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Field of the invention This invention relates to a hydroel ectric turbine,

i n partiowmbanifseeédepl oyment in tidal sites in order toPhamress/0643e7 ener gy
of the tide to generate electricity, which turbine is nodified to provide
i nproved performance and/or reliability. Background of the invention The
area of renewabl e energy hadhidroeledeitttupisae svithdeodl doolinge t hreat of gl obal
warmi ng and ot her related issues, seen significant advances, with | arge
resources and investnent being 15 channelled into devel opi ng new or

i nproved fornms of renewal energy. One particular area which hol ds
significant potential is in the harnessing of tidal energy, in particular
t hr ough t Hecldebthsfinwmtibed depl oyed hydroel ectric turbines. These turbines
can runcessentially twenty four hours a day delivering consistent energy
and mﬁt%out any environnental inpact or other drawbacks. 20 However,

har nessi ngrhid idaéntRAeEgis €OL By droen¢ttee tirbie Oivpattivalldr EngRployinienp il tidaC bikadrfin Wi t h
respect to the installation and mai ntenance of tidal power generators, for

exanmpl e hyadsiehaaessithe engrgi ofche tidhfocgenpyate Hlectieify, whagh fuebing ispedibgkioat i on
of sane be. ¢ i . flowng tidal currents, and nore
t han IikgﬁékP%%g%gga%ﬁ£¥%@n%§%%%g% k%wg ‘tion, in order to be 25

econom cally viable these turbines nust be built on a |arge scale. As a
result fhe turbines and associ ated bases/supports are | arge and cunbersone
conponé ts, and require significant heavy lifting and transport equi pnent
in order t.REBLEYS: HERWRYARNt and retrieval for naintenance purposes. The
use of such heavy [1fting equi pnent is nornmally a hazardous undert aki ng,
and is rendered even nore dangerous when this equipnment is 30 operated at
sea under difficylt and unsteady.conditions, As a result the retrieval

ot ocess. M et U P TESIeET Yoy dirdp s BESHS (HRT B e da o

| ocat ed oRtide1sBAREES Sech SighticadCNRAAd Yw IR S8bd 8o REesthndli®Rsim@e aaapi cal |y
feasible to inplenent continuous visual nmonitoring of the turbines to check
for dakdgehemetlpdinteddichping new er nhweedddpenhpigitngwal egengsbPec particular arca

which holds significant potential is in the harnessing of tidal energy, in particular through

the use of seabed deployed hydroelectric turbines. These turbines can run essentially twenty
four hours a day delivering consistent energy and without any environmental impact or other
drawbacks.

20
However, harnessing tidal energy does provide its own challenges, in particular with respect
to the installation and maintenance of tidal power generators, for example hydro-electric
turbines, which by the very nature of the operation of same must be located in relatively fast
flowing tidal currents, and more than likely located on the seabed. In addition, in order to be

25 economically viable these turbines must be built on a large scale. As a result the turbines
and associated bases/supports are large and cumbersome components, and require
significant heavy lifting and transport equipment in order to achieve deployment and
retrieval for maintenance purposes. The use of such heavy lifting equipment is normally a
hazardous undertaking, and is rendered even more dangerous when this equipment is

30 operated at sea under difficult and unsteady conditions. As a result the retrieval process may
take some time to complete. Furthermore, as the turbines are located on the seabed it is not
generally possible or at least economically feasible to implement continuous visual

monitoring of the turbines to check for damage to the turbine. It is therefore highly desirable



WO 2011/ 039267PCT/ EP2010/ 064477 2 that these hydroel ectric turbines are
relatively sinple nachines, and therefore reliable, and that the working
conponentwoabiigsamw7have a significant operating life. OreTafP2aib@ssionNpPOnent s
nost likely to suffer danage is the coils used in the el ectromagnetic 5
circuit, which can, for a nunber of reasohs, overheat and mal function,

| eadi ng t ohgolsse bydodacmigeurbmebatchrelahieclg lsmaile onmalyines, inad dierafoictrel&bde, and
potentially other areas of the.turbine. This will at the least result in a
Feduct i on i RSOGO MBBIBRIE OBHATISHEAE tr HHCaNLARETRRAE Wesul t i n the tot al
shutdown or inoperability of the turbine, therefore requiring retrieval and
repair of the turbine. 10 It is thus an object of the present invention to
over come tOns adiblsvennpomeite medt plrady Fesrdier Sammge iy thf cailhe@sédindhe ¢loetroxsagneidé ng

to the present i,nvention there i rovi ded a, hydrogl ectri,.c furbi ne .
o s P s S B4 Sy bPeR, Gt IERERRR I BRI e
stator or dafhgs to ot tHelcdRoRALRdicaidcal afd péehtidlyldth@drdad of bR tofther Tafs t he
stator or rotor; and neans for cooling the coils during operation of the

t ur bi ne. Prilfabthgdeapt roswe incorsdpetipnafahspay e oatapbpEthetwrbine fndsmay prsult in the
sur roundi i 3 >00L4 f I ) ] ly,
the. cool | nahabo by AREath Gy BE VSRS MR el RiSiat and FEFEBEER
proxi mty ta&bideo the coils in order effect the transfer of heat fromthe
coils. Preferably, the stator and the rotor are positioned relative to one
anot hefOt o define a gap therebetween and on opposed sides of which gap the

coi I's and jpRgRRL eso%ie%t B%Eb'ké%QIane?ﬁgn‘{W@vre%df?Té i€ 26O ﬁl&ﬂiorﬁ%@ﬁ?ob‘i&ﬁ@?” S€s

one or nore gul apted'to pronote water ow 30 through t he gap.

Summary of the invention

15
According to the present invention there is provided a hydroelectric turbine comprising a
stator and a rotor; an array of magnets fixed to one of the stator or rotor; a corresponding
array of coils fixed to the other of the stator or rotor; and means for cooling the coils during
operation of the turbine.

20
Preferably, the cooling means are adapted to utilise the surrounding water in order to effect

cooling of the coils.

Preferably, the cooling means are adapted to promote water flow past or in close proximity

25 to the coils in order effect the transfer of heat from the coils.

Preferably, the stator and the rotor are positioned relative to one another to define a gap
therebetween and on opposed sides of which gap the coils and magnets are positioned, and
wherein the cooling means comprises one or more guides adapted to promote water flow

30 through the gap.

Preferably, the one ore more guides are fixed to the rotor.



Preferably, the one ore nore guides are fixed to the rotor. WO

2011/ 039267PCT/ EP2010/ 064477 3 Preferably, the one or nore guides are
formed i mvegoald3g2eni th one or nore bearings of the turbiPa@/EP20086arabl y,

t he bearings conprise a circular array of bearing bl ocks for bearing axial
| oads, a 5 | eading edge or face of one or3nore of the bearing bl ocks being
profil ed tPoefprabhptle omatoe madrt gudeharo dgimetlhetegafly swirhi ovg or edaat byaringe blthicon
between the. rotor and stator. Preferably, the coils are nmounted to the
stator and"PHg: cool ing neans conprise one or nore channels formed in the
stator and passing in close proximty to the coils, the one or nore 10
channel s bei ng open to the surround water at each end in order to allow
wat er f | oWrefheabby, nghngsmompéwablcyculam@’rw t@arlmﬁ)bleclcsr@hh@lrglgatml bedsnt ed

to extend, th the electric t a, tida

subst ant: Ay B BEERP RO RS ALt bR Bk PR plaid bikaniey Moy

ends of tlfmomeouyh thge dfmanehksvefotatRaVetwan thirdidtaindaeorsi de or surface
of the stator. Preferably, a gap is provided between adjacent nagnets of

the magnet array. Brief description of the draw ngs Figure 1
illustrat
oL oL 8B BT o SREFET AN AP ARGl SR OBhER! FL

channels forrned in the stator and passing in close proximity to the coils, the one or more
10 channels being open to the surround water at each end in order to allow water flow

therethrough.

Preferably, the one or more channels are oriented to extend, with the hydroelectric turbine
positioned in a tidal flow, substantially in line with the direction of tidal flow.

15
Preferably, both ends of the one or more channels are position on the same side or surface of

the stator.

Preferably, a gap is provided between adjacent magnets of the magnet array.

20

Brief description of the drawings

Figure 1 illustrates a schematic representation of a section of a hydroelectric turbine

25 according to the first embodiment of the present invention;

Figure 2 illustrates a perspective view of the turbine illustrated in figure 1;

Figure 3 illustrates a schematic representation of an alternative embodiment of a turbine

30 according to the present invention; and

Figure 4 illustrates a further alternative embodiment of a hydroelectric turbine according to

the present invention.



Figure 2 illustrates a perspective view of the turbine illustrated in
figure 1; Figure 3 illustrates a schenmatic representation of an

al t er nat iwe 2entiseierent of a turbine 30 accordi ng to thePpT&EPIW/06439ENL I ON;
and WO 2011/ 039267PCT/ EP2010/ 064477 4 Detail ed description of the draw ngs
Referring nowto figures 1 and 2 of the atconpanying drawi ngs there is
illustrated a first 5 enbodi ment of a hydroelectric turbine, generally

i ndi cat ed .1Q,, which is ad ted to provide cooling to el ectromagnetic
coils (noﬂi’iﬂé‘@g“ 5 L WiHES an el ectromagnetic circuit of the turbine
10. The mai n conponents of the turbine 10 are a stator 12 within which is
mounted for rotation 10 a rotor 14. The turbine 10 will normally be

confi gur ecR©§QIt:1hg tlh@ltto agurgs  apd grof ¢l aogomn@nw@@vmna tleerp rsollngieadcconfitshe or

ot her d t he
Foror 13 sarRITE0r SEuPierRk Nepheacdiudiinite Ryt BF G 8EeAEER shown)
as is wel |prd£xﬁ@fy\bddllmg E@el@éﬁromé@l@tl@%1ls%n6trﬁﬂlom9ﬁﬁhﬁng%eﬁt & 2@ edrnpn&pposed
sides of a gap 16 provided between the stator 12 and the rotor 14 The
rotor 14 @H%?P%@§U&hlnﬁdtoer rim18 and 15 an inner rim 20 between which are
mounted an array of blades 22. The outer rim 18 is effectively encl osed
within the stator 12 and is spaced therefore by the gap 16. During

oper at i on Tak nidie ccbmpdniem ofbhe ttEné Ve annsearent2 wahineeticl Bensimddior tdatéond

t 14 d th d | t h duc
Cl oot 16 apiENe: 1 RRn i 1Al oot o BORPHOL R bt e Bl SHBE0Y bi ne 10
in any s U'SB@\pﬁ)earg?Med ohfe ok Bep bt @ Tsfa?d}tl 2tE sgh 14, h ‘T ke if tROsfor 1 he

turbine 10 results in the generation o in the coi e greater the
| evel of heétthetthmrllé\bemgtm@v@édthherwogrespbndlhg agey bﬁmagmlls (meskgweaiaesrlst he

ri sk of da t COi or.. sur,roundi ng conponents. The. . tur ne 0 of the
o osent § Mkt e 00T Be s AR o FRRoROBIN SRR o

provided between the stator 12 and the rotor 14. The rotor 14 comprises an outer rim 18 and

15 an inner rim 20 between which are mounted an array of blades 22. The outer rim 18 is
effectively enclosed within the stator 12 and is spaced therefore by the gap 16. During
operation of the turbine 10 relative movement between the stator 12 and rotor 14 drives the
magnets and coils past one another, inducing an electric current in the coils, which is then
extracted from the turbine 10 in any suitable manner. The flow of current through the coils

20 of'the turbine 10 results in the generation of heat in the coils, the greater the level of heat the
lower the efficiency of the coils, and the greater the risk of damaging the coils or

surrounding components.

The turbine 10 of the present invention is therefore adapted to induce a flow of water past or
25 in close proximity to the above mentioned coils, in order to effect cooling of the coils and
therefore ensure the consistent and efficient operation of same. An array of bearing blocks
24 are provided on the outer rim 18 which together define the main radial bearing between
the stator 12 and rotor 14 in order to prevent contact therebetween during operation. At least
some, and preferably all, of the baring blocks 24 form cooling means of the turbine 10, and
30 are therefore adapted, during rotation of the rotor 14 relative to the stator 12, to force water
through the gap 16 in order to effect cooling of the coils. The bearing blocks 24 are provided
with a sloped or profiled leading edge 26 which acts to drive the surrounding water up and
over the bearing block 24 and through the gap 16. Additional vanes (not shown) or surface

formations on the outer rim 18 or any other portion of the turbine 10 may be provided to



25 in close proximty to the above nentioned coils, in order to effect
cooling of the coils and therefore ensure the consistent and efficient
oper at i orwof20s2032267An array of bearing bl ocks 24 are pr@¢irg®doionetshe out er
rim 18 which together define the main radial bearing between the stator 12
and rotor 14 in order to prevent contact herebetween during operation. At
| east sonemprrvd opredrecrlbhiy fiadctipnadity o fithe baarninpgbltkess 12 4dditomad@otntng neans

o e, e, SRt 2P e hencl g, 08Bt o S ing Rl Aol ad e
order to gfifa8i nsQakisMeIpQto bldehtOitkFlowlbewReahiAGhRhOsHSI 24 are provi ded

with a sloped or profiled | eading edge 26 which acts t0 drive the
surroundi ng water up and over the bearing block 24 and through the gap 16.

Addi ti opal. vanes ot. sh or .surface formation n the.outer rim118 or
ooy ot ner TSERPE BRvar el Y bash uhh A5 BROFRL A Apli th Bocleb

2011/ 0392 Guf1iBfat/ dcbtQikQ/t0 Gkt éscht invBIitne géerAlydnEvAted BE $10. UM aiid Sftahdtivg of the
beari ng bl ocks 24. In addition, adjacent magnets of the magnet array are
slightly spleemetbks eprapensstsHisre begacroeerdsd Bharcderpeqoissieralsljad anteshmgnet s
hel ps to f; . Wola . . i

figure 3 '?) F}%?g}s?gttaﬁ%] I{Je??}rqg? e%g\é?%&g]loﬁlgrﬁat I \}}éyglrgg%%rﬁl&g}yg%%rlgg}gg%? ric
t ur bi ne acetor dihmotunked lfie rpracise ptlativevie tlid Watpr JENGhakiayorilindiandteer Bst 4d0. 1 n
this alternati v(g enbodi rrq)e”rl(ﬁ1 | i. ke conponents have been accorded |ike

ref er enBe SPREFAPY 2 8aR4 ! S BPHEPUNS BIrEUAHIag Wiksrt Shgoken fIeompressian.

The turbi gl 10, pogidy aﬁlqm?érirﬁﬁan,lrﬁ&ﬂ{t betw@erPRfich afPd QFculabArADYRb RS OF

rotation relative to the stator 2. The stator 112 and rotor 114 are 10
separ at ed 1B9. An gapy dl@iMBi0ce mpuntpé nn tle stéter Bir andufach thg owmt em. 1 IBreerase thor

114 conpri se n,outer ri.m 118 and an inner rim12 unt ed bet ween ich
are o crr e 3 E PyShpdiihaeds S5 BPFapouP o5t B BPe AT TER R ¢ ne
stator 112imngg face the outer rim 118 across the gap 116. A correspondi ng

array of magnets (now shown) are therefore nounted on the outer rim 118. 15
The tudbine 110 further conprises cooling neans in the formof a channel 32

formed in.th f at 112. the .channel 32 extending f.rom on ide of t.he
Lo 12 GudhR D e chirif BB e e RSh ICIoRR JraREhARE 32 Kitfhof in (H2S

t hrough. Theorcihanmelchael 32 pasidin@fiesh dne shie JfthCdt@ase] I exhabthyr dige, e rear
face of the coils, in order to allow the water passing t_hroggmh the 20

channel 3214 tejpliaw Hedlovaqhyater Bigia theoughi The dennet 32 4s pofdTicAdh be HHEP%f or e

provi des proximity to the rear face of the coils, in order to allow the water passing through the
20 channel 32 to draw heat away from the coils 30. This embodiment therefore provides
passive cooling of the coils 30, as the water is not driven through the channels 32 and simply
flows there through under the influence of the tide. It will however be appreciated that
means could be provided to actively drive or pump water through the channel 32. Such
pumping means could also be powered, either mechanically or electrically, from power

25 generated by the turbine 110.

Turning now to figure 4 there is illustrated a further alternative embodiment of a
hydroelectric turbine, generally indicated as 210. Again in this embodiment like components
have been accorded like reference numerals, and unless otherwise stated perform a like

30 function. The turbine 210 comprises a stator 212 and a rotor 214, separated from one another
by a gap 216. The rotor 214 comprises an outer rim 218 and an inner rim 220 mounted

between which is a circular array of blades 222.



passive cooling of the coils 30, as the water is not driven through the
channels 32 and sinply flows there through under the influence of the tide.
It will hwoevaroshms7appreci ated that means coul d be proviPpdedPe@oactarvel y
drive or punp water through the channel 32. Such punping neans could al so
be powered, either mechanically or electrfcally, from power 25 generated by
t he tur bi Merhddin thestaiond 1Aew 4 oaif ofgnhawneds 23Pewkich srd dubstantradlydd skeapEdirtiotler

alternative, enbodj nent of..a hydroel ectric turbi.ne, genera i ndic d as
10 Aaat s e e PRt i e ik O D s S A the hBge f B

refer ENCeE RILHE K&k %@Siﬁ&@'in%s%ﬁ)%oﬁﬁﬂ?rt&hﬁﬁoaék aFed Bas gﬁ'f @E&vﬂ)itdf Ehadfnikéipet i on.
The turbine 210 conprises a stator 212 and a rotor 214, separated from one

anot her byraasfgaef IRasfromibe ewissluring opetstpnr pEids turhing3il 8r Thd ¢hapnds ahkiman be nner

im 220 d bet which i i r.cul of | bl ades, 222
2011/ 09520 R0 ERBOHOF O PIs e el TofeRrafSEteP LTI EERuprgr2
channel s 232 tMBiigProve ehshdas tramfdralapabililishpgest, both ends of each channel

232 opening onto the sanme face of the stator 212. The channel s 232 extend
to a position in close proximty to the back of the coils (not shown) to

maxi m se the. t.ha.: cOj i [ . 1 he
t ur bi ne Ziggﬂ g%gﬁgﬁﬁgﬁgggg%dggggkgmﬁn%%y¥ﬁ%ggguﬁgrﬁiﬁﬁg%#gg?&%ﬁ}shape, in
order to ipneviéasssimple yet ¢ #ative endaengf drawingtieat Ebanhetdls2aring apéetatib The

i nprove the heat transfer capabilities thereof. It will therefore be .
appr ec ﬁgt &aokingmesnsglomnet g?l}?éalﬁyd,eq%&%%ny itipnak mavige sathend Hps Hhs Sdlﬁlpﬁ?lam des

a sinple ygh (REERILNSiMBA0SHO burdhadWon o1 07108 is hafaideg, coils during
operation. The 10 cooling nmeans do not génerally require any additional
noving parts, and thus the sinplicity, and therefore reliability, of the

turbine 10, 110, 210 is mai ntai ned. 15

15



WO 2011/ 039267PCT/ EP2010/ 064477 7 C ai ns 1. A hydroelectric turbine
conprising a stator and a rotor; an array of magnets fixed to one of the
stator orwoaporo3dm7correspondi ng array of coils fixed tecCrePabioesn7df the
stator or 5 rotor; and neans for cooling the coils during operation of the
turbine. 2. A hydroelectrlc turbine accofding to claim1 in which the
cool i ng n€dagnsare adapted to utilise the surrounding water in order to
effect cooling of the coils. 10 3. A hydroel ectric turbine according to
claim1 or 2 in which the cooling neans are adapted to pronote water flow

past or in cl osenpireXbatit yurbaetcbapﬁahgastarbr%a%rmf%frfal%atyr&rﬁargﬁmff&édfb‘
heat fromthe coils. A hydroel ectric turbi ne accofding to any of

claims 1 tooe8f the sigtdrahy r@ﬂoe ‘asoateopondng artay of Soilsofixnd tartke gtberi afitbngator ef at i ve
to one another to def et ween..an n osed sides of which
ot e o b gt SRR o Sa SR L R R e R BB AR ool g rroans

conpri ses one or nore gui des adapted to pronote water flow through the gap.

5. A hydroelectric turbine according to claim4 in which the one ore nDre
gui des ar&-20 A keloelectiipurpipe gecordigg t%C]HWﬂG@Wé‘&hrth%CQQnglmﬁ‘ém&é@d\dGPtﬁ@

claim5 IQDﬁGM%qh%Hﬁ“RBSE% iﬁ gﬂiQﬁ%Eroe nghé&ﬁggrally wth one or

nore bearings of e tur Eric turbine according to
claim6 in mhlch t he bearings conprlse a C|rcular array of beari ng bl ocks

for bearlng axi a eadi ng or fac .0f one re of the
bear i n§"bPocks %Ercireasrtar rtrréae @6006?‘18 ? elaliad &F 21 B QYo ngHRCagagrdur i ng
relative ra@&p%d %r@ﬁ%i’@\?ﬁeﬁ i 'bQ§t @k nfiﬁgsesﬁra;{lﬂ{lty to the coils in order effect the

transfer of heat from the coils.

4. A hydroelectric turbine according to any of claims 1 to 3 in which the stator and the
15 rotor are positioned relative to one another to define a gap therebetween and on opposed
sides of which gap the coils and magnets are positioned, and wherein the cooling means

comprises one or more guides adapted to promote water flow through the gap.

5. A hydroelectric turbine according to claim 4 in which the one ore more guides are

20 fixed to the rotor.

6. A hydroelectric turbine according to claim 5 in which the one or more guides are

formed integrally with one or more bearings of the turbine.

25 17T A hydroelectric turbine according to claim 6 in which the bearings comprise a
circular array of bearing blocks for bearing axial loads, a leading edge or face of one or
more of the bearing blocks being profiled to promote water flow through the gap during

relative rotation between the rotor and stator.

30 8. A hydroelectric turbine according to and preceding claim in which the coils are
mounted to the stator and the cooling means comprise one or more channels formed in the
stator and passing in close proximity to the coils, the one or more channels being open to the

surround water at each end in order to allow water flow therethrough.



30 8. A hydroel ectric turbine according to and preceding claimin which the
coils are nounted to the stator and the cooling neans conprise one or nore
channel s Wornad3p267t he stator and passing in close proXiPOirtEp2¢10/0643€7 coi | s,
the one or nore channels being open to the surround water at each end in
order to allow water flow therethrough. %\ 2011/039267PCT/ EP2010/ 064477 8
9. A hydr 0él ect rA bydroelbétrie tabmoradianding ¢o claan MiBwhichvthe ote dtheo@rhamrelnoe e

channels are oriented, tao w th the hydr.oel ectri ur bi ne tioned
T e TSl SRkt e RS ot iR s HorHanes Pt AOsr MR R gy 5

10. A hydr ggk @&t the€ dirtdih g tiagcywi ng to claim 8 in which both ends of the
one or nore channels are position on the sane side or surface of the

stator. 11. A hydroelectric turbine according to any preceding claimin
whi ch a 5938, s A fl}Q&{roge&rw ?ur‘éﬁlg rallccaocﬂifﬁg % Ela{rn? gqet 1c?1fbot[h &nd¥® qrheet ore or Hore 10

channels are position on the same side or surface of the stator.

11. A hydroelectric turbine according to any preceding claim in which a gap is provided
between adjacent magnets of the magnet array.

10



