. The turbine can thus be selectively rotated In said turbine housing
with aid of the rotating elements (36).
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(54) Title: ENERGY GENERATOR POWERED BY TIDAL CURRENTS

(57) Abstract: The invention
relates to an energy generator
powered by tidal currents and
comprises a turbine (10) in a
turbine housing (30) for rotation
therein about a substantially
vertical axis. The turbine (10) is
connected to a supporting column
(22) that is pivotally supported

(24) in the lower portion of the
turbine housing and, with the aid

of a plurality of rotating elements
(36), is in engagement with an
upper portion of the interior

wall of the turbine housing. The
turbine can thus be selectively
rotated in said turbine housing
with aid of the rotating elements

(36).
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Energy generator powered by tidal currents

The 1nvention relates to plants for the generation of electrical power from open, flowing
masses of water, primarily tidal currents chiefly in narrow and shallow sounds. More
specifically, the invention relates to an energy generator apparatus powered by tidal
currents, comprising a turbine mounted in a turbine housing for rotation therein about a
substantially vertical axis.

The invention is of particular interest where there is also a need for a road and/or bridge

connection.

Tidal currents in the sea are due to the gravitational forces from the moon and the sun.
Vast masses of water are pushed back and forth and form the ebb and flow. These
waves move westwards as a result of the rotation of the Earth and have a wave height in
the major oceans that 1s less than one metre. When these tidal waves enter constricted
areas, greater tidal ranges occur. One example of this is the English Channel with up to
15 metres difference between high tide and low tide. In other places, for example, in
the Oslo Fjord, there may be a small difference between high tide and low tide. This is
due to geographical conditions.

The rhythmic rise and fall of the surface of the sea governed by the gravitational forces
of the celestial bodies can be calculated a long time in advance. Such calculations are
set down 1n tide tables for the most used seas. It is this predictable component of the
tidal currents, the astronomical tidal range, that can be utilised in power generation. In
addition, there is a meteorological component that is due to wind and air pressure. One
example here is the Oslo Fjord where prolonged low pressure and a southerly wind can
force extra water masses into the fjord system. This component is not utilisable in
power generation. However, during the planning stage it must be taken into account
that both the meteorological component and the astronomical component may occur :
simultaneously.

A study in the EU concludes that there is a potential for tidal energy of more than 100
TWh, chietly around the shores of Great Britain and France. Suitable locations in
Norway for tidal power stations are found along the coast from the northern part of
West Norway to the border with Russia. Unlike wind and waves that are controlled by
unstable geophysical processes, the astronomical component of tidal currents is a stable
and predictable source of energy.



CA 02534555 2006-02-02

WO 2005/017349 PCT/NO2004/000244

10

15

20

25

30

35

The energy in tidal currents can be extracted by using the difference in level between

high tide and low tide (potential energy), by harnessing the kinetic energy in the water
flow or by a combination of these forms of energy.

The energy exploitation of tidal currents can be traced back to special mill structures in
France and Spain before the eleventh century. There are few tidal power stations in use
today. The most well-known is a large plant in La Rance in France with 24 turbines and
a smaller facility in Kislogursk in Russia. A common feature of these plants is the use
of fixedly mounted turbines of the Kaplan type with adjustable guide vanes and
adjustable turbine blades. When the tide turns, the water flow will first hit the guide

vanes after passing through the turbine. This results in a reduction in the efficiency of
the turbine.

Norwegian Patent Application 2001 0737 teaches a system for pile-type anchoring to
the bottom with a wholly ‘submerged turbine and generator unit. The document
describes systems for connection to and disconnection from the pile foundation.

US 5,440,176 teaches plants for power generation comprising submerged frame

structures having turbine and generator units capable of being raised or lowered and
rotated individually.

Furthermore, GB 2 298 004 teaches a tidal power station where the turbine is installed
in a flow channel in a dam or isthmus with a road on the top. US 4,468,153 teaches a
tidal power station having a turbine that can be turned around so that the movement of
the tide in both directions can be utilised. WO 00/50768 and GB 2 311 566 both teach
water turbines constructed for utilising flowing water, especially tidal currents. The
turbine is mounted on a pile or column that can be turned around.

There 1s therefore a need for an apparatus for generating electric power from tidal
currents in a cost-effective manner, where the machinery can quickly and efficiently be
pulled up from the sea and taken to, for example, a service facility, without any need for
divers and costly crane vessels. It is also desirable to provide a simple turbine structure
of high efficiency independent of the direction of the water current. It is also desirable
to provide a power generator apparatus that is arranged so that the actual generator and
other electric installations are placed above the highest recorded water level, and are
thus protected and readily accessible for 0pefati0n and maintenance.
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The invention solves these problems by providing an apparatus comprising a turbine
mounted 1n a turbine housing for rotation therein about a substantially vertical axis,
characterised in that the turbine is attached to a supporting column which at a lower
portion 18 pivotally supported in the lower portion of the turbine housing and which at
an upper portion in the horizontal plane is supported by a plurality of rotating elements
in engagement with a portion of the inner wall of the turbine housing, whereby said
turbine can be selectively rotated in said turbine housing so that the turbine at all times
is optimally positioned relative to the prevailing water current direction.

Preferred embodiments of the apparatus according to the invention are disclosed in
attached dependent claims 2 to 9.

Another object of the invention 1s {o obtain a solid and vibration-damping connection
between the steel structure of the turbine and the interior rough-cast concrete surface of
the turbine housing. The embodiment makes moderate demands on the concrete surface
and the interior profile of the turbine housing, any possible irregularities being absorbed
by seals.

An embodiment of the invention will now be described in more detail with reference to

the attached drawings where like parts have been given like reference numerals.

Fig. 1 is a sectional view of three of the apparatus according to the invention, mounted

in series to form a roadway and where one of the apparatus is shown 1n section.
Fig. 2 is a simplified diagram of the arrangement shown in Fig. 1 seen from above.
Fig. 3 1s a section in the plane C-C in Fig. 1.

As can be seen from Fig. 1, the apparatus according to the invention comprises a turbine
10 with turbine blades 12 mounted on a supporting column 22 in a turbine housing 30.
The turbine housing may be made of concrete and be a prefabricated element that 1s
floated into place and installed at the desired point on the seabed so that the uppermost
part (the roadway 40) is above the highest recorded water level. The turbine housing 30
as shown in Fig. 1 is closed apart from the flow opening 32 though which the tidal
current flows. In the turbine housing on the far right in Fig. 1, the turbine housing cover
has been removed to show the internal structure of the housing and the mounting of the
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turbine. It can be seen from the figures that the turbine is connected to a generator 38
(suitably located in a generator housing 39 on a level with said roadway 40). The
advantage of this is that the generator 38 is safely located above the highest recorded
water level and is readily accessible for operation and maintenance.

Fig. 2 shows the arrangement seen from above where the turbine housings 30 have an
access opening 45 which normally will be covered by a cover 44. Upon installation,
extensive maintenance and retrieval of the complete generator-turbine unit, an
installation means 42, such as a vehicle, may easily be positioned above the access

opening 45 and retrieve or lower the complete generator-turbine unit.

The apparatus according to the invention thus comprises, as mentioned, a turbine 10 that
1s mounted on a supporting column 22. At its upper end, the supporting column is
connected to a generator 38 and at its lower end it is supported at a point 24 on the
bottom of the turbine housing. The lower support point may advantageously be a
water-lubricated swivel connection, for example, of rubber, thereby enabling the whole
turbine-supporting column arrangement to rotate about the vertical axis.

Figures 1 and 3 show a substantially circular element 28 mounted on the supporting
column above the generator. This element is tapered in the direction of the turbine so as
to reduce the flow opening 32 of the turbine housing to a size that is almost equal to the
diameter defined by the turbine blades 12. Of course, it is well known to use this so-
called venturi principle both to increase the flow rate and to extract as much energy as

possible from the water masses.

The area in the turbine housing above this element 28 should preferably be dry, that
means to say water should not flow into this space. To provide a horizontal support of
said supporting column 22, a plurality of rotating elements 36 are provided at the upper
portion of the supporting column, which, when the plant is in operation, are in
engagement with a portion of the inner wall of the turbine housing. These rotating
elements (the figures show three of them) are preferably hydraulically or electrically
operated rubber wheels. In addition to giving horizontal support, these rotating
elements or wheels 36 will thus also be able to effect the actual rotation of the turbine
when this is desirable in relation to the direction of the water flow. When it is desired to
turn the turbine with the changing tide, the wheels 36 are simply actuated and the
friction between the wheels and the interior wall of the turbine housing cause the
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rotation of the supporting column 22. The wheels 36 are preterably filled with one or
more fluids such as air and/or another gas and/or a liquid.

To prevent leakage from the flow area into the portion above the circular element 28 a
seal can be provided around the largest periphery of the circular element 28. This seal
34 may, for instance, be a rubber tube which can selectively be expanded and contracted
using either hydraulics or pneumatics and, in addition to its aforementioned function,
help to maintain the supporting column in the desired position (in other words, a type of
locking mechanism) and prevent vibrations (and thus noise) from the turbine when in
operation from travelling into the turbine housing. The seal 34 will also in an effective
manner absorb irregularities in the interior wall of the turbine housing. The rigidity of
the seal can advantageously be adjusted as a function of actual loads and vibrations.
Furthermore, the seal may advantageously be deflated when the turbine rotates and
inflated when the turbine is turned into the new desired position. Such inflation and
deflation may advantageously be automated and synchronised with the rotation of the
turbine in step with the changes of direction of the tidal flow.

As known, it is important that as great a proportion as possible of the energy from the
water masses should be transmitted to the turbine blades. That means to say that it is
desirable that the water is as free as possible for rotation after having flowed passed the
turbine blades. This is achieved in a known manner by guide vanes imparting a certain
rotation to the water masses that is in the opposite direction to the rotational direction of
the turbines before the water masses hit the turbine blades. In the apparatus according
to the invention, this is solved in that the supporting column 22 itself is made in the
form of guide vanes. Fig. 3 shows this; see the section A-A and the section B-B from.
which it is clear that the supporting column has a cross-sectional profile that provides
rotation that is in the opposite direction to the direction of rotation the water flow is
given on the passing of the turbine blades 12.

As can be seen from Figures 1 and 2, a desired number of the apparatus according to the
Invention can be arranged in series so as to form a foundation for a roadway 40. The
turbine housing 30 may, as mentioned, be a prefabricated element that can be floated to
the location. The invention thus offers an apparatus for procuring cost-efficient electric
power from tidal currents. The machinery can quickly and efficiently be pulled up from
the sea and taken to a service facility without any need for divers and costly crane
vessels. During the hoisting and installation of the unit, the rotating elements (the
rubber wheels) 36 may be deflated to facilitate the hoisting or the lowering of the unit.
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When the unit is in place in the turbine housing, the wheels are inflated until the desired
contact with the interior wall 31 is obtained.

As mentioned, the control of both the rotary elements and the seals is done
automatically, preferably by computer control, when the tidal flow turns. The internal
pressure medium in the seal (e.g., a flat tube) 34 is drawn off so that it adopts its
inoperative position which is generally clear of the concrete wall. Then the rotary
motors are started and the rotating elements 36 are moved until the turbine has been
rotated 180°. Pressure medium is subsequently pumped into the seal, which then in its
inflated state provides a fixed but resilient connection between the turbine and the
turbine housing.

The invention offers a simple turbine structure of high efficiency in both direction of the
water flow. Vulnerable equipment such as the generator and other electric equipment is
placed in a protected manner above the highest normal water level. Furthermore, a cost-
efficient and noise-damped connection between the turbine-generator unit and the
turbine housing is obtained.



10

15

25

30

35

CA 02534555 2007-12-17

Patent claims

1.

An epergy generator apparatus powered by tidal currents, comprising a turbine (10)
mounted in a turbine housing (30) for rotation therein about a substantially vertical axis,
characterised in that the turbine (10) is connected to a supporting column (22) which at
a lower portion is pivotally supported (24) in the lower portion of the turbine housing,
and which in an upper portion in the horizontal plane is supported by a plurality of
rotating elements (36) in engagement with a portion of the inner wall of the turbine
housing, whereby said turbine can be selectively rotated in said turbine housing so that
the turbine at all times is optimally positioned relative to the prevailing direction of
water flow. |

g,

ot ®

An apparatus according to claim 1, characterised in that said rotating elements (36) are
actuatable and thus cause said selective rotation of the turbine.

3

S &

An apparatus according to claim 2, characterised in that the rotating elements are
hydraulically or electrically operated wheels.

4.

An apparatus according to claim 1, characterised by an element (28) on the supporting
column between the turbine (10) and the rotating elements (36), which part is tapered in
the direction of said turbine, so as to reduce the flow opening (32) of the turbine
housing to a size that is almost equal to the diameter defined by the turbine blades (12).

S.

An apparatus according to claim 1, characterised by a seal (34) on a substantially
circular element (28) in the horizontal plane on the supporting column having a larger
circumference than the supporting column, wherein said element is disposed between
the turbine (10) and the rotary elements (36), said seal being disposed along the largest
periphery of the circular element (28).

6.
An apparatus according to claim 1 or 5, characterized in that said seal (34) may
selectively be brought into contact with a surrounding part of the interior wall (31) of
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the turbine housing, so as to maintain said supporting column in the desired position, to
prevent water from entering into the space above said circular element (28) and to
prevent vibrations from the turbine, when in operation, from travelling to the turbine

housing (30).

7.

An apparatus according to claim 1, characterised in that at least one portion of said
supporting column (22) is made in the form of guide vanes, in order to cause the water
flow during operation to be given a rotational direction that is opposite to the rotational
direction that the water flow is given on the passing of the turbine blades (12).

8.

An apparatus according to claim 1, characterised in that an energy transter between the
turbine (10) and a generator (38) is provided through an internal passage in said
supporting column (22), and that said generator is located at a level above said circular
element (28), preferably above said turbine housing (30).

0.

An apparatus according to claim 1, characterised in that said turbine housing (30)is a
prefabricated element that can be floated to the location where power is to be generated
and installed on the seabed so that an upper portion of the turbine housing will be at a

level above recorded normal water level.
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