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WO 2008/ 006602PCT/ EP2007/ 006235 BI - DI RECTI ONAL TI DAL
FLOW HYDRCELECTRI C TURBI NE BACKGROUND OF THE | NVENTI ON

WaIBO0668% ent i on rel ates generally to the fi el §CEHEP2007/006235
turbi nes or power plants that produce electricity from
fluid flow, either air or water, and nore particularly
relates to such devices wherein the fluid fl ow causes
rotation of a propeller-type or inpeller-type rotor,
with the rotEtDDREATEOMRT: FLBAS FEOW dUDROELFEHRF A THRBINEQ
produce the electricity. Even nore particularly, the
invention relates to such devices wherein the rotor is
an open center rotor capable of rotation in either

10direction in B%%ﬁ@ﬁﬁ%g%@?téfTﬁ%tﬁVéﬁ?%ﬁi rection
encountered in

Production of electricity using hydroelectric or
wi nd- powered turbines is well known. The fluid flow

causes rotation of a opel tor or bl ades

AR B e shedo theGelibbl BUBIES & |RSi divits that produce

areas with steady air currents and the devices are
electricityi frem | fuid dlast, ekithsp airsot watss, and awredarticuiarly eatesriansuch devices

direction for capturing the wi nd energy. For :
wherely the dbli@ €bwi causek Totativh ofi e propeli er-gpw ioc @Rpeallee-tysu@kdry with the rotation

pl aced in fast noving water currents, typically as

being BAR{feRbd o SAMBr/bFUS I @uce IHE BlehRicRY. TEheWns8 %hmmly, the invention

are known as high head conditions. VWi |'e nost
related FH F@Jﬁeﬁ%ﬁﬁ &Rﬁé%géﬁgkgﬁrég gn‘go %‘6 %eﬁﬁgglét%!r c?g%ﬁ‘é o8Gotation in either

direot 33 rSfonsego ﬁlaeswatseﬂowﬁwa P SreoBplereiB T Gl ipeides-

constructigns can have benefits not found wth
t Bradugaen pheleslicdynusing hydgelepticsprapingd-powyese fgbines is well known.
havi ng open-centered rotors, where the bl ades are _
The finisiflbwctabstswestionrnfer prepllattyps ratonot biades. nger wind-pomgered turbines,
and where the energy is transferred through the outer
the defvicey agalocred siiaees sfithl stdadylavedread, and dict dedies are Bypically rotated so
in slower currents. This is due to several reasons,
as to be oriented in the optimum direction for capturing the wind energy. For hydroelectric
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
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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i ncluding the fact that elimnation of the centra

WQRWBO0AY centralized bl ade portions reduces HFQ&PQ‘?E{W&”

the fact that |arger dianeter rotors can be produced

since weight is reduced, thereby increasing the

surface area contacting the [ ow head fl ow. Anot her

benefit to open-centered turbines in hydroelectric
includaipihie G&dt it @lihBndtivatof she\eshtrabétaft dndaentriiieddiaden®rtions reduces drag

central portion of the 5 turbine is not obstructed by

and thY ?ﬂc@sthatf !a?%eraﬁﬁnﬁwrerott&s RaRShd rQNRBd sEe@MRERSt G reduced, thereby

suc open center turbines can be seen in U S Patent

s o i 0o s AR o

sued Nov 18, 2003, U. Pat ent 6,729, 8 I SSU
turbm%y'l laydrgglgg;nc aRpligatigns syt hgng&)mater hé'gxtlgboﬂae central’ portlon of the
US2005/ 0031442 published Feb. 10, 2005 (Ser.
turbing 0¥ 633)18683ted by Biadessish 4re ablatodasy brpy tﬁwles of such open center
turbines is uni-directional, the force applied against
turbintheah| edesenaind U.8t Pakent Nal 56921816 dssued tliaondH, 1VBUS and reissued as
to date it has only been necessary to address

RE38f3@5<Hn' peal2 iRPEEE Oredihie 190VEl648 SSRMEEd MRN8 POH33ILMS. Patent No.
of the rotor where the outer rimis retained by t he

6,729%%@ 1%5?1?;% é\{ﬂi@o 4€2 {) Ao QY sMp,| en%%{pur@fb‘ﬁ%ét%ﬁUsﬁogﬁﬂom1442 published

n open centered nes it
trajlj outer rimthat nust be supported
Feb. %%b%@ﬁﬁggﬂg?g%%Pl e the | eadi ng edge of the out er
rimis not subjected to down-stream or down-w
pBesanse dhe fluid Tlow,ig thesesugrinesus pmirdgedinspb dbe f@fce applied against the
bi-directional fluid flow can be seen in U S. Patent
bladeNend 4otd21isH0® tni-Heazrsisnglt Fhus, tJdSte PdaemnlNbeen necessary to address
6, 168,373 to Vauthier, U S. Patent No. 6,406,251 to
frictioal id3u@r on thdoRatsebmNer: dewdOdnd 3de of Swesrmor ethesd the outer rim is

and WPO International Publication WO 03/025385 to

retainb®'ySth€thdsing, 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,
while 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 WIPQO International Publication WO
037025385 to Davis et al.

It 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
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20It is an object of this invention to provide a
droel ectric turbine or power plant that is
W% BAP468hal in bi-directional water flow with8GI/EP2007/006235
requi ring physical reversal of the turbine, where
bi-directional flow conprises flowin one direction
over a certain tine period and reversed flow WO
2008/ 006602PCT/ EP2007/ 006235 in the opposite direction
in the @pPosite ditdesion west a kuseqPEt itidsk pdriod. Sltds & Futtierobddajt ee provide such a
to provide such a turbine capable of producing
turbin@lcﬁﬁﬁﬂlé oF tooduRirly el%th@ﬁ% n?'B@-leEétﬁﬁ‘a'al flhﬂV\ﬂé\PFHpr@étidﬁgslt is a further

s a further “object to provide such a turbine
object\l\41 pé'gyllagﬁnglgﬁgltn%rné %P?\%ine htggrogg %ﬁg e\r;:té):sg?ﬂ %'61?4 %’gf‘l cclilrectlon, and in

_axial bearin wear h that the oper cycl e
particylar g dhes wati HRRECHEd ASkeh DEUBIES KREn SIgH s ahe ﬁgglyai“enal cycle of the
greatly extended. It is a further object to provide
turbing lpehweent igplaicersenthadt kesaninghés aerdy extenfled.ndt isra further @bisnct to provide
within the housing allows debris trapped between the
such # airbiheaniteréinahbaxizl Bliftin: be threvwepdr witsiy. the thousing allows debris trapped
further object to provide such a turbine wherein the

betwe@?f 'tl@é rotbt idd B ®ustdpero B8 Qe Ay 1this dhRkEenab fe@ﬁtﬂ fovide such a
|'ess force being required to initiate rotation.

turbmml%quﬁl t%g @cgﬁp(ﬁﬁ%ﬁgzoqot%%qg%%ﬂhm the housing results in less force being

required to initiate rotation.
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SUVMARY OF THE | NVENTI ON The invention is a
device for the creation of electricity froma turbine
WOQRHBAPE®H2 by tidal flow or other bi-directi onaPCI/EP2007/006235
reversing water flow, where bi-directional water flow
enconpasses 5 flowin a first direction over a first
time period, such as a rising tide, followed by flow
in the opposite direction over a followi ng tine
peri od, such as aSURINMARY OFJEHE WVENTION cycl e
conti nuing. Such water flowis typically a | ow head
condition, in that the current or water novenent is
not fast flowi ng or concentrated. The nethodol ogy
c [ ty = t e ' :
¢ aBiaAToh A& eV W (1R e 0R IARCIAE BEICE bl opepared by tical
that the,.bi-directional tidal flow qperates the
flow g1 gt GIFRT P GEYESE WA e Y Rdie i AREBEa PEAiPs flow encompasses
either direction without having to reverse the )
flow igrq Erft sliscetioropvert fifsh tsne perioth sughypp p Aisingo e, folgwed by flow in the
rotor or rotating assenbly defined by at |east one set
opposit dire¢tatn ogr blfeldesingrtingé pedial, syrhopel fallingt tygee woth this cycle continuing.
i mpel l er-type structures nmounted within a stationary

Such Retsiflogs istthgichilyngd esw Megd ebmditiyn, HRithg tBé S@0&R brhettveRBvement is not
an interior annular rimand an exterior 15 annul ar

fast ﬂs‘;‘,mg o}ggg diddteqd relatively large open center is
defirned th r

at contains no structure. The water fl ow

I npparts, rotation to the rotor and this er iS. .
¢ FRR e Sp e, Simbess ot egin Pén-isSief T5liRbgdctric turbine or power
electrjcit or the rotor and, housi dtself is i

plant ¥ Cft rtﬁfcttlé%/f %Wop%@ﬁlattbataﬁleablg@ﬁ‘éﬁav ?Eldami%wp%?s the turbine and
exanpl e magnets are |ocated along the perineter of the )

produerstedectri¢ity with veaden Bowine eitberadiregtion sntpouhhavieg tareeverse dlie orientation
the housing encircling the outer rim 20ln order to

of theambinmt Thomrbiat eombtiosy 4 rotappastangg disseadily dafined by atleast one set of
necessary to provide bearing or anti-friction nmeans to

rotatifgCBtd8& GMnAgH ?%Qllér[t&?é bPinpalet@al dhrtRMN BbuhieMwiltdn a stationary
r

the annul ar retaining flanges of the housing in both

housiﬁé?(?hé Braldgélvp?é?gagl@tlf;éil‘?é’vdgipfﬁeﬁtlge‘?\géen A ieBSor annular rim and an exterior

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.

In 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

4



WD 2008/ 006602PCT/ EP2007/ 006235 preferred enbodi nent,

qlbour nal s and preferably water |ubricated marine
WORUBOMSOh ates are utilized to minimze rotat PENEF2007/006235

friction between the edges of the outer rimand the

retaining flanges of the housing. In the nost

preferred enbodi nent, the bearing plates and/or the

journals restricting novenent in the axial directions

preferf@ll @nbbdini 988@d]stihid Préreibly whiehlubhiaited Rraride \besieng plates are utilized
remai ns 5operational over an extended period of tine

to mingrﬁizg? %ﬁo%ff?{iét?%ﬁééﬁ&é‘éﬂqﬁ%%d f tAVB)ter fibEardahe Feti@iMiflanges of the

0 S e axial direction in response to
.the directi

on_ of ter flow . . ..
nousingook 66603 AEHEB GUTIO0BS s Srr R BELE) PR oppgels resricting
DRAW NGS Figure 1 is a view of the hydroel ectric . .
movernent binntheaaxiale diedtionm QfﬁeOfaiﬂcmaS%F@ﬁlﬁt?ﬁsv%‘.C that the device remains
Figure 2 is a view of the hydroel ectric turbine as )
operatioeehoyee aperthded period afdindias tiricdheabugymuorialmwear away, the rotor being
Figure 3 is a partial cross-sectional view of a

able tP4HEf &F R A BITAREEHTRTh respdave RGhe BleNRnfavlemiow.ne
bearing plates conprising the anti-friction neans.
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Figure 4 is an alternative enbodi nent shown simlarly
to Figure 3, wherein the anti-friction neans conprises
WO 2H8/00468 nagnets. 10Figure 5 is an alternati §eT/EP2007/006235
enbodi nent shown simlarly to Figure 3, where the
anti-friction neans conprises drive wheels
transferring rotational energy to generators.
Figure 6 is a partial cross-sectional view of the nore
preferred enbpRiFEDNESCHIPTEON ORFFHIEBRIAWENGESt ricting
novenent in the axial directions are of increased
t hi ckness. Figure 7 is a partial
cross-sectional viewsimlar to Figure 6, but show ng

t ot t : ;
Ef‘gpf’e: s d;&tén/ él#t?ﬁﬁ?%l’g&g l%ggig as Penaf?gm\}\%@ aXiQf Pdrspective.
G 3R S TSRS SIS TRy o 0n o

) _the |nvent|on will now be described in detail W|th

directiopBgard for the best npde and the preferred embodi ment.
In a nost general sense, the invention is a 5 device
f Bigupy ddsi@i pagtial| arotsrdeciional vied of racprefenreg emebaliingntashewing journals
hydroel ectric turbine or power plant, fromlow head

and mbtm&bé’ae&glpm& coPipristiethe iafg-fYiatie mihi, particularly
and prl rmrl y bi-directional water flow resulting from

%e VX’n Altefn etlvtgﬁl?t)'cﬁlln‘eﬁ‘tgsl{mgﬁﬂfarﬁf to"Rigife 3, wherein the anti-

|ght| ow t1de con

friction means comprises repelling magnets.

Figure 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

the worn condition and the rotor shifted in the direction of water flow.
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As shown generally in Figures 1 and 2, a preferred
enbodi nent of the invention is an 10 open-centered

WO IHIBOBE6BEt ri c turbine 10 conprising a gener al PGT/EP2007/006235
annul ar housing 21. The configuration of housing 21
shown is not neant to be Iimting, as other
configurations are possible provided the housing 21
acconpl i shes anbng ot her purposes retaining the
rotati ng aspETAILES DESCRIPBION OKEHEINMVENVIANer ei n
while permtting |limted axial displacenent of the

~rotor 31, in addition to allowing rotation of the
rotor 31 about the rotational axis in both 15

A B LR Bvoe B0k @llal«\’?zl‘!%/s? gw_t ih@R{oR wiPl ndw Be WAk Mlletail with regard
al ri or

energy to mechanic ven generator nmeans 42

actyal partjcipation.in th roduction.of electricpty .
for th¢ best Taadeond, et pislatied; SpbasmBniy  f 3 et Bepéiairse gt invention is a
_ Housing 21 comprises_a first retaining flange 22 and a
devices &g preAUcHIS BFtREI| Tafrged A gepally 8 adVEFPsis i e furkigerr power plant,
of an interior periphery surface 24 that together
from lvwopeadabieditestidedli orereversing watay flow, pertiwiutarhygandeprimarily bi-directional
whi ch are dinmensioned to permit limted axial novenent
water @lowt Reulting Gfor? Qdd fldw, i6d. | the cyalit@modemeat dfomateshetiveen high tide and
flanges 22 and 23 preferably being annular in nature
low ti@dehrgfdhsprovi ding a general ly planar interior surface
acing the sides of the rotor 31. Alternatively, the

r Lning f ee ' . ..
B AUPLRRAIRSE G0 60 ALt ERRHR B invnion is a
m ni i stance between the flanges 22 and 23.is .

open Bl b WO A T dIea 1 Ot HERTIO b EenFal g ghiar hpuging 21 The

- _taking into account any anti-friction nmeans such as ]

configumiionadis hqusing 2behiomngls Tt @eapoloete diniting apoBier Fpnfigurations are
and housing 21, such that the rotor outer rim 33 can

possibike praadéidvda itshign21 hecahphsiel apfornghethho peipuge fetainmg the rotating
t he enbodi nents shown in Figures 3 through 5 5, the

assembgrt & tdtér 3l 86 mRaRIARY WRGBInt WRilE @Eﬂhiﬁﬁ?lifdit&ﬂ g&sal Aspladment of the
23, which defines the maxi mumtravel distance of the

rotor tgﬁ’teg{ additibf tb rﬁlo%k%&o@!t%ﬁ%(ﬂ @8 roft ¥1 Shbahtley r&X6&8dSixis in both

dinension int axi a i

_ ~direction of the annular

directlf%ﬁzts,gilglfl%il/@g%ﬁt{gn%geggﬁ“n%g rrog%ﬂacl) :alvle{%é){ flo%g%(glf n}cﬁﬁy HoLes ggxilerator means
contrast, the distance pet n the flanges 22 and 23

42 or RYUR] RATIEIARHPT R HIEUPRHFIO O RIECEIAIGABS Bk IRation of magnets 51
Figures 6 and 7 is significantly greater than the

and cqofisniZrutousing 3l semposesree st retaining fangeidZeandresesand refaining flange 23
outer rim 33, such that greater novenent of the rotor

positi@ditdion ¢ither adeadf adi ineeior peripberglshcfiaexd24 that togefhe cooperate to define a
rotating assenbly or rotor 31 conprises an inner

umitiwﬁmﬁg MeARNBIch3de _aﬁx@ler@fbne@t&gerﬂﬁmhﬁecl Ekid] ARWEREN of the rotor
3. Extending between inner rim32 and outer rim 33

31in Eﬁi}?er%x&léﬁfrgétiﬁ&ry sﬁ’éh §72 fld i’:‘l ?erﬁ'@ﬁ%\%lfqrrcgn%‘hulatrhﬁ nahure and each

ades el ng angl'ed or tw sted In nner 'suc

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.
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15 that novenent of fluid in either of the axial tidal

flow directions 99 results in rotation of the rotor
W@20089860har t i cul ar nunber, configuration and RETEPRF/006235

conposition of the blades 34 may vary, but preferably

the bl ades 34 are constructed to be as |ightweight as

possi bl e wi t hout excessively sacrificing structural

integrity. The inner rim 32 defines a relatively large

OPR FiAtheh distahbabetwenearefatidie 21 fapat 2y apakterdiingf by the axial
t he hydroel ectric turbine 10 in | ow head conditi ons,

dimen%iigﬁ I‘f)glg]@eu&ff&r 111?1f3(3r, tatklf@r 0 Qécggljnrd.r@ :ﬁl@ir-ﬁﬁﬂoﬂ%éhs 58 as journals 71 or

ery of the’out rirm ather an bei ng

. congeptrat ed a ceptral, shaft., Thi nabl es the .
bearingp 12 RRposs ARATS BHIDE S Ang JEnE s ChelL B I8 TOIPROHGE fim 33 can be
_larger dianeter than possible W ) oo
received pathgoths shmur phfsowoRs Wi the calbedimeny piqun in Figures 3 through
rotors, thereby allowing for a dramatic increase in
5, thetiheribotistanse betweenathe acaining élabeso2? aedriddr svhieh defiriesithe maximum
enabl es the hydroelectric turbine 10 to function well

travel distdrRW ofeddratendli td eeSaxidindifdagom! @il e sligdleahedidymrtdiagnsion in the
shown in Figure 3, the housing 21 and rotor 31 in 5

axial (fe‘ifé'mbﬁl aF .B‘f%rhnqq]a;r gﬁtrcreg ngxg A8 QR rthzft i%g(hag gﬁi&ﬁ/’ﬂ%jgf‘ﬁfé!refbr afi is allowed but

ectricity. y bé acconp ocating a

.plurality,.of nets 5 bqut th uter i ph 0 . .
remmaifdy 8l ihiend S 5 Soriraeh o BF Rifterk® Be et ) TopBECHY @b 33 in the axia
. about the inner periphery surface 24 of_the housi ng
directipn of ifcombahimenthondigifigurey Oad dris significantly greaterd
stator of a generator. Rotation of the rotor 31 passes
distanesheequimerhtst ec&ive gy wwwlar loster ¢inh §3 5uch mbht @reaserrmeyamerit of the rotor 31
produced in known manner. 10lt is also inportant to

an the minimum

in the pxiavdigetiantd alfowet i on neans to mnim ze frictional

drag between the rotor 31 and the housing 21 in

agifd toiaiing Qsdehdly WP rboAt108brirees GAdnkYr AdRINGHA member 32 and an
itself. I'n a preferred enbodinent, this is

o SEEEPL DAL A SRR P AR iy 3 v

mari ne . bearin |.at es, S .in Fjqgure 3.

of runfiB it husire PfleR R Fie hB3gs 2P RBing gl oiissein Jpgwn manner such
rotor, the bearing surface is_increased, and . .

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
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

-8-
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15 thus the pressure per square inch on the bearings
reduces to the point that a water |ubricated bearin

WQ 200819560% i | | sed. The journals 71 are shBGWHER307/006235
bei ng nmounted at the inflow and outfl ow edges of the
outer rim33 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

with sBOR IntbunGed’ Y& Sherebl lallshang briedrithatiad pRdrededhatle tdial surface area of
the ternms "inflow' and "outflow' are, in the present

, t
the blﬂﬁ%g& %ﬂgt%:abn“fhgt%haﬁag%s otEé ag?FSWFﬁ?o@gﬁngEg?§u IOQNN%I, in low head
di which is bidirectional in nature. The sanme relativity
conditignsy  opvi ously al so apply to such terms as "upstreant
WD 2008/ Q06602PCT/ EP2007/ 006235 and "downstrean' or
t e the peeferpsd ambpdimientias shewnciwr Fedford theo haysing 2drand rotor 31 in
t hrust bearings 72a and together control novenent of
combitéteorr defore Bgerienatohiordké atodictiec of olactriiyi dlhiy vay helascomplished by
71b and radial bearings 72b in conbinati on control

locatifD¥ @lRalityl of rhfighetsasli aboudith€ 6hile® Perighedy jofwicnahtér fitn 38 @nd locating a
conposed of a relatively low friction material, such

plural@% oBL&HsHEHDubihEGhnd? gef PE r&dsbﬁaceaﬂgoft e hBﬁéhQQl Such that the housing

arl ng plates 72 ar se corrpose

21 becomes m.Fgﬁy.tohaevg afetfr)l ﬁf I onPer?{Qé qgaetlo 8&%‘?8 rf}e/aﬁ es’'the magnets 51
as all conmponen he deV|ce nmust be

acrossr%%?@lsaﬁ% artdoele%lrvfl%}étp&él&ﬁa HKRRYR BRINTonnent al
damage, as the use of the invention will typically
ekt poeleo importanto neavide ansi-Sistion sleans i mlnlmmlpmllcmg between the
given that tidal flowtypically conprises salt water

rotor Dr ahd alek helsingReérin abd#ignoter thel labridat@ndproaided dbybharwatgr itself. In a
plates 72 in 10 conbination reduce friction and drag

preferted dndimehtathidlis Kebin@NsiAtNRAAE @xbabindtibe &F j@ftEal members 71 and
such that rotation of the rotor 31 relative to the

bearmgQqu' r?sgl Sgﬁ ' @af@rnllugmfété'%e " otg a\ﬁn% Rlattgy RCEHBvi 'url]gFlgure 3. By

acenent o response to

low in either directi fr C
positiqpisinherteafing® afbe Skl S 5 Toe, kNG ¢ hatrhlg %PﬁaCﬁaf increased, and
in contact in the axial rection, and so w| |
thus the, grssgise sk SARIE iR %é‘?eaiﬂ?%ﬁlgéfre@twés {Quths peint &att%‘éfater lubricated
period during 15 which the tidal is flowng in that
bearingicpe be bthsedOnce the tide reverses, the rotor 31 will
be di spl aced axi ally agai nst what was previously the
upbé¢ jomamals T Hereathotvinessbeiig mouddd asthe infldhvatand betflow edges of the outer
anti-friction neans on the new upstream side of the

rim 33 WhBitAE g blarigt T%]Q@s CONLAGERS, mBhkted AN ﬁ‘lfeoirn?eri/MH ﬂerlphery of the
not undergo wear . IS arrangenent ensures t hat onl

housm\%hf Qﬁ‘& éet!u'fﬁ %\Eﬁ&eg%%d% \(/i)neu‘? tﬁ?é ng(’?s@%nst aﬁld HE Qé%??%jg It should be

ergo at any o] reduci ng

wear the ,ant , . .
appremateé ﬁ'lat the terms nmﬂow 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 bi-

directional in nature. The same relativity will obviously also apply to such terms as “upstream”

-9-
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20friction neans. In a nore preferred

enbodi nent, as shown in Figures 6 and 7, the axi al
WO2eNB[08¢f82 82a t hat restrict novenment of the roPGI/EB3007/806235

the axial directions are initially of increased

t hi ckness, such WD 2008/ 006602PCT/ EP2007/ 006235 t hat

the interior distance between first and second

retaining flanges 22 and 23 is significantly greater

and “doRaRutdR” B theMe. HGAIBBGMaRELIASOREYpInE tb @kl Br tHEst bearings 72a and
rotor 31 in the axial dlrectlon This creates a short,

togethgy l:&rﬂt?}r] 'n?o@enfeﬁ?&#%%?ﬁg 3?)?{: g‘t%%ﬁ%gg %Hﬁ:l foumals 71b and radial
h k h

bearm%jébn%t @c}{ﬁlﬂtnét?@v\fl:\g% ombger{}rwgnl?l? nhg it Féﬁ\yegéorg c Sioourllnals 71 are
ina first direction, the rotor 31 shifts in the

compased of pirelativgly dew drictioromatesigh suethag stainkess sikek or the like, and the marine
axi al or thrust bearings 82a on the downstreamside in

bearingqridten@? arenlikeiwtite ¢dmepasrd af a jrelarivady $ov8 fidctidnnmatetihk such as a polymer,
shift of the rotor 31 in that direction. When tida

e.g., Telf1oW SRamayer GRSiked TheeSRaRdtents /CKEPAs auhﬁmﬁp&@ﬁtsaﬁ the device,
shifts to the opposi te side, such that the |ow

must l;ne(r) @Q{sﬁ%g}b&?{ww al?dzg%ngp e;lﬁJl?on%‘ﬁ 'dQ é da% th%"ﬂéecgf f.h§ invention will

wnstream si Imt t e rotor

. 10 3 n,the second direction.. This shiftin th .
typicalig eaposs the AOPBRRET O SIS ﬁlénﬁﬁﬁsf%aaéi“‘é‘éﬁ“’%{}%at féfﬁl (v wpically
occur because the rotor 31 is of the_open center ty
comprisgs rsalthytep|or bragkdsh veteroc diie Jovmalsnél @@fiemawmnbgan%& plates 72 in
opposed to the type of turbine wherein the rotor is
combingtion eduonfrectiencadtdrag irs thefradiet dasdtion anldt oslughial tiregtidns, such that
be appreciated that such axial shifting could be

 rotatidnitReRéEH @Mtide $h dlethobsingd 1tisifidifally@npeddd. me, the

oversi ze bearings 82a wear down due to friction
eﬁgfeﬁérﬁmttlﬁggdﬁﬁ displRcdrhdrd T RE §B1R Stlu'irb'r@s%oﬁ& E@%ﬂahﬁ%w in either

been in use for an extended time period, in that the

dlrectf’aﬁl @1 Bﬁaﬁlc m%gﬁs S]I?\t/h% LY&E‘F%IQ %?mfcft't?é] Mrltﬂé\'lﬁ?lb aaIX‘ }4‘{ contact in the

occurrlngl
e draw n the, rotor 31 shifts to e ri . )

axial 6? rstion.qap 3 1 ngbliisred YEY &%E%PSWOBV%B%NH@%@&WG period during
line, the rotor 31 shifts to the |left. Because the

whichribg §fialgs SowangimdRatalirastiani Rgse @@él%rrévesrﬁ%ealetretoa|3ﬂdwll be displaced
for shifting novenent of the rotor 31 in the axial

axialldiagaiosti wha wad plrotaniethehepsteaml sidd ob élar hogsn®B24, suad that the anti-
of increased thickness such that working life of the

frictioR @3¢dn8 @8 tBe achsuRtandadt oft e thibife etk et beguhtedd, and therefore
mai nt enance and servicing based on the need to replace

will n thﬁ)d@%,%;\k%lgz T‘gfszarfc?ﬁg&ﬁgﬂténhl%ﬁlﬁ?g -thd BME i&tfon means on one side of

eari Igned to operate effectively even

the tui%me to will undergo wear at any give time, thus reducing the overall wear on the anti-
friction 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
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WD 2008/ 006602PCT/ EP2007/ 006235 si gnificant wear in
the axial direction. In particular, it is preferred

WO ReIB/0p¢ee2 t ur bi ne 10 can operate even if the bBEFERYWT006235
82a have worn down, in the axial direction, in the
range of 100% - 10% nore preferably 100% - 30% and
nost preferably 100% - 50% of the original thickness
thereof. To accommpbdate the reciprocating axial shift

that th@fmfeﬂ%r iRkdice %twéetn fisst Rh&k&oal! r@taﬁrﬁn? maMEce225h&nd eig significantly
or oversized radial bearings 82b refative to axial

greate} %Fﬂgé%sgﬁ l'cﬂ tarli]c% 989 ?% gg Qetuh%]e 1o f 8'1'”%9 i a?; I ?H‘gctlon. This

|na|on I'S ructure acconmo

t he axi a hi ft tho n|f|c nt I.qs .

createq;{ SHTHDATISE TBERAD PR ARISAOMETH el cirecgmallogting fhe rotor 31 o
rotor 31 relative to the housing 21 is that debris

move gxiplly, mathin drisvreekwae 89 dn dre Smeamdntes s opisiongnovesi within a cylinder.
nore readily flushed fromthe apparatus by the tida

When ¢idak Bow 99 wicoseinexfigndirestionf tiehetaayd shefisvirethetdirection of water flow,
upstream fl ange 22 or 23 10 and the edge of the

such tHsHWHJ: w THESSn Bk 33&@[1&%1‘1&1?5@ B?@%ﬁ(ﬂh& d5&R&teall QNYe in combination
hin that gap. Another posi feature is that |ess

with tl%.nz%; Qléohfiﬁ[segft‘éa{ t%gt th@ shm M @teq'o{o?tsﬁhlécmat cilrecngn W{n tidal flow 99

i onary posi

revers%sﬁgltﬁ? ? rc'eﬁ%i ghgq%)glﬂblae%tmpqghm%g&tgg gq%vomglité El%le such that the low friction
Alternatively, the anti-friction neans may conpri

bearinge$2n of theppPsing §ideayyhichds Bawdbe dovasisam side, tingt) rhs shift of the rotor
The repul sing nagnets 61 are nmounted in pairs on the

31 in thatsecondi dire@8omnd hishshiftimgenfitbe rqier 3 pverefatsur foathe hadsiog 21 can more
housi ng 21 and retaining flanges 22 and 23 wth

easily ORRR YetRisp NeLHdraTl ROHIARE Bpedt deiter W g kiichathgi MEFetértion occurs on the
such that the repul sive magnetic force prevents

outer 1‘1?:9@3%t opRENLRNNE @f‘pe%‘ft t%Fblﬁé Wh@l%nf"fh@ hie IO HRhRG Flo a central shaft

and retarning flanges and I n still another
or axlealaﬁtﬁ&gﬁ tmlrlrgogﬁg)g}éﬁﬁ%deth%f 1? naxia ft: h% Hél?l{l%e 1£laalemented on a shaft
based p%l?lg{:: ?PS’CEE%?:? y é)fvgxirsteeﬁanP o\%f!%q%[d%gq%gy‘;%tto ?‘ﬂgtion effects. Figure 7

anti-friction nmeans conprise drive wheels 41 that are

illustragesmbiebiag 1@911@ thas beeryin use fefeanegdgnsied taazeriod, iy that the axial bearings
rotation of the rotor 31 being directly transferred to

82a havhevage rewat ogni freantly. 4¥ithdidat Gdwc® oddlrring in the left-to-right direction of
2008/ 006602PCT/ EP2007/ 006235 el ectricity. This final

the drﬁﬁh?dﬂhﬁﬁﬁbr 133 shifes loe@dstrighes Wik @e tRial flbw\d tevBfies, as shown by the
difficult to properly seal these components agai nst

dashed BHY, 1R rSBF 3 HRBTFRARLHhOMe Y HecllsH®he 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

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
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To produce electricity fromtidal flow, one or nore
hydr oel ectric turbines 10 are positioned subnerged or
W@QLe0§0p60he body of water subject to tidal infPGEEEHYT/006235
preferably in open 5 water, such that water will flow
in one direction through the rotor 31 during rising or
incomng tides and further that water wll flow
through the rotor 31 in the opposite direction during
significaht v ¢ i theQitid) diragidn. daarthsldri id préferfeld$Ra thé figbine 10 can operate
rotor 31 is turned in a first direction and
I 64 ' JRlo) : tJ 0 0
even i? éﬁé?dr%%&?%agg REIrR R n@$n ARSSLiAl (ﬁgzc%@z, inNgie rb% (I)fs 100% - 10%,

ow of water reverses an r ot or

tuen L RAEN posi te direction, .again erating.,,.

more iRl 1oy RRLR Sy W G2 horBBufl SERE PP ickness thereor
the 10 relatively |arge bl ade surface area and the .

To acerarpadate thegeciprreating geial sl of shecwbors Yy 1tiip preferable tg provide extended
relative to the housing 21 and retaining flanges 22

or ovessigced@dial hearmngs §2b 3dlattentoaxizlgvameld §lh ih thve dxdadlirection. The magnet
conditions, such that tidal flowis sufficient to

51 an@eoill 52 @ombéraitioh ¢4 dl¥o structured tolabcdrimbat ehalixdsl s @dthout significant
t hat equival ents and substitutions for certain

loss in:;Br_%Hﬁ‘dHo%, 61 addRA o ARVIEH BRI P BF IR YStol 91 E1RSR: to the housing 21 is

killed in the art, and therefore the true scope and

that d Eesl &%ngrg&] .bgtfwe%ﬁ gﬁ?erétgy ?ﬂtai&ﬁ g}ﬂ%zloﬁs?ngs% EIS? Bllsoﬁée r%agigltyl'hdsﬂed from the

OW ng €

roduci n lectricity from hi-gdirectjonal ter flo

apparﬁﬁs By %ertgqa?wg}ts, SINCE | EXRARF ek thE ﬁa%hat"%?ﬁ“ &%tlieém\%ange 220r23
second water flow direction without reversing the

and thg ¢dg¢ phbtheahnslas gitgr rigy B3 ABoweingrdaged ewranh dlowawehinf thaisgap. Another
di rection, conprising: a rotor conprising bl ades

positiex feande ng thatolesagnengyeis required & dnitiateorotatagmabf e¢heototor 31 from the
rotating in a first rotation direction and a second

statiorfa@§ Foki@iBndkin€€ rb@Aon 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
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-
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
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a housing conprising retaining nmeans to retain said
rotor in the axial and the radial directions, said

W Y98/09f§0%| | owi ng, in use, said rotor to shiftPEHEP2067/006235
either axial direction 10 responsive to the

bi -directional water flow anti-friction neans
to reduce, in use, frictional drag between said
housi ng and said rotor; and nmeans to generate

electri@tye CrhisChidaY effboBirh@®Us theoleastQledirhilB, & it SAlithe! @ffduli @ properly seal
either said first rotation direction or said second

these égﬁ{pﬁ%ﬁg a?%iﬁ&%ﬁlg{%anﬁr@'g%gyé é@% girﬂe.t hat 15 the

ricetion me are operate effectively

en rn to a thickness, i,n the axial direction, of ,.
oL VRS cRobPaBidts s oot BPHalonE e BHsE hireg gt Hurbines 10 are
__nmore preferably between 100-30% of the ori ginal X

positionpd swbraerged an withinsthehody &f statsr sybiegktontidad gatbusnees, preferably in open

original thickness. 20 2. The turbine of claim1, '
water, \shelr #hah wasdr dvilidiss g one dsbajpadhanghdherenst dhdurisgiciking or incoming

that the outer rimand retaining neans do not axially
tides 28@ Fhrdr {01 QvaAGIOL e 0WP ﬂn@ﬁ%h mrlesru&ﬁ!,smmﬁer &Bsisé dizedfon during falling

the outer rim P81224PC0
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
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

the invention is to be as set forth in the following claims.
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3. The turbine of claim1l or 2, wherein said housing is
shaped and di nensi oned such as to permt, in use, the
rotor to begin rotating fron15‘stat|onary posi tion
prior to contact between a downstream side of the rim
and the retaining neans. 5 4. The turbine of any
eceding claim wherein said retaining neans

Em ses a first retaining flange and a second
retaining flange. 5.The turbine of any preceding
claim wherein said anti-friction neans, in use

reduces bet i

but er™ rtluﬂ;\rir?qg@re V\cﬁtfiﬁgse?qﬁrmtﬁ rolgf Lla%{)eng iw%l ng g\{ 91 a first water
é@g@%g@hafgxdégéghggg gqcp@f el ﬁoxyl\gg?cthoﬁ wlnﬁgﬁpg\;egﬁtmg the position of
di rection. . The turbine of di |

IS REbIC Slatise D WA BEY SReHEBOREBHBH se 15 | our nal s

and marine bearln% pl at es, vvherelnthe ano o
of . mo¥ EHRTROMPYISIBg | ad?soqxéqndmg frogpanquter rirgy s'aélcrpfoa ﬁapab!e of rotating
i ncreases as the thickness of said anti-friction neans

dret fishesation dispatiop prd 3 engorst rolagips 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
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 rofation of said rotor in either said first
rotation direction or said second rotation direction; characterized in that
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.
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
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8. The turbine of claim7, wherein said journals are
conposed of stainless steel and said 20 nmari ne bearing
pl ates are conposed of a |low¥Y¥iction polymer. 9. The
turbine of claim7 or 8, wherein said journals are
posi tioned on said outer rimand said marine bearing

T e R e e
of an '

é‘bﬁﬁ‘i"?“s g‘h g‘%%(?fl‘? PR % Peg&e F% (}grillfp g'lra}ymﬁ%srmeqn prior. tg contact
mari ne |

PP BRI GRS OLDF FEEA U8 TTRPHAIA bi ne of any

pr;ecegm ng claim said housing further conprising an

interior

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.

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
journals and marine bearing plates, wherein the amount of .movement by said rofor 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

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 refaining

flanges.

P81224PC00.
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peri phery surface, wherein said neans to generate
el ectricity conprises nagnet Sbﬁdi sposed in said outer
rimand coils disposed in sai interior periphery

surf ace. 12. The turbine of any preceding claim
wher ei n the rotor conprises an inner rim 10 defining
OPgIL ReLMRBAsihASn inter

il ik, L B s e 43, M RALH g g mevi
cl ai I

{p&? Y, %uor ce, ﬂmegﬁng?lﬁﬁ}éér éé}ﬁ&ﬁﬂg [gft@? %Sai&oﬂ&}.ﬁio%@@ on said interior
P81% fO
periphery suriace.

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.

i2.  The turbine of any preceding claim, wherein the rotor comprises an inner rim

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.

P81224PCO0.
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