
WO 2011/039267PCT/EP2010/064477 1 A hydroelectric turbine with coil cooling
Field of the invention This invention relates to a hydroelectric turbine,
in particular for deployment in tidal sites in order to harness the energy
of the tide to generate electricity, which turbine is modified to provide
improved performance and/or reliability. Background of the invention The
area of renewable energy has in recent years, due to the threat of global
warming and other related issues, seen significant advances, with large
resources and investment being 15 channelled into developing new or
improved forms of renewal energy. One particular area which holds
significant potential is in the harnessing of tidal energy, in particular
through the use of seabed deployed hydroelectric turbines. These turbines
can run essentially twenty four hours a day delivering consistent energy
and without any environmental impact or other drawbacks. 20 However,
harnessing tidal energy does provide its own challenges, in particular with
respect to the installation and maintenance of tidal power generators, for
example hydro-electric turbines, which by the very nature of the operation
of same must be located in relatively fast flowing tidal currents, and more
than likely located on the seabed. In addition, in order to be 25
economically viable these turbines must be built on a large scale. As a
result the turbines and associated bases/supports are large and cumbersome
components, and require significant heavy lifting and transport equipment
in order to achieve deployment and retrieval for maintenance purposes. The
use of such heavy lifting equipment is normally a hazardous undertaking,
and is rendered even more dangerous when this equipment is 30 operated at
sea under difficult and unsteady conditions. As a result the retrieval
process may take some time to complete. Furthermore, as the turbines are
located on the seabed it is not generally possible or at least economically
feasible to implement continuous visual monitoring of the turbines to check
for damage to the turbine. It is therefore highly desirable  



WO 2011/039267PCT/EP2010/064477 2 that these hydroelectric turbines are
relatively simple machines, and therefore reliable, and that the working
components of same have a significant operating life. One of the components
most likely to suffer damage is the coils used in the electromagnetic 5
circuit, which can, for a number of reasons, overheat and malfunction,
leading to possible damage to both the electromagnetic circuit and
potentially other areas of the turbine. This will at the least result in a
reduction of the power output of the turbine, and may result in the total
shutdown or inoperability of the turbine, therefore requiring retrieval and
repair of the turbine. 10 It is thus an object of the present invention to
overcome the above mentioned problems. Summary of the invention According
to the present invention there is provided a hydroelectric turbine
comprising a stator and a rotor; an array of magnets fixed to one of the
stator or rotor; a corresponding array of coils fixed to the other of the
stator or rotor; and means for cooling the coils during operation of the
turbine. Preferably, the cooling means are adapted to utilise the
surrounding water in order to effect cooling of the coils.    Preferably,
the cooling means are adapted to promote water flow past or in close
proximity 25 to the coils in order effect the transfer of heat from the
coils. Preferably, the stator and the rotor are positioned relative to one
another to define a gap therebetween and on opposed sides of which gap the
coils and magnets are positioned, and wherein the cooling means comprises
one or more guides adapted to promote water flow 30 through the gap. 



Preferably, the one ore more guides are fixed to the rotor.  WO
2011/039267PCT/EP2010/064477 3 Preferably, the one or more guides are
formed integrally with one or more bearings of the turbine.  Preferably,
the bearings comprise a circular array of bearing blocks for bearing axial
loads, a 5 leading edge or face of one or more of the bearing blocks being
profiled to promote water flow through the gap during relative rotation
between the rotor and stator. Preferably, the coils are mounted to the
stator and the cooling means comprise one or more channels formed in the
stator and passing in close proximity to the coils, the one or more 10
channels being open to the surround water at each end in order to allow
water flow therethrough. Preferably, the one or more channels are oriented
to extend, with the hydroelectric turbine positioned in a tidal flow,
substantially in line with the direction of tidal flow. Preferably, both
ends of the one or more channels are position on the same side or surface
of the stator. Preferably, a gap is provided between adjacent magnets of
the magnet array. Brief description of the drawings     Figure 1
illustrates a schematic representation of a section of a hydroelectric
turbine 25 according to the first embodiment of the present invention; 



Figure 2 illustrates a perspective view of the turbine illustrated in
figure 1;     Figure 3 illustrates a schematic representation of an
alternative embodiment of a turbine 30 according to the present invention;
and  WO 2011/039267PCT/EP2010/064477 4 Detailed description of the drawings
Referring now to figures 1 and 2 of the accompanying drawings there is
illustrated a first 5 embodiment of a hydroelectric turbine, generally
indicated as 10, which is adapted to provide cooling to electromagnetic
coils (not shown) forming part of an electromagnetic circuit of the turbine
10. The main components of the turbine 10 are a stator 12 within which is
mounted for rotation 10 a rotor 14. The turbine 10 will normally be
configured such that an array of coils (not shown) are provided on one or
other of the stator 12 and rotor 14, the other of the stator 12 and the
rotor 14 being provided with a corresponding array of magnets (not shown),
as is well know in the art. The coils and magnets are arranged on opposed
sides of a gap 16 provided between the stator 12 and the rotor 14. The
rotor 14 comprises an outer rim 18 and 15 an inner rim 20 between which are
mounted an array of blades 22. The outer rim 18 is effectively enclosed
within the stator 12 and is spaced therefore by the gap 16. During
operation of the turbine 10 relative movement between the stator 12 and
rotor 14 drives the magnets and coils past one another, inducing an
electric current in the coils, which is then extracted from the turbine 10
in any suitable manner. The flow of current through the coils 20 of the
turbine 10 results in the generation of heat in the coils, the greater the
level of heat the lower the efficiency of the coils, and the greater the
risk of damaging the coils or surrounding components. The turbine 10 of the
present invention is therefore adapted to induce a flow of water past or 



25 in close proximity to the above mentioned coils, in order to effect
cooling of the coils and therefore ensure the consistent and efficient
operation of same. An array of bearing blocks 24 are provided on the outer
rim 18 which together define the main radial bearing between the stator 12
and rotor 14 in order to prevent contact therebetween during operation. At
least some, and preferably all, of the baring blocks 24 form cooling means
of the turbine 10, and 30 are therefore adapted, during rotation of the
rotor 14 relative to the stator 12, to force water through the gap 16 in
order to effect cooling of the coils. The bearing blocks 24 are provided
with a sloped or profiled leading edge 26 which acts to drive the
surrounding water up and over the bearing block 24 and through the gap 16.
Additional vanes (not shown) or surface formations on the outer rim 18 or
any other portion of the turbine 10 may be provided to  WO
2011/039267PCT/EP2010/064477 5 improve or augment this functionality of the
bearing blocks 24. In addition, adjacent magnets of the magnet array are
slightly spaced from one another, and this space between adjacent magnets
helps to promote the flow of water through the gap 16. 5 Turning now to
figure 3 there is illustrated an alternative embodiment of a hydroelectric
turbine according to the present invention, generally indicated as 110. In
this alternative embodiment like components have been accorded like
reference numerals, and unless otherwise stated perform a like function.
The turbine 110 again comprises a stator 112 and a rotor 114 mounted for
rotation relative to the stator 112. The stator 112 and rotor 114 are 10
separated by a gap 116 which is open to the surrounding water. The rotor
114 comprises an outer rim 118 and an inner rim 120, mounted between which
are a circular array of blades 122. An array of coils 30 are mounted on the
stator 112 and face the outer rim 118 across the gap 116. A corresponding
array of magnets (now shown) are therefore mounted on the outer rim 118. 15
The turbine 110 further comprises cooling means in the form of a channel 32
formed in the stator 112, the channel 32 extending from one side of the
stator 112 to the other side, in order to allow the flow of water there
through. The channel 32 is positioned to be in close proximity to the rear
face of the coils, in order to allow the water passing through the 20
channel 32 to draw heat away from the coils 30. This embodiment therefore
provides 



passive cooling of the coils 30, as the water is not driven through the
channels 32 and simply flows there through under the influence of the tide.
It will however be appreciated that means could be provided to actively
drive or pump water through the channel 32. Such pumping means could also
be powered, either mechanically or electrically, from power 25 generated by
the turbine 110. Turning now to figure 4 there is illustrated a further
alternative embodiment of a hydroelectric turbine, generally indicated as
210. Again in this embodiment like components have been accorded like
reference numerals, and unless otherwise stated perform a like 30 function.
The turbine 210 comprises a stator 212 and a rotor 214, separated from one
another by a gap 216. The rotor 214 comprises an outer rim 218 and an inner
rim 220 mounted between which is a circular array of blades 222.  WO
2011/039267PCT/EP2010/064477 6 Formed in the stator 212 are a pair of
channels 232 which are substantially U shaped, both ends of each channel
232 opening onto the same face of the stator 212. The channels 232 extend
to a position in close proximity to the back of the coils (not shown) to
maximise the transfer of heat from the coils during operation of the
turbine 210. The channels 232 may be 5 partly or fully helical in shape, in
order to increase the effective length of the channels 232, and thus
improve the heat transfer capabilities thereof. It will therefore be
appreciated that the turbine 10, 110, 210 of the present invention provides
a simple yet effective means of drawing heat from the coils during
operation. The 10 cooling means do not generally require any additional
moving parts, and thus the simplicity, and therefore reliability, of the
turbine 10, 110, 210 is maintained. 15  



WO 2011/039267PCT/EP2010/064477 7 Claims   1. A hydroelectric turbine
comprising a stator and a rotor; an array of magnets fixed to one of the
stator or rotor; a corresponding array of coils fixed to the other of the
stator or 5 rotor; and means for cooling the coils during operation of the
turbine.  2. A hydroelectric turbine according to claim 1 in which the
cooling means are adapted to utilise the surrounding water in order to
effect cooling of the coils. 10 3.A hydroelectric turbine according to
claim 1 or 2 in which the cooling means are adapted to promote water flow
past or in close proximity to the coils in order effect the transfer of
heat from the coils.     4. A hydroelectric turbine according to any of
claims 1 to 3 in which the stator and the 15 rotor are positioned relative
to one another to define a gap therebetween and on opposed sides of which
gap the coils and magnets are positioned, and wherein the cooling means
comprises one or more guides adapted to promote water flow through the gap.
5. A hydroelectric turbine according to claim 4 in which the one ore more
guides are 20 fixed to the rotor.  6. A hydroelectric turbine according to
claim 5 in which the one or more guides are formed integrally with one or
more bearings of the turbine. 25 7.A hydroelectric turbine according to
claim 6 in which the bearings comprise a circular array of bearing blocks
for bearing axial loads, a leading edge or face of one or more of the
bearing blocks being profiled to promote water flow through the gap during
relative rotation between the rotor and stator. 



30 8.A hydroelectric turbine according to and preceding claim in which the
coils are mounted to the stator and the cooling means comprise one or more
channels formed in the stator and passing in close proximity to the coils,
the one or more channels being open to the surround water at each end in
order to allow water flow therethrough.  WO 2011/039267PCT/EP2010/064477 8
9.A hydroelectric turbine according to claim 8 in which the one or more
channels are oriented to extend, with the hydroelectric turbine positioned
in a tidal flow, substantially in line with the direction of tidal flow. 5
10.A hydroelectric turbine according to claim 8 in which both ends of the
one or more channels are position on the same side or surface of the
stator. 11.A hydroelectric turbine according to any preceding claim in
which a gap is provided between adjacent magnets of the magnet array. 10 


