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HYDROELECTRIC TURBINES HAVING BUOYANCY CHAMBERS 5
BACKGROUND OF THE INVENTION This invention relates
generally to the field of turbines or power plants
that produce  electricity by harnessing the flow of
water, whether the flow is uni-directional, such as
found in a  river or oceanic currents, or
bi-directional, such as a tidal flow, and more
particularly relates to 10 such devices wherein the
fluid flow causes rotation of a large propeller-type
rotor having an  annular outer rim disposed within a
large annular housing. Even more particularly, the
invention  relates to such devices wherein the turbine
is submerged within the body of water. Production of
electricity using hydroelectric turbines is well
known. Typically, turbines  are mounted in dams such
that controlled fluid flow causes rotation of a
propeller-type rotor or  15 blades. Such relatively
rapid water flow conditions are known as high head
conditions. It is also known to place turbines in low
head conditions, such as produced by tidal flow in a
bay, at the  mouth of a river or offshore. While most
turbines are constructed to have a central rotating
shaft onto which the blades  or runners are mounted,
it is also known to produce open-centered turbines,
also known as rim- 20 mounted turbines. 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 to  



an annular housing that retains the rotor, can be
particularly successful in low head conditions,  i.e.,
in slower currents. CONFIRMATION COPY WO 2008/006601
PCT/EP2007/006234  Examples of open center,
rim-mounted 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. 6.64R,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). Examples of 5 hydroelectric turbines used
in low head (tidal flow) conditions can be seen in
U.S. Patent No.  4,421,990 to Heuss et al., U.S.
Patent Nos. 6,168,373 and 6,406,251 to Vauthier, UK
Patent  Appl. No. GB 2,408,294 to Susman et al., and
WIPO International Publication WO 03/025385 to  Davis
et al. Fluid powered turbines are seen as
environmentally safe replacements for electrical  10
power plants that utilize fossil fuels or atomic
energy. In the harnessing of wind or water to  produce
electricity on a large scale capable of powering
industrial complexes, towns, cities, etc.,  it is
necessary to provide large numbers of turbines, and it
is necessary that the turbines be as  large as
practical in order to maximize the amount of
electricity produced by each turbine. The  rotor
blades of these turbines are multiple meters in
length, with some experimental designs  15 having
blades exceeding 50 meters in length. 



As the length of the rotor blades is increased,
structural and manufacturing challenges are  presented
that are not encountered in smaller turbines or
generators. For shaft-mounted turbines,  it is
difficult to provide long blades that are both strong
and light. The rim-mounted turbines  provide a
solution to this problem by providing annular support
to each end of the blade, with the ?0 outer support
rim being retained within a housing having an annular
slot or channel. For  generation of electrical power,
a large number of magnets are spaced along the annular
support  rim and a large number of coils are spaced
along the receiving channel in the stator housing. The
-2 WO 2008/006601 PCT/EP2007/006234  magnetic field
established by the rotor field system passes across
the gap that separates the rotor  and the stator.
Rotation of the rotor causes the magnetic flux linkage
with the coils to change;  inducing an
electro-magnetic force in the coils. In rim-mounted
turbines, the weight of the rotor is home by the lower
half of the housing  5 since there is no central
supporting shaft or axle. For large turbines this load
and the resulting  friction effects can be
significant, both as to initial start-up of the rotor
within the housing and in  the overall efficiency of
the turbine once rotation has been achieved. Increased
rotor weight  means increased resistance to rotation,
meaning that greater fluid flow is required to
overcome  the inherent inertia and friction. This is a
particular problem for hydroelectric turbines used in
10 low head conditions. 



It is an object of this invention to provide an
improved structure for a hydroelectric  turbine
wherein the weight of the rotor is reduced such that
the rotor is buoyant. It is a further  object to
provide such a turbine wherein the reduction in weight
is accomplished by providing  buoyancy chambers in the
rotor, such that for turbines submerged in water the
negative gravity 15 effects resulting from the large
weight of the rotor are reduced or countered by the
increased  buoyancy of the rotor. 3 WO 2008/006601
PCT/EP2007/006234  SUMMARY OF THE INVENTION The
invention is an improved fluid powered turbine of the
type wherein the rotor blades  are supported by an
outer rim and the rim is maintained within or received
by a housing having a  5 channel to receive the outer
rim. In a typical construction, the turbine is a
generator in that magnets are disposed on the rotor
outer rim and coils are disposed in the housing or
stator  channel, such that rotation of the rotor
within the stator produces electricity. In particular,
the  turbine is of the type that is submerged in a
body of water. The improvement comprises providing a
buoyant rotor within the housing. In a preferred  10
embodiment, the rotor of the turbine is provided with
one or more buoyancy chambers, located  in the annular
outer rim and/or the inner rim and/or the blades, such
that the overall weight of the  rotor is reduced and
further such that the buoyancy of the rotor is
increased. The chambers may  



be filled with air, other gases, liquids, foams,
solids or any material possessing a specific gravity
of one or less. The buoyancy chambers may be filled
with polymer foam to add structural  15 integrity and
rigidity to the rotor. -4 WO 2008/006601
PCT/EP2007/006234  BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a view of a representative open-center,
rim-mounted turbine, comprising a  rotor having an
outer rim and a stator housing having a channel to
receive the rotor outer rim, as  5 seen from the axial
perspective. Figure 2 is a perspective view of the
stator housing.  Figure 3 is a perspective view of the
rotor. Figure 4 is a partial cross-sectional view of
the rotor annular outer rim.  Figure 5 is partial
cross-sectional view of the stator housing. 10 Figure
6 is a partial cross-sectional view of the rotor
annular inner rim.  -5 WO 2008/006601
PCT/EP2007/006234  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 hydroelectric turbine of a type submerged in a body
of water, the turbine comprising a rotor mounted
within a stator housing, the rotor having an annular
outer rim that is received and  retained by an annular
channel or slot in the stator housing, wherein the
rotor is constructed so as  to be buoyant. The
generator means shown comprises the combination of a
large number of  magnets disposed on the rotor annular
rim and a large number of coils disposed on the
interior of 10 the stator housing, preferably within
the channel that receives the rotor annular rim,
although  other generator means may be utilized. For
purposes of illustration, the turbine is shown in the
drawings as an open-center, rim-mounted rotor, such
that all support for the rotor is provided by  the
stator housing, but it is to be understood that the
invention also applies to a turbine having a
shaft-mounted rotor with an outer annular rim. As used
herein, the term "buoyant" is intended to 15 mean that
the described element does not sink in the type of
water in which the element is  submerged, whether
fresh water or salt water. Reference herein to the
scientific definition for  "buoyancy" as having a
specific gravity less than or equal to one shall be
taken herein to include  expansion of this range to
account for situations wherein the density of the
water differs from  that of pure water. 20 As shown
generally in Figures 1 through 3, the invention is a
turbine or power plant 10  comprising a generally
annular stator housing 30. The configuration of
housing 30 shown is not  meant to be limiting, as
other configurations are possible provided the housing
30 accomplishes  6 



WO 2005/006601 PCT/EP2007/006234  among other purposes
the retaining of the rotating assembly or rotor 20
against undesired  movement in either axial direction
and the allowing of rotation of the rotor 20 about
the- rotational axis. Housing 30 comprises a pair of
retaining flanges 31 that define a channel 32 to
receive and retain the rotor 20. 5 The rotating
assembly or rotor 20 comprises an inner annular rim
member 23 and an  outer annular rim member 22.
Extending between inner rim 23 and outer rim 22 are a
plurality  of props, runners or blade members 21, the
blades 21 being angled or twisted in known manner
such that movement of fluid in the axial direction and
through the stator housing 30 results in  rotation of
the rotor 20. The particular number, configuration and
material composition of the 10 blades 21 may vary, but
preferably the blades 21 are constructed to be as
lightweight as possible  without excessively
sacrificing structural integrity. The housing 30 and
rotor 20 in combination define a generator means for
the production  of electricity. This may be
accomplished by locating a plurality of magnets 41
about the outer  periphery of the outer rim 22 and
locating a plurality of coils 42 about the inner
periphery 15 surface 34 of the housing 30 or housing
channel 32, such that the housing 30 becomes the
stator  of a generator. Rotation of the rotor 20
passes the magnets 41 across the coils 42 and
electricity  is produced in known manner. Because of
the large size of the turbine 10, construction from
relatively lightweight yet  



structurally strong materials is desirable. To this
end, it has been found suitable to construct the  20
turbine using polymers, epoxies, resins, reinforcing
fibers and the like as the primary structural
components in the rotor 20 and housing 30. Typically,
the rotor 20 will be constructed primarily  -7 WO
2008/006601 PCT/EP2007/006234 of the lightweight
materials set forth above, such that the magnets 41
and other components can  be embedded therein. The
rotor 20 is constructed so as to be buoyant when
submerged in water.  In one embodiment, one or more
buoyancy chambers 60 are disposed within the rotor 20,
such as within the outer annular rim 22, as shown in
Figure 4. In a preferred embodiment a  5 single
annular chamber 60 extends completely about the outer
annular rim 22, but multiple  chambers 60 may be
utilized in side-to-side or end-to-end relationship.
If multiple chambers are  utilized, they are balanced
about the circumference such that the rotation of the
rotor 20 is not  adversely effected. Structural
members, not shown, such as bracing members or the
like, may be  disposed within the buoyancy chambers 60
to increase the rigidity of the annular outer rim 22.
10 The buoyancy chambers 60 may be filled with air or
another gas, a liquid or lightweight rigid  members or
material having a specific gravity of one or less, but
most preferably the chambers  60 are filled with a
buoyancy material 61 possessing positive structural
characteristics, such as a  polymer foam. The polymer
foam, such as a polyurethane for example, is
pre-formed and  positioned within the chamber 60 or is
injected into the buoyancy chamber 60, and if the
latter is 



15 preferably of the type that will bond to the
internal surface of the chamber 60 upon curing. The
rigidity of the foam and its bonded interface with the
walls of the buoyancy chamber 60  increases the
overall rigidity and structural integrity of the rotor
20. The size of the buoyancy  chambers 60 and the
particular buoyancy material 61 are chosen to impart
the desired degree of  buoyancy for particular
conditions. For example, in certain circumstances it
may be desirable to 20 merely lighten the rotor 20,
while in other circumstances it may be preferable to
reduce the  weight of the rotor 20 to the point that
it is neutral in terms of buoyancy, while in still
other  circumstances it may be preferable to reduce
the weight of the rotor 20 to point that the rotor has
-8 WO 2008/006601 PCT/EP2007/006234  positive buoyancy
relative to the water, such that it floats above the
stator channel 32 and any  friction effects occur over
the upper portion of the channel 32. Alternatively or
in addition to the buoyancy chambers 60 provided in
the annular outer  rim 22, buoyancy chambers 60 may be
disposed within the annular inner rim 23 and/or the  5
blades 21, as shown in Figure 6. As discussed above,
the buoyancy chambers 60 of the annular inner rim 23
and the blades 21 may be filled with air or another
gas, a liquid or lightweight rigid  members or
material having a specific gravity of one or less, but
most preferably the chambers  60 are filled with a
buoyancy material 61 possessing positive structural
characteristics, such as  polymer foam. 



10 In this manner the negative friction effects
occurring between the rotor 20 and the stator  housing
30 resulting from the significant weight of the rotor
20 are reduced or eliminated, such  that initial
start-up is accomplished more easily and rotational
efficiency is increased. In certain circumstances it
may also be desirable to reduce the weight of the
stator  housing 30, such as when a floating turbine is
desired. As shown in Figure 5, one or more  15
buoyancy chambers 60 may be disposed within the stator
housing 30, the buoyancy chambers 60 being filled with
a buoyancy filler material 61, such as a
cured-in-place polymer foam or any  other materials as
described above, and preferably one that provides
rigidity and structural  integrity to the housing 60.
Since the stator housing 30 is a stationary component
of the turbine  10, the buoyancy chambers 60 are most
preferably disposed in the top portion of the stator
20 housing 30 in order to increase the stability of
the turbine 10 in the water. 9 WO 2008/006601
PCT/EP2007/006234 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
the invention is to be as set forth in the following
claims. -10 N. U.. G 11  



Claims:  1. A fluid powered turbine of the type
submerged in water, said turbine comprising a  rotor,
a stator housing receiving said rotor, and generator
means to produce electricity, and  5 wherein said
rotor.comprises an outer rim positioned on blades, and
wherein one or more  buoyancy chambers are disposed in
said outer rim. . 2. The turbine of claim 1, wherein
one or more buoyancy chambers are disposed in said
blades. 10 3. The turbine of claim 1 or 2, wherein
said rotor comprises an inner rim disposed on  said
blades, and wherein one or more buoyancy chambers are
disposed in said inner rim.  4. The turbine of any of
claims I to 3, further- comprising buoyancy filler
material  15 disposed within said one or more buoyancy
chambers. 5. The turbine of claim 4, wherein said
buoyancy filler material has a specific gravity of
one or less. 20 6. The turbine of claim 4 or 5,
wherein said buoyancy filler material comprises a gas,
preferably air. 7. The turbine of claim 4 or 5,
wherein said buoyancy filler material comprises
polymer  foam. 25 



P81192PO00/May 12, 2008 AMENDED SHEET R h 12  8. The
turbine of any preceding claim, wherein said one or
more buoyancy chambers  extend completely about said
rotor. 9. The turbine of any preceding claim, wherein
said one or more buoyancy chambers  5 comprise
multiple chambers inside-to-side relationship. 10. The
turbine of any preceding claim, wherein said one or
more buoyancy chambers  comprise multiple chambers in
end-to-end relationship. P81192P000/May 12, 2008
AMENDED SHEET 


