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WATER TURBI NE The i nvention concerns a type of
turbi ne, designed to extract work fromthe fl ow of

wowdoen4sodpor exanpl e for the purpose of gener atP@IGB2008/001812

el ectrical energy. A nunber of devices are now
avai | abl e, or proposed, for extraction of energy from
tidal water flow. At one extfjene are fixed barriers
across estuaries, which are visually and

envi ronment al |y i ntrusyX§ERMUREING her extrene are
"point extraction" devices, designed to be deployed in
regions of high tidal f|OM/ The Iatter are "free

B L AR AL P v o

Wetef tforf @fanipld for %";ﬁl&ﬁ&%%ﬁkene%ﬁlﬁig dl’é?ﬂtrﬁlial exdrg@ct i on
devices | ook superficially |ike "underwater

V\/lndmlls i.e. they are axial flow turbines (the
bj I
8 25l S S P bl ey, 5 o

iy ‘ﬁ@tlef )ﬂoﬁJaCMt bhié Rixttemb afe tfived Obartibis e rdds agh@saries, which are
usual Iy of variable pitch. Varjants include duct ed

vigradivnangd enyirenmentaly m@swpaﬁérth% gths sxXfFaNG £ ointfa{rastion”
i& gr dés dftb gg]cfeﬂﬁ)gé\ﬁ g@}ﬁt&{hl dﬁluﬂ&’l’;ﬁﬁlze Bltter are “free

usua unted on"eac stTucture
aoaanﬂ’rrdeysceefwlﬁﬂf gharoe ildenre;btoqhafﬂdw aye:r&nmg 4 baititubes barrier.
?ﬁe ver%é onsi derapl e fixed costs associated with each

& afp the StyHng peiphior fis ARGt | arger devi ces
becone nore economcally viable. For the case of w nd
turbi nes, larger devices can be achi eved sinply by
Moat poigt tehtfaaﬂnoarrmvmes ddokt beperfidialy {ikedubdewhter ghndmfIIS” ie.

e s 0 ctur e tid

8 570 B i hes i o Spbion i B¢ Bpink S pasaleker nearly
paallding thd ﬁuét!tﬁﬁ‘%tf Qhe Gbe-Btrédndl @llo UTHiieRly chrbine has two or
possi bl e beyond strict limts. e principal neans b

y
{kin¢ecthladpscesually pﬁm’ab@@theVd@ws wolide flngipd txbiaks, fapdw turbine
devi V [.yi unber _of Vi ces (
ROREPIFE B e it B Rl R, St gt Apfhnes are
hhialderduated ohlfbdsh §ulppbr seaetde probl ens that econom es
of scale are difficult to achieve; maintenance costs
are nultlplled and axial flow turbines are

'Tﬁé ek&fc’oln%@é of offshore development are such that there are very considerable
fixed costs associated with each installation, with the result that larger devices
become more economically viable. For the case of wind turbines, larger devices can
be achieved simply by scaling the diameter of the rotor (and the height of the support
structure). However, because tidal turbines are limited by the available depth of
water, scaling the diameter of a tidal turbine is not possible beyond strict limits. The
principal fneans by which greater power can be developed from axial flow devices is
by multiplying the number of devices (and therefore the cost), rather than scaling the
size of the device. Thus there are the problems that economies of scale are difficult
to achieve; maintenance costs are multiplied; and axial flow turbines are intrinsically

expensive to construct and maintain because of features such as variable pitch blades.
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expensi ve to construct and mai ntai n because of
features such as variable pitch bl ades. One proposed

wabdosn#sai ve to the axial flow turbine is the PCT/GB2008/001812

transverse flow turbine (the axis of rotation is
substantially perpendicular to the flow direction, or

at |l east a major conponent op the flow direction is
perpendi cular to the axis of rotation). Transverse
Oheyropope dlteritiveso decaxidl|flovki@bife isTihe tSheirestlow $urbine (the
usuall¥ known as a Savoni us Rotor. A nore efficient

#dy pErotationgs, gubsanially perpendiguias to Hiet oy digestiong onat)leass amajor
' . ' ' . aknost
SribliEntiof hé ABGREALh ¥3EDeTicflal Yokl bt BE RRaiG 10T
and in the formof a nunber of variants. A device
ased on_the sane principle as the Darrieus Turbine,
E{?PSYféiﬂ o d“w? E\Hbgle% &re Vel knowm.sThesipplest 1s yspally kppwn as a

SvohiiR KA. A HerOLARIentBividk H3EED iR RRAHL (]%zﬁ%ged in 1931),

VWen deployed wth a vertical axis, however,
secdngved sk hhs beentused anawirsl wthihd, amodst slvadyalwtith a @rtical axis, at

roposal is therefor 0o _depl oy .a rrieus (or Davis)
FyitE afeq ol pr R e Gp [ R IbER OLr AR | The bas ¢
formof a 3-blade Darrieus turbine rotor is shown in

Fiqgegye 2. If the horizontal-axis Darrieus Turbine is
Atdesicgthasedaen thessamef prowiple he thsl Rateisub Eurbinee, boh deploykd with a

rQw. (r.el ative to thei en .. Eac l.ade s
i AR B B i s DR 1S, iR GRS g about 1980
Whefideploged withS Ydiged] dkiki Mevévef, ah@fansVBRe PRAF h#bife is still not
Turbine 1n this formis inherently a very flexible

welable ure. 1t resists the applied | oads by the

devel opnent of bendi ng nonents and shear forces in the

bl ades. The result is that a |long Darrieus Turbine

@nel prbpbsal saithjeesforetto deplogasDaraibhy (dr Dayes) dpld ECHukiAS but with a

The nodes, of _deformation of the Darrieus structure, )
%ﬂ{&oatﬂg aXisusTho hatis IoWe Ofer P-dlade Jrarpieey fuhinesrofsvis shown in

i vens Fi WS, ; i f. _
ST, S 8o GG 8y Sl e o v,
Higdisdeyomeieng ardcestow (relativathetheit length)p Back BRdats éubgdcted to

nd woul d_.def or s illustrated in the Figure b .
RS _wﬂf Vﬁ@gﬂﬁ%‘&&*‘lg‘r a5 e CEFBinsTIA A Sorl Darrieus
PABRRSH i€ SoriOfs ihheratily Abdry SRR ERYe. ITRSisHahs Qﬁlieafioads
can be reduced by introducing stiff reintforcing planes
ysthgideseleprentof bending moments and shear forces in the blades. The result is

that a long Darrieus Turbine would be subject to unreasonably large deflections.

The modes of deformation of the Darrieus structure, and a discussion of the.
deflection problem is now given. Figure 3 shows a plan view of a 2-blade Darrieus
turbine. Under the lateral loading from hydrodynamic forces, the blades 11,
supported at their ends, would deform as illustrated in the Figure by dashed lines 12
(the magnitude of the deformation is exaggerated for illustrative purposes).

The deflection can be reduced by introducing stiff reinforcing planes 13 at sections

along the turbine, as shown in Figure 4. These suppress the “bending deflection” of
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along the turbine, as shown in Figure 4. These
suppress the "bendi ng deflection" ofthe overall

W@ 20084399, but do not suppress the "shear defPEUGBRIVS/001812

The overall deformation would still be |arge, as
illustrated in Figure 4. As well as the problemof the
magni tude of the defl ectionssdi scussed above, there is
al so the problemthat because the deflections vary as

thBeoverdIDi shactnfd, ahgSdo trive sﬂ%bfb%é ahé “Whedr ddeTiebfien”. The overall
extrene fati ueloadln Therefore there is the

geformrationofoulidstillbe h@%\a%dhlﬁ%ﬁt@ftmﬁlguﬂeér ge horizontal
axis turbine. A further proposed structure is the
Gorlov turbine, which is a variant of the Darrieus

AbRRIINE thelproblenh ohtei i gdnithi @ 6Lthe (defle@ios UBkEsstd &bove there is
advant a%eJ of nmore conti nhuous power production).

dsathsipsotiemahat heepuse thedetisstions V@ltyrqéuth%mr@n@ FRIRUS, |ﬂPP materials
%bgl rsgntgr \e/\vg‘%é]#eo%tl 1o 1§$b%gre?&g'?h ?%?&ng}ﬁtotf d8signing a

ven ines vertica

swisfazony Brgeheizonfalatiharbinaf or mati on can be obt ai ned
from for exanple, US 5,642,984. hi sone cases (as
illustrated in Figure 5) the blades 11 are supported

RY¥eufing ﬂ?gﬁ&;&? sthibtutels @Her@?] l&ﬁﬁ?ﬁnpkﬁﬁpg%ﬂaﬁ%ﬁhe Darrieus

centr al . However e helical blades do not form
tambi'nabuﬁ wiih dalital biddes {thist ofars theea,dvbntager ef moomncdriti@uous power

PRATCER B AABEP b atAseohet & Rep At ol PG proriov

han&s $hldIGden R gdtdd Builh a@ﬂﬁﬂlﬁfdaﬁét&gdﬁ\féﬁ te®fde8 CitR Rertical or

| ens di scussed above. There is also the problem
¢ra2tontvélaxcal Emsu@rmaitmnrqansb@aqutgm@i fﬁfonrcufqr exaghple, US

SEREELY B Lo (B RAERRR  STH AT 4 sopoca

alDyRteR N8 bther TRs By &H6Ks fhﬁﬁ Qnédngial $Ha@yi He®ever, the helical
transverse flow water turbine conprising a rotor

hlades ¢ainetdfoa apgdntgmsisplly stHb atru%weawtsrelyt wethemhwdmg stiffness

P8 RAIRP AP itbenO7 ) e o AR BladkE ¥R D SupBREN o

partithlamy Erglg\l\aflﬁhuem&haltrbnbhlﬁltémigomeCdEﬂBditldheproalems discussed
plurality of nmenbers in the formof a structure

Bbqvan gIhea% iyalse, the,problegn thab helicad blages ceg mimpsiqallyJifficylt and
efpenaldiPhagles conprises one of

The present invention aims to alleviate, at least partially, one or more of the above

problems.

The present invention provides a transverse flow water turbine comprising a rotor
mounted to be rotatable about an axis, the rotor comprising at least three blades for
causing the rotor to rotate about the axis when the blades are located in flowing
water, wherein the rotor comprises a plurality of members in the form of a structure
triangulated in three dimensions, wherein at least one of said blades comprises one of
said members, wherein said at least one blade is elongate and has a line that is

substantially straight, and wherein the line of said at least one blade is not parallel to
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sai d nenbers, wherein said at | east one blade is
el ongate and has a |line that is substantially

W@ 008i1¢8991 and wherein the |ine of said at | eaBCT/GB2008/001812
bl ade is not parallel tosaid axis and is arranged such
that the line of the blade and the axis do not lie in
a common pl ane. The turbine according to the invention
has the advantage that it allows scalability of a
RV LGS aRy lseﬁ%!gb@ QudH thhOthL §instorehs BRde AARA tOBtiaAkb Yot lie in a
Enmbodi ments of ‘the invention address the deflection
qonuhéreplabg. provi di ng a t hreedi nensi onal triangul ated
structure, i.e. a non-planar stiff structure that
carries the loads mainly by conpression and tension. A
THe @A aERdins o't dheention BaLtheaabintagnthass allbky séfiability of

substantially straight nmenbers; if these were to be

&@qvh@dédemi’hmmb%sttmedheﬂ@l}t@ﬂ}hed at their end by
"pinned" joints (i.e. joints that do not resist
nmonments) then the equival ent structure would be

BEhBédifidhisyoftbé @iviehtidi &ideéss tesldeRtatibn ptdblan bycprovidingad three-
a mechanismhi the real structure, in which the joints

dimensipaa sirppgead stractuteh ée| 298 nlwar isE s strugtire rtbatvﬁames the
l\rglmgt?’s' {n%gff% ???:Pﬁlgvr&gloﬁ %R?J:rls on® A fédt Rchid %Cﬁféﬁegably an

ecause 0 ein t braci ng of
dserabblg of atlbxﬂalftﬁﬂymﬁ:iughmﬁembﬁﬁ af tlmde eeteodibeeraplacdd tiyeembers

i nventi_on, nunber aof bl ades 1s .Si X and. t he bl ades
faafewgﬁgv@ad ?fetﬁ bY pramed” pypts(1-&d Ol tRatfo %ﬁ?ﬁlsééft"’%ems)

ne al+ eéq% ‘{ﬁr&g sfrﬁg leREouid H@lsiaﬁc%%té{rﬁnﬁé f F\%/ﬂufj&aﬂt.h i€%ould

es (the Davis turbi"ne i's usua
ﬂ_rdtaﬂ:em) atinethaaise. Mot ther feal sgudtaree dn hvhichehprjesgntan transmit

e o PR R el SRSk g e
Qﬁiéﬁﬁév@ﬁ be %flff%@édsesf Bk ifftPert bEdeed g6 Bthe F§tVoula®ddSfofth. In one

l oad. Arranging the line of a substantially stralght
prafebned@nﬁmmeem nﬁtheh@vqnuomtthmuram@f bladesis siuangd the blades are

Su e otllelna ane, en

S relRive B the Rt it R RotRE R DAL ARSPEE MepiRe usually
é’@fh‘sﬁf‘s mo% t1i¥e¢ parkllél $Rsleo(thé Davisuildiness agally Waded) that are
structural nmenbers of the three di nensiona

nati taangilatedd 18 the presend lw@hon,hta@ blagiep theynsglvep rasg perg fosform
Qo%pcﬂl%ﬁg S Lt&f‘{‘ s{rﬁ&lﬁle glgppressmg the main causes of deformation of the

structure under lateral load.

Arranging the line of a substantially straight turbine blade and the rotation axis of the
turbine such that they do not lie in a common plane enables embodiments of the
invention to be constructed in which one or more blades of the turbine are integral
structural members of the three dimensional triangulated structure such that

additional bracing is not necessarily required.

Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying drawings in which:-

Figure 1 shows a Darrieus wind turbine;



10

15

20

25

30

Enbodi nents of the invention will now be described, by
way of exanple only, with reference to the

wWa@ewsmpanyi ng drawi ngs in which:- Figure 1 shoR&I/&@B2008/001812
Darrieus wi nd turbine;Figure 2 shows a 3-bl ade
hori zontal axis Darrieus turbine not according to the
present invention; Figure 3 jllustrates defl ection of
a long 2-blade Darrieus turbine not according to the
HE@%eD ishoWy eNBidide fbitoneal 4axiid Dasdidust @bistehbeatdoRdingfto the
a long 2-blade Darrieus turbine with stiffened
Present BIWeNtiGiot according to the present invention;
L Qur
flg%té flllﬁstgislgsn eq'%ﬁ@g% %PX 1&?&3 812 bgﬁ%h@ ﬁuﬁﬁ% él%gﬁ cggdlﬂgto the
rtrusrdﬁtﬁﬁentmmh bl ades form ng a triangul at ed structure
accordi.ng to an enhodi nent of the invention; Figure

Kigwirs4 allmﬂattqspﬂ%ﬂe&m oe’ pllenge 26&% Darrisus dHbing %%quéened
%?%@ﬂaﬁmegdrmﬁ o Bfe %@%n{ AVeRidon; Figure 8 shows a

ade structUre e ying t elnventlon wi th bl ades
Kifbreci shbes gerriced Heipal Findpirreenod asdvoding o the Ipraschet 1nvent10n

truc e enb t nvent i th bl ades
Bt S§?°W&.ag§d% &S et WDl torithe o ieagated Structure,
a%@@x‘aﬁi@ tBQnteHﬁ)oHﬂf{cﬁﬁbf MR iMbdnfiofp! ades of fset

tangentially and with triangular ends; Figure 11

Fighngst shawe 9 maultipleyumtet-blade Gerifl gudiasiont amotdmngetoentmnl)ddingent of

tighe inver]ti on with 3 blades parallel to the axis;
illustrates deflection of a |long, braced

ﬁg@ﬂeasi &hbWE rd listadel btbidhre NGhbGIS &Y @Hengw&ﬁl&m Qifhr sﬁ&a;t offset
invention; Figure 13 is an elevation view of a turbine

fﬁméﬂhatl on enbodying the invention; Figure 14 is a
ﬁg&}e ws °a“%%1£<l‘e strdl! rtl?rleneemllaorhsygnagl {hae:t {anQntPJn vaflli%uBI%des bffset

radially;

Figure 10 shows a 6-blade structure embodying the invention with blades offset
tangentially and with triangular ends; |

Figure 11 illustrates an asymmetric 6-blade structure embodying the invention with 3
blades parallel to the axis;

Figure 12 illustrates deflection of a long, braced 2-blade Darrieus turbine not
according to the present invention;

Figure 13 is an elevation view of a turbine installation embodying the invention;
Figure 14 is a section through the turbine installation of Figure 13;

Figure 15 is a plan view of the turbine installation of Fi gure 13;

Figure 16 illustrates a comparable installation of axial flow turbines not according to
the invention;

Figure 17 illustrates a long turbine installation embodying the invention; and

Figure 18 is a section through a turbine installation as an active weir,

In the drawings, like parts are indicated by like reference numerals.
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Figure 15 is a plan view of the turbine installation
of Figure 13; Figure 16 illustrates a conparable

w0 p@sakidat i on of axial flow turbines not accorBCHGBR@S/001812

the invention; Figure 17 illustrates a |long turbine
installation enbodying the invention; and Figure 18 is

a section through a turbine gnstallation as an active
weir, In the drawings, like parts are indicated by
Th&ﬁriﬁ&{»ﬁh?@ﬁ@ati&ﬁ%&ﬁhéeﬂb@ RioRfthdMd ofRR InG&itidAMis to extract
envi saged r enmbodi ments of the invention is to
encrgyatrometndal dglpwisy but the devicé taid equally hehdepdexedce atlmarltypes of

Ve & ingfvetnor i el R fente Tinga®t relefence win
by Venaldeoto il BbREGH Wiy bf ANbNankSe, BTk 9 Ireftd tild peferred

by way of an exanple, but this is nerely the preferred
drpboyonent and ders nebprsciude deplerhentan dihsr Bgwaderations. ot her
flow |l ocations. First Enbodi nent A turbine of a first
enbodi nent of the invention is shown in Figure 6. In
EpdFahbiei th the turbine rotor of Figure 2, the
nunber of blades is increased to six and the blades 11
are realigned to forma triangulated structure. Figure

' . ; | )
R (SR et Bbodtnof} b bl LUSIRYERE € 1R BRparison
with ahg turbine dotet bl Figure?2, the rukiber ofibRded heinbleaddYoaieand the
not parallel to the rotation axis 14 of the rotor.

Padssnly 356 realishebtogforn adriangulated sterctyrg ligpsd shogisaneyunit of a
: i t : CT P

gthichlce ERBREow thobeRX] thotibelvButhre dhoafbihirifills used tp form the

trlaagdsted Stractdret e thax case,1the biadieh erer mait paraillel toothe shiatien axis 14

C n plane, In this t he bl ade f.orm menmbers
P PoF. EierPrs. BARIRSR okt 1 S PERngs ALY oG repect to the
£a4 ri_&,eouttaP@in@hﬁéae@n@ugagy, afell tHaPtR!1bNgiRRidaR§ha b Yhe blades 11

inclined, for exanple the rotor were to be tapered
and the agisd 4 deberaidr domatshargra dommen plehedInt hiewhye thetbdades 11

orm a gonti.nupus structure,.as ill.ustrated.for thre

A B ReRol A RSPl i B RERPRT Qb Rt tibtades
bild Badifenaly BY raamtl e inchned, Fetiélaniptd ftthe rdtbi WedeSto Bettapered at
essential. For exanple, the dianeter can be greater in

e ghdn Seperatiueifferaner aftachythsogsthies tadoma et qontinagus structure, as
REELER S nfi M}E 1@?%@1 vl Although the units are shown as having equal

diameter and equal length, this is not essential. For example, the diameter can be

greater in regions of deeper water. There is no particular constraint on the diameter
of the turbine, but typically it might be 20 m when for use in 60 to 80 m depth of

water. Much smaller versions are, of course, possible.

-The number of blades of the turbine is defined by considering a plane perpendicular

to the axis of the turbine rotor that intercepts the greatest number of blades associated
with that axis; that number gives the number of blades. Thus Figure 7 is still
considered a six-blade turbine rotor design, even though it is composed of three units

each having six distinct blades. Preferably, all of the blades are also members
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of the turbine, but typically it mght be 20 m when
for use in 60 to 80 mdepth of water. Miuch snall er

WO 2008i148931 ar e, of course, possible. The nunberP©f/GB2008/001812
bl ades of the turbine is defined by considering a
pl ane perpendicular to the axis of the turbine rotor
that intercepts the greatest7nunber of bl ades
associated with that axis; that nunber gives the
fotrningrat ddastopatiesthe THimsgulitelisteucture.s Howelvbr, @onsll A€ tledmambers
si x-bl ade turbine rotor design, even though it is
fdhgEepgnlated sipgnre e necegsaaly Madasng si x di sti nct
bl ades. Preferably, all of the blades are al so
menbersform ng at | east part of the triangul ated
"Hier profiler &f theldledes rcan makte alyl suitéble Hermmknden $o104 Didmgeus turbine.

riangu] ated structure are necessarily bl ades. The )
lfcﬂf&r‘ﬁlgei%flﬂf#@ by i)i@é{ss BAYF FRRGOLRY Shenf (B BRESRReATRSTOAIO,
\ifil‘ﬁ{ ti ddbfol1Bed srinBic FEOWwitBERrSHledSEHe! dppobife faces being

bl ades have an aerofoil shape in“transverse

the emme.section, with the aerofoil being symretric i.e.
with the profiles of the opposite faces being the
same. mthe present enbodi nent the bl ades are

YRS bRt bl dFhdnt it bladANe StsiaRBal®y siti@itOid déMR a straight
along their length. Optionally, the "aerofoll profile

lgte along theadensta Ppbienally, sheeebrétfatiprefiletod the hiades carhle twisted

[ inal ~dj recti.on.of the.bla [ jns . .
R, SR g Yot GRS gt RE ik G i, suostantaly
stfafghe) fon 6ptimslusrddyabmiderfitiaidyabudh thecthe @aidlr dfBctibe from the
axi s of rotation is perpendicular to the plane of the
Fisfrotatign gs perpendipianto thypiape pf thededs slongits lengthe However,

i . i - ght [ i
58 el GO Bt O A LERER, 1y b B9 S,
tédeshased cemtidl Istraigho sparrofstedl| withrafi aigert shellaforafngi the aerofoil

rofile, which may bhe tw sted. The shell can be of a
Aot W@@Pgﬂﬁy Eﬁf‘@%te&r ‘Trig el gan pr of & lightrwrsight materaal, such as
RREIPRE Bxeotﬁﬁtc%ﬁﬁp%lsite Eﬁf&ﬁﬁr embodi ments The

significant part of the invention is that the design
is triangulated to forma stiff structure using the
| ades gs.stryctural el ements. This enables the

Sext ended across the flow and reduces the
nunber of supports required. Although

The significant part of the invention is that the design is triangulated to form a stiff
structure using the blades as structural elements. This enables the turbine to be
extended across the flow and reduces the number of supports required. Although
Figures 6 and 7 show straight, twisted blades that intersect on a disc at the end of
each unit, and are of equal area and equally inclined to the axis, none of these
features are essential to the invention. Other, alternative embodiments and variants

on the first embodiment of the invention include:

(a) The blades can be sljghtly curved. They do not have to be of constant chord
width. They will, however, act as compression and tension members for the truss

structure (substantially triangulated structure).
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Figures 6 and 7 show straight, tw sted bl ades t hat

intersect on a disc at the end of each unit, and are
w@Ro0sqesb1 area and equally inclined to the axi BCT/GBR@®8/001812

of these features are essential to the invention.

O her, alternative enbodi nents and variants on the

first enbodi nent of the inveption include: (a) The

bl ades can be slightly curved. They do not have to be

t ' i | v - ASe:
§1 158 RS, o4 Re thily bl Dhotd ihey BREEVE] ol i@ Figure 8
st (taagantial o6& armhFigatd 9 (tadiadodfisetht Elibse tdesighuadhievelthe basic

The bl ades can he. slight of f set ere. the et, as
DGR eRts G ASU TS Lt 88y B Peliiea ey gt fsons.
(radial offset). These designs achieve the basic

(cxJibey dprmat kavsfio mest nidiscs oyl anechon tpangulggends 15 as shown

pr d,f or hydrodynam c reasons. (c) They do not
ha\%?{gqél‘;en%a(gt in discs, but could neet on triangul ar

s shown.in Figure,10. The bl ades can var
O B bR ey i et RIS b u AR s Sl iR Riteore
Fi qur @hérb thydaes1fdek k€ parbilélds Shé@FQatad @tik @hd tiered BiRaller blades
rotation axis and three small er blades are inclined.

Theye igelingd. Theywtd] formarstiff trigngpiated saucdereuct ure. (e)
The nunber of bl ades does not have to be six. For
@x diglnamber df bladesedres mothbave tobelsivadBer exauiple, lpadifferent number

suc ei subj ect to.the requjrement.that, the .
C bR be B, S it B Lo GE R Eh hiihe rubine
ANnQly ﬁsg@gm;gﬂgteggm%ng a stiff triangulated stiff
structure is by using at |east 3 blades, cross braced

1) Ut TS GG 58 S L s
ef f3ebladexf cadslibtdced atithbslamien gensiombreersbers, gptionnlly m the form of

Figure 12. Thi.s figure is.not _ accarding.to an,... .

B B ioh S it ABRTEE Gha0e | er of gediional bracing
2- Bh@flert W A &Enan éhQ.‘"_ﬁ"hBrﬁ’éir@Q 110 hocordin® RLarPéAP&liment of
for clarity, but it is given for conparison with

Fi ghe westiomdedausadt is Homwn 2ihladz) tythiee ad shave byaeiag only in one
defl ection, o he..overal |. struct.ure

e o7 iy hiFis Y B E o mpSHEp RECTERS L4684 As shown
SUpRFesREd2, theShéandefiéctidalof hersisal Ldtnfhirk becomes much smaller,

and the corresponding deformation is suppressed. The individual blades 11 still

deform 12, as illustrated in Figure 12, but their deflection is much smaller than

the previous overall deformation of the structure shown in Figures 3 and 4.

Deployment of a turbine embodying the invention

Figure 13 shows a typical possible deployment of a turbine embodying the invention.
Two turbines rotors 5 are shown, supported by three structures 3, 4 fixed to the
seabed 2, two of the structures 3 pierce the water surface 1 and one structure 4 does
not. For shipping, wave loading and environmental reasons it can be advantageous to
have support structures that do not pierce.the surface. The turbine rotors can be

connected to separate generators (not shown), or can be coupled together with a
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deform 12, as illustrated in Figure 12, but their
deflection is nuch smaller than the previous overall

waledosnawpi on of the structure shown in Fi gur esPGI/aBe008/001812

Depl oynent of a turbine enbodying the invention Figure

13 shows a typical possible deploynent of a -turbine
enbodyi ng the invention. Twogturbines rotors 5 are

shown, supported by three structures 3, 4 fixed to the
$8AH %gne'%ato} \§Gn One loTehe hipp6it WirdStures . 9h ©8ddrt6 ré@ic8'the applied
surface 1 and one structure 4 does not. For shi pping,
tepgre Omab SUPRATH sewstiveo adienend | turbings 6eiors tarc e ¢panter-rotating.

‘g E%agﬁgl%éd?fpéh? \c/ig .?FS#J ol V&tﬁ% ﬁgett glgngs 5 hatg&as eacg other, nor

SRamieh Sehrhers @O @b l@gaer at ors (not shown), or can
be coupl ed together with asingle generator 6 in one of

the support structures 3. In order to reduce the
appl i ed torque on the support structure, adjacent

t ati ot . .

H DEHRL01 G AR S ELi e AR 8 invenion
siiiiowm the \aa;teeﬂohr ’bh’amv;ersa ao tlod turbiné Or Wihknathe tfiow adversgs in a
Ien re 14 s a section through the

I sygfmathe é?isi&ayi ﬂ& R SeRtFedt Pdpre: gfiroiiirlii@e pHgtates

?[@Eﬁﬁe (Vla9\i¥r3 ét%%‘f%esﬁmteﬁt &if&tibhr bi ne 5. Wen the

I ow reverse tidal system the turbine 5 rotates
in the sane sense as before: the turbine 5 rotates the
same way irrespective of the current direction. Figure

5 sh t he .sane sc sho
BipwRo DRy 45 e EotBR ooop B P, o BR b Y erse to the
teiAnRd Y The floRendddoms Rl k@ctlly (e tHel tethsvdrBE Hire@ibnl [¥Med flows
woul d, however, cause sone | oss of efficiency. For _

Vo alqveryier, warse spmgess of sffigmnglir e 16 shows a typi cal

depl oynment of axial flow turbines 8 occupying a

simlar breadth across a flow. By conparison with a
turbi ne enbodyi ng the invention, the axial flow
Bartvemparitay) with t(Rigure 18 sFiguenid shewscr typizabdeployanentof akial flow
floqw, (b) requires ho (s port structures, all of

HERTESS S QERIPYIESBYEF hecad tg. 385 Adlav By eerERisep With a turbine

SfbtdytOhS invention, the axial flow scheme:
(a) intercepts a smaller cross section of the flow,

(b) requires more support structures, all of which need to be surface-piercing for

access to generators,
(c) requires more generators,
(d) requires more primary seals for bearings etc.

In a shallow estuary, for instance, a series of turbines embodying the invention would
be coupled together to form a long array as shown in Figure 17, with one or more

generators 6.
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(c) requires nore generators, (d) requires nore
primary seals for bearings etc. In a shallow estuary,

wo eoosilebance, a series of turbines enbodyi ng PETEGB2008/001812

i nventi on woul d be coupl ed together to forma | ong

array as shown in Figure 17, with one or nore

generators 6. A turbine enbody ng the invention could

al so be depl oyed in higher velocity flows, e.g. in ‘

Aitusbiise erhbodyngy thp linvahtion aswld alsocbet dupluyee i1 hipher d€lbcisflows,
an 'active weir", see Figure 18. Downstreamof the
@8i 1 PIREsf [nogpreermide Hé%?érq}be dybEiec? ican @451 as pp| ‘gl Weif, see
. I . - .

gl PP PR as P o B, ftowed by
Fhydredanypig,bath toysubanritisel flowed structures with

foundati ons based on nonopiles, nultiple piles,

gravity bases or caissons. The support structure can

be of steel or concrete. Tethered buoyant structures

Tﬁé’sﬁﬁoﬁp@ﬁl@ﬁﬁés@,‘% ichn Gfet Alynsiafablel oithi POS effingle, thly can be
ver eep water). The generators can al so take any of

ﬁxmﬁ;mewr@fwmfwamt@ne afedpmrmenapilss, nRdtiple pilag Igegvitythases or

enerators could be either.low a | ar_vel oc
SERERE DI GerD POl O 5e°Bf SRE R s Eafhsupq ppuoyant
geitiéd B FbabiploprAPmURaRcApPREARND 64 NER R}eﬁyhﬁeg: Wakirpe

and generator. There could be one (or even two

generators in each support structure, or the turbine
rotors 5 could sinply be |inked together through the

YPGB 61305 LB 0B Ao, o
¢xakplofthe @entrdtorusduli ebeatitlmrelopoamiulal velgeityngereraters without

More c | ex arrangenents in which a nechanica
%‘iaasn%pfg f‘dr@ngy%f e\%chgymarams SHbSEP IR SHERRCE thstWecy the

RebihO&t BChePRGYY ETHRE ¥R BE onk 16r &Ve t@hagenerators in each support
ow t ne

envisaged. Clainms 1. A transverse f er turbi
e, gir e airbine motonsduenuddisitiplp be Hokesit tapétherathouigh ale support
Xi he rotor conprisin t. l.east.three bl ades for
i (P Erisise sPn e Betratld by i agsuar pisglpgent), and
Bk astger afaRe-bC ARG just bé QMg PEh€lon @lf@eﬁﬂb.t hﬁofeot:&hplex
e

conprises a plurality of menbers int ormof a
yrangemegnts in which a mechanical transmission system is used to enable the

generator to be located above the water line are also envisaged.
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triangul ated in three di nensions, wherein at |east one
of said bl ades conprises one of said nenbers, wherein

W@ 2008/181991 east one bl ade is el ongate and has aP¢T/682008/001812

that is substantially straight, and wherein the |line
of said at | east one blade is not parallel to said
axis and is arranged such that the line of the bl ade
and the axis do not lie in a common plane. 2. A

transverse flow water turbine according to claiml,

conprising at |east six blades form ng nenbers of the
triangul ated structure. 3. A transverse flow water

ur bi : | [

20 RSN IEN B LRI doriGg L R RET b
dbanbamaclaah@fdﬂommmsﬁigw tuast thfeetthiep feraadsing tied widigo rotate
wherein at |east one bl ade has_an aerofoil profile. 5.

akopt the axisvehenithe jadestage located imBoweayaieig to any one

of t

o acrfIbfiEd it S o WIEHRY D et B Torkh BEE shibrure
triangwlatad @ thteerdimensiens ehetfengattleastoye mﬁumd)tsladdrse:ompnses one of

cedi_.ng cl ai ns, er . ea one |.ocati
S mrmbery Wen s éstp%rrepélﬁé? R Flapefts aoi fhoad 1ge;that is
édBEﬁﬁﬁaﬁBIs%q | 4 vlftﬁa?e?ﬁ 18 Hnd BITHRRS & 1845t 8/ Blade is not parallel to
triangulate structure. 7. A transverse flow water
said bxis@ndecaratiged such that/therlineaif théblade @né dhangxisidainot Jie in a

wherein sal d axis is substantially horizontal.
common plan

2. A transverse flow water turbine according to claim 1, comprising at least six

blades forming members of the triangulated structure.

3. A transverse flow water turbine according to claim 1 or 2, wherein each blade
is substantially straight.
4. A transverse flow water turbine according to any one of the preceding claims,

wherein at least one blade has an aerofoil profile.

5. A transverse flow water turbine according to any one of the preceding claims,

wherein at least one blade is an aerofoil twisted along its length.

6. A transverse flow water turbine according to any one of the preceding claims,
wherein, at at least one location along said axis, a plane perpendicular to said axis is

intercepted by at least six members of said triangulated structure.

7. A transverse flow water turbine according to any one of the preceding claims,

wherein said axis is substantially horizontal.



