1 PUMPING DEVICE Technical Field 5The present invention relates to wave-powered pumping
devices. More specifically, the present invention relates to a pumping device for use in tidal waters.
Background 10Wave-powered pumping devices are known. Typically these devices include a pump
that is driven by the vertical displacement of a float Ioca%ed at the surface of a body of water, for
example at the surface of the sea. Wave-powered pumping devices may be used to pump water
through turbines to generate hydroelectricity, or they may be used to pump water to a reservoir
onshore where it is stored for later use, for examprINESpeENGCEeE hydroelectricity on demand. An
example of a known pumping device is described in Applicant's granted patent GB 2453670 B, and
shown herein in Figure 1. Referring to Figure 1, the known pumping device includes a pump supported
on a submergedgsianteahf R The platform 30 is 20coupled to the sea bed 31 by a chain 28, and is
supported upright in the water by an underwater float 21. The pump includes a piston 12 arranged for
reciprocal motign within a cylinder 9. A connecting member 5 connects the piston 12 to a weighted

float 2 arranged 5% &SRB RS FRISSI8 M AE PRSI SHIBE RO LY s WRET iPRFELSHY Wi e
height and fallspnesket gresitjoag¢lxendva passisy Thiscedaicsledisibatevatans.of the weighted float 2
with passing waves drives the reciprocating movement of the piston 12 and connecting member 5
within the cylinder 9. The fump is double acting and operates as follows: on an upstroke of the piston
12, water is dr cylinder 9 through an inlet valve 14 and simultaneously

10  Wave-powered pumping devices are known. Typically these devices include a pump
that is driven by the vertical displacement of a float located at the surface of a body of
water, for example at the surface of the sea. Wave-powered pumping devices may be
used to pump water through turbines to generate hydroelectricity, or they may be used to
pump water to a reservoir onshore where it is stored for later use, for example to

15  generate hydroelectricity on demand.

An example of a known pumping device is described in Applicant’s granted patent
(GB 2453670 B, and shown herein in Figure 1. Referring to Figure 1, the known pumping
device includes a pump supported on a submerged platform 30. The platform 30 is

20  coupled to the sea bed 31 by a chain 28, and is supported upright in the water by an
underwater float 21. The pump includes a piston 12 arranged for reciprocal motion
within a cylinder 9. A connecting member 5 connects the piston 12 to a weighted float 2

arranged at the surface of the sea.

25 In use, the weighted float 2 rises with increasing wave height and falls under gravity as
the wave passes. This vertical displacement of the weighted float 2 with passing waves
drives the reciprocating movement of the piston 12 and connecting member 5 within the
cylinder 9. The pump is double acting and operates as follows: on an upstroke of the
piston 12, water is drawn into the cylinder 9 through an inlet valve 14 and simultanecusly

30 wateris expelled from the cylinder 9 through an outlet valve 8 via a manifold 10;
conversely, on a downstroke of the piston 12, water is drawn into the ¢ylinder 9 through
an inlet valve 7 and simultaneously water is expelled from the cylinder 9 through an

outlet valve 13 via the manifold 10.

35 The platform 30 may be raised or lowered in the water to adjust the height of the pump to

suit varying tidal conditions. To this end, the platform 30 comprises an air filled column



30water is expelled from the cylinder 9 through an outlet valve 8 via a manifold 10; conversely, on a
downstroke of the piston 12, water is drawn into the cylinder 9 through an inlet valve 7 and
simultaneously water is expelled from the cylinder 9 through an outlet valve 13 via the manifold 10. 2
22, which is moveable in telescopic relation to a flooded. cylinder 23. As the water level rises in the
body of water, for example with a rising tide, the weight&d float 2 also rises and lifts the connecting
member 5 relative to the cylinder 9. Once the connecting member 5 reaches its maximum extension

from the cylindep9whiendemtioLiag o mnalssbbiayetplitietwveittieddionhdanith thes tiséngdide salses the
air filled columr}i22 tlo ?th n% relg\'g&v%troftr}e ;‘(Ionqd dWcI:%IinqleEHZGEYi t“rs twsehihgéloq(ie C Hnder 23
includes a suction relier infet valve 25 and & Sregs?ure I&ie? Gt vaNe" o8 A thd%arr filfed Coiumn 22
extends with riging kiftethearrastitcmamioh forriiived sihgioviingesGinienoalihe 2arinestoghamber
between the cojeih22spRAhEsIRARERImCaRMISRIIFOIR RIOWITRESAI LN ZATRURE agtwith falling

tides to lower the height of the pump, water is expelled from the chamber through the pressure relief
outlet valvé 26. A8 LB HFSIIPTIEA AVEB S pretpreadres DR bIED svaaaale Saers
provide a hydraelaiiecio tihddtcbded cglindan 22 in a position that allows the pump 9 to 150perate within
its normal stroke. Adjusting the height of the pump in the water is important because it ensures that the
pump is at the correct height to operate normally, i.e. the weié;hted float 2 can move up and down, and

ensures that th&dbhhasReh arAsninsfig2dd0rtedsrariitlefe@ir in ohBliR ARaBRAL HR i ces.
For example, ifihiehaiget eilteepump thaaifiitel toamat 2eoghxtides thiehpismp wdeislddaeepasitranad too
low in the watey, Thi I It i ilipri it] ighted f i ar from
the pmp. Sich e e B S e Sl R e
equilibrium posfidRdST the \reigtreE ok 2lvderapliiom 2R dogetst inbhderinedifrs frdasEri®ewould
extend significagglyHr @m%%mmm%ﬂ%&p@n@ﬂﬁ&ﬁtiﬁéeaﬂarﬁﬂﬁﬁm@em@@@é@méh@liéﬂﬂﬂwing
members would ot Be protecier by e cYinder, 9. And wauld be exposed 10 severr lajeral forges due
to wave movemeantin the Water: The COnnec ing mMémber 5 shTade of matal and fas 4 small dlameter
in to provide a hydraulic lock to hold the column 22 in a position that allows the pump 9 to

15 operate within its normal stroke.

Adjusting the height of the pump in the water is important because it ensures that the
pump is at the correct height to operate normally, i.e. the weighted float 2 can move up
and down, and ensures that the components of the pumping device are protected from
20  extreme loads and forces. For example, if the height of the pump was fixed, then at high
tides the pump would be positioned too low in the water. This would result in the
equilibrium position of the weighted float 2 being too far from the pump, which would

prevent the piston 12 from operating on a full upstroke.

25 At high tides, if the equilibrium position of the weighted float 2 is too far from the pump,
the connecting member 5 would extend significantly from the pump for long periods of
time. In this extended position, the connecting member 5 would not be protected by the
cylinder 9, and would be exposed to severe lateral forces due to wave movement in the
water. The connecting member 5 is made of metal and has a small diameter in

30  comparison to the internal diameter of the cylinder 9. The connecting member 5 extends
through the pumping chamber, and hence a small diameter is required in order to
maximise the pumping capacity of the device on the upward pumping stroke. As a result
of its small diameter, the connecting member 5 could bend or buckle under lateral forces
if extended from the cylinder 9 for long periods. Consequently it is necessary to have a

35 height-adjustable platform to prevent the connecting member 5 from being extended

from the cylinder 9 for long periods.



30comparison to the internal diameter of the cylinder 9. The connecting members extends through the
pumping chamber, and hence a small diameter is required in order to maximise the pumping capacity
of the device on the upward pumping stroke. As a result of its small diameter, the connecting members
could bend or buckle under lateral forces if extended from the cylinder 9 for long periods.
Consequently it is necessary to have a 35height-adjustable platform to prevent the connecting
member 5 from being extended from the cylinder 9 for long periods. 3 Whilst the system described
above with reference to Figure 1 works well, the present invention aims to provide an alternative
pumping device/\ﬂ_tﬁ eIlgeS con trtércI gn a%gxyemquﬁrr%r%réngé?é/%nﬁll?r%A(\ir?okd'r\}\%‘o e{)lés(%’ aspect of the
present invention thereis fovided s wave- powered pumping device for location |h a y Bt water,

the pumping detisnbemainsiite) Provdsrae @isieMmbempingelgrich srictinelifird et sifubiéohody of water,
the cylinder defining 10 a bore; an underwater float acting on the cylinder, the underwater float being
arranged to urge the cylinder into an upright orientation in the water; a surface float arranged to float
at, or cIoseSen%%l‘h%Lgmhe body of water in use to move up and down in the body of
water in accordance with wave movement and tidal movement; and an elongate member depending

from the SUrfacﬁé&%m&@%@'&'?@é’tt%éﬁﬁé‘ﬂ%?rtﬁ‘é( F&E\Q v HBRCRRICAIY JE0iHaq BRUR0L ewered

submersible cylinder to define a pumping chamber within the cylinder; wherein: the volume of the
pumping chamﬁém%%éjﬁﬁwg\r/é%%@n?lrp%dduﬂpr@%yéf@tchﬂuﬂ?Wﬁ% FRB B P
chamber on ansummkmlefdhmmr@amammthannlet@mmmwﬁmddmmﬂm poenpingdehaethetgn a
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20 adjust to changing fi or retracting the elongate mem

cylinder while effégtfe SUinpRIgNEy @R paatinerient sy in iitarriag e witfiaek Aeadmigestdodeat

cylinder with respeﬁté@é@eaheagﬂftmrmgure%wem@ﬂmdhmétaﬂtaeétttawm@}anqagm@mbﬁhis

retracted into tr%ﬁ gre of tlhe C Ilnder the égat member occu |es a g\{ﬁgrlt% of the cross gectlonal
wa |n a [ anc Ve move ement;
area of the bore ez presen invention is srmp er Ve eaper an more effective than pﬁor Krt®

systems. Cost séviggte ameatieasepandingttiibomdbie sorfaccudeadf thwelqrgatecorapdrerdendmtiog
systems. For exaEpisthePeseMd G RtIoNHO R RAEFSBre A rRRR AR R e At ARG Aasiarm

and associated valves to raise and lower the cylinder in the water to 30 accommodate tidal variations.

Instead, the pré’%'HH?|ﬁ%rﬁ%ﬁd&te‘f\’ﬁ@%wrew&f@om@%IBBéré‘?e%@HBgr‘iQ?ég% SN S4B%R to
the cylinder to commpemwrsdie fopticaldhayde o Athighutitieds tihe elongaie anemtieeroniti eEsttekel et
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Y the elongate member; the length of the pumping chamber varies with tidal movement to

20  adjust to changing tidal depth by extending or retracting the elongate member relative to
the cylinder while effective pumping cycles continue across a tidal range without needing
to move the cylinder with respect to the bed of the body of water; and to the extent that
the elongate member is retracted into the baore of the cylinder, the elongate member
occupies a majority of the cross-sectional area of the bore.

25
The present invention is simpler, cheaper and more effective than prior art systems.
Cost savings are at least partly attributable to the use of fewer parts compared to known
systems. For example, the present invention does not require a separate height-
adjustable platform and associated valves to raise and lower the cylinder in the water to

30 accommodate tidal variations. Instead, the present invention extends or retracts the
elongate member telescopically with respect to the cylinder to compensate for tidal
changes. At high tides, the elongate member will be extended significantly from the
cylinder, whilst at low tides the elongate member will be mainly retracted within the
cylinder.

35



4 The elongate member is significantly larger than corresponding elongate members (or connecting
rods) of known systems. In contrast to prior art systems, the elongate member of the present invention
has a large diameter and occupies the majority of the cross-sectional area of the bore where retracted
within the cylinder. 5 The large diameter elongate memhber is able to resist bending or buckling from
the strong lateral forces it experiences in the water when extended from the cylinder. The ability to
resist deformation in this way allows the elongate member to remain in a highly-extended or exposed

position for longeknsitegaisharmber RrstystRARYIgRRRAHEAOrHBedAYIAG LbRhibs MERssaiinyention
is able to adjust t%',-?sﬁPrPica” ;o tgq%! cvt}rz];\n%% Wherq%\s(’prri] r atrttsys;[_lerps geneqall uttiHse & ot
height-adjustab?g cyefl%deqr {8 pS event the cSHnEE |Srig rodfPoRs %elrﬁ)gpe)?terai1 eayﬁo?losrig peér% ale
Typically the elomgabemeéithiserrhsend idientaarthaeidaandedisngies afdnecaimmettheontierhb ¢fche The

diameter of the hg¢g seandpaIinrthesang e HQAwhERD-ais:BIsIRFARLY 4hs brIg has a diameter of at least
550 mm. The diameter of the elongate member may be in the range 500-1500 mm. It will of course be

appreciatea that the device may be much larger if it is to be used in very deep waters or in bodies of
water having vdryd dagee Wavest@rdidad atngesn fdrescenect mesis bism die soatedkijimgdrpomtipessieméarger

volumes of fluiq, 2OS el SedHaRIe b R EO R BIARMNA LR IERA R R MAHBUS HRIBR ORISRV

exceed these ranges. The elongate member may have a substantially circular cross section and/or a
substantially urlf8iFh{§GEQ AR BhAISrEY AHEitEasieaPHBLMIR) Ao sRHR YRR o
piston. A pistorcheagdossy fasificovided i losvedenthofphier elargatenmserghascihetawenenikiieing
remote frqm th r f pIs r r 0 t
member ot me e SRR T LAl ey P B B R R B an
open-ended eld§ta@srizaneEl mdite RN adiusipblgtatiRiss ke prysiiddacamapie sidlsmhe
elongate memhgsindEkhshasdl @My gRIMBAYNIcate with a generator mounted above the elongate
member. The device is preferably configured such that the downstroke of the elongate member is the

main (or possibly only) working stroke. In embodiments where the elongate member has a closed
lower end, the Mahicgyiptrejccigatabraebios lovs thdistorigatbahisrableasir#lie of the diameter of the

15  bore. The diameter of the bore may be in the range 500-1600 mm. Preferably the bore
has a diameter of at least 550 mm. The diameter of the elongate member may be in the
range 500-1500 mm. It will of course be appreciated that the device may be much larger
if it is to be used in very deep waters or in bodies of water having very large waves or
tidal ranges. The device may also be scaled up to pump even larger volumes of fluid.

20  Consequently, it is conceivable that the size of the various components could exceed

these ranges.

The elongate member may have a substantially circular cross section and/or a
substantially uniform cross-sectional area along its length. The elongate member
25 functions as a piston. A piston head may be provided at a lower end of the elongate
member, the lower end being remote from the surface float. The piston head may be a
separate part coupled to the elongate member or it may be defined by a closed lower
end of the elongate member. In other embodiments, an open-ended elongate member
may be employed. An outlet may be provided at an upper end of the elongate member.

30 The outlet may communicate with a generator mounted above the elongate member.

The device is preferably configured such that the downstroke of the elongate member is
the main (or possibly only) working stroke. In embodiments where the elongate member
has a closed lower end, the main pumping chamber is below the elongate member when
35 the cylinder is upright. However, where the elongate member is cpen-ended, the

pumping chamber may extend upwardly within the elongate member. In both cases, a't



35the cylinder is upright. However, where the elongate member is open-ended, the pumping chamber
may extend upwardly within the elongate member. In both cases, at 5 least a majority of the pumping
chamber is advantageously below an uppermost end of the cylinder when the cylinder is upright. Also,
in both cases, the elongate member does not occupy or_extend through the pumping chamber and
hence there is no need to restrict the size of the elongat% member in the present invention. 5 To
facilitate telescopic tidal adjustment, the elongate member is significantly longer than prior art
Colflnotlecting Jog&;a?miIaré}brth;ea;%@qﬁrf@ﬁigr?‘ﬁigm&y @Hﬁnamg@ﬂ@ﬁl9?@Mun§.ir@p6ﬁ?i@ailﬁnﬂ1©fh
cylinder and the elongate member would each be ten to twenty metres lgng, altho onger or shorter
patts could be MR ILACH S G AL COSHE AL S LRy B e
Preferably the élineleguanidothexésodgtiteyab b rarerindeskmremnce S andenereTikendenkas!igo

suitable for useqinfpdies QFwaterdnWhiphtidemsarsaRX RN ERRRARSIN depth. For example,
changes of depth of up to twelve metres occur in some bodies of water. To accommodate this tidal

range, a fifteen metre cylinder and a fifteen metre elongate member may be used. This would still 15
allow a further thodediietie :tEsrapiel tfdalveajesdramenthecgirogattomentie il cinydicaminiiregeaitigh

tides. Of course,fhe syﬂi%sz&ﬁn@aﬁtgl%tg%te@i}ﬁnéh% LIS REEAHE (ORREAHY (RSB QsRIe Syen

larger waves at high tides if required. The elongate member may be made of metal or reinforced
concrete. Alterf{iVeRthd YoieibhdhreoniBAmB &t fipdarerie MemMbRa YRl sa bR an KPSl the
elongate memheeis:aiadg, of thighgt ensiyt polyrthde par(Hitd k) b he=eldagate dnersbie tisaypbeifaf
composite cons iqn..1n particu I t er e ibresreinf
composte et e stz s

materials, such"e@ s srorahyRasifisre MalifsrdedeRBiRE Ths dericeseniiatliveieiotsate Res¥RB may
be hollow, or maytethewrS delipe AR SV gEIrtaprRler dhegiongatenaiRiaber depihhs

tubular and have a substantially circular.cross-section. Ballast such as aggregate, water, metal or
et it b Kl e T g e b ARG
water. 30 The filasnetieagdiy tiankiglitestiveti algagote ensbdreamby dsisisatie Toamaardstill

pumping sBoke, R GIeRiaRAEeHeR Arfinad hetweenteriBdalanddbpSIoNLaAGMermtgsySun the

bore may be annular. The clearance region may have a width that is less than five 35percent of the
diameter of the BftAgHt& MEdbETeprefdt 0N e ot iBF HePbk §/gRgate member could be made

longer still to accommodate even larger waves at high tides if required.

The elongate member may be made of metal or reinforced concrete. Alternatively the
20  elongate member may be made from plastics materials. Preferably the elongate
member is made of high-density polyethylene (HDPE). The elongate member may be of
composite construction. In particular, the elongate member may be made from fibre-
reinforced composite materials. For example, the elongate member may be formed from
fibre-reinforced plastics materials, such as glass- or nylon-fibre reinforced HDPE.
25
Conveniently, the elongate member may be hollow, or may otherwise define an internal
cavity. For example, the elongate member may be tubular and have a substantially
circular cross-section. Ballast such as aggregate, water, metal or other such dense
material may be provided within the cavity to stabilise the elongate member in the water.
30 The ballast increases the weight of the elongate member and assists the downward

pumping stroke.

A clearance region defined between the cylinder and the elongate member within the
bore may be annular. The ¢learance region may have a width that is less than five
35 percent of the diameter of the elongate member. Preferably the width of the clearance

region is less than two percent of the diameter of the elongate member, and more



region is less than two percent of the diameter of the elongate member, and more 6 preferably less
than 1.5 percent. Typically the width of the clearance region is in the range of five to ten millimetres.
Preferably, the width of the clearance region is approximately seven millimetres. 5The elongate
member is preferably a sliding fit within the bore. Bearir:ﬁs may be provided within the clearance
region to facilitate the sliding fit. A first bearing may be mounted to an outer surface of the elongate
member. The first bearing may be mounted at a lower end portion of the elongate member. A second

bearing may bepraauatpd taamisnarsvadreéibe Tylinrday. theesseeont thealingdanay heylocater within an

upper end 10portion of the cylinder. This configuration of beatings helps tq, maintain the elongate
ember in contaRR YL i PG, TR e B LS i AR T P plant

life or algae aceunpiokitestetytbeyereardineeirrsgion to lubricate movement of the elongate member within
the cylinder. A 15 scraper may be provided at an entrance to the clearance region to remove an
excess thickness ofg\f}g}r& life or algae during movement of the elongate member within th(erla%cnder.

The scrapé alst'Br AR ANFREE I ATEERY: 3tfiiPolt ttth s B yIiRGBFMIRNIBE may
be configured suchiteat witbisetlha filleaciwatexgivthie chditate éhe gloinfufiticaesshbearmentnafthe

elongate memhﬁBMI@M%%@%ﬁ%&%@J@ﬂﬁ&Q%%Sél@%é‘ﬁ?dewcﬁ%eﬁ?spwé@g RRKIBA ARdAdpllast

portion. The buoyant portion maly be air filled. The ballast portion may include a tank; which may
contain aggregdté SMRART R0 RN GrRIPNGRIR TSR Sl \FRERM %?W%mﬁ%‘@ ARy BEn
controlled dynairmeallydid shtidhe/balkast ifheqsiethdHosaxample; estocaydcaiditions ipsuBiaient
water may pe 1&'8.%9 b@%@%ﬂ%}? > ?E‘&%ﬁﬁ%‘fﬁé'?o?té%a%r'ﬂé(vgéhﬁe?ggf?&%%fn%?nsﬁn%- YieRte
conditions are calmer, air may be pumped into the tank from, for example, an accumulator tank, to
expel some or IRGIRABINERBEFFOHS (RETRARME Faise fdnslaface float once again. Alternately, if
desired, the surface float may be sunk below the surface in normal use whilst remaining close enough

to the surface tq rec&grocate in 30acc rdangr(]a with Wave mover]*é(%rtnri The bf,dlast ortion may.

o € device may_Dbe.configured suc in use fe or algae accumulaies’in the
additionally or al ernatlveqy c&fnprlse a%velg mac}e of Concreteor metdl e.%. cast’iron. The cylinder

may be anchorelgacatine bediat thdubvidatefmatembytaidtteelonghtagmendlper, within the cylinder. A
15  scraper may be provided at an entrance to the clearance region to remove an excess
thickness of plant life or algae during movement of the elongate member within the
cylinder. The scraper also prevents barnacles, molluscs etc settling on this part of the
cylinder. The device may be configured such that in use, a film of water in the clearance
region lubricates movement of the elongate member within the cylinder.
20
The surface float may include a buoyant portion and a ballast portion. The buoyant
portion may be air filled. The ballast portion may include a tank, which may contain
agaregate or water as a ballast. If water is used, the amount of water in the tank may be
controlled dynamically to vary the ballast if required. For example, in stormy conditions
25  sufficient water may be allowed into the tank to sink the surface float below the surface of
the sea. When conditions are calmer, air may be pumped into the tank from, for
example, an accumulator tank, to expel some or all of the water from the tank to raise the
surface float once again. Alternately, if desired, the surface float may be sunk below the
surface in normal use whilst remaining close enough to the surface to reciprocate in
30 accordance with wave movement. The ballast portion may additionally or alternatively

comprise a weight made of concrete or metal e.g. cast iron.

The cylinder may be anchored to the bed of the body of water by a tether such as a rope,
chain, cable etc. Using a tether is convenient and inexpensive when compared to a rigid
35 coupling. However, rigid couplings such as ball joints that enable the cylinder to pivot

about an upright position are also contemplated by the invention. The tether allows the



chain, cable etc. Using a tether is convenient and inexpensive when compared to a rigid 35coupling.
However, rigid couplings such as ball joints that enable the cylinder to pivot about an upright position
are also contemplated by the invention. The tether allows the 7 height of the cylinder in the body of
water to be determined and/or adjusted easily if required. The cylinder may include a flange to which
the tether can attach. The cylinder may have a single tethering point to which one or more tethers can
attach. Preferably a single tether is used to couple the cylinder to the bed of the body of water. Using a
5 single tether Pwﬁ mamummd@m@\;ﬁér@w aizcwﬁt@g t@nsbmg@awﬂaw ?af&jusﬁ}@sme RERMRIliNg )
current. A single tether prevents 'snatching’, which.can bge a pr m. in multiply-tethered systems. The
(ndenwator AP LR D AP SO DA N, 2o ol e AAoL] ro Ce g
elongate membeanhdvh@ singirteilmiindurimot dodubieivard pumpiadetieiRecarotttetherBeeisrakding, the

underwater ﬂoaéiﬁ?@ sticient RuayRNeYINE ARG Rabing 1B eeEcHIans Kady Birbgér daydivyasd

pumping stroke. This configuration contrasts with mos%é)rior art systems which must be rigidly coupled

to the bed Bf th& BEAY P HALE FGAFESu MW ke aBI T IN O GaRRARIKE RALSLEL0%
working stroke.priEyaimgsequently, Aheipgim pétiged gvimes ofsthenptesept, imhectiicramby befreblestarmding

and self-suppom[]gipw_m;:@gts%{g@gy prior art systems, the pumping device does not require
additional stabilising means to support it upright in the water. The underwater float suitably acts on an

upper end of the cylinder. In preferred 20 embodiments of the invention, the underwater float is in the
form of a jacketrsecunadrarsignddbe ispesemiafdhe oylnderienhejagkatyniayrbsidittidledwnwhid
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the elongate mERTHEESTEP T RS thReURtsoMaRH fieRe Ham pIHtCIobt dhymERWe rastR Heabéléw the
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chamber are located above an underwater float. Advanta eoulsl , th% é)gesden][ mvebntcljon rovides a
Most.priar aif Systems whic mus b?h” 'alr% qupled.to the bed ofthe body. B?F\Hater ar .
lower centre of gravity, and hence IS more stable tha g-standing prior art devices.’30The pumping

device includesigitiyutietmtedotansuifiicetionalidtmiié henmpimpehelabisr Uagsipesor hasekimgystiokgect to
the outlet{gr chagnellingrympedinigiiy JESROE: oA tRt AL YRUARSPHY, JeerdletmaYPsnd

provided at a lower end region of the cylinder. Providing the outlet at a low level ensures that the pipe

or hose does nSEHEHRRETindl SAEFPROIA fEBihBANSB L SHYRM oL R HTRIEIAARECS FRRRIREh,
providing the 3beamilet atditlomalatailiseansdhas tioes digwictitissidhiflisstimgeasét.or other debris that sinks
to
The underwater float suitably acts on an upper end of the cylinder. In preferred
20 embodiments of the invention, the underwater float is in the form of a jacket secured
around the upper end of the cylinder. The jacket may be air filled. In this configuration,
where the elongate member is closed-ended, the part of the bore that defines the
pumping chamber extends within the cylinder to a level below the underwater float.
Similarly, where the elongate member is open-ended, the majority of the pumping
25 chamber would still be below the underwater float. This contrasts with many prior art
systems, in which the equivalent bore and pumping chamber are located above an
underwater float. Advantageously, the present invention provides a lower centre of

gravity, and hence is more stable than free-standing prior art devices.

30 The pumping device includes an outlet in communication with the pumping chamber. A
pipe or hose may connect to the outlet for channelling pumped fluid to a remote location.
Advantageously, the outlet may be provided at a lower end region of the cylinder.
Providing the outlet at a low level ensures that the pipe or hose does not pull the
cylinder away from its otherwise upright position in the water. In addition, providing the

35 outlet at a low level means that the device is self-flushing: silt or other debris that sinks to



8 the bottom of the cylinder can be flushed out though the outlet on a downward pumping stroke. The
pumping device may also include an inlet in communication with the pumping 5 chamber. Similarly, the
inlet may be provided at the lower end region of the cylinder. At this location, the surrounding water is at a
relatively high pressure due to depth. Accordingly, fluid egtering the pumping chamber through the inlet
assists and accelerates the upward movement of the elongate member on an upstroke. Providing the inlet
at a sufficiently low level ensures that this effect is realjsed for all tidal 10 conditions, |nclud|ng at low

tides when the elotgaROMERMb LIS SHRTSERAT RlHFIRE 8%}#‘8&9%*1&%82.%1&?8%%% ARG ional

benefit to providingstta&eanlet at a low level is that this minimises the exposure of the inlet to direct sunlight
and hence minimises weed growth and the accumulation of plant life, algae, molluscs, barnacles etc on

and around the |nIe[th 1%Th§i'1?8 |{ng deV|ca Slg, Pngf r¥ c é}ﬂ%uE%%rtﬁ)u |cat|8nwv6\}tt?nrﬁ om the surroundlng
body of water. In thidcdse |n dommunicate With the 'SuFFGUNGING Wate Y um ed water

may be used |r5théb@ﬁb?étl&%ﬁ%dh@él@tﬁ@@éMQV'@I@%&HHﬁibﬂ’%ﬁ@(&?ﬂﬁ%oﬂhé%ﬂ%ﬂy Ahe
pumping device cothid heawifjgmecddodqubmyoilgstypes of flaiativiay 2sxanglkueil aiegas, daptonnecting

the inlet to an 2ppraRKate I regeryAl RyeTRebly IR dleviar s siagleiacting. Hawessssloypl-acting

devices are also within the scope of the invention. 25Accord |n%,to a second aspect of the present

invention, there is BROGIGELFS HRARIRGH BOMTRIRE! Ml 2 SIRGOATR AR WRTET HaRYSHfy cféf)}’d@”%e
pumping device cotmprisieigad subunfi@igeity cplinderet efigirigsathalrdhitheftsdinderdaéited degeal ttdehrds an

upright positiar by wmgy,.mai@%t%mﬂaabam@ﬁeﬂe@@&igar@laﬁaﬂa@itmnrﬁa%&yan@dmnthﬁeelongate
member occupying )aﬂ ?Jrot“tXSOf the cross- sectl nal area g bte e hare tovtia1 >ﬁent tha it 30 |s rﬁtracted

maximum ition roviding the inl ta alo
into the bore, and a arrange above)fhec Im&er an connectecP egeﬁon ate mem er e float

and the elongate nieMBe ety iarPaRdaR| %ﬂ‘@éﬁ?f@éé’ﬂé @%t@@i@?ﬁé%\}‘ﬁﬁﬁéﬂ@vhﬁ’%ﬂéﬂ'ﬁbﬁﬁ?ment and
tidal movement in thecbagtyvah viatetsvixererlthiermethiad: ditsnpiiae s mallospin Gt ktids rdng an \siaare-driven
pumping cycle, wherghy,wave movement in the body of water causes the float and elongate member to
35 reC|procat elatlve to the cylinder at a frequency and to an extent driven by the frequency and

amplitude of ae nthebo of water; and adjusting to tidal variation nthebod of water durjng a tidal
period by extlvnl. 5 RATRRR ARG B S R BIRtB e Pt B B A REh At

maintaining the wa‘ofét@rrl\)érﬁhpﬁmﬁn@@yﬁ% MR appTIUNd atier iy g tieundimopeaied. Teertimeebetween
successive wave peaks MaiBcSeseimytian@adiaiveentyansoticity or for desalination for example.

Alternatively, the pumping device could be configured to pump other types of fluid, for
20 example oil or gas, by connecting the inlet to an appropriate fluid reservoir.

Preferably the device is single-acting. However, double-acting devices are also within
the scope of the invention.

25  According to a second aspect of the present invention, there is provided a method of
pumping fluid using a wave-powered pumping device, the pumping device comprising a
submerged cylinder defining a bore, the cylinder being urged towards an upright position
by buoyancy, an elongate member in telescopic relation within the cylinder, the elongate
member occupying a majority of the cross-sectional area of the bore to the extent that it

30 s retracted into the bore, and a float arranged above the cylinder and connected to the
elongate member, the float and the elongate member being arranged to reciprocate
relative to the cylinder with wave movement and tidal movement in the body of water,
wherein the method comprises: pumping fluid during a wave-driven pumping cycle,
whereby wave movement in the body of water causes the float and elongate member to

35 reciprocate relative to the cylinder at a frequency and to an extent driven by the
frequency and amplitude of waves in the body of water; and adjusting to tidal variation in
the body of water during a tidal period by extending or retracting the elongate



5 twelve seconds; more commonly it is between eight to nine seconds, and typically it is about 8.5
seconds. A wave-driven pumping cycle will have a time span approximately equal to the time interval
between successive wave peaks. The tidal period, defined herein as the time between successive high
tides, is dependent 10 upon the body of water, but is usually approximately twelve and a half hours.
When placed in a body of water having this tidal period,the average extension of the elongate
member from the cylinder will be at a maximum approximately every twelve and a half hours at the
time of high tidendriabéiergngibaicagréntlug eoaneraiingshatrvieginfahmeias & hwwasad-Ravipgradicql
range of up to twe|v met[%es E,’é{ ttigal rﬁngtet,nit hs r’r?earrlt gﬂe change in average depth of the water
between low and (Hiag § B4E® Tltuwiltl 2 pBrecigtegatszﬁ {Ae tidal range in a body of water varies with the

lunar cycle, with maximum tidal ranges occurring during spring tides, and minimum tidal ranges

occurring duringnegmEdes.Eas @indesradelongriadember $39 areprafeaiysiiicientiyong to

accommodate a full tidal rag%e, including a s rine%;[ide, whilst allowing wave-driven recg})_rocation to

continue even AVAiH IR EDHIFISAITM Y HidtBRrHesy iIREle SlerRfRg TR alshbREMeher by
up to twelve methest(&ritdgsossildy & rivereddnivey sprimgrigew) érovill theveditider tpad japrioxeniaigly tide,
whilst allowing Hb%ﬁ'%ﬂ@%rﬂéﬁﬁi@ﬁfa‘%%@@ﬂ' yeherframibe ﬁé(gljgger to accommodate wave- 25
driven reciprocation at high tide. In force six conditions, i.e. a strong breeze, the peak to trough height
of waves in the sea is typically between three to four metres. In force nine conditions, i.e. a strong
gale, the wave Meégidanpsriod, ak:finedhasBeuethto tier meaivesn whdstisiferor e myes) erdweinaaninds,
i.e. violent stor r hurecanes, 1ei 1 S| res. ordingly, th hod
may incIuL@ oprgﬁgﬁn@léth%(&ggnﬁai"r‘{%?%\%%%ihcse %ﬁa@%é@%ﬁﬁéﬁé@@ﬁ%@é‘? ocP ﬁsﬂtr%}eﬁ%nitu ge.& The
method may coblfisedersatutdhwayateaimrdintht) shadaerpiiast dhe ayriie axensisody Siavlendaifting a
tidal period. Maingaipisicrisia Brichlinbidheaybadar mawiivelveprritaiaiog 8w sintialbneonsiant
separation beth%%pstQteﬂpee | n?f E*}%‘Pbﬂ‘bé gf water and 35the base of the cylinder. 10 The inventive
concept encompasses a singleé-ac |%g wave-powered pumping device comprising a submersible
cylinder tethered to the bed of a body of water and supported upright in the water by an underwater
float; the gylinderdefipinsharbersuitiinonbish-anusloangate pRiomsenhstds islessepicallyseseived:

the piston member being, connected 5 at an upper end to a surface float arranged above the cylinder

so as to reciprd¥al8 MEE M&iLesn BRAGRI AARESMHE MRAD IS SRAEEEHD MG e SR AT "Within
the bore; the pibtiwaae hobesduk ghotidrsostawtiblily appieaia e fsattaitidadangainl edst dipatf paateof its

length that is reggived Within iDL Hﬁtﬂ’rﬁQQM{nﬁrﬁ’&%ﬁ?lii‘?ggéoéééﬁﬁm'&’&ﬁ’ﬁ@%ﬂﬁ@tl@%?g%Of the

cross-sectional area of the bore. 10°The inventive concept also encompasses a method of pumping
fluid using a walEIFBITe ISR AREHA LaRNITRY R REMRP dsieHriSiRy CElsive At ¢ RrIASIECMbebody
of water, e cylindgrefietinipgarfnse: \arelons:daen sydinsie rdaulhgdae ehaf & in biadin gty tide,

maintaining thewci}ﬂindeﬁr ina substantialh/ ruef%%%ht rientation using.an unﬁgrvxattlggflo&t);n 15 arrfﬁnging a

surface float at, or %ansé) "é"ﬁ‘c?u"é’ﬁ"t%',d he Surtate of the 008?/”6'P Water o thatthe surface Toat moves up

and down in théBomiopwaiel imeldderaxierd naihg B/engrieemrmnbeanttital thovelrremebgtelriidg an
elongate membgysteinpaaRicaivinky tBerkereididheevinedercimiring aa—IRE G ohigmkige Wihir the
it A AT SO I AR I
upstroke of the 9 9 y
25  driven reciprocation at high tide. In force six conditions, i.e. a strong breeze, the peak to
trough height of waves in the sea is typically between three to four metres. In force nine
conditions, i.e. a strong gale, the wave height may be as much as seven to ten metres,
whilst in force eleven or twelve winds, i.e. violent storms or hurricanes, the wave height
may reach sixteen metres. Accordingly, the method may include operating the pumping

30 device in a body of water having waves of this magnitude.

The method may comprise substantially maintaining the height of the cylinder in the bady

of water during a tidal period. Maintaining the height of the cylinder may involve

maintaining a substantially constant separation between the bed of the body of water and
35 the base of the cylinder.



20 elongate member to draw fluid into the pumping chamber with increasing wave height; utilising a
downstroke of the elongate member to pump fluid out of the pumping chamber with decreasing wave
height; and extending or retracting the elongate member relative to the cylinder with tidal movement to
vary the length of the pumping chamber in order to adjuI t the device to changing tidal depth while
effective pumping cycles continue across 25a tidal range. 11 Brief description of the drawings
Reference has already been made to Figure 1, which shows a known pumping device, by way of

background to thespiiessiivin\siiept Bhrargaseat heireritangnayeeHBRse: R adliIRemsined,
e S e L A L XA R NG B IR TALEBA, WP an ISR 2
sectional side view'or a Ingle-acting pumping device according to 10afirst empodiment of the present
invention, in whishahkieléwcwadteinby wLtidle wenditfityat Fiog eylins'es definiss-sexienwidiarnaishgthe

line A-A in FigugR,RgatbIBHas Grasrbir &5 RABSSFICEIN UG R 1S ikt enBHHRIRIAGViGRHBARIgh
tide condition; Figure 3 is a sectional side view of a single-actitré% pumping device ac_cordin%e_to a

g
second embod et B Bre %A CIARILR IS RRYSE B W LEORIPERR Aidt BF RS ifg
pumping devicevatndrdaegaa anttendi tmizodiment o th éopieese tianstotiong saber within thadume;Shs a

sectional side vigw of AAUIRIBAGH R QBRI APVIGRARQINGJiIER 2 gy bt fBBofim Ao ihe
present invention. . _ o . o . .
length that is received within the bore in use, and wherein said cross-section occupies a
majority of the cross-sectional area of the bore.
10
The inventive concept also encompasses a method of pumping fluid using a wave-
powered pumping device, the method comprising: submerging a cylinder in a body of
water, the cylinder defining a bore; anchoring the cylinder to the bed of the body of water;
maintaining the cylinder in a substantially upright orientation using an underwater float;
15  arranging a surface float at, or close enough to, the surface of the body of water so that
the surface float moves up and down in the body of water in accordance with wave
movement and tidal movement; extending an elongate member telescopically into the
bore of the cylinder to define a pumping chamber within the cylinder, the elongate
member being connected at an upper end to the surface float; utilising an upstroke of the
20  elongate member to draw fluid into the pumping chamber with increasing wave height;
utilising a downstroke of the elongate member to pump fluid out of the pumping chamber
with decreasing wave height; and extending or retracting the elongate member relative to
the cylinder with tidal movement to vary the length of the pumping chamber in order to
adjust the device to changing tidal depth while effective pumping cycles continue across

25 atidal range.



Detailed description Referring to Figure 2a, a pumping device 100 in accordance with a first
embodiment of 30 the invention is shown located at sea. By way of an overview, the pumping device
100 includes a tubular cylinder 102, which is submerged below the surface 104 of the sea. The
cylinder 102 is tethered to a concrete block 106 on the ig:a bed 108 via a chain 110, and supported
substantially upright in the water 112 by an underwater float 114. The cylinder 102 has a cylindrical
bore 116 defined by a circular internal wall 117 of the 35cylinder 102. An elongate member 118 is
telescopically regrivgskwithiortbetber@diegd he elongate member 118 has a lower end 120 connected
to a piston head 122, and an 12 upper end 124 connected to a surface float 126 arranged at the
surface 104 of the sea. The piston head 122 and elongate member 118 reciprocate within the bore
116 as the surf&edefienel Pasnabigad upesndnarsieniinfibere/dievhich shiven By PHOVERGCIRYIAS.
shown, the elorp%a,@mr[gg@( 1déhistatitae, RattamRbigsownstroke at low tide. 5 The various
components of the pumping gevice will now be described in more detail, still with reference to Figure
2a. It shoufdl be appreciated that this drawing is not to scale. The surface float 126 has a diameter of
approximately terondetrétstihe compisesan xrmbsfitedibuoydespodionfé2Shomadidl baldst paden 130
in the form of ag?%?%tpgggm&éqg m@t%ruomﬁg\f@m‘gg of Widtgr: in the tank may be controlled

dynamically to adjust the ballast if required. For example, in stormy conditions sufficient water may be
allowed into the tank to sink the surface float 126 below the surface 104 of the sea. When conditions
are calmer, air may be-funepeslintostheitankdinvidar exagipits-aothganoupindaderiankctoraxpeicsome
or all of thg,water from, the fa E?dﬁ%'gr?t e ré?e%%ﬂ?ﬁn%ﬁﬁoﬁf‘?r? fAR th SEDIEEAIAR tide
approximately fifteen metres long and extends from a closed lower end 132 towards an open upper
end 134. The lower erf@1$PRas the shape of an 20 inverted Y, with arms 136, 137 of the inverted Y
extending downwards and outwards towards the sea bed 108. The open upper end 134 defines an

entrance 138 to the b%r.e 116, The entrance 138 f%ces Fhe stH[rf?ce &94.othhe sea when the cylinder

102 is upright as shown? 2t be'%%ﬁ’{&%?'%‘é"%”cfﬁ B ARRIECTAS A ‘An GliiEt 42, which are defined
by the
15 Figure 2¢ corresponds to Figure 2a but shows the pumping device in a high tide
condition;

Figure 3 is a sectional side view of a single-acting pumping device according to a

second embodiment of the present invention;

20
Figure 4 is a sectional side view of a single-acting pumping device according to a
third embodiment of the present invention; and
Figure 5 is a sectional side view of a double-acting pumping device according to
25 a fourth embodiment of the present invention.

Detailed description

Referring to Figure 2a, a pumping device 100 in accordance with a first embodiment of
30 the invention is shown located at sea. By way of an overview, the pumping device 100
includes a tubular cylinder 102, which is submerged below the surface 104 of the sea.
The cylinder 102 is tethered to a concrete block 106 on the sea bed 108 via a chain 110,
and supported substantially upright in the water 112 by an underwater float 114. The
cylinder 102 has a cylindrical bore 116 defined by a circular internal wall 117 of the
35 cylinder 102. An elongate member 118 is telescopically received within the bore 116.

The elongate member 118 has a lower end 120 connected to a piston head 122, and an



respective arms 136, 137 of the inverted-Y-shaped lower end 132. The inlet 140 and outlet 142 include
respective inlet and outlet valves 144, 146, which communicate with a pumping chamber 148 defined
within the bore 116. An outlet pipe 150 or transfer hose for communicating pumped fluid to a remote
location is attached to the outlet branch 137 30 of the cy. jnder 102. A connecting flange 152 is
provided between the arms 136, 137 of the Y-shaped lower end 132. An upper end 154 of the chain
110 is attached to the connecting flange 152, whilst a lower end 156 of the chain 110 is attached to the

concrete block jfiscparbel seadhadtdied to anthrictheoeylindesrisitel thetsea el d 984 dBteortains

aggregate 160,.which acts as llast to stabjlise the elongate member 118 in.the water, 112. A first
e bearing TER O HELTEH om0 GRS Tl Rat 1 o7 B LB At LR B eI Wit a
second guide beifang fleatid 2gunved imerndlowithintteevirdes 113 diiivhe bperavppeeventenB4As the

cylinder 102. Thgdiyat arteRarE Gridsdraatngsiihid bbdmainainihreiracaewgmaber 118 and the
cylinder 102 in concentric relation, and assist the smooth travel of the elongate member 118 and

associateaspiston head 122 as they reciprocate within the bore 116. 10 Referring to Figure 2b, this
shows a cross-$eetiamnitirocmyhptbecoidind érel@2vgriogtde vite rvgH teom dmdes & e dakenaatodetaiiesliie A-A

in Figure 22. A g1 leaiidedegon 10Gindatiied Brimeen aperedRl A RcRo &7 bk

elongate member 118 and the internal wall 117 of the cylinder 102. The radial clearance between the
cylinder 102 and 15 the elongate member 118, indicated by arrows 168, is approximately seven
millimetres, whitheis juBicikar@aterriiphsta deeoatenodaistbafisstgukehepshgntbosipwasiafigure 2a.

The diameter of indic t le-head ISe55 t
diameter 3 the Mo Eokg o BB T2 o d BARUPEERER PR R 1 h & S DBl gf A St
Consequently, #eslonte/aeibef WaaRds dherdasksediohal cootsies iRt arpabie somsl gty of
the cross-sectionaharearefihed ool taathifdmpaiantyaaiaithet dhiscramniiguiationists eapiast to

prior art systems, for example the device shown, in Figur which utilises an elongate men]#, r 5 of
Considerably STOP AR fih D SR BB Al Bere! Mo Rty e
elongate membzngitersipies aahiraritpiof Mray chsspyetivhaniarehoftink bowm, XerRefarmiplg.again to

Figure 2aq ghe updemymles: 19qk 1d 2ipdn 4R d UM PbAur IRlEh RO IREEISAEPIKE e YDRSEShT 34 of

the cylinder 102. The underwater float 114 is of substantial buoyancy, sufficient to support the cylinder
102 upright in th&83&¢ 399%0 that the chain 110 remains taut, even on a vigorous downstroke of the
elongate member 30118 and associated piston head 122 within the bore 116. The piston head 122 is

disc-shaped anglieg, ifadplaps R 8%%5%? 'ﬂ(b@ﬁ”ﬁi@ﬁéé‘%&é@%@%ﬁﬂ@mrﬁ&ﬂr% HBNYIRE

sealing ring (not shown) surrounds the piston head 122 and abufs the internal wall of the cylinder 117

to form a seal BAVdeR deupidhFRgPen upper end 134. The lower end 132 has the shape of an
20 inverted Y, with arms 136, 137 of the inverted Y extending downwards and outwards

towards the sea bed 108. The open upper end 134 defines an entrance 138 to the bore
116. The entrance 138 faces the surface 104 of the sea when the cylinder 102 is upright

as shown.

25 The cylinder 102 includes an inlet 140 and an outlet 142, which are defined by the
respective arms 136, 137 of the inverted-Y-shaped lower end 132. The inlet 140 and
outlet 142 include respective inlet and outlet valves 144, 146, which communicate with a
pumping chamber 148 defined within the bore 116. An cutlet pipe 150 or transfer hose
for communicating pumped fluid to a remote location is attached to the outlet branch 137

30 of the cylinder 102. A connecting flange 152 is provided between the arms 136, 137 of
the Y-shaped lower end 132. An upper end 154 of the chain 110 is attached to the
connecting flange 152, whilst a lower end 156 of the chain 110 is attached to the

concrete block 106 on the sea bed 108 to anchor the cylinder 102 to the sea bed 108.

35 The tubular elongate member 118 is approximately fifteen metres long and made from

high-density polyethylene (HDPE). An internal cavity 158 of the elongate member 118



35chamber 148 and the clearance region 166. 14 The pumping chamber 148, which is of varying
volume, is below the piston head 122 when the cylinder 102 is upright as shown in Figure 2a. The
volume of the pumping chamber 148 varies in accordance with the swept volume of the cylinder 102
as the elongate member 118 and associated piston heq% 122 reciprocate within the bore 116. 5 The
swept volume is dependent upon the reciprocal motion 0t the surface float 126, which is in turn
dependent upon the height of the waves in the water 112 at any given time.  The operation of the

pumping devicedAdinglhggrdarcdestrivridinity et tepan a0aiRtSE iguren ZguanmhdepBeiaging first
to Figure 2a, |n se,as. v¥zﬁe height increases at the surface 104 of the sea, the buoyancy of the
surface float 12 CAaGsEs it To move upwards with a rising wave. This upward movement lifts the
elongate member 118 and piston head 122 within the 15 bore 116. During this upstroke, the rising

piston head 12%%%@ §|é’e”§t9e§'ﬂl’§ pEessURslintbe Qid@lﬂkﬂ@ QBQHB’%\/J&%NMWI@DC&U@%SEE% et
valve member 144 to move away from its seat and water to_be drawn into the ump |n% chamber 148

through the inldP§ 34 CAd 1a8w‘é‘(% hASEBOMSUIATAREHIES: 126 L%F%%Bv@ﬂw‘é‘ﬁi U EIYPNG "2Risted
by the 20 Welgfhl@hthbdoediaswppﬁrwndaﬁfanﬂtadsoybiyd;hm%lgﬁn@flth’eaeld)agahedwldbdle]amﬁg&nd the

aggregate 160 gpntaiged therainnENisAGWEWARIRPYAB ahie SRtk FaBbIrCabERID Rpifggate

member 118 and piston head 122 downwards within the bore 116." During this downstroke, the piston
head 122 presﬁﬂ?s@%sﬂﬁb%@Fﬂﬁ’fﬂ?}érﬁ‘{ﬁhBfn‘ﬁ%ﬁéﬁ?ﬂ%ﬁel'ﬂgmﬁfch@a%‘éﬁﬁ@%ﬁgt RiaioR Aedhber
146 to move away Homdisrsepteride 2btviatae toobe tepgoelled from the pumping chamber 148 through
the outlet 142. The water is pumped through the outlet pipe 150 towards hydroelectric turbines or to a
reservoir (both not shown) where it may be stored for later use. Alternatively, the pumping device 100

may be used td SRR dte M taveR G a lhiy aRasssth 65ps HeesipaieivwgRtdn. dingelpdtroredolitved
by a dOWﬂSthk@I&%bﬁHtHiém@é\ﬂq@m@ﬁﬁaWﬁéeﬂ% e PURRITagdeYis. mQ}aN@bawamﬁcau@mmg

device 100 of Fé%re ZGae ﬁsﬁ g que%%'nn% an()zl( gprllgegutrpe% gO\gl?St er oi? a Ion%atg qrtgaber & and
piston head 12 € marn pumpinhg s?ro e or main workmg s ro RS i eORGast fo Mos prlor
art single- actungﬂﬁmnqd)mglkj‘eWc@‘sthwnwrm@@hw&lIyTbaIr@@lﬂi@lapam@emerelbﬁgat@dﬂeme@rahd

piston head as gathe, Wik et o; fIGhdMce B e oBethe disrdyaniags dbkdnpifiaegade

member
which is just large enough to accommodate the first guide bearing 162 shown in Figure

2a. The diameter of the bore 116, indicated by the double-headed arrow 170, is 550
mm. The outer diameter of the elongate member 118, indicated by the double-headed
arrow 172, is 536 mm. Consequently, the elongate member 118 has a cross-sectional

20 area that occupies the majority of the cross-sectional area of the bore 116. It is
important to note that this configuration is in contrast to prior art systems, for example the
device shown in Figure 1, which utilises an elongate member 5 of considerably smaller
diameter than the diameter of the corresponding bore. Consequently, that elongate
member 5 occupies a minority of the cross-sectional area of that bore.

25
Referring again to Figure 2a, the underwater float 114 is in the form of a collar that
connects around the upper end 134 of the cylinder 102. The underwater float 114 is of
substantial buoyancy, sufficient to support the cylinder 102 upright in the water 112 so
that the chain 110 remains taut, even on a vigorous downstroke of the elongate member

30 118 and associated piston head 122 within the bore 116.

The piston head 122 is disc-shaped and lies in a plane orthagaonal to a longitudinal axis
174 of the bore 116. An annular sealing ring (not shown) surrounds the piston head 122
and abuts the internal wall of the cylinder 117 to form a seal between the pumping

35 chamber 148 and the clearance region 166.



occupies a portion of the pumping chamber and hence reduces the effective volume of 15 the pumping
chamber. By utilising the downstroke as the main pumping stroke in the configuration shown in Figure
2a, the elongate member 118 does not occupy the pumping chamber 148, and hence the volume of
water pumped on the main working stroke corresponds,to the entire swept volume of the cylinder 102
by the piston head 5122. Also in contrast to many prior att devices, the single-acting pumping device
100 of Figure 2a does not require a seal between the cylinder 102 and the elongate member 118 at

the open uppererdplisdpidhe syliedersd0 % hraakser peegeiy e dnFaatithissRNhis patea hlepneern
due to the seal provided by the sealing ring around, the pistan head 122. The pumping, device 100 is
e oroanng SR SR T R B R e e T

self-flushing: sithamaaer d8briidsat sitas dahee buito e fakentyieldee1 0D thefledinde rol®2hasighethe

outlet 142 and ¥16-@uHEhRIRDIOP1ENHIE SAQUEMBECIMBIPHS SUOkEoLRrbRSIE WY P THE S BMRIBY

device 100 to self-adwst to risiﬂr_g and falling tides will now be described with reference to Igiegure 2c.
p

Referring B FigUte S¥eRE YR &R BPRFAYRALeY PP /@S ReRM e G Y foR Eshiod 168t 126
lifts the elongatehivhnitoer W18 dewkadsotigied histbeigidan R2vaestablish & atewld@uaiamyngipesition
in the water 112 1n 20 this high tide equilibrium position, the elongate member 118 is significantly
extended from the cylinder 102. In this extended position, a significant proportion of the elongate
member 118 is exposed to lateral forces from wave movement for several hours. However, in contrast
to prior art systems ppieationgatadempergldsissalie winviibstbeditiesedorets chfertmis dapge to
diameter,1\ﬁhic%§£gy%t§n I%ge as the diameter of the 25cylinder 102. The chain 110 ensures that
the separation een the lower end 132 of the cylinder 102 and the sea bed 108 remains
substantially constant as the device 100 self-adjusts to rising and falling tides; expressed in other

words, the heighéfi-ting eyiingerflrerenaingst0usbatartinblyfixerubiss theretonaniesnempetel 8
adjusts telescogiecaa!ll é%ﬂig}i{g%c%no gﬁgiggnﬁe\q:eesﬂoat 126 causes it to move upwards with a rising wave.
This upward movement lifts the elongate member 118 and piston head 122 within the
15  bore 116. During this upstroke, the rising piston head 122 creates a negative pressure in
the pumping chamber 148, which causes the inlet valve member 144 to move away from

its seat and water to be drawn into the pumping chamber 148 through the inlet 144.

As a wave passes, the surface float 126 falls downwards under gravity, assisted by the
20  weight of the ballast portion 130 and also by the weight of the elongate member 118 and
the aggregate 160 contained therein. This downward motion of the surface float 126
drives the elongate member 118 and piston head 122 downwards within the bore 116.
During this downstroke, the piston head 122 pressurises the water in the pumping
chamber 148, which causes the outlet valve member 146 to move away from its seat and
25  water to be expelled from the pumping chamber 148 through the outlet 142. The water is
pumped through the outlet pipe 150 towards hydroelectric turbines or to a reservaoir
{(both not shown) where it may be stored for later use. Alternatively, the pumping device

100 may be used to pump water through a reverse-osmosis desalination system.

30  An upstroke followed by a downstroke constitutes one complete cycle of the pumping
device 100. Notably, the pumping device 100 of Figure 2a is single acting and utilises
the downstroke of the elongate member 118 and piston head 122 as the main pumping
stroke or main working stroke. This is in contrast to most prior art single-acting pumping
devices, which generally utilise the upstroke of the elongate member and piston head as

35 the working stroke; such devices suffer from the disadvantage that the elongate member

occupies a portion of the pumping chamber and hence reduces the effective volume of



Referring to Figure 3, this shows a pumping device 176 in accordance with a second embodiment of
the present invention. The same reference numerals are used in Figures 353 and 2a to denote
equivalent components. The pumping device 176 is similar in most respects to the pumping device
100 of Figure 2a, except that the pumping device 176 16 does not include a piston head at the lower
end 120 of the elongate member 118. Instead, the elonb te member 118 has an open lower end 120.
In common with the first embodiment, the elongate member 118 is hollow. Consequently, the pumping

chamber 148 agditmadigxienabaioVRydsiiRiadhesechngricodesiomb/ St hiortpmglengréeibmmember
118. In this embo%ilmenEI arllseﬁalv%r?()lris Fplrovidezd b(taﬁwe nnthei cyrligncrjneor %Of%gn the %an ate metHwber
118 at the uppecroen%ui%f of 1e cylinder%i toapreveer?t?/vg?e? esgaplﬁg rom $R& cleArance F%glo% 166.
This embodimepHripieg woaimbridétBeandgiebeenibenviiienegopigwrien punmehanlthe apinhedrkismal
wall 117 of the gitipdeioh@3phmsieasl tRcfilmed sempalsiindhe drarNeEretionl 1 dubdeaianthe

sliding motion o1f the elongate member 118 within the bore 116 of the cylinder 102. Furthermore, algae
or plant lifacclffulates in the clearance region 166, which acts as an additional lubricant. Whilst an
outlet pipe and coupling to the sea bed have been omitted in Figure 3, it will be appreciated that these

15components gy, e, UG9S Ao L oL 2enBiElering (R iahuedy 1S shoeidure

pumping device 182 in accordance with a third embodiment of the present invention. The same
reference numeéARCERNGEERAE R GRE P RSRSIOTRe Bitsish dRis IR LR S \0qaRISI BIRTE Ko MB AN Efs in
Figures 3 and 2gpehhepf patfidy detieecibZdef RgRines446ssipiedsiodhiegauampting genite Ivd af

tne upper o 137 S AR B o P W oy
modified so thaf@RiPRcEerieRvé P osteeibbispiogided attthes gper vrpunding iatelohbat@smember
118. 25 lubricant. In addition, the device 100 is self-flushing: silt or other debris that sinks to the
bottom of the cylinder 102 is flushed out though the outlet 142 and the outlet pipe 150 on
the downward pumping stroke.
15
The ability of the pumping device 100 to self-adjust to rising and falling tides will now be
described with reference to Figure 2¢. Referring to Figure 2c¢, as the depth of the water
112 increases with a rising tide, the surface float 126 lifts the elongate member 118 and
associated piston head 122 to establish a new equilibrium position in the water 112. In
20  this high tide equilibrium position, the elongate member 118 is significantly extended
from the cylinder 102. In this extended position, a significant proportion of the elongate
member 118 is exposed to lateral forces from wave movement for several hours.
However, in contrast to prior art systems, the elongate member 118 is able to withstand
these forces due to its large diameter, which is almost as large as the diameter of the
25  cylinder 102.

The chain 110 ensures that the separation between the lower end 132 of the cylinder
102 and the sea bed 108 remains substantially constant as the device 100 self-adjusts to
rising and falling tides; expressed in other words, the height of the cylinder 102 remains
30  substantially fixed whilst the elongate member 118 adjusts telescopically to rising and

falling tides.

Referring to Figure 3, this shows a pumping device 176 in accordance with a second
embodiment of the present invention. The same reference numerals are used in Figures
35 3 and 2a to denote equivalent components. The pumping device 176 is similar in most

respects to the pumping device 100 of Figure 2a, except that the pumping device 1786



The surface delivery outlet 184 communicates with the elongate interior 178 of the elongate member
118, which is part of the pumping chamber 148. A ball-valve element 186 is provided within the
surface delivery outlet 184 for controlling the flow of fluid therethrough. The surface delivery outlet 184
may communicate with an onboard 30 generator or othI r surface equipment. The outlet 142 at the
lower end 132 of the cylinder 102 has been blanked off as it is not required in this embodiment. Whilst
a coupling to the sea bed has again been omitted in Figure 4, it will be appreciated that an

arrangement sigiy o thatishevn pisfoguigadadnaebrwerpieyed20l é5iancdidadatsensteneguivalent
components. The pbumping device 200 is similgr. in most respects to the pumping device, 100 of Figure
o St hat K EE D AR e ke SRS REE g PR3 2 RHEe 1 fredrs
embodiment, trsmsegipiagt.dbeiciopgatpumeptbaratd f on digranpriedkerdivd tha audeRiTeFokelesthe

elongate Smempagy Ji8imihApGNed pivMariBenthlde Nrddionigithe mainsamnrsentngascribed
above in relation to Figure 2a, the pumping device of Figure 5 includes a manifold in the form of a
conduit 202 ext8FAIRG Jailel and external to the cylinder 102. The conduit has a lower end 204 that

includes 10 a manifold outlet valve 206 in communication with the outlet 142 of the cylinder 102. An

upper portion ZWtREtQﬁGB&%EEO?IZs%?éﬁeW@ @WHQB&B%H&%%WWSW%JMOQ%EPF@%ﬁ?&’l&a”

upper end 210, which is substantially flush with an upper surface 212 of the underwater float 114. The

upper end 210 BERBLHAA I umensadiddteel it e e niaiRgyea water 430 RRSARMEATBId
inlet valve 214.cldwedtppat giorti06620thnf dhehobimeondvié 202t alsudedivdes @ metnibeld teediohaitael
2161 icati ' ' t li 2 .

member 115, ARG 8 S N e o A o dfSead PR SRR,

upper end 134 Brtke@ANgeica? ihlthisksiemesimralide pracden phile elopgpingrTromandidediaince

region 166. 20 P\ aslewnstiekedhs Rescendingrelangaieralemper dlandirssesipekristenihgad
122 force water put of the pumpjng chamber 148 through the outlet 14 along the gqutlet pipe 150
much the saf VA S RGeS oA et UL b B S P 5
also draws watepliplinght® sealeehdhedraace begionmidedis bigthe doiwidtikeppeettistedahifbibidatet

valve 214and Eypighdhe mapkRldifses RAGRRESKHEN AFRJIgRSIroke, in addition to drawing water

into the pumping chamber 148 via the cylinder inlet 140, the rising elongate member 118 and
associated piston head 122 force 30 water out of the clearance region 166, through the manifold feed
passage 216, deefertimpughFipereohdthits282owsrcughrtiinmaletald dd8einvabm26@ndvitlyliadéirdutlet

142 and along Q?ﬁb%&ﬁlﬁéﬁﬂ%? ﬂ'l%opresent invention. The same reference numerals are used in Figure
4 to denote components that are equivalent to components in Figures 3 and 2a. The
20  pumping device 182 of Figure 4 is similar to the pumping device 176 of Figure 3, in so far
as it is bearingless, and has an open-ended elongate member 118 and seal 180 at the
upper end 134 of the cylinder 102. However, the pumping device 182 of Figure 4 has
been modified so that a surface delivery outlet 184 is provided at the upper end 124 of
the elongate member 118.
25
The surface delivery outlet 184 communicates with the elongate interior 178 of the
elongate member 118, which is part of the pumping chamber 148. A ball-valve element
186 is provided within the surface delivery outlet 184 for controlling the flow of fluid
therethrough. The surface delivery outlet 184 may communicate with an onboard
30 generator or other surface equipment. The outlet 142 at the lower end 132 of the
cylinder 102 has been blanked off as it is not required in this embodiment. Whilst a
coupling to the sea bed has again been omitted in Figure 4, it will be appreciated that an

arrangement similar to that shown in Figure 2a may be employed.

35 Referring now to Figure 5, this shows a pumping device 200 in accordance with a fourth

embodiment of the present invention. The same reference numerals are used in Figures



18 on the upstroke usefully increases the aggregate volume of the water pumped by the pumping
device 200.  The fourth embodiment is configured to adjust telescopically to rising and falling tides in
5the same way as the first embodiment described above. Various modifications may be made to the
above examples without departing from the scope of th@:z'nvention as defined in the accompanying
claims. For example, whilst the above examples describe coupling the cylinder 102 to the sea bed 108
using a chain 10110, it will be appreciated that the cylinder 102 could be attached to the sea bed 108

in other ways. Foskamplaidhere WidendiZeampehmirinathdy aniivel aevphinmdisairiaeigaasgme of

the embodiments described above include.a djsc-s ed piston head 122 coupled to the lower end
rlAtaiiiati el e R e B o e
the piston head kg rifaydelinesdrdly foharetpreithnhroalmsydee theriMsérenligdroeeiathpleythringston

head 122 may Qeiafingd byithes lwesend B fthe sleraaiadnembedditfnengrmaraiongiss the
devices 100, 176, 182, 200 described above are conflﬁfured to 20 pump water 112 from the body of

water, it wifl be BEPVe¥idi AL ASHISIARIRESIRP BRAMBtE oil or gas, may be pumped by connecting the

inlet 140 to an appropriate fluid reservoir. 19

In addition to the main components described above in relation to Figure 2a, the
pumping device of Figure 5 includes a manifold in the form of a conduit 202 extending
parallel and external to the cylinder 102. The conduit has a lower end 204 that includes

10  a manifold outlet valve 206 in communication with the outlet 142 of the cylinder 102. An
upper portion 208 of the conduit 202 extends through the underwater float 114 and
terminates at an upper end 210, which is substantially flush with an upper surface 212 of
the underwater float 114. The upper end 210 of the conduit 202 communicates with the
surrounding sea water 112 via a manifold inlet valve 214. The upper portion 208 of the

15  conduit 202 also includes a manifold feed channel 216 in communication with the
clearance region 166 between the cylinder 102 and the elongate member 118. A seal
218 is provided between the cylinder 102 and the elongate member 118 at the upper end
134 of the cylinder 102 in this embodiment to prevent water escaping from the clearance
region 166.

20
On a downstroke, the descending elongate member 118 and associated piston head
122 force water out of the pumping chamber 148 through the outlet 142 and along the
outlet pipe 150 in much the same way as the device 100 of Figure 2a. However, the
pumping device 200 of Figure 5 also draws water into the sealed clearance region 166

25 on the downstroke via the manifold inlet valve 214 and through the manifold feed

passage 216.

On an upstroke, in addition to drawing water into the pumping chamber 148 via the
cylinder inlet 140, the rising elongate member 118 and associated piston head 122 force

30 water out of the clearance region 166, through the manifold feed passage 216, down
through the conduit 202, through the manifold outlet valve 206 and cylinder outlet 142
and along the outlet pipe 150.

As the clearance region 166 is narrow, the pumping device 200 pumps significantly more

35 water on a downstroke than on an upstroke. However, the contribution of water pumped



Claims 1.A wave-powered pumping device for location in a body of water, the pumping device
comprising: 5a submersible cylinder to be anchored to the bed of the body of water, the cylinder
defining a bore; an underwater float acting on the cylinder, the underwater float being arranged to
urge the cylinder into an upright orientation in the water; a surface float arranged to float at, or
close enough to, the surface of the body of 10water in J?e to move up and down in the body of water
in accordance with wave movement and tidal movement; and an elongate member depending

from the surfacerflgas, ipstelangattumembren sxéending delgseopicaiysiniotithebats plithgssubmeisible
cylinder to define aﬁpum(%r\}%ec%mber within the cylinder; wherein: 15the volume of the pumping

chamber varieWith Wave moverent in a pumping cycle to draw fluid into the pumping chamber on an

upstroke of the elongate member and to pump fluid out of the pumping chamber on a downstroke of

the elongate MembRSirth eHRIAGH! Rf AHIBUPRINI LT RIEIRS VI HdRIgRAvERRRY tRiagivst to

changing tidal depth by extending or retractlngathe elongate member relative to the 20cylinder while
effective pdmpity CITTEM M LEFHRVRCHARPPAAGRINFOAPAE ding to move the cylinder with

respect to the bed of the body of water; and to the extent that the elongate member is retracted

into the bore ofygR edindeii s SIONEAISRHIRE O GRURIES R RIAT K OUi IR SRR RBKAIRE Of
the bore. 252.The device of Claim 1, wherein the device is configured such that the downstroke
scope of the invention as defined in the accompanying claims. For example, whilst the

above examples describe coupling the cylinder 102 to the sea bed 108 using a chain
10 110, it will be appreciated that the cylinder 102 could be attached to the sea bed 108 in
other ways. For example, the cylinder 102 could retained by a pivot coupling.

Also, whereas some of the embodiments described above include a disc-shaped piston
head 122 coupled to the lower end 120 of the elongate member 118, it will be
15  appreciated that in other embodiments of the invention, the piston head 122 may be
integrally formed with the elongate member 118. For example, the piston head 122 may

be defined by the lower end 120 of the elongate member 118.

Furthermore, whilst the devices 100, 176, 182, 200 described above are configured to
20 pump water 112 from the body of water, it will be appreciated that other fluids, for
example oil or gas, may be pumped by connecting the inlet 140 to an appropriate fluid

reservoir.



of the elongate member is the main or only working stroke. 3.The device of Claim 1 or Claim 2,
wherein the device is single-acting. 304.The device of any preceding claim, wherein the pumping
chamber is defined in a region of the bore below the elongate member when the cylinder is upright.
5.The device of any preceding claim, further including 18iston at a lower end of the elongate member,
the lower end being remote from the surface float. 20 6.The device of any preceding claim, wherein
the underwater float acts on an upper end of the cylinder and the bore extends within the cylinder to a
level below the glagegwater float. 57.The device of any preceding claim, further comprising an outlet at
a lower end region of the cylinder, the outlet communicating with the pumping chamber. 8. The device
of Claim 7, wherein the outlet communicates with an outlet conduit for conveying fluid from the
pumping chamBer to aredvtepiorarishPOTTPiNg digvice dfralogaiierdaiagbodingf fwalesr thempisiiegan
inlet at a lower gagdegipRuakihg cylinder, the inlet communicating with the pumping chamber and
being congggured to allow fluid into the pumping chamber on an upstroke of the elongate member. 10.

The device’of any preBeSERRIC WWEPERT t7e RFoRALEIB RS FbBIEICREFL PR YAlTerBP 11,

The device of anyimpteceeingglaiburgyherein the elongate member has an internal 20cavity.

an underwater float acting on the cylinder, the underwater float being arranged to
urge the cylinder into an upright orientation in the water;
a surface float arranged to float at, or close enough to, the surface of the body of

10 water in use to move up and down in the body of water in accordance with wave
movement and tidal movement; and

an elongate member depending from the surface float, the elongate member
extending telescopically into the bore of the submersible cylinder to define a pumping
chamber within the cylinder; wherein:

15 the volume of the pumping chamber varies with wave movement in a pumping
cycle to draw fluid into the pumping chamber on an upstroke of the elongate member
and to pump fluid out of the pumping chamber on a downstroke of the elongate member;

the length of the pumping chamber varies with tidal movement to adjust to
changing tidal depth by extending or retracting the elongate member relative to the

20  cylinder while effective pumping cycles continue across a tidal range without needing to
move the cylinder with respect to the bed of the body of water; and

to the extent that the elongate member is retracted into the bore of the cylinder,

the elongate member occupies a majority of the cross-sectional area of the bore.

25 2 The device of Claim 1, wherein the device is configured such that the downstroke

of the elongate member is the main or only working stroke.

3. The device of Claim 1 or Claim 2, wherein the device is single-acting.

30 4. The device of any preceding claim, wherein the pumping chamber is defined in a

region of the bore below the elongate member when the cylinder is upright.

5. The device of any preceding claim, further including a piston at a lower end of the
elongate member, the lower end being remote from the surface float.
35



12. The device of Claim 11, wherein the cavity contains ballast. 13. The device of any preceding
claim, wherein a clearance region is defined 25between the cylinder and the elongate member within
the bore. 14. The device of Claim 13, wherein the clearance region has a width that is less than 2 %

of the diameter of the elongate member. 3015.The devzéa of Claim 14, wherein the width of the
clearance region is in the range of 5-10 mm. 16.The deVice of any of Claims 13 to 15, wherein the
elongate member is a sliding fit within the bore. 21 17. The device of Claim 16, wherein bearings are

provided withinghe clerianieeicedipanylFedeirdeniamolhdaiim thé waeraune fitsit bedyingds Dppented to
an outer surfacen%f %p&elonﬁﬁée merybt%% %9. The deallce %%I&Ilm Eii’n Qrer,églnathe flrstt)ggarl is

mounted at a IoWer &n 80? on-6f tRe eIongaPerem%)r(rt]%nerS. 10 & deXice o any ol?ﬁalms 1745 19,

wherein a secowadsesaiagfisahounted to an inner wall of the cylinder. 21. The device of Claim 20,
wherein the second bearing is located within an upper end portion of the cylinder.

5 7. The device of any preceding claim, further comprising an outlet at a lower end

region of the cylinder, the outlet communicating with the pumping chamber.

8. The device of Claim 7, wherein the outlet communicates with an outlet conduit
for conveying fluid from the pumping chamber to a remote location.

10
9. The device of any preceding claim, further comprising an inlet at a lower end
region of the cylinder, the inlet communicating with the pumping chamber and being
configured to allow fluid into the pumping chamber on an upstroke of the elongate
member.

15
10. The device of any preceding claim, wherein the elongate member is made from

plastics material.

11. The device of any preceding claim, wherein the elongate member has an internal

20 cavity.
12. The device of Claim 11, wherein the cavity contains ballast.

13. The device of any preceding claim, wherein a clearance region is defined

25  between the cylinder and the elongate member within the bore.

14. The device of Claim 13, wherein the clearance region has a width that is less

than 2 % of the diameter of the elongate member.

30 15. The device of Claim 14, wherein the width of the clearance region is in the range
of 5-10 mm.

16. The device of any of Claims 13 to 15, wherein the elongate member is a sliding fit
within the bore.
35



15 22. The device of any of Claims 13 to 21, wherein the device is configured such that in use, plant
life or algae accumulates in the clearance region to lubricate movement of the elongate member within
the cylinder. 2023.The device of Claim 22, wherein a scraper is provided at an entrance to the
clearance region to remove an excess thickness of pIa%t life during movement of the elongate member
within the cylinder. 24. The device of any of Claims 1 Yo 23, wherein the device is configured such
that 25in use, a film of water in the clearance region lubricates movement of the elongate member
within the cylinder.  2fheldevieyiee ofmy 18 eogdirnClaiaringbesringheiggindeninckislescasinge
tethering point trg vivohnich a tether can attach to anchor the cylinder to the bed of the body 300f water.
26. The device opany preceding claim, wherein the cylinder has a length of at least 10 m. 22 28.The
device of any preceding claim, wherein the elongate member has a diameter that is at least 90% of the
diameter of the fsore. 529 FhadesicaahClaimRewhermin she Higmetaldhesiondat swmbesis in
the range of 500-1500 mm. 30. A method of pumping fluid using a wave-powered pumping device, the
pumping dBvicd oIS e herged cylinder defining a bore, the cylinder being urged 10towards
an upright position by buoyancy, an elongate member in telescopic relation

19. The device of Claim 18, wherein the first bearing is mounted at a lower end

portion of the elongate member.

10 20. The device of any of Claims 17 to 19, wherein a second bearing is mounted to an

inner wall of the cylinder.

21. The device of Claim 20, wherein the second bearing is located within an upper

end portion of the cylinder.

15
22. The device of any of Claims 13 to 21, wherein the device is configured such that
in use, plant life or algae accumulates in the clearance region to lubricate movement of
the elongate member within the cylinder.

20 23. The device of Claim 22, wherein a scraper is provided at an entrance to the

clearance region to remove an excess thickness of plant life during movement of the

elongate member within the cylinder.

24.  The device of any of Claims 13 to 23, wherein the device is configured such that
25 in use, a film of water in the clearance region lubricates movement of the elongate

member within the cylinder.

25. The device of any preceding claim, wherein the cylinder includes a single
tethering point to which a tether can attach to anchor the cylinder to the bed of the body

30 of water.

26. The device of any preceding claim, wherein the cylinder has a length of at least
10 m.
35 27. The device of any preceding claim, wherein the elongate member has a length of

at least 10 m.



within the cylinder, the elongate member occupying a majority of the cross-sectional area of the bore to
the extent that it is retracted into the bore, and a float arranged above the cylinder and connected to the
elongate member, the float and the elongate member being arranged to reciprocate relative to the
cylinder with wave movement and tidal 15movement in the body of water, wherein the method comprises:
pumping fluid during a wave-driven pumping cycle, whereby wave movement in the body of water causes
the float and elongate member to reciprocate relative to the cylinder at a frequency and to an extent
driven by the frequency and amplitude of waves in the body of water; and 20adjusting to tidal variation in
the body of water dfring dheddéperiotaby prtEdidioglamettsctingthelehgatratemenbes aalesoepically

relative to the cylinggk whtle s8a40tai BineLthiamamestiiaiyrumping cycle to pump fluid throughout the tidal
period. 31. The method of Claim 30, further comprising substantially maintaining the height 250f the

cylinder in the pody of waig g 5 (9ahPsEofhca2, The Jasibed o' GlalR 30,01 Claim 3, fyther
comprising operating the gumpln(? evice In a body of water in which the chanhge in average depth of the
water between higtieqa8 9%wPHd@8 0o 12 m. 33The method of Claim 32, further comprising extending

the elongate member by up to 12 m from the cylinder to adjust to a high tide, whilst allowing the elongate

member to extend 8@rtherAroathtiveot plinmghératduét seingraodate peaveesdinuingipdgvoktwheayuamtgingh tide. 23
35. A wave-powereg prinRingrdpyi e shiasigedialinas: denringdessiaba’d WiluEptRIRgeRyl O as shown in
any of Figures 2a tp o oL e acegiypanyind diawngs, 20, 4 method glpumaing flid sybstantally as
herein described with reqeren e to agnyr%/%r}%ylgur s%é(’to 5 or the accompanying 8Pawmgs.
within the cylinder, the elongate member occupying a majority of the cross-sectional area
of the bore to the extent that it is retracted into the bore, and a float arranged above the
cylinder and connected to the elongate member, the float and the elongate member
being arranged to reciprocate relative to the cylinder with wave movement and tidal
15  movement in the body of water, wherein the method comprises:
pumping fluid during a wave-driven pumping cycle, whereby wave movement in
the body of water causes the float and elongate member to reciprocate relative to the
cylinder at a frequency and to an extent driven by the frequency and amplitude of waves
in the body of water; and
20 adjusting to tidal variation in the body of water during a tidal period by extending
or retracting the elongate member telescopically relative to the cylinder while maintaining
the wave-driven pumping cycle to pump fluid throughout the tidal period.

31. The method of Claim 30, further comprising substantially maintaining the height

25  of the cylinder in the body of water during a tidal period.

32. The method of Claim 30 or Claim 31, further comprising operating the pumping
device in a body of water in which the change in average depth of the water between
high and low tide is up to 12 m.

30
33. The method of Claim 32, further comprising extending the elongate member by
up to 12 m from the cylinder to adjust to a high tide, whilst allowing the elongate member
to extend further from the cylinder to accommodate waves in the body of water at high
tide.

35

34. The method of any of Claims 30 to 33, further comprising operating the pumping
device in a body of water having waves with a peak to trough height of 6-8 m.



23

35. A wave-powered pumping device substantially as herein described, with

reference to or as shown in any of Figures 2a to 5 of the accompanying drawings.

36. A method of pumping fluid substantially as herein described with reference to any

of Figures 2a to 5 of the accompanying drawings.



