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FLOW HYDROELECTRIC TURBINE BACKGROUND OF THE INVENTION
5This invention relates generally to the field of
turbines or power plants that produce electricity from
fluid flow, either air or water, and more particularly
relates to such devices wherein the fluid flow causes
rotation of a propeller-type or impeller-type rotor,
with the rotation being transferred to generators to
produce the electricity. Even more particularly, the
invention relates to such devices wherein the rotor is
an open center rotor capable of rotation in either
10direction in response to the water flow direction
encountered in rising and falling tides.
Production of electricity using hydroelectric or
wind-powered turbines is well known. The fluid flow
causes rotation of a propeller-type rotor or blades.
For wind-powered turbines, the devices are located in
areas with steady air currents, and the devices are
typically rotated so as to be oriented in the optimum
direction for capturing the wind energy. For
hydroelectric  15 turbines, the devices are usually
placed in fast moving water currents, typically as
part of a dam structure. Such water flow conditions
are known as high head conditions.       While most
turbines are constructed to have a central rotating
shaft, that is held in place by oil lubricated
bearings, onto which the blades or runners are
mounted, it has been found that open-centered turbine
constructions can have benefits not found with
turbines having centralized  20 shafts. Turbines
having open-centered rotors, where the blades are
mounted between inner and outer annular rings or rims
and where the energy is transferred through the outer
rim, can be successful in low head conditions, i.e.,
in slower currents. This is due to several reasons, 
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including the fact that elimination of the central
shaft and centralized blade portions reduces drag and
the fact that larger diameter rotors can be produced
since weight is reduced, thereby increasing the
surface area contacting the low head flow. Another
benefit to open-centered turbines in hydroelectric
applications is that since water flow through the
central portion of the 5  turbine is not obstructed by
blades, fish are able to pass through. Examples of
such open center turbines can be seen in U.S. Patent
No. 5,592,816 issued Jan. 14, 1997, and reissued as
RE38,336 on Dec. 2, 2003, U.S. Patent No. 6,648,589
issued Nov. 18, 2003, U.S. Patent No. 6,729,840 issued
May 4, 2004, and U.S. Patent Appl. Publication
US2005/0031442 published Feb. 10, 2005 (Ser. No.
10/633,865). 10Because the fluid flow in these
turbines is uni-directional, the force applied against
the blades and rotors is also uni-directional. Thus,
to date it has only been necessary to address
frictional issues on the down-stream or down-wind side
of the rotor where the outer rim is retained by the
housing, since the flow will exert pressure in only
one direction. In open-centered turbines it is the
trailing edge of the outer rim that must be supported
by the housing, 15while the leading edge of the outer
rim is not subjected to down-stream or down-wind
pressure.       Examples of turbines subject to
bi-directional fluid flow can be seen in U.S. Patent
No. 4,421,990 to Heuss et al., U.S. Patent No.
6,168,373 to Vauthier, U.S. Patent No. 6,406,251 to
Vauthier, U.K. Patent No. 2,408,294 to Susman et al.,
and WIPO International Publication WO 03/025385 to
Davis et al. 



20It is an object of this invention to provide a
hydroelectric turbine or power plant that is
operational in bi-directional water flow without
requiring physical reversal of the turbine, where
bi-directional flow comprises flow in one direction
over a certain time period and reversed flow  WO
2008/006602PCT/EP2007/006235 in the opposite direction
over a subsequent time period. It is a further object
to provide such a turbine capable of producing
electricity in bi-directional tidal flow applications.
It is a further object to provide such a turbine
wherein the rotor is able to shift in the axial
direction, and in particular as the water lubricated
axial bearings wear, such that the operational cycle
of the 5 turbine between replacement of bearings is
greatly extended. It is a further object to provide
such a turbine wherein the axial shifting of the rotor
within the housing allows debris trapped between the
rotor and the housing to be swept away. It is a
further object to provide such a turbine wherein the
axial shifting of the rotor within the housing results
in less force being required to initiate rotation. IO
WO 2008/006602PCT1EP20071006235 



SUMMARY OF THE INVENTION        The invention is a
device for the creation of electricity from a turbine
operated by tidal flow or other bi-directional
reversing water flow, where bi-directional water flow
encompasses 5  flow in a first direction over a first
time period, such as a rising tide, followed by flow
in the opposite direction over a following time
period, such as a falling tide, with this cycle
continuing. Such water flow is typically a low head
condition, in that the current or water movement is
not fast flowing or concentrated. The methodology
comprises locating an open-centered hydroelectric
turbine or power 10  plant within the tidal flow, such
that the bi-directional tidal flow operates the
turbine and produces electricity with water flow in
either direction without having to reverse the
orientation of the turbine. The turbine comprises a
rotor or rotating assembly defined by at least one set
of rotating blades or similar propeller-type or
impeller-type structures mounted within a stationary
housing, the blades preferably being disposed between
an interior annular rim and an exterior 15  annular
rim, such that a relatively large open center is
defined that contains no structure. The water flow
imparts rotation to the rotor and this energy is
transferred to one or more generators to create
electricity, or the rotor and housing itself is
constructed to operate as a generator, wherein for
example magnets are located along the perimeter of the
outer rim and coils are located along the perimeter of
the housing encircling the outer rim. 20In order to
account for water flow in opposing directions, it is
necessary to provide bearing or anti-friction means to
reduce contact and friction between the outer rim and
the annular retaining flanges of the housing in both
the inflow and outflow directions. In the  



WO 2008/006602PCT/EP2007/006235 preferred embodiment,
journals and preferably water lubricated marine
bearing plates are utilized to minimize rotational
friction between the edges of the outer rim and the
retaining flanges of the housing. In the most
preferred embodiment, the bearing plates and/or the
journals restricting movement in the axial directions
are of increased thickness, such that the device
remains 5operational over an extended period of time
as these bearings/journals wear away, the rotor being
able to shift in the axial direction in response to
the direction of water flow.  WO
2008/006602PCT/EP2007/006235 BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 is a view of the hydroelectric
turbine as seen from the axial perspective.
Figure 2 is a view of the hydroelectric turbine as
seen perpendicularly to the axial 5direction.
Figure 3 is a partial cross-sectional view of a
preferred embodiment, showing journals and marine
bearing plates comprising the anti-friction means. 



Figure 4 is an alternative embodiment shown similarly
to Figure 3, wherein the anti-friction means comprises
repelling magnets. 10Figure 5 is an alternative
embodiment shown similarly to Figure 3, where the
anti-friction means comprises drive wheels
transferring rotational energy to generators.
Figure 6 is a partial cross-sectional view of the more
preferred embodiment, wherein the bearings restricting
movement in the axial directions are of increased
thickness.            Figure 7 is a partial
cross-sectional view similar to Figure 6, but showing
the bearings in 15the worn condition and the rotor
shifted in the direction of water flow.  WO
2008/006602PCT/EP2007/006235 DETAILED DESCRIPTION OF
THE INVENTION       With reference to the drawings,
the invention will now be described in detail with
regard for the best mode and the preferred embodiment.
In a most general sense, the invention is a 5 device
for producing electricity, referred to generally as a
hydroelectric turbine or power plant, from low head
bi-directional or reversing water flow, particularly
and primarily bi-directional water flow resulting from
tidal flow, i.e., the cycling movement of water
between high tide and low tide conditions. 



As shown generally in Figures 1 and 2, a preferred
embodiment of the invention is an 10 open-centered
hydroelectric turbine 10 comprising a generally
annular housing 21. The configuration of housing 21
shown is not meant to be limiting, as other
configurations are possible provided the housing 21
accomplishes among other purposes retaining the
rotating assembly or rotor 31 concentrically therein
while permitting limited axial displacement of the
rotor 31, in addition to allowing rotation of the
rotor 31 about the rotational axis in both 15
directions, and allowing transfer of the rotational
energy to mechanically driven generator means 42 or
actual participation in the production of electricity,
such as by a combination of magnets 51 and coils 52.
Housing 21 comprises a first retaining flange 22 and a
second retaining flange 23 positioned on either side
of an interior periphery surface 24 that together
cooperate to define a limiting or retaining means
which are dimensioned to permit limited axial movement
of the rotor 20 31 in either axial direction, such
flanges 22 and 23 preferably being annular in nature
and each providing a generally planar interior surface
facing the sides of the rotor 31. Alternatively, the
retaining flanges 22 and 23 need not be continuous
members.  WO 2008/006602PCT/EP2007/006235       The
minimum distance between the flanges 22 and 23 is
determined by the axial dimension of the outer rim 33,
taking into account any anti-friction means such as
journals 71 or bearings 72 disposed on the rotor 31
and housing 21, such that the rotor outer rim 33 can
be received within the channel of the housing 21. In
the embodiments shown in Figures 3 through 5 5, the
interior distance between the retaining flanges 22 and
23, which defines the maximum travel distance of the
rotor 31 in the axial direction, only slightly exceeds
the dimension in the axial direction of the annular
outer rim 33, such that axial shifting of the rotor 31
is allowed but remains relatively limited. In
contrast, the distance between the flanges 22 and 23
in the axial direction of the embodiment shown in
Figures 6 and 7 is significantly greater than the
minimum 10  distance required to receive the annular
outer rim 33, such that greater movement of the rotor
31 in the axial direction is allowed.       The
rotating assembly or rotor 31 comprises an inner
annular rim member 32 and an outer annular rim member
33. Extending between inner rim 32 and outer rim 33
are a plurality of runners or blade members 34, the
blades 34 being angled or twisted in known manner such



15 that movement of fluid in either of the axial tidal
flow directions 99 results in rotation of the rotor
31. The particular number, configuration and material
composition of the blades 34 may vary, but preferably
the blades 34 are constructed to be as lightweight as
possible without excessively sacrificing structural
integrity. The inner rim 32 defines a relatively large
open center 35 that increases the effectiveness 20 of
the hydroelectric turbine 10 in low head conditions,
since support for the rotor 31 is spread about the
periphery of the outer rim 33 rather than being
concentrated at a central shaft. This enables the
housing 21 and rotor 31 to be constructed with a much
larger diameter than possible  WO
2008/006602PCT/EP2007/006235 with shaft mounted
rotors, thereby allowing for a dramatic increase in
the total surface area of the blade members 34, which
enables the hydroelectric turbine 10 to function well
in low head conditions. In the preferred embodiment as
shown in Figure 3, the housing 21 and rotor 31 in 5
combination define a generator for the production of
electricity. This may be accomplished by locating a
plurality of magnets 51 about the outer periphery of
the outer rim 33 and locating a plurality of coils 52
about the inner periphery surface 24 of the housing
21, such that the housing 21 becomes in effect the
stator of a generator. Rotation of the rotor 31 passes
the magnets 51 across the coils 52 and electricity is
produced in known manner. 10It is also important to
provide anti-friction means to minimize frictional
drag between the rotor 31 and the housing 21 in
addition to the lubrication provided by the water
itself. In a preferred embodiment, this is
accomplished utilizing a combination of journal
members 71 and bearings 72, such as water lubricated
marine bearing plates, as shown in Figure 3. By
positioning the bearings on the external rim of the
rotor, the bearing surface is increased, and 



15  thus the pressure per square inch on the bearings
reduces to the point that a water lubricated bearing
can be utilised.       The journals 71 are shown as
being mounted at the inflow and outflow edges of the
outer rim 33 and the marine bearing plates 72 as being
mounted on the interior periphery of the housing 21
and retaining flanges 22 and 23, but the positions
could be reversed. It should be 20  appreciated that
the terms "inflow" and "outflow" are, in the present
application, relative terms, which are dependent on
the direction of flow of water through the turbine 10,
which is bidirectional in nature. The same relativity
will obviously also apply to such terms as "upstream"
WO 2008/006602PCT/EP2007/006235 and "downstream" or
the like. Axial journals 71a correspond to axial or
thrust bearings 72a and together control movement of
the rotor 31 in the axial direction. Radial journals
71b and radial bearings 72b in combination control
movement in the radial direction. The journals 71 are
composed of a relatively low friction material, such
as stainless steel or the like, and the marine 5
bearing plates 72 are likewise composed of a
relatively low friction material, such as a polymer,
e.g., Teflon, ceramic or the like. These components,
as well as all components in the device, must be
resistant to salt water and other environmental
damage, as the use of the invention will typically
expose the components to such elements, in particular
given that tidal flow typically comprises salt water
or brackish water. The journals 71 and marine bearing
plates 72 in 10  combination reduce friction and drag
in the radial direction and both axial directions,
such that rotation of the rotor 31 relative to the
housing 21 is minimally impeded.       By permitting
axial displacement of the rotor 31 in response to
tidal flow in either direction, the anti-friction
means on the upstream side of the turbine 10 are not
in contact in the axial direction, and so will not
undergo wear during operation of the turbine for the
period during 15 which the tidal is flowing in that
direction. Once the tide reverses, the rotor 31 will
be displaced axially against what was previously the
upstream side of the housing 21, such that the
anti-friction means on the new upstream side of the
turbine 10 will not be contacted, and therefore will
not undergo wear. This arrangement ensures that only
the anti-friction means on one side of the turbine 10
will undergo wear at any give time, thus reducing the
overall wear on the anti- 



20friction means.       In a more preferred
embodiment, as shown in Figures 6 and 7, the axial
bearings 82a that restrict movement of the rotor 31 in
the axial directions are initially of increased
thickness, such  WO 2008/006602PCT/EP2007/006235 that
the interior distance between first and second
retaining flanges 22 and 23 is significantly greater
than the minimal distance necessary to retain the
rotor 31 in the axial direction. This creates a short,
cylindrical trackway 80 extending in the axial
direction, allowing the rotor 31 to move axially
within this trackway 80 in the same manner as a piston
moves within a cylinder. 5 When tidal flow 99 occurs
in a first direction, the rotor 31 shifts in the
direction of water flow, such that the low friction
axial or thrust bearings 82a on the downstream side in
combination with the axial journals 81a limit the
shift of the rotor 31 in that direction. When tidal
flow 99 reverses to the second direction, the rotor 31
shifts to the opposite side, such that the low
friction bearings 82a on the opposing side, which is
now the downstream side, limit the shift of the rotor
10 31 in the second direction. This shifting of the
rotor 31 in relation to the housing 21 can more easily
occur because the rotor 31 is of the open center type,
such that all retention occurs on the outer rim 33 as
opposed to the type of turbine wherein the rotor is
mounted onto a central shaft or axle, although it will
be appreciated that such axial shifting could be
implemented on a shaft based turbine. Over time, the
oversize bearings 82a wear down due to friction
effects. Figure 7 15 illustrates a turbine 10 that has
been in use for an extended time period, in that the
axial bearings 82a have worn down significantly. With
tidal flow 99 occurring in the left-to-right direction
of the drawing, the rotor 31 shifts to the right. When
the tidal flow 99 reverses, as shown by the dashed
line, the rotor 31 shifts to the left. Because the
housing 21 and axial bearings 82a are sized to allow
for shifting movement of the rotor 31 in the axial
directions and because the axial 20 bearings 82a are
of increased thickness such that working life of the
bearings 82a is extended, the time between required
maintenance and servicing based on the need to replace
the bearings 82a is greatly extended. Thus the
bearings 82a are designed to operate effectively even
after  



WO 2008/006602PCT/EP2007/006235 significant wear in
the axial direction. In particular, it is preferred
that the turbine 10 can operate even if the bearings
82a have worn down, in the axial direction, in the
range of 100% - 10%, more preferably 100% - 30%, and
most preferably 100% - 50% of the original thickness
thereof. To accommodate the reciprocating axial shift
of the rotor 31, it is preferable to provide extended
5 or oversized radial bearings 82b relative to axial
journals 81b in the axial direction. The magnet 51 and
coil 52 combination is also structured to accommodate
the axial shift without significant loss in
production. An added feature of the axial shift of the
rotor 31 relative to the housing 21 is that debris
captured between the rotor 31 and the housing 21 is
more readily flushed from the apparatus by the tidal
currents, since expansion of the gap between the
upstream flange 22 or 23 10 and the edge of the
annular outer rim 33 allows increased current flow
within that gap. Another positive feature is that less
energy is required to initiate rotation of the rotor
31 from the stationary position, since rotation will
begin prior to contact between the downstream
anti-friction means and the outer rim 33.
Alternatively, the anti-friction means may comprise
sets of repulsing magnets 61 as 15 shown in Figure 4.
The repulsing magnets 61 are mounted in pairs on the
outer rim 33 and the interior periphery surface 24 of
housing 21 and retaining flanges 22 and 23 with
opposite poles facing each other within a given set,
such that the repulsive magnetic force prevents
contact between the outer rim 33 and the housing 21
and retaining flanges 22 and 23. In still another
alternative embodiment, as shown in Figure 5,
mechanical means may be utilized as the anti- 20
friction means - for example, rollers or other
rotating bearings. In the embodiment shown, the
anti-friction means comprise drive wheels 41 that are
connected by shafts 43 to generator means 42, the
rotation of the rotor 31 being directly transferred to
the generator means 42 to produce  WO
2008/006602PCT/EP2007/006235 electricity. This final
embodiment is the least desirable, as it will be
difficult to properly seal these components against
fouling and degradation over time. 



To produce electricity from tidal flow, one or more
hydroelectric turbines 10 are positioned submerged or
within the body of water subject to tidal influences,
preferably in open 5 water, such that water will flow
in one direction through the rotor 31 during rising or
incoming tides and further that water will flow
through the rotor 31 in the opposite direction during
falling or outgoing tides. As the tide rises, the
rotor 31 is turned in a first direction and
electricity is generated as described. As the tide
falls, the flow of water reverses and the rotor 31 is
turned in the opposite direction, again generating
electricity. Because of the open-center construction,
the 10 relatively large blade surface area and the
dispersal of the supporting forces for the rotor 31
relative to the housing 21 and retaining flanges 22
and 23, the rotor 31 can be rotated in low head
conditions, such that tidal flow is sufficient to
produce electricity.         It is to be understood
that equivalents and substitutions for certain
elements set forth above may be obvious to those
skilled in the art, and therefore the true scope and
definition of 15the invention is to be as set forth in
the following claims.  14 Claims: 1.A turbine for
producing electricity from hi-directional water flow
in a first water    flow direction and an opposite
second water flow direction without reversing the
position of 5 said turbine relative to the water flow
direction, comprising:       a rotor comprising blades
extending from an outer rim, said rotor capable of
rotating in a first rotation direction and a second
rotation direction; 



a housing comprising retaining means to retain said
rotor in the axial and the radial directions, said
housing allowing, in use, said rotor to shift in
either axial direction 10 responsive to the
bi-directional water flow;       anti-friction means
to reduce, in use, frictional drag between said
housing and said rotor; and       means to generate
electricity as a result of rotation of said rotor in
either said first rotation direction or said second
rotation direction; characterized in that 15 the
anti-friction means are adapted to operate effectively
when worn to a thickness, in the axial direction, of
between 100-10% of the original thickness thereof,
more preferably between 100-30% of the original
thickness, and most preferably between 100-50% of the
original thickness. 20 2.The turbine of claim 1,
wherein said housing is shaped and dimensioned such
that the outer rim and retaining means do not axially
contact one another on an, in use, upstream side of
the outer rim.  P81224PC00  15 



3.The turbine of claim 1 or 2, wherein said housing is
shaped and dimensioned such as to permit, in use, the
rotor to begin rotating from a stationary position
prior to contact between a downstream side of the rim
and the retaining means. 5 4.The turbine of any
preceding claim, wherein said retaining means
comprises a first retaining flange and a second
retaining flange. 5.The turbine of any preceding
claim, wherein said anti-friction means, in use,
reduces drag between said retaining means and said
outer rim. l0  6. The turbine of any preceding claim,
wherein the retaining means is adapted to operate
effectively despite frictional wear in the axial
direction.  7. The turbine of any preceding claim,
wherein said anti-friction means comprise 15 journals
and marine bearing plates, wherein the amount
of.movement by said rotor in the axial direction
increases as the thickness of said anti-friction means
decreases from friction effects. 



8. The turbine of claim 7, wherein said journals are
composed of stainless steel and said 20 marine bearing
plates are composed of a low-friction polymer.  9. The
turbine of claim 7 or 8, wherein said journals are
positioned on said outer rim and said marine bearing
plates are positioned on said first and on said second
retaining flanges. 25 P81224PC00,  16  10.The turbine
of any of claims 7 to 9, said housing further
comprising an interior periphery surface, wherein said
marine bearing plates are also positioned on said
interior periphery surface. 5 11.The turbine of any
preceding claim, said housing further comprising an
interior 



periphery surface, wherein said means to generate
electricity comprises magnets disposed in said outer
rim and coils disposed in said interior periphery
surface.     12. The turbine of any preceding claim,
wherein the rotor comprises an inner rim 10 defining
an open centre, the blades being captured between the
inner and outer rim.  13. The turbine of any preceding
claim, wherein said anti-friction means comprises
water lubricated marine bearing plates. 15
P81224PC00 


