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WO 2008/ 006601 PCT/ EP2007/ 006234 SUBMERGED
HYDRCELECTRI C TURBI NES HAVI NG BUOYANCY CHAMBERS 5
BACKGROUND OF THE | NVENTION Thi s invention rel ates
Weesanesp1t o the field of turbines or power pPEHEB2007/006234
that produce electricity by harnessing the flow of
wat er, whether the flowis uni-directional, such as
found in a river or oceanic currents, or
bi-directional, such as a tidal flow, and nore

parti cul SUBMERGEFIEH YIDR GBI SCTREE VURBINEEHAVING e
fluid flow causes r BUEDYANQY CHAMBERPr opel | er-type
rotor having an annular outer rimdisposed within a

| arge annul ar housing. Even nore particularly, the
invention relates to such devices wherein the turbine
is subnmerged within the body of water. Production of

el ectricity using hydroelectric turbines is well

known. Typi cal | padriGROIRD CRMEIEBNDERGTON dams such
that controlled TTUIrd fTow causes rotation of a
propel l er-type rotor or 15 blades. Such relatively
rapid water flow conditions are known as hi gh head

Can@li fiveffon tdiaths Eﬂieﬁﬂlggf'&o% &d ng Elﬁr%i&egg?i pgbﬁgt:riﬂ'l‘ar{t@%at produce

head condi ti ons, C produced by ti win a
, i ffshore, Wil t :
tee s Bactios IR, S b8 0le SRSy, R i

.. shaft onto which.the bl ades _ or r. rs are nounted
river B Sqegnig CufreRtg bRt oTh CHet e iR M i T PR arly relates to
| so known as rjm 20 nounted turbines. Turbines )

such fexjoes RRSER- BB UL S3% THEPSOARBIAL A [ESDLPiaglierdyee rotor having an
nount ed between inner and outer annular rings or rins ]

annulgiyieiisn disppederidyigy large anmakshepsiegl Evaonets rarculiglyethe invention
rimto

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
blades. Such relatively rapid water flow conditions are known as hi gh 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-

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
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an annul ar housing that retains the rotor, can be
particularly successful in |ow head conditions, 1i.e.,

in slower currents. CONFI RVATI ON COPY WO 2008/ 006601
WQBNBREaWY/ 006234 Exanpl es of open center, PCT/EP2007/006234
rimnounted turbines can be seen in U S. Patent No.
5,592,816 issued Jan. 14, 1997, and rei ssued 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 i ssued

1e4 @@ dperpdtatcl). rim-rRAin€At tuANRiKs can Belbdeh GRAU. DIrPatent No. 5,592,816
USZOOg/ 0031442 publ i shed Feb. 10, 2005 (Ser. No.

issued 94033, 868 - anE¥RRPIASaORE B3, Y bRILCHT b0 Ur B PRSUNBI6, 648 589

in low head (tidal flow conditions can be seen in

onefy, LT, 19, O B L apes i v o
Pub“%%?l & nPfon Bhep e 20 %@5%?333%820@53 sgffu; ramples of
hydrosf?e i HimitfeoRg o o PR R S Bionsica opis6E) i Y. Patent No.
421 3087 Reh el b Ve Mt pGsob. Qb 814 AdOBESL 60 itic UK Patet

electricity on a large scale capable of powering
Appl.iNm 633 2488.28bmpfusras et alownd WIFC Intsgnatiopg] PublipgtionsWO 03/025385 to
necessary to provide |large nunbers of turbines, and it
Davisissahecessary that the turbines be as |arge as
practical in order to maxim ze the anmount of
elFagd rdodicted pirbidec et baenescbnitnbienially Bafe rapbdcements for electrical
bl ades of these turbines are nultiple neters in

powet Fﬁﬁﬂshhatv\dtﬂﬁe Fod¥H P e iatehit Anedesilgnke himessing ofwind or water to
bl ades exceeding 50 neters in | ength.

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

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
prqvide a solution to this problem by providing annular support to each end of the blade, with the
outer support rim being retained within a housing having an annular slot or channel. For
generation pf 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.
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As the length of the rotor blades is increased,
structural and manufacturing chall enges are presented
that are not encountered in smaller turbines or
wenensabews. For shaft-nounted turbines, it iBCI/EP2007/006234
difficult to provide |long blades that are both strong
and |ight. The ri mnounted turbines provide a
solution to this problem by providing annul ar support
to each end of the blade, with the ?0 outer support
maghtto REll RetabRhad BE thewotdtifitldsyRRus padgesn¥dsh theagipahnitukpdrates the rotor
sl ot or channel. For generation of electrical power,

and dhd AEOE RUHAGA opfhe%gﬁ%‘hé}se@ﬁﬁe fRaced AkaNKkabd &iBNAYLSSs to change,
support rimand a large nunber of coils are spaced

o Rl ey BB e G Qobzs4™ mgnet 1o fieid
teﬁtégl RH-%ﬁ.ﬂ{:@ Yurﬁllags thoetv(t)f {11! o%l ? f?‘(}fg'r 1?%1}1%%%???6 @%Je?ﬁg'lf of the housing

seaates ero

sinceRM%:%eﬁe {shtgo %egfr}agglipgootta%rgﬁggﬁl %? iaﬁlauj?ogg.% %‘urgmes t Joag gef‘he resulting
. eleciro-magneti force int oils. In rimnounted

fI‘lCE{OH ehis San Py sig llcarﬁt bosh ag Fgelrrlllt glartyup cﬁg%ro&; W nn thskqusing and in
hal f of the housing 5 since there is no central ]

the exgppbefficigey whfthe wwbiag loace Fuptionhagebaen rashigued. ¢ Ficsedsedygotor weight
and the resulting friction effects can be

meagd griehseclanasistahest th ragtivn, medningthat gieater (pidoflow heraquired to overcome
within the housing and in the overall efficiency of

the inh@ettunditia@andfida@ionot Biis Gha hasicileeproaleim Bw dddrdelretrzaimednes used in
rotor weight neans increased resistance to rotation,

low h@dnronditibhat greater fluid flowis required to
overcone the inherent inertia and friction. This is a

paftt is Ginl Sjed? IhRMnbitoRYE febRIEtAn finfrovdd BRARHME G8r Mydroelectric

10 | ow head conditions.
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

effects resulting from the large weight of the rotor are reduced or countered by the increased

buoyancy of the rotor.
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It is an object of this invention to provide an

i nproved structure for a hydroelectric turbine

wherein the weight of the rotor is reduced such that
wbeoss@ban1 i s buoyant. It is a further objectpd@EP2007/006234
provi de such a turbine wherein the reduction in weight

i s acconplished by providing buoyancy chanbers in the
rotor, such that for turbines subnerged in water the
negative gravity 15 effects resulting fromthe |arge

wei ght of the rot guMMArReducedEINVENINDR ed by the

i ncreased buoyancy of the rotor. 3 WO 2008/ 006601

PCT/ EP2007/ 006234 SUMMARY OF THE | NVENTI ON The

invention is an inproved fluid powered turbine of the

LY B ARG is! d2Cinfppé vl RIi@BEWered &b Sle Whedhn the rotor blades

outer rimand therimis nmaintained wiwthin or received

are %&&Wé?&t&aﬂl B84 fhe riin & C{ﬁgﬁ%qeﬁ%!ﬁﬁﬁ ?ﬁ ?’e@ei}fa?b?ythgﬁsing having a

|ca constru
e rot

cha gL & Pie Wi UR! rEF arE e Ehfet d"l&gﬁ?ﬁﬁ‘t"ﬂ’e Sty Rf enerator in that

st at or

ch | h t hat t h
mashE i, HRRSCRoh B ST U sr By ek P 7 dighasd Hfh&uli‘%&smg or stator

the turbine is of the type that is subnerged in
chargglyypuely thigrasgtionafghe rﬁwrowh@rfbe SHIRsIrediceHF ?/trlﬁit)ﬁg Iy particular, the
buoyant rotor within the housin In a preferred 10
turbisatioef the bpe thahés submergedin & hedyt offkatere | s provi ded with
one or nore buoyancy chanbers, located in the annul ar
ouflee impnovemeht comphsesipomading iarbuayrit ootort Withib|thelesusingudh a preferred
that the overall weight of the rotor is reduced and
embbdiniehg thestotdr dfhibd niriae bumyaidey wath drizeorrmdrebubgancy chambers, located
i ncreased. The chanbers may
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

integrity and rigidity to the rotor.



be filled with air, other gases, |iquids, foans,
solids or any material possessing a specific gravity
of one or |ess. The buoyancy chanbers nmay be filled
woeresgespher foamto add structural 15 i nt egPCT/RP2AOTH06234
rigidity to the rotor. -4 WO 2008/ 006601
PCT/ EP2007/ 006234 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a view of a representative open-center,
rimmounted turbine, conprising a rotor having an
outer rim and BREERDESCRIREION OFIVHE MPRA WildGSel to
receive the rotor outer rim as 5 seen fromthe axial
perspective. Figure 2 is a perspective view of the
stator housing. Figure 3 is a perspective view of the
I OfFfure Fi igur died dfSa Reppabithdve Sfads@nieClimonatntyd ewbdk, comprising a
the rotor annular outer rim Figure 5 is partial

rotof h 888 SLEhtkOMAl an¥ a6 hdubRg Thdhgh AR Rfrecdife et outer rim, as

6 is a partial cross-sectional view of the rotor
5 see kiR axii A1 @fsg&ﬂtim:. -5 WO 2008/ 006601
PCT/ EP2007/ 006234 DETAI LED DESCRI PTI ON OF THE

I ' ! i ngs, the
[ r':l\)fgwﬂt;l! ogr:4 Eﬁﬁ%&eﬁg\tﬁe‘%g‘oggg%%t%@@%mget ail with regard
fog. t he, best rmdte and t?ﬁﬁ_pr eferred enbodinent. In a
mo& 18U B AR eTPERLY VITHRI S 8%fion i s a

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.
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5 hydroelectric turbine of a type subnerged in a body
of water, the turbine conprising a rotor nounted
within a stator housing, the rotor having an annul ar
woters/éen t hat is received and retai ned by arCEBRPMOZNG234
channel or slot in the stator housing, wherein the
rotor is constructed so as to be buoyant. The
generator neans shown conprises the conbination of a

| ar ge nunber of magnets di sposed on the rotor annul ar
rimand a | apgg AMUEDESERFAIOS OF TPIESRY BT
interior of 10 the stator housing, preferably within

t he channel that receives the rotor annular rim

al t hough other generator nmeans may be utilized. For

PUNPRP Berhcel thibSAh @il Nhe §RnlisH MHNow Be ABRYWBed M 41 with regard
drawi ngs as an open- cénter, rimnounted rotor, such

for {hlaat;esla‘lln de Hﬁ’cpa{e Ei%l:rc{l I%ﬁlboﬁ nt.' $n BT QY %@gerglysengequ invention is a

tator housi ng IS to under st ood t ha

hydr %F{; ntBB)n?eleSP ?gf eﬁgeéiﬁmgaﬂ g«?yngt;] Eﬁf& Nde %rbm&scomsprgmg a rotor
. the rn1"buo ant” is intende ] .

mouffrd Bl 4 iate” cousiBle PR deior By g e 4 et B pt R ¥feceived and
water in which the elenent is subnerged, et her,

retaifif¢ By anapriarpanng| or il e SRphEE: Wasrinring totenis constructed so as
scientific definition for "buoyancy" as having a

to b pueyanitc Theaagnerptor sreany hewibcompiiss the copbingtiry pf pdarge number of
taken herein to include expansion of this range to

magaets disposeflon thd totratanwwiar mimend iararngh ounibersifiepilodispesed on the interior of
water differs from that of pure water. 20 As shown

the gatoe halhding, iprefEiaflyreshih thécharmglk] Shat tdveives tentotarmninglaa rim, although
turbi ne or power plant 10 conprising a generally

otheRBEHr@br HikasQhayisigilngd 3For phigosgnifiiitsiratiorgheofurbine is shown in the
housi ng 30 shown is not neant to be limting, as

draweﬁgsea"s a%QiE)lfeh QeMiat hﬁﬂﬁm@x’it@d PSS isBHLthRy AVAGB6kt Fhranhd st Rprovided by
aCCOITp i shes

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
mean that the described element does not sink in the type of water in which the element ié
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.

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

—
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WO 2005/ 006601 PCT/ EP2007/ 006234 anong ot her purposes
the retaining of the rotating assenbly or rotor 20
agai nst undesired novenent in either axial direction
Ve @0a819eoc8l | owi ng of rotation of the rotor 20 BOGER2007/006234
the- rotational axis. Housing 30 conprises a pair of
retaining flanges 31 that define a channel 32 to
receive and retain the rotor 20. 5 The rotating
assenbly or rotor 20 conprises an inner annular rim
among nkedr Adpeses tha retoiingy ofiieuka@iting msomblyesr 2dtor 20 against undesired
Ext endi ng between inner rim 23 and outer rim22 are a

movRigfighd kitherOfxiflr @Rk tiof WAGEhS Mowmade roRIBEIF Bd roloR€20 about the
bl ades 21 being angled or tw sted 1 n known manner

rotat%’rﬁh akiBatJIBH ? B on{fisds dbdir bﬂre‘ﬂﬁn?ﬂhﬁées & et deBie %Q‘Eannel 32 to

hrough the stator housing 30 results in rotation of

parti cul ar nunber, configuration and
rece \Jg%na%t%q”g@mg%:&g on of the 10 bl ades 21 may vary, but

St Rl b1 20 BB by St 23 and o

sacr|f|0|n jnte |ty The si. n

oute] GHHASGM PRSP oGNS RSB 20 GF MG 9 are a pluraliy
the production of electricity. This may

of Pfé’@&d’ﬁﬁ‘l'qf% Aeblade membearsi g thy béqlc{ﬁs Al .bleylgcﬁng}?ag%éwssteélm known manner
about the outer periphery of the outer rim22 and

such| thatampyryent of fuid int fae gkiat dirpgfiopandsbipugh Mee $taige housing 30 results in
peri phery 15 surface 34 of the housing 30 or housing

rotatginagfitbt r@2r 26.udhe tphaicutah @umbers icngfigoathmcowesateha composition of the

stator of a generator. Rotation of the rotor 20

bladgseismsy ving, bimgnetmbllthabladss21 e condthsteddo dads lightweight as possible
electricity is produced in known manner. Because of

withéli@xtaEgelyshaeicdig dthetdralliflepRtyl 0, construction from
relatively |ightweight yet
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

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.

20

. 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

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
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structurally strong materials is desirable. To this
end, it has been found suitable to construct the 20
turbi ne using polynmers, epoxies, resins, reinforcing
wolkrersmoesnd the |i ke as the primary struct ural PCT/EP2007/006234
conponents in the rotor 20 and housing 30. Typically,
the rotor 20 will be constructed primarily -7 WO
2008/ 006601 PCT/ EP2007/ 006234 of the Iightwei ght
materials set forth above, such that the magnets 41

of tl&nﬁgi@%agﬁt SRRRAL AL fBrtk aBovel SuchntbadRle thab s £1 Bad dther components can
rotor 20 is constructed so as to be buoyant when

be eHHHRARIIARG einD THRESHr 20 IsRoARRICRAREHE FREY bucP Bt vllenMbRereed in water.
buoyancy chanbers 60 are dlsposed within"the rotor 20,

S UQH ofice i%(%d?fn@n Br?e SULE bﬁﬁgﬂg? hs[ﬁl;@rgg%at%%l Qé/éf]wltﬁ‘in the rotor 20,

Fi gure na breferre sin

sucl'gag :\El}’:ltgw nge% anB@fme %Sit e??;qscs%nw el%%l urgggufn 5 Bgefg#éds Embodiment a
nd relatlonshl

nd: to

singf angyf ‘H!ag‘bé'hg Ficafeats FEmplordy b 7 uly? ot R Pl 22, but multipe
about _the circunference such that the rotation_of th

charplgrs PO o3y ibe ytigged '&cﬂﬂé‘r‘é’e‘i“iﬁ rrendde-spd reéqtmgpgf 4§ multiple chambers are
menbers, not shown, such as bracing nmenbers or the _

utilipgdy éheyrang biencediabpuisthie civewmferench sudiuibyaihe youHarsé the mtor 20 is not
to increase the rigidity of the annular outer rim22.

advet @1y bifedtedo yneiurd maeners n60shomyn, beehfas bragthgwierhbexs pr e like, may be
another gas, a liquid or |lightweight rigid mnenbers or

disposzdevitlah tivabidygney dpeabefs 60 @riavichse thé rigiiityarf the ssyuldauduter rim 22.
nost preferably the chanbers 60 are filled with a

The DUOYROE ¥hirBbRE 68 ImBLbdAREE S/5th MG ROfotHeY @as tal liplidballightweight rigid
characteristics, such as a polyner foam The pol ynmer

men{b@%”%r rﬁMEﬁa]%vﬁagpdoédééﬁﬁ%té?mt% $tUne ¥ 8] But rhést preferably the chambers
pre-forned and —positioned within the chamber 60 or "is

60 a}‘é??l?ééd?v@?hs h 'B[x&atnbf nﬁ@%ﬁ@?}foﬁ%m&eﬂosﬁge s@l;ncguﬂaf cﬁa@fctcnstlcs, 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

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
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-
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15 preferably of the type that will bond to the
internal surface of the chanber 60 upon curing. The
rigidity of the foamand its bonded interface with the
Wel2pes/oaé60t he buoyancy chanmber 60 increases tPEI/EP2007/006234
overall rigidity and structural integrity of the rotor
20. The size of the buoyancy chanbers 60 and the
parti cul ar buoyancy nmaterial 61 are chosen to inpart
the desired degree of buoyancy for particul ar

posidondudyaanis reldtivie texaTpher, Judh clen twdlontCaliosdnhd sare Thiiinel 32 and any
may be desirable to 20 nerely |ighten the rotor 20,

frictidil dfecls Re@lriQEr BE UEPFPbANMAST thd cHaByelBe. preferable to
reduce the weight of the rotor 20 to the point that

it Alﬁnﬁﬁ%l&fﬂr ih BddiB5 R Be KUY gi( tham%‘t‘s'()@ ;5r8v1§1Edi kd the annular outer
ot her circunstances it may e preferab e to reduce

oo U BB oh B Ao, 3 nter

biadkF2sh kBl nhs aird MRbveohe %PN?)E%?% AL~
. 32.
innef i A teﬁ Bl Plebuby S’eHe@ S obe Birotiaed o Alg'ﬁtwe'ght rgid

t he annular outer rim 22, buoyancy chanbers 60 naé
memprEs RS JBRieR DAY NS hPeaf Braity ofre oriless ot et srefermbly f!ae chambers
bl ades 21, as shown in Figure 6. As discussed above,
60 at%@ll%‘aybﬁdauozzmmtgmecﬁlolfosmémarmanafr strypteral ehanacpaistics, such as
and the blades 21 may be filled with air or another
polygasioam. | i quid or lightweight rigid menbers or
mat eri al having a specific gravity of one or |ess, but
ORI thipraimeatte\hepinevechiatiore effectd Ocaaténg bdtivesh the trdtoR 20 and the stator
buoyancy material 61 possessing positive structural
hous&ipad et Etih® fofSthe SighlTicast whighy #the k@820 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
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

housing 30 in order to increase the stability of the turbine 10 in the water.



10 In this manner the negative friction effects

occurring between the rotor 20 and the stator housing

30 resulting fromthe significant weight of the rotor

R0 nmesmos@duced or elimnated, such that initPel/EP2007/006234
start-up is acconplished nore easily and rotationa
efficiency is increased. In certain circunstances it

may al so be desirable to reduce the weight of the

stator housing 30, such as when a floating turbine is

desk i£¢h bAIn8HINWRd ikiht RlgBivaRn@, andN@baktufidHsefor Lertain elements set forth
buoyancy chanbers 60 may be di sposed within the stator

abob@ el 1 odioub Q@t%’é@)ﬂ@ﬂ@ﬂ 1§hﬁ@te haid ﬁ@r@@t’er{ﬁe trhuk ls€sheWiddMdefinition of

a buoyancy filler nmaterial 61 such as a
other materials as
the ScrrthPE{gE%ePR%%HFgF% era yﬂgﬁg t hat provi des
rigidity and structural integrity to the housing 60.
Since the stator housing 30 is a stationary conponent
of the turbine 10, the buoyancy chanbers 60 are nost
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 WD 2008/ 006601
PCT/ EP2007/ 006234 It is to be understood that
equi val ents and substitutions for certain el enents 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 foll ow ng
claims. -10 N U. G 11 ‘

-~ -10-
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Cainms: 1. Afluid powered turbine of the type
subnmerged in water, said turbine conprising a rotor

a stator housing receiving said rotor, and genérator.
nmeans to produce electricity, and. 5 wherein said
rotor.conprises an outer rimldositioned on bl ades, and

. wherein one or nore buoyancy chanbers are di sposed in

10

15

20

said outer rim . 2. The turbine of claim1, wherein
delaimy: nore buoyancy chanbers are di sposed in said

bl ades. 10 3. The turbine of claim1l or 2, wherein
said rotor conprises an inner rimdisposed on said
bl ades, and wherein one or nore buoyancy chanbers-are

~ di spodefuif gowered| tirpine oL e dype sybmergasl inyyaidrnwidolurbing cogfprising a

claims | to 3, further- conprising buoyancy filler

rFReE 3 Skator hpusing wpridiag sl £9iptn ardhgegcratar maans 1o prdprsaileskisity, and

chambers, 5. The turbine of. claim4, wherein said

heald 199t} SOPIPFises ¢ oafer K PositiopRslcoT pladegy sl whpredy one or more
ne or less. 20 6. The turbine of claim4 or 5,.
8¥aé'f’¥1°@5’§ﬁfs pgSrReRed 1 fafd Wer B eri al  conpri ses a gas,

preferably air. 7. The turbine of claim4 or 5, :

wherei n said buoyancy filler material conprises

%9' YMehe tﬁ];b%?ergf chSm 1, wherein one or more buoyancy chambers are disposed in said

blades.

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 1 to 3, further comprising buoyancy filler material

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.

6. The turbine of claim 4 or 5, wherein said budyancy filler material comprises 2 gas,

preferably air.

- 7. The turbine of claim 4 or 5, wherein said buoyancy filler material comprises polymer

foam.
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turbi ne of any preceding claim wherein said one or

nor e buoyancy chanbers extend conpletely about said
rotor. 9. The turbine of any preceding claim wherein
-sai d one or nore buoyancy chakbers 5 conprise

mul ti pl e chanbers inside-to-side relationship. 10. The
turbine of any preceding claim wherein said one or

Sor e Burolyehinsyofn PERSPENE elaifp Mhgisinaid; ang|o8 morw RRRYPRCY] Grambers
end-to-end rel ati onshi p. P81192P000/ May 12, 2008
ANENDRDPSigbEabout said rotor.

9. The turbine of any preceding claim, wherein said one or more buoyancy chambers

5 comprise multiple chambers in'side-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.-
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