WATER TURBINE The invention concerns a type of turbine, designed to extract work from the flow of
water, for example for the purpose of generating electrical energy. 5 A number of devices are now
available, or proposed, for extraction of energy from tidal water flow, At one extreme are fixed barriers
across estuaries, which are visually and environmentally intrusive. At the other extreme are "point
extraction” deVice¥gé&igHed to be deployed in regions of high tidal flow. TA&/ RIS Fee
10stream" devices which do not interrupt the flow by creating a continuous barrier. They are the
starting point for this development. Most point extraction devices look superficially like "underwater
windmills”, i.e. they are axial flow turbines (the axis of rotation of the turbine is parallel or nearly 15
parallel to the direction of the free-stream flew) rRpicathegagh turbine has two or three blades, usually
of variable pitch. Variants include ducted turbines, and a turbine supported around its perimeter rather
than from the axis. One or two turbines are usually mounted on each support structure. 20The
economics of offSkonevdeielepment aresuch el ereigiedverycansidenabledixedmests associated
with each installation, wit Ine.fesull{nalarae] devices become more geonomically viable. For the
case of wind turbines, ?arger devices ¢an be achioved sfhpf’;/ y scgﬁ?%’the diameter of the rotor (and
the height of the support structure). However, because tidal turbines are limited by the available depth

of 25 water, scaling.fhe.diammels.0ta Ul Wibing JsRokaRsslbla,Deyond i s, T principal

means by which greater power can be developed from axial flow devices is by multiplying the number

of devices (and tHetetBiE e Bodt), PAEEFIRRA SEalffrihbegiFesoramesdetisicThudighesare the
problems that econemies dtscatarmsdiflicututoachiere, Maintepanca..osts:aremuktiplied; and axial
i intrinsicall i s maintai f f h
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10 stream” devices which do not interrupt the flow by creating a continuous barrier.

They are the starting point for this development.

Most point extraction devices look superficially like “underwater windmills”, i.e.
they are axial flow turbines (the axis of rotation of the turbine is parallel or nearly
15 parallel to the direction of the free-stream flow). ’{‘ypicéﬁy each turbine has two or
three blades, usually of variable pitch. Variants include ducted turbines, and a turbine
supported around ifs perimeter rather than from the axis. One or two turbines are

usually mounted on each support structure,

26 The economics 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 fidal furbines are limited by the available depth of

25 water, scaling the diameter of a tidal turbine is not possible beyond strict limits. The
principal fncans 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 difficnlt
to achieve; maintenance costs are multiplied; and axial flow turbines are intrinsicaliy

30 expensive to construct and maintain because of features such as variable pitch blades.



- 2 One proposed alternative to the axial flow turbine is the transverse flow turbine (the axis of rotation is
substantially perpendicular to the flow direction, or at least a major component of the flow direction is
perpendicular to the axis of rotation). Transverse flow wind turbines are well known. The simplest is
usually known as a Savonius Rotor. A more efficient device is the Darrieus Turbine (patented in 1931),
see Figure 1. WRa4Ba&sed as a wind turbine, almost always with a veRIGHFERE84¢1% %ide range of
scales and in the form of a number of variants. 10A device based on the same principle as the
Darrieus Turbine, but deployed with a vertical axis irbwater, is known as the Davis Turbine, which
dates from about 1980. When deployed with a vertical axis, however, the transverse flow turbine is still

not scalable. 150nerprppesaliis:thearefareito-dpploy-adianieysiorbavisidymaobiyrhing but with a

horizontal axis. Th ic.form of,a 3-blade Darrieus, turbine rotor is shown in Figure 2. If the
horizontal-axis 6%1%?&?&%%? RS r§ ?&e@ ; (:3?(?()%031%%&MfIﬂE &%ﬁé@%l%%“?ﬁ%c%rﬁ@?&% #Pharrow
(relative to their demgtoEatbiinte dsstbjested tokirgbuhorizoata férees;onhich vary dramatically as
the turbine rotates. The Darrieus 20 Turbine in this form is inherently a very flexible structure. It resists
the applied loads by the development of bending moments and shear forces in the blades. The result

is that a lonty DarRESETaBME Wed abisupected rruasshabipmege dastdtiors Thesmodes of

deformation of thevBratsauscstiuchse andadiscissionobihas defigclign.pipblem isnow given.
Figure 3 shows aplan Vi Wig){w% %—bladedparrieus tur%ine. Under the lateral loading from hydrodynamic

forces, the bladda 11 Stipportad At thsiFends “Ro T atot et Hisira1at m 1Haeigie By dashed

lines 12 (the magwitdsdegkthiscidée ambtiohd Srexagerataiskfof ithisative purposes). 3 the overall
structure, but do not suppress the -shear deflection". The overall deformation would still be large, as

illustrated in Figure 4.
10 A device based on the same principle as the Darrieus Turbine, but deployed with a

vertical axis in water, 15 known as the Davis Turbine, which dates from about 1980,
When deployed with a vertical axis, however, the transverse flow turbine is siill not

scalable.

15 One proposal is therefore to deploy a Darrieus (or Davis) type of turbine but with a
horizontal axis. The basic form of a 3-blade Darrieus turbine rotor is shown in
Figure 2. If the horizontal-axis Darrieus Turbine is stretched across a flow, the
blades become long and narrow (relative to their length). Each blade is subjected to
large horizontal forces, which vary dramatically as the turbine rotates. The Darrieus

20 Turbine in this form is inberently a very flexible structure. ¥ resists the applied loads
by the development of 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 Darreus structure, and a discussion of the

25 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 it,
supported at their ends, would deform as illustrated in the Figure by dashed lines 12
(the magnitude of the deformation is exaggerated for iHustrative pUrposes).

30 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



As well as the problem of the magnitude of the deflections discussed above, there is also the problem
that because the deflections vary as the turbine rotates, the materials would suffer extreme fatigue
loading. Therefore there is the problem of designing a satisfactory large horizontal axis turbine. A
further proposed structure is the Gorlov turbine, which is a variant of the Darrieus turbine but with

helical blades, (thigpffies: the,Advaniags oheose continyous-ower pragduelion)-An example of a rotor

of a Gorlov turbine is shown in Figure 5. Gorlov devices have been suggested both as wind and water
driven turbife& Ve Hieaidort hobr bes) axdéuitaseiniFignisation can be obtained from, for example,
US 5,642,984. In some cases (as illustrated in Figure 5) the blades Il are supported by end plates 13,
in other cases by spokes from a central shaft. However, the helical blades do not form an intrinsically

stiff structurés Bekitely &6 tHeliverelinbeshraaiyde st irdmieyridiscrais hrdanys thatthe blades
cannot be s&gg&q@e#e%a@mgyi%réxd%é@eﬁwgﬁlgvm@uase&%%@gﬁ{m&&dg{_gﬁm&ﬁﬁ blems

discussed above. There is also the problem that helical blades are intrinsically cult and expensive

to make. EfisyifinieHes ertragrésiaveiiainsn Alnredoanabineesabe axeigantialfydongnoranmore of the
above problems, #.ene: AsPeGE A1 HRE RreseRkinvention, there is provided 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 theﬁ(‘%ﬁﬁﬁfé@’lﬂﬂf{%@é@sﬂ%‘éﬁﬂ%’i@ﬁﬁ@%&ﬁﬁ indheformaf a stuucture tdangwated in three

dimensions, wherein at least one of said blades con;}gmtlses one of said members, wherein said at least
one blade i$"ERH&HE Srth Mediealistadear (s peantianyvniisee ahawiscremithelineoieaid at least

one blade igatpasaliel 1 & saidaxis.aatbiseuangest suehibat teiling.prihe blade;ang he axis do

not lie in a common plane. The turbine according to embodiments of the invention may have the

advantage ff¥SEREY aRSRIsHaEsiiRg Brk asvidadbindranm gl wnberbinsststhorisataly.
Embodimenis:pbiie inuestionrmay.address theAefiactan prokiem byproviding.a thiee-gimensional

=

triangulated structure, i.e. a non-planar stiff structure that carries the loads mainly by compression and

tension. A tri8igulated 8iroatGrerishatatlis e 8By oF tnbladnsally steatgppmitdbers; if these
were to be rgplagadbyimembses tatwsrejeinadmlihgicendbynpinned,iinis (8- jaiats that do not

resist moments) then the equivalent structure would be statically determinate or redundant. It would

not form a IMEERRARMCIAMR FaaSHTRfaly MimERHE dmts elnondhsinibenmetiiasesioads in the
structure withpeygithalassfhepincipatlysaxabandihe srusiimewillhe.stiffbecause.of the inherent

bracing of the triangulated form. In one preferred embodiment of the invention, the number of blades is

six and the BIHHRLERE LIS YETHIRe o IRB BRSHIOR SIS RcdRTiasionDapibisyfisctsisihe usually
consists of fwever thneedaralleh ladestheDavisHuibine istsualyidiadesithatargngt driangulated.

In embodiments of the present invention, the blades themselves are used to form components of a stiff
structure, stPPTE¥EMY tH85Main 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 %or%r?rhon lane epables embodiments of the invention to be constructed in which one or
more blades™® PR e MESERAPSHRINRR AT mBUSIdien i terdathindhisiBRakimEfilated
structure sughiihabaddiiobrRidsacing 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;

In one aspect of the present invention, there is provided 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 parallei to



5 Figure 2 shows a 3-blade horizontal axis Darrieus turbine not according to the present mve_ntlen;
Figure 3 illustrates deflection of a long 2-blade Darrieus turbme not_ accerdlng present invention; .
5Figure 4 illustrates deflection of a long 2-blade Darrieus turbme with stlfferted sections, not according
to the present invention; Figure 5 shows a Gorlov hElical turbine not according to the present

o embodmnt ok I G U 7L P LA B San G PALUR AcEoring 1o

an embodlment of the invention; toFigure shows a mu pIe u ; !
an embodinféRE@Pthlangention; Figure 8 shows a 6-blade structure embedylng the |n\rent|or1 with
blades offset tangentially;  Figure 9 shows a 6-blade structure embodying the invention with blades
offset 15radially; Figure 10 shows a 6-blade structure embodying the invention with blades offset

tangentially &hel iwithogiasrgulan e ienbigliect lgtdtesanasymmetric: biade:strycismeembodying
the 'nve”tlo%‘é&tﬁt%w@ﬁ%ﬂﬁ%?%.tﬁe'ﬂ@@%%gt enabling it to be stretched horizontally.

Embodiments of the invention may address the deflection problem by providing a
three-dimensional triangulated structure, i.e. a non-planar stiff structure that carries
the loads mainly by compression and tension. A triangulated structure is preferably an
assembly of substantially straight members; if these were to be replaced by members
that were joined at their end by “pinned” joints (i.e. joints that do not resist moments)
then the equivalent structure would be statically determinate or redundant. It would
not form a mechanism. In the real structure, in which the joints can tfransmit moments,
the loads in the structure will nevertheless be principally axial, and the structure will
be stiff because of the inherent bracing of the triangulated form. In one preferred
embodiment of the invention, the number of blades is six and the blades are angled
relative to the rotation axis. In contrast a Darrieus type turbine usually consists of two
or three parallel blades (the Davis turbine is usually 4 blades) that are not triangulated.
In embodiments of the present invention, the blades themselves are used to form
components of a stiff structure, suppressing 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 turhine 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;



20Figure 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 Figure 13; 25Figure 16 illustrates a comparable installation of axial flow turbines
not according Y& th&{&tion; Figure 17 illustrates a long turbine installatiBRIEHBHEANG the invention;
and Figure 18 is a section through a turbine installation as an active weir, 6 The principal application
envisaged for embodiments of the invention is to extract energy from tidal flows, but the device could
equally be deployed in other types of flow, e.g. in rivers, or in flows caused by oceanic currents.

Hereinafter refergnge wilionly hesmage e tidakdowadywanel anaxamplechutithisds merely the
preferred 5deplo¥m%?t and does not preclude deployment in other flow locations. First Embodiment A

turbine of a firstpe?ﬁ%ogff‘ﬁeélﬁ%;f the invention is shown in Figure 6. In comparison
_ ] g p
Figure 3 illustraies defiection of a long 2-blade Darriens tubine not according to the

present invention;
5  Figure 4 illustrates deflection of a long 2-blade Darrieus turbine with stiffened

sections, not according to the present inverntion;
Figure 5 shows a Gorlov helical turbine not according to the present invention;
Figure 6 shows a 6-blade turbine, with blades forming a triangniated structure,
according to an embodiment of the invention;

10 Figure 7 shows a mulfiple-unit 6-blade configuration, according to an embodiment of
the invention;
Figure 8 shows a 6-blade struciure embodying the invention with blades offset
tangentially;
Figare 9 shows 2 6-blade structure embodying the invention with blades offset

15 radially;
Figure 10 shows a 6-blade structure embodying the invention with blades offset
tangentially and with triangnlar ends;
Figure 11 illustrates an asymmetric 6-blade siructure embodying the invention with 3
blades parallel to the axis;

26 Figure 12 illustrates deflection of a long, braced 2-blade Darriens 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 throngh the turbine mstallation of Figure 13;
Figure 15 is 2 plan view of the turbine installation of Figure 13;

25 Figure 16 illustrates a comparable installation of axial flow turbines not according to
the invention;
Figure 17 iflustrates a long turbine installation emnbodying the invention; and

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

30 Inthe drawings, like parts are indicated by like reference numerals.



Jo with the turbine rotor of Figure 2, the number of blades is increased to six and the blades 11 are
realigned to form a triangulated structure. Figure 6 shows one unit of a structure. Note how the blades
11 themselves are elongate members used to form the triangulated structure. In this case, the blades
are not parallel to the rotation axis 14 of the rotor. Furthermore, the blades 11 are not inclined radially
with respect t0'tHé&4%18!14, but are inclined tangentially, such that the ISA3ERAMHIMABLST the blades
11 and the axis 14 of the rotor do not share a common plane. In this way the blades 11 form members
of a structure triangulated in three dimensions. Of course, the blades could additionally be radially
inclined, for example if the rotor were to be tapered 8t an end. Several units can be attached together

to form a continugus, sirytie,cas.20istaled 10F ERSHRIS N FIBUe 7. Alihouah the,upits are

shown as having equal diameter and equal length, this is not essential. For example, the diameter can

be greater in re§RSaYof tadiE! Hatsr Prhdre 6915 sartd arards hsudanloardtie dhriaest 6f the turbine,

but typically it might,lke:28 mwhen foruse iaBeiteddmmdepthofwateridMash smaller ygrsions are, of
course, possible, 25,The number of blades of the turbine is.defined.by considering a plane
perpendicular too{ﬁ% %ﬁxfga%}e{%e%%aﬁﬁ%ew ?ﬁgr"{ﬁgﬁ It;t]%le}r?:xeagfg ]ﬁ‘%ﬂgr ef‘étnﬁffﬁmél?ﬁo?rﬁfgﬁ%% associated
with that axis; thipiumberagil dectherpmmbeledkebladesn ThutFidlove Iddsistil. considered a six-blade
turbine rotor design, even though it is composed of three units 30each having six distinct blades.
Preferably, all of the es are also members 7 forming at least part of the triangulated structure.

.y f

However, not alF8EthEEREHSES of the triangulated structure are necessarily blades. The profile of the
blades can take any suitable form known for a Darrieus turbine. 5 For example, usually the blades
have an aerof0|Ijg,Qﬂzﬁg1 in graaPsversg[%gross-s%ctlon, with the aerofoil being symmetric i.e. with the

profiles of the oppo RGP RETH ST T IR BHeC e BT H O et Re B R EF& s ubstantially

ite faceés bein
straight, arid definé dhstraibint: tottinefdgnertheibdengtheOpftisinadly ithe-aasefoib profileiafithe blades

can be twisted (while the,Ling,pf the Jongitudi irection of the blade remains substantially straight)
for optimal hydrodynamic efficie%éy, su%f?a%gﬁégﬁﬁ%ﬁ%r? om ?%r'éﬂ%‘?(?sgg? Pg%gﬁé% is
perpendicular tFHHEBIANYBE tveBladdadisrg Hsteseite Mowenericeventisrshisdas&rthébline of each

blade is straighty{i emertareehGenpliuelioRce@ebiades are not paraliel to the rotation axis 14
of the rotor. Furthermore, the blades 11 are not inclined radially with respect to the
15 axis 14, but are inclined tangentially, such that the longitudinal line of the blades 11
and the axis 14 of the rotor do not share a common plane. In this way the blades 11
form members of a structure trianguiated in three dimensions. Of course, the blades
could additionally be radially inclined, for example if the rotor were to be tapered at
an end. Several units can be attached together to form a continuous structure, as
20 illustrated for three units in Figure 7. 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 typicaliy it might be 20 m when for use in 60 to 80 m depth of
water. Much smaller versions are, of course, possible.
25
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

30 éach having six distinct blades. Preferably, all of the blades are also members



15 blade has a central straight spar of steel, with an outer shell forming the aerofoil profile, which may
be twisted. The shell can be of a light-weight material, such as fibre-glass or other composite material.
Further embodiments 20 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 ré%‘&é]‘é@’fﬁég?fumber of supports required Although Figures 6 EAtEH§RsEAight, twisted
blades that intersect on a disc at the end of 25 each unit, and are of equal area and equally inclined to
the axis, none of these features are essential to the j,nvention. Other, alternative embodiments and
variants on the first embodiment of the invention include: (a) The blades can be slightly curved. They
do not have to Hernfiepastasnt shorsk Iondethediney willkthewever-a6t as:camuErassion.8ad tension
members for the0 frus %tru%ﬁrg %bstgntiall triaa(}gulaiitg?d structure). 8 (b) The blades can be slightly

offset where they mee,ﬁa%1 own 1R |g?fr% C(‘fisasngé‘?'ntf ﬁt?ffset) and Figure 9 (radial offset). These

designs achieve the basic requirements of a stiff structure, but may be preferred for hydrodynamic

reasons. - (¢) FhewdRoat haveiadnes Inlises BHisouitmest on Jranaylar ends 45 s shown Sin

Figure 10. (d) The blades can vary in size and angle to the \n example Is shown In"Figure 11,
where three blati¥sHrEBiraurtly the FedebRagisraprofitshsmsaiie rladmecareinsisiad, They still

form a stiff triangitlathe sFeRiURIng symmetric ie. with the profiles of the opposite faces being

the same.

In the present embodiment the blades are substantially straight, and define a straight
10 line along their length. Optionally, the acrofoil profile of the blades can be twisted
(while the line of the longitudinal direction of the blade remains substantially
straight) for optimal hydrodynamic efficiency, such that the radial direction from the
axis of rotation is perpendicular to the plane of the blade along its length. However,
even in this case, the line of each blade is straight. In one form of construction, each
15 blade has a central straight spar of steel, with an outer shell forming the aerofoil
profile, which may be twisted. The shell can be of 2 light-weight material, such as

fibre-glass or other composite material.

Further embodiments

20
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
25 each unit, and are of equal area and equally inclined to the axis, none of these
features are essential to the invention. Other, altemative embodiments and variants

on the first embodiment of the invention include:

{2) The blades can be slightly curved. They do mot have to be of constant chord
30 width. They will, however, act as compression and tension members for the truss

structure (substantially triangulated structure).



(e) The number of blades does not have to be six. For example, a different number 100f blades could
be used, such as eight, subject to the requirement that the turbine comprises a triangulated structure.
(f) Another method of achieving a stiff triangulated stiff structure is by using at least 3 blades, cross
braced with slender tension members, optionally in the form of streamlined-section bars. An illustration
of the effect o dadfifiEfiafBracing 15 members is given in Figure 12. This fi§tifes2ptteagcording to an
embodiment of the invention, because it is for a 2-blade turbine and shows bracing only in one plane
for clarity, but it is given for comparison with Figures 3 and 4. As shown in Figure 12, the shear
deflection of the overall structure becomes much snfaller, and the corresponding deformation is

suppressed. Th%jngﬁ%idﬁgﬁglﬂgsbjels %@%@fg&%ma%@y%gégdag] @%%zf d ir deflection

is much smaller'than the previous overall deformation of the 'structure shown in Figtires 3 and 4.

Deployment of a tuftisainoddyin iR iaventi SR e 13 SHsws e amprearpessibiie Weisloyment of a
turbine embodying thgiinvenion: - 28T WAJKEDINAS FAL0FS Srate-shewny SkRRRIeR Rydhee 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 shippiné;)vikiee {eading:ant emerontientabreasdnseticanbeadvanidgebussawave support
structures t@at do n%ﬁ%%ggﬁ 6he surface. The turbine rotors can be connected to separate generators
(not shown), or can be Coupled together with a 9 single generator 6 in one of the support structures 3.

In order to redugs, the.applied 1piKeiRT G RHRROL SHLCtWR, AdiaceRhtUthingFotRrs &30 be

counter-rotating. Again, the turbine rotors 5 do not all have to be the same diameter as each other, nor
of uniform diameteag’lm%gﬁ%ﬁms are parallel to the rotation axas and three smaller biades
are inclined. They still form a stff {nangulated structure,

{e) The number of blades does not have to be six. For example, a different number
10 of blades could be used, such as eight, subject tc the requirement that the turbine
comprises a friangulated structure.

{f) Another method of achieving a stiff tiangulated stiff structure is by using at least

3 blades, cross braced with slender tension members, optionally in the form of
streamiined-section bars. An illustration of the effect of additional bracing

15 members 1s given in Figure 12. This figure is not according to an embodiment of
the invention, because it is for a 2-blade turbine and shows bracing only in one

plane for clarity, but it is given for comparison with Figures 3 and 4. As shown

in Figure 12, the shear deflection of the overall structure becomes much smaller,

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

20 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.

Denloviment of 2 turbine embodving the invention

Figure 13 shows a typical possible deployment of a turbine embodying the invention.
25 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



Figure 14 shows a section through the axis of a turbine embodying the invention, showing the water
flow 7 transverse to the turbine 5 When the flow reverses in a tidal system, the turbine 5 rotates in the
same sense as before: the turbine 5 rotates the same way irrespective of the current direction. Figure
15 shows the same scheme in plan, showing the flow 7 transverse to the turbine 5. The flow need not
be exactly in tHeEPtPAHEIAETSE direction. Inclined flows would, however, caus&dsrRatetfiefficiency.
15For comparison with Figure 13, Figure 16 shows a typical deployment of axial flow turbines 8
occupying a similar breadth across a flow. By comparison with a turbine embodying the invention, the
axial flow scheme: (a) intercepts a smaller crosé section of the flow, (b) requires more

support structurgsell Rhubicheeshiopesurace-Riereing{of 203e66SS 1R IRNGIAOS .y  (©)

requires more generators, (d) requires more primary seals for bearings etc. In‘a shallow estuary,
for instance, a s@?f@?o‘f%ﬁﬁnﬁ?@ﬁb@ﬁiﬁ tiSPRBRtIBIY NG URISE e S FasFEHE ™ brm a long

array as shown iekigute ifpinithonne DioneoteIlbganersiars ankQiAdiurbing embegyingthe invention
could also be deployed in higher velocity flaws, €.g. in rivers, in appropriate cases the turbine 5 can act
as an "active Wé’i%‘ﬁuéeoe %}ﬁgﬁﬂea%f@%n %M%I{ﬂé%l%h of the weir the flow could become supercritical,

followed by a hydraulic jump back to sub-critical flow. 5

Figure 14 shows a section through the axis of a turbine embodying the invention,
showing the water flow 7 transverse to the turbine 5. When the flow reverses in 2
trdal systern, the turbine 5 rotates in the same sense as before: the turbine § rotates

the same way irrespective of the current direction.
16

Figure 15 shows the same scheme in plan, showing the flow 7 transverse to the
turbine 5. The flow need not be exactly in the transverse direction. Inclined flows

would, however, cause some loss of efficiency.

15 For comparison with Figure 13, Figure 16 shows a typical deployment of axial flow
turbines 8 occupying a similar breadth across z flow. By comparison with a furbine

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

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

20 access fo generators,
{c} requires more generators,
(d) requires more primary seals for bearings ete.

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

25 generators 6.



The support structures 3, 4 can take any suitable form. For example, they can be fixed structures with
foundations based on monopiles, multiple piles, gravity bases or caissons, The support structure can
be of steel or concrete. Tethered buoyant structures may be appropriate in certain applications (e.g. in
very deep water). 10 The generators can also take any of a number of suitable configurations. For
example, the §En&EIdFS°¢buld be either low angular velocity generators WitRBEBGM&18Ehigher
angular velocity generators with step-up gearboxes between the turbine and generator. There could be
one (or even two) generators in each support 15 strlllgture, or the turbine rotors 5 could simply be
linked together through the support structure (e.g. using a coupling that would allow slight angular

misalignment), ancithipewssdgke-0F poultijusideaiensneintMang tha.bne.Marecamplex
arrangements in,which a %e%l%nicrgl %%gsmissi ns %iem is used to enable the generator to be
located above thé water lihe aré H1So envisagad: TE IS A A tPnStYEe FiBW wisfer turbine
comprising a rofoevolkté o rotatibtevabubt dvaxisy thoerotoe coraprising ablieastithyee blades for
causing the rotoy fo4Qtaie; st ihe axiswhendhe 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 tO%aidvgrisasihisuassahgedasuchdhal the libe dbithe hladeanddhaaxissdaqot lie in a

common plane. (2. Alansyerss flow. walsr.tyrbine, aceording 1 claim. 1, comprising at least six blades
forming members of the triangulated structure.
caissons. The support structure can be of steel or concrete. Tethersd buoyant

structures may be appropriate in certain applications (e.g. in very deep water).

10

The generators can also take amy of a number of suitable configurations. For
example, the generators could be either low angular velocity generators without
gears, or higher angular velocity generators with step-up gearboxes between the
turbine and generator. There could be one {or even two) generators in each suppoert

15 structure, or the turbine rotors 3 could simply be linked together through the support
structure (e.g. using a coupling that would aliow slight angular misalignment), and
the power take-off could just be at ome point along the line. More complex
arrangements in which a mechanical transmission system is used to enable the
generator to be located above the water line are also envisaged.

20



15 3. Atransverse 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, 20wherein
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. 256.A
transverse flow W&t Hiie according to any one of the preceding claim@ GRS/ 4 #eleast one
location along said axis, a plane perpendicular to said axis is intercepted by at least six members of

said triangulated structure. ’

Clatmsg

1. 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
5  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 af least one blade is elongate and has a line that is
substantially straight, and wherein the lins of said at least one blade is not parailel to

10 said axis and is arranged such that the line of the blade and the axis do not lie in a

common plane.

2. A trangverse flow water turbine according to claim I, comprising at least six
blades forming members of the iriangulated structure.

15
3. A transverse flow water turbine according to claim 1 or 2, wherein each blade

15 substantiaily straight.

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

20 wherein at least one blade has an aercfoil 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.

25 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 perpendicnlar 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,

30  wherein said axis is substantially horizontal.



