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[0004] Waves occurring for example on an ocean surface, typically involve components
of both the longitudinal wave and the transverse wave, since the particles in the ocean wave
move in circular orbits at an interface between the atmosphere and the ocean. Waves typically
have several readily identifiable characteristics. Such characteristics include: the crest, which is
the highest point of the wave; the trough, which is the lowest point of the wave; the height,

which is the vertical distance between a crest and trough; the wave length, which is the
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peri od. BRI EF SUMVARY OF THE | NVENTI ON [ 0009] The above
identified problens and needs are solved by a system
w@boobaspahcy punp devi ces driven by waves or CPCT/@R1085/045419

according t f NRAES nventi on.
The buoyancSBBEﬁ‘E%g‘g\q %5&5(89 T%ﬁq buo@geﬁyy bl ock
o] THe slfvienddigified proane mdcietbeare sbhed diyra siyknﬂemxg'l'buoyancy

whi c]h the fluid may fl ow. A buoyancy . bl ock% di sposed
pump deyiedsidiivendy Birypapt s rEmiaseprding e PnRiEleT 9 {PREHSPH intention.

The bua}%/ﬁné}rbﬁﬁrn}g HEGEL ﬁﬁgé«fé? gﬁ@ﬁahxg lég%:oglr(] ngélﬁ@d&imﬁé@ bhbHin€y bilamber

ncy cha I rection responsive
therein ﬂ@odg@x\/\d&lﬂlbm theofluitl meayfflaw.d Aitmoy dreythlieokas disposedrvoighin the buoyancy

10] A piston . cylinder connect.ed to .the
chambep @RV BiSH mgleawaﬁh%lﬁrsaélris%@etremwsrwmg 85 BRI e
buoyan%‘ﬁ{aﬁﬁeﬂgg abeh %éoﬂ | ' %Hh oabivt B [RRPABDE tH TR e iR Huoyancy

uoyancy e second direction and an
chambeput | et in response to novenent of the buoyancy bl ock

in the first direction iston is slideably dis
W' mives sy Eadsh et Bt Bliel o B g AR PRAS eastone
valve dQH?éa rﬂ?éfellﬂl Qfﬁtm% hga® irﬁét(iﬂ r&BbAE tHRVRAleh d)ﬂ’thé b@oﬁahb)s block in
second |rec i ons and responsive to novemen

the secaﬂdeilmngxaamyamw&t inj respanse emovementiodthg @wywyobla% iy the first

ubst an to t I I
dlrectlogt L?% glgép 13 ﬁlé e\ggliy\ﬂgspog%g] W}te élscfclm liSf/Oél gg%vagelﬁe 8{&@3 etdr{ﬁ the
buoyan@?'J BMRRGYHe B isﬂﬁ%dlri%ﬁlbeed‘bld 1$1tth<dﬁfse eid sseohd divettiont andiesponsive to
d substance t

rough the at | east, one v J
movemest fifee bwa%cb ok ﬁ’pthé 855088 SITgFUOIR K RY a §‘§’ B‘L}ﬁfbmt the
piston %féﬁ.ﬁorqlqobg “éEXé’a%P é(nep\;glme ?ﬁ&' le%ﬁ% stefo ﬁﬁ:h?gf ﬁ19 bloyancy

torage e stored liquid is
block 115 ﬂﬁrﬁrbﬂ dlfdcﬁeﬁi td @tpﬁt\/t/hé flaidl suqstalmbetthlrolugh ¢hef as leageoreralveon

power . gas is S(Pe medi a t bed?ur%gd. t.Iae b

tb%lylwc pe &’HW@W@@ °xices &6 FRBEEEEd FRPWUBRigHidythe buoyancy pump

dev1cessatlQ LeaR A% L\'CB%mlo-m&u?& Qbfde BRFlityS ’I‘h@ Qdred l'uidlé %Qhélputlllzed to

wer a gas r genératioh of power. [0012]
power ﬂiQuld n‘dmbtherfen perfepationerd @ower. n@ ge$ isdhe m@dlayo iba @U@@@@; the buoyancy
o B e S S Lo b SLB  PR P et itz

powerQgésvﬁfblﬁéf(ﬁ‘%fﬁfgé}%érpﬁﬁwéhe mechani cal power tO a

réservolir. luid matter is flowed fromthe
r[Q(tIél] \Qrierembardithentdor genswating slectifcity ik¢lndasiacsystgay gyl magthod for

he flow ng fluid matter is conv ' 6
comveriep i S HEbE ol RV 0L O, BLEA L oo
functiohdf BRSh&dHaRRal eV HE ¥ dre i ot MhedBid afsiet 8 floeveddomh € reservoir.

at a location in a body of water, a system and neth

At least s poutienicf nikmptia coeigy 24 8y fhumpe deid ety comyeger o @l%ctncal
energypil,j(ggzglicéwn% a F&ilﬁ{‘gﬁ ofogomputing systemincluding a

cut e software. The software
d[ﬂ@IéS] \/Iﬁa‘zleslgmhg tiRebryRher punepddvadesito be hicatedrak e zkjcamm/m a body of

ata fron1an area of the body of mat%r and cal ¢ h <FSTh
water, agysterasnd gisehad inp At B H? b‘é°>@8@§/8WB9 G781 bF Wijged. The system

may 1n9fﬂ8§ %?%}Jgﬁﬂ%ﬂ@éﬁ ﬁé%@?ﬂﬁ? él;ée&%blo g?{)b&% %dgsﬁe tg?/‘rl“t\gaere The
softwasd rec@dkayihpat pfacameters containing historical wave data from an area of the body of
water and calculates at least one dimension of a buoyancy device of the buoyancy pump device
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enable the buoyancy device to create lift pressure for a fluid matter being driven by the

buoyancy pump device.



enabl e t he buoyancy device to create lift pressure for
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FIGURE 1 as a wave passes through the buoyancy punp
telescopjag pegion; 0025] FIGURE 4D is a schematic illustration
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[0024] FIGURES 4A-4C are side views of the buoyancy pump device of FIGURE 1 as a
wave passes through the buoyancy pump device;

[0025] FIGURE 4D is a schematic illustration of an exemplary wave;

[0026] FIGURE 5 is an elevated side view of an alternate embodiment of an exemplary
buoyancy pump device for use in a buoyancy pump power system according to the principles of

the present invention;



buoyancy punp device for use in a buoyancy punp power
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[0037] FIGURE 14 is an elevated of an exemplary buoyancy pump power system that
utilizes a water tower according to the principles of the present invention;

[0038] FIGURE 15 is an elevated view of a buoyancy pump power system in an
alternate embodiment according to the principles of the present invention;

[0039] FIGURE 16 is an elevated view of yet another buoyancy pump power system in

an alternate embodiment;



al ternate enbodi nent according to the principles of
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vol umes of water found In the formof, but not |imt

t[804Hc eBasolve theauoblama identifipd abayer EBUOYAIRY BFmE\fééYlP% I Frovided to
convergﬁxlaipg élﬁ 8&/ e%.@eﬁgg CHANN Gabe ﬁﬁ‘tﬁfag&cﬁkn@nf & At M?%e)’vd?ﬁnﬁ@s of water

uoyancy punp device I's a apt
found RURP fdat 6F, BasnadMichitet qoli dearsy lakesybndzivers ms theffotno bh SW¢11§ and waves

such and as referred ein, I s defined
o meqhaiSameEISit ATREH Y PYERGRRFRY - DT By R O R Rgics 1t daptable
to pmn];rbeoth g&ﬂ%‘& lgﬁlf’d,%lf cbihBithGons®T bBth. As such and as referred to herein, gas is
defined as both fluid or gas, thereby including both air and water. The pumped gas or liquid, as a

mechanical energy source, may then be utilized to power turbines, air tools, ventilation, or any
other mechanical devices using this form of power. The mechanical energy source may also be

used for the creation of electrical energy utilizing similar mechanical conversion devices.



mechani cal energy source, may then be utilized to
power turbines, air tools, ventilation, or any other
wore@hasioeal devi ces using this form of power. HEEUS2005/045419

e NI Rétr BIMENAY toslﬂgfu‘éel m)gﬂ gl]lrQQCLiﬁ%gmfbﬂ‘[aUEH a buoyancy pump

creation of @ ectri Cg ener
device A8¢ irathiowal in N@nW\SBWﬁamlﬂlﬁQﬁa 4 084 Smbaahem ofnie pseitdnvention.

e buf A Gulei g 00 anisas tane 3%,.%9%{é%§115&358.c2€§wd at one

d to thefbags 102 f
L R LA A Sl s e

cylindes J 8y apmnectsqlat aue end©4he bunyeatiedylatdencep k()ﬁdanti@hgimi paseally

coamalbpwnﬁglge gl %grelcgy %;lgtflgrﬁl 024yI / &Zﬁgfgé ggbﬁ S}EC gﬂ[d)éb}] d1esrclosed by
a plstoﬁfﬁjihrid@r tdel U ORIy 'c@ﬁﬁ&erQ@ﬁ id08s@nd ofé leﬁﬂ]ﬁﬁthe upper surface
ener al | coaX|aIIy buoyancy cyl i nder

of the bp.ﬁ% 103 atdhglother qlwebypt’.hg buwemyy cyldeter QQBIQGstocleﬁsed bbyyancy

chmnb&ﬂﬁb§ﬁ891°yl'nder cap 110. The buoyancy cylinder 104
1'086éd at one end by the upper surface of the base

Im%ndAahoyahﬁy bldeRr 12 gendyll BRidARNIAAGHape)l blﬁut%l 1t10ned
éﬁ to define a buoyancy chanber 112 thereln i
within ¥Ry isheEker hl2 t@ @?fé/ﬁa%bla}'l}’ébfrrﬁlﬁd ¥ pigtonishal§ A @eomcted to the

oper SSRGS M SO PUUT B LTRRGBE renin

118 in the buhganep pg!hnchn dapi06.h& phnn@xy B0 yereladigicyliddri@X i s ge is slideably
neraII axj al | mthro gh _an openi ng

positionsd withy toB)WYW&fé? Og g@glecgg 6’; e dowarmmdde ﬂ&(ghq:ryend of the
piston sﬂlﬁft'l']@rtd) fRbve 'g@ne?ﬁ‘l?}pﬁuélg' ﬁlle%f‘si\ggxg ln"%hceﬁg%blg tbﬁpﬁlg ¢ ﬁ'c‘i‘ose% at one

he piston cylinder 10 omer
end by fh@ upiper strfage obthe pistort h20 pidsdt dlre stherf dndhly6the pistomvylinder cap 110 to

,,a,l therewith. The piston cylinder 108
deﬁneg}%w{% i‘%%‘b tb‘)"{gﬁ’d by the upper surface of the

50PN Arflandivati 2nhed ah Beneteat oyt i |
g’ap ]1)10 to define a piston %than‘gg?(gfggenteﬁlﬁ)ggl}]ﬁ%p%%‘g‘gfylmdef

cap 11047 copresnicagionevitipthe prrtorashambet £22 teedlipey g@@r diquietd flow

therethxtoﬁélﬁ %l.ﬂ ntnlgfah AO?SS r%l tglén ]gi%aa%% g%lng %8 mTH]e 1a]§F gﬁy% 124 and

outlet vﬁlvevll”ﬁheﬁrﬁct’if/ély@hd afaddpteRlito rédeeyvelad@ e%ﬁ%s@qe%%tln%‘ly. gas or liquid
e 130 are connected to the inlet valve 124 and ™

fromth%@f Cef%Pal ve 126, respectively, and are adapt ed to

\% 0 ui d
I(ﬁﬁ?]ot ﬁl‘é}@ %g%eggi*ﬁt{g% g%{tﬁil%gﬁ% t \Sfcglj %@E%‘rﬁnr)}g g-lg rﬁug?ﬂﬁlcy pump device
100 in doﬁiddamsltfomrrelanmtoauha engrdnineenUheaasy 1 (RRy dRY Icsﬁpih@é)a storage
i xed position_relative to the environment.

receptaﬁsgg t&%ﬁasn%f 1oy Barlsg?’ffﬂdlt @e’él Whigh igfonpectediodhe @uﬁlfﬁ Ilme 130 for
receivirigBe §8Sr Qfuid ffh the J{ 865 ¢ gelﬁ?derba‘é\@'lwls t5 b{a used as storage, a

connected 'to the outl et | or recelving
base ouddet 132quayobd cammettheé thereto m]alhimﬂbwrof BaRor liduid fea Mﬁd l&Zmon

o S RS L P et Bt e 1
is adaptgils |sﬁ@tﬂthbﬂﬁébh§érbuftl%9m7t Rgy B@Eﬁcécpazrwv}l‘%ré Sh the base 102

appreci ated that the | ocation of ase outlet 132
[9952he Tha buoyamey pxlumap%bvmctsmy alsbdk attheyfmyelanktHombing, may

be conn%ugd g(')ﬁt-\(l;l)e/ %Eg/cf)rl sﬁﬁeﬁge %ﬁm@ %pfé;g\algp zgf 102 O%gﬁ£g,rlected to the

buoyandy! @tind&oLBi. 118 thifBanner, the chams 134 stabilize the buoyancy cylinder 104 on

the base 102. It is to be appreciated that guy wires or other connection means may be used to



be connected to the upper surface of the base 102 by
chains 134 that in turn are connected to the buoyancy
wa@oeo6a®p4 104. I n this manner, the chains 134 BCEDB100Z@45419
. r ot
couple gg%pg@@}{@n%x 1}%1%{ i(ﬁfﬂt% thg‘ eSchrS"r Qﬁhtg«?fsgegélrﬁé%ve:ngﬁh Ts ﬁoq ht?rﬁted by the
chamsrtayabﬂteusaﬁiedmnmhe the buoyancy cyl i nder I 04" to the
base 102 la nd the resent i nvent i on IS not i.mted by

0853 2T he bucangx cxlnder Kihmay plsh bivess glural tst)séyegthély Spaced
openin?k' 8 ?Q? rifdtet fﬂj fow ﬁﬁ iR SQatBABE Ry Blrbid the 15}1f’}tancy cylinder

egu y space openings on Its perineter to a
104 sulrogqudidg thcd:moamoydﬂmk 11(4 f Tovedube uugtdencteeasmmmemwh such flow, a

plurali%#ﬁ%ﬂ@%ggp%ﬁ%% ]}aﬁ tgrgv%%g ggh%hlg{:y%gw cy, 1nde1 104 As such,
the bu@;‘na%ﬁcﬂfﬁrﬁﬁepiﬂ Hiab lébﬁBﬁ?e 199%3'&91% 210 BB Grii AVAsdeGated with gas

’ buoyancy tyl i nder such, the buoyancy
ﬂomngylbmngkeﬁleb(udymycwbmiﬁnl@é a cage or the like to reduce

fricti t f | owi .th

ARSI o EbFTRuEy Shier (o it hsbethBoeh, 11hR deneth of he
buoyadd@eyliagerd 0REHRE €6 HoRefeht@Tdhdbuokaticy BI06KE hl@fwthﬁh&ilfferent liquid

buoyancy cylinder 104 relates to novenent of the

env1robmgtytan Egr ¢agwie, phenihe buqyanesf pune devics &0 ¢ placed in an ocean
env1ro§1§11¥1!1tr %;fgrggttl? gf 51'% rbuggzﬁﬂlqﬁ ghnm §04 Ellquds%' N %El] G taB][léqQ allow the

plrace n ocean envi ron

buoyah@&NGinkp &dvideN0 P aBaY withl dnhdslrtidt@hamesdad tx@vb ﬁelghts When the
adjustable to allow the buoyancy IOUme device 100 t
buoyanpgs, FusRrsHi¢ent 0nia placed upelake srgrnmeny Ioxsyampls; tjntlelgth of the

buoya%lﬁth‘& oM @tﬂ& Hofid réjgcyhﬁﬁjleen t ?1' %?g%érﬁhcﬂlal ?éﬂ‘f‘ngs

onnent or exa uoyancy
cip055|den dridvdhenenbrdplepin a teghyiaf ewm:h hasingent0 fi.ovatervdepth a buoyancy

cylindgianii e ot RSt O S b dadiFaAie PRt P Al Hisght pdded to the 10 £
to allo@erﬁéxtbn?enPHPﬁh%%M éﬁég'bﬁ%ﬁrwﬁﬂiﬂhé)ﬁl o9hindy@@anbd0 Aécordlﬁﬁ‘l?f the

have an addi ti onal erational hei ght added
buoyandyecyliddértwould balll (ﬁ&/vta}buﬂrhaata 7ok ushlele Isur(nl)fariﬁtg.t ibihe dolody of water has

Wi t hi the buoyanc er. Accordingly, the buoyancy
tide chapgss (hi E’hj }l%‘géllsfq@ﬁ Ytall and has a 7 ft. usable
Sfo0sée- IrBKe chindebexRapy, Kith el lﬁfo Punsie d&R@NARSIO fi. sea with a 2

this 'exanpl e changes slightly. [0056] In the changed

ft. tideehamgsl resuligiin b 4ﬁﬁé0$tsmfyla 9stp<tk¢p Taeancc@ntufnr thisiahange, theedifference

betweenstg% thnusa |[ gY(téEle %})d lg g@(‘t}ﬁ% q{dﬁgd %chthg leq%%h %tf the bHcgfa%C}Q cylinder to be

deploydtlf TRafdR ahehwe@iindd evhamua;kuﬂtm\mtavmelgmds RifgHotvi tdie is 10 ft., and
i s added to the Ienq%wh of the buoyancy cylinder to

high tide 5| Hyfédthe-plpﬁeremge betweanlowdiderand dpgh tidthwpwd b i fh Fhis ?s added to
d

the bu%“@a‘ﬁ%&@? rgitél; E’th d(17 1? é?dé%éﬁ fglt‘ﬁ V\vléa;\/r?ﬁg (%}\}'t lél'ﬁ: ﬁg' ﬁ?\atﬁhéjﬁuoyancy

pump Hévdes tmprﬂttdom léwfttde cbhdisions +a¢lﬂe@ﬂ1ffcreh¢aebdﬂweatﬂnwyand high tides))

for a qigl ﬁuggf%{a: o 8§at(1 y THE A {8 Fels bgﬂéélbﬁqi%gays with
COmP@ﬁg{i,f;tﬁ ??%g{sg;\;v%) + 4 ft (di fference between | ow

for a total buoyancy cylinder |ength
o[ﬂ)027]1 The bddsiascatylondsr aap?l (fétis addptakie soppdri gle pistalecylinder 108

L T

chamb%f‘?l?fr&h%te%ﬁl 'tﬁ‘éjﬁrstc»}l%lmder 108 therethrough. The buoyancy cylinder cap
106 may be connected to the buoyancy cylinder 104 by welding or threads, or other suitable

connection means adapted to resist environmental forces while supporting the loads created by

8



thereon, and the opening 118 therein is adapted to
prevent liquid flowing into the buoyancy chanber 112
WO p@aoesyweri ng the piston cylinder 108 theret hPODgk2005/045419
i e y ----- N
e i RO AL S 9SO FRIAEL R UG e 15 1
the busyaint pbael (BSO(nnﬁmenonqméamSgaé@ﬁbm(bnte{mngestloshe piston cylinder 108 from

envi ronnent al es, whil e supporting the ds, . )
the buQyapgy ehpmger Hé~ pi i%wst@wcwh@r&r 188 %ﬁatefitt% Sf«;@? thscipside,f the piston
cyhndé‘rolmmhrce en%ﬁ“@hﬁxeﬁﬁayl“}}%%léféﬁgyl anef i BQ@HétﬁﬁteJd](% n??ftenal designed

buoyancy cap to prevent liquids or gases from
to 111nleﬁieea|ffeutg oif ttteoamvhempelstt orehijrg wakter 11ﬂl@]835f oa@ans, laed rivers.

ncy, chanber 112 . pi ston _c er 108.i s
o toe DaaRey otk AL Bisboeahut et e ichadben i is
generally @NiddIRaPN ERATBMred Jﬂ%r RiuFARN Th¥bupeeley bRk 194 has a
conStructed of material ‘designed to it the effects

predeteyingrebusyyenayo swabrthat the bhapaneybleak é 14 mevesinesgy cbeamiisrming to the

fluid d§ftpn ST wtaR St s PHRYES puiy Yeica B F SRARGEd and the

hydralﬁi)é'dr RHEURRlc FBEm@BrRtdRRe &Uhe P@fansyplap devild @00 1tse1f The
buoy anc%u bl ock 114 has a iredeterm ned buoyancy,

ch
buoyanayaf thheudyaaspableck blbewry likawisebe gdjusted d@g@ngng on the characterlstlcs

and ﬂLﬁ«ﬁ H;qu’n@cygf 8 v&al?e? aIaé \\;ﬂecsa/g%gﬁ r@lftﬁ aﬁLus{‘ntx] hent e aﬁrntﬁwq') ﬁﬁnually or

uoyancy
remotdly ddljasthnghé) bucmawrhtolck 18y sitleaﬂamalyam talialbt wms r&bedthe the

buoyaRf SHARERT DV Agenin DYl s Iprs an S0 ol oeCHARsgeisiFng! he
buoya1 J:‘l&ﬂ\eﬂmasz?&hﬁé it§5i:11fa§/ d(ﬁ"?]qt}fe Water, dyDesy ?a@fadé%ﬁnmtrﬁé'ans is

system ~ Suc ust ment may occ
descnbﬂnng‘rdagerdetarlénhivel y adJ usting the buoyancy bl ock 114

el r iaJI r.radiall respect t
MO SSH 1 RisiabePan 136 o cautieflyp thelRRRRTa SR Hfkandspe piston 120
via res?é’dt%tcbﬁh%cﬁBHﬁfmt% hap acige rTh%tc'oﬁﬁec‘E’antjdﬂﬁtshu@}’ Ma@bé’ ﬁclfslgned to be
14 affecting its behavi or in the water. An exenpl a

movabdeipruexiteain respense ite anjesdial betion of gitlea tler pisten di20 ob éiedwoyancy

et P b, GRS e e
or flexiliftifayl&bachiedd tHkbe: %K:ﬂ’l@ RIS bf #wivel-tdupleldifothrIBitABIY cHEpling

designed to be novable or flexible in response to any
meansy adi al notion of either the piston 120 or the buoyancy

d
R, - BORR MR 013 SRR AR AUV Uity
resistiveg yudbethaahe pi\é&ﬁh shbft owg hoﬁthﬁleslﬁffuﬁétl(ﬁl @fwmﬁlbcqowuanmshr
ot her_ suitable _coup q% peans. 60] . The pi ston shaf

enviroppgnipkcoipdiiogne dhe BlSE%‘ A Qs @lﬂberaf}f-‘algéﬁ@ G Gaee fﬂlF%ﬁ from the
buoyalg 01351\ V8t Pt%igé;ﬁs{oﬂqtzotaﬂﬁ ﬁ%hﬁ@?@hs?&?ﬁo tbfe B&gﬁah&‘yﬁl%ck ?14.

ion a exposure to envi r onnent
Finallyc dredpittonsbkaft Thiempy bt talessbpitallylddjudtablé, sncihthat the demptedf the piston

nsl ate forcges fr t he buo ncy hlock 114.to the
shaft légéw eqpereased of 6%%@%@%% q %qwlwm%héﬁuoyancy pump

deviceRlpBC K hd 14 ustllzﬂé?l@bf the Eﬁgn Ha$198 rﬁzﬂlalgé nekd&d WRYn B8 is the tpumpmg

t el escopl ca adj u such t'hat the length of
medla,pn Shwmlglnadftwalzmoxrwlbara lesy thass desimabled Suck adjestment enables

depe t he, requi rerrent of the bugyancy punp
maxinyG g O R oI (TN, ERe DRESGT VAP ahat ¢ 116 may
beosge dRforbER sBiifthé BistoAQ@hRMBBY 172, the piston 120, which is slideably
positioned inside the piston cylinder 108, may include a seal therebetween extending around the

perimeter of the piston 120. The seal is adapted to prevent seepage of gas or liquid from the

9



medi a, or the height of waves or swells are |ess than
desirabl e. Such adjustnent enables maxi numutilization
WeRoobhesopot ential energy in the waves or swel | BCT/USIELP45419

env1rohﬁﬁeﬁlf ifi@rthé pissomadhainber 0i25 bP oA PR onlAmbED PzzPﬂoSth@ Bnvironment,
which is slideably positioned inside the piston

12
while thg mam%’olwalwd@m Miidien the piston chrarhshé2heen
di ~0f the. pi.sto . .The .
e[)ﬁbﬁi] Tg%gﬁcé}egg ng}%{r@v eeﬁ{]gé aaé%u% 1r§c§§>n8fﬂqu gﬁylaes which
perrmtfthe:)ﬂbwlmégwmrlmmdéﬁtto bt GuttdTehddpiStoR Rh&NBEIOD, edgoctiQ€ly. It is to be
pi ston. chanber 122 to the envir onment while
cpprecial Brobe NSl Fordh s einssbschihrngiocsiabon e ision
es
cyllnd&%ﬂg?g s&aﬁlg g %Sce)%t%]gﬁg Pleefs L{}!a & ec@fkgzggl%m Ihﬁl% eprls l%aﬁlgber 122.
f[D063]of Begasisomotémeritdf it lﬂm&l@b}m\lbcl@f 14 1th¢Jb1$dy@ﬁcy cylinder 104
res? tively. It is to be apprecjat

may bg Wpelr%l}xlﬁwlgg of gther ilgglep@fnﬁémgégq byayaeey @ilinder ldO4 a plurality of
shims ﬂ4(f Ifnﬁf b& GOA&@@H k&t 1ﬁﬁbrtsﬂﬁa<f€ ﬁttﬁﬂbg%yggﬁggfvl\;ntﬁﬁpl&llofhe hims 140

ng as a desired pressure Is ac in the
amallymxmd rlangdhdperimetgr oi[th@ 683 yaBey aylsrlenbse nrd furdfer khige to stabilize

o TR A SRR 5 . Bl s
construetedyE Gy itEME bk al ]s%h that Qie%éfﬂcﬁéﬁt of ﬁﬁ:ﬁbﬂ%etjvéegn RIEYsHAGs 140 and

connected to the inner surface of the buoyancy
the buQY?P‘r}h'éié?k i bhappreasheniate. 140 axial ly extend al ong the

f d 4
O84A1°, 55 LBl SR SUBKBREN, GEBURISRy BB AT Bab b Fhovancy
cylmddnllﬁéJ@ ﬁlﬁﬂah\t\y bfutdspst le masoyepoyided lohiiehnerfiefashb e byancy

onst ruct of a suitable material, such that
Cyhnde?ﬁé‘* deipesed st a qmpmqnothengef wBearpastionisig afsha opabdp may be
adJusteH Ii‘@nﬁ%t‘ﬁ M%clg%/tg% r%%ilgglg gfﬁ{e ‘i@%@g z%(% g,r ithin t[lg 8 %i‘l Wﬁpﬂ?rnl 08.
t{ﬂﬁﬁﬂ]) u dy a;rto;be eyti¢rsded thid dxiabmphethadtiof Yheuo§hryHldd21 14 in the

S % T A o X A
108 viakh€ pR&sH hh AN BI TAE fsﬁﬁn shhf Fﬁﬁ%ﬂ% &ﬁ%éc{i’@n %&‘ i%%ﬂlr{ht%ﬁﬁ\ the

match a desired st oke I engt
position pEthgipistem 1 20/with despect 08 the[taO§H]cyl btlooksl 1o be under st ood

bl ock 114 th
b e R AR Foes Sl PLENGRP s SHovARRIEHBr S8t i shov
in top pldig side 2h@ Dok idWikRE redeBtiwipt lPHe D% aHE’}eﬁloélQ 800/ h& dxial

pi ston shaft 116. The pi st on” shaf t 6 "and connecti on
opening %@?h@@p@ao frepeiviedhe ccv inggoipbkia (iF@gur@ﬁBt el thesby o6 to the

piston s‘gla#tgrlﬁ I‘fﬁgﬁxcetl t(Antl}t_b 01¥1 %&é%l t%ﬁ% ei {ydpva%{j%% ﬁ]a%,penmeter

of the babyaricy b&&kl?@OSéﬁtﬁMﬁmhlﬁafe@@t th aRial Speitng2IND. ITHRABI 6n the upper
ectively. The buoyancy bl ock 300 has an

portlon§Q2 §§s1§§ H‘E H)@V%Qnté)é Egllgq Rupyarcy eek $@0, PWC@BM pilienghe buoyancy
block BD@ié%blln%% Edl'lh %fe‘? a%? rﬁn&%n% REL&ERY tht%o a ésgjt%gg eéitgough the

shaf per por
upper ppaibnadOkhyis shmmrat separmetfiven pdowericetion$0d JSIQh@b@cV}%ﬂ@}Y block 300, it is
and termgate at the axial opening

to be aP?FFél%t%fg@PE thg tAneFamay, prein Hop anyrposan akthe FOWPEbIOCk 300 and
tenmnaféQi{ eRentiald, efnlﬂg 3@E %%gﬁﬁatg laQ%i( 0% er?t%??l%' tﬂlo&%%ﬁgck 300 in

t he buoyan I'S subnerg Bd T it e
water. novi ng tovvards the surface of the wat er. Al t hough the
[0067] Referring now to Figure 3D, a partial cross-section of an alternative, exemplary

buoyancy block 350 is shown. The buoyancy block 350 has an upper portion 352 and a lower

10



upper portion 304 is shown as separate froma | ower
portion 306 of the buoyancy bl ock 300, it is to be
wappeoeiot ed t hat the tapers may begin from anRCPUR10080M5419

portior3 54. MEhewieapeyich 3L kadOhddiy hsdrbd pétien 95‘»? wﬁcﬁﬁh@ bxial
opening 302 to facilitate axial novenent of the
moven?ﬁhléyfé%)bugy%p( bbeyds 359 inaitatar, ar[doOBTH-taRertd poitivg I6wontoected to the

| 13P, | al, SS-Sect | of an alternative
apers SRR 30 E B AL 61032358 EL L 2 B SO bnovancy
block I0crk tiiR&AsI3@6. an upper portion 352 and a | owerportion
er portiagon 352 has a radially tapered

J8810n TasENes pPRonIR af dhedwoammardesiombnak heslindrical, and has a
plurali ?8}3{%9(}’5 LR i‘mg’dsg% tHe e‘ﬁ'?etrﬁeﬁa)eﬁﬁlg%e? of H@gé@grﬁpgo?ﬁ%rg 9%%' Phe threads

connected to the tapered portion
362 of thedoivanportipe Bbdreteerdapted tdmateppRl tHeahica @13 RP tBE upte® portion 352

d 11buo ancy bl ockf’s 0, are threads 360. [003311 The | ower
and allgy A3 oy 89RTOf s s AFon YoM otk FespegbRhambper portion 352,
bGopdr Laic s Vi @ f ar.nme .
et e S S e R
accomptished threughsthg 8se of 2 mhtor B6hve ITheandibod6BE4ontitaidd phelbwer portion

t i t h ht eads 360 of, the tion 352
350 on bl a 40 S OSSR £ o s ot 64
to the uppeiNRefacé 865 BR1 HRAEY the RVdr YRR 5419%@9%%%%@:%01{1, thereby

the |ower portion 354 with'respect to't
telescopigg theohioyapey blogl 3 Phplhestelsscapingefthe ldveer posionf 3 4 inatades or

i S.C cit,ed,to the.l owe ortian
acrestfhe S0 OB 1G0BE R Sl RS 35, buvaney
of the bhoglaricy ladkef30. I68 t6 deppmEcibiee thRliY didBétet OF hBBUBPRELY block 350 is

a ‘

. .surfac§k365 and, rotates the | ower portion 354 in
likewisp pdiystpble ismgSimilaianetneds: t her eby t el escopi ng t he
n T I ' f _the | ower
R oneci2yfiE ho 0 Tidfes SEATTER O fbedl i Sveaten
exemplhiycadarstaploburlen@bblocht hasedyy is stemeast l’fé&djﬂstdﬂ)%lﬁtﬁ@%%@gblock base

. h bl k 350. [
370 inclylfs BHBLRBEN O ac M R R SneRIed Indhp aBiphBlsyesEi ot axally
dispose[a 81807%153 16 dRMk&Ed Al Bstabs eanﬁ%ggtgrggi}gqfl C;:Qé#&?(ﬁﬁl?ﬁ? 380 connected to

Referring now to Figur
the geacBifandzhe onter plates372i e oircianfesonearpt thieybuaginids thiddkebase 370 is

u ncy bl ock base 370 is shown. e adj ustable
sealed BB el SR G 027 oot A 3 o fecerample, ubber. The
sealant inateial PERLRS pRefdn(S ‘éﬁﬂ?&{n%télQnétél‘?aIQHBﬁlren’Pérg%g?tog’[gé buéfincy

axi al ly di sposed notor 376 connected to a
bbCkb%ﬁ@7ﬁ-plurality of expansi on bars 380 connected to the

3 er _plates 372. The circunference
711, e xR on Bl 5 e ol oA BHSTTRES he rolers
384 allavheorepbmsifitee Giteoslhes 3 BEaitBNEspEBIE hedhnd8Aate $YEN @Sides for the
r exanpl e, rubber. The sealant material 382 thus

f
rollers 3\&3&%‘?@%4@6 RREpIPEFL VestEfapas|of the arvremddnianplates 372, 374.
. A 1] ..T t |.at
2B Y AR p3A R TR o U T BhESE 370

72 connect to the 1 nn

poweredrbea suitdbds powésoatce0 WhamurdiEd o i9torreete dd fie dehP8 RS siclithat upon
to the _inner plates 374. CGuides for the

sctuarioflgF ign5og 317%195 BT 548 Ftpishie elackwispetequpter slndkadsesdirection,
PD731Ne TR k&4 388%s LaMNEEte® e Sxpdionbhds 380, such that rotation of the

gear 378 in a clockwise or counter-clockwise direction results in respective expansion or

contraction of the diameter of the buoyancy block base 370 through the movement of the outer

plates 372 with respect to the inner plates 374 via the rollers 384.
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[0072] The notor 376 is axially positioned within the

buoyancy bl ock base 370 and powered by a suitable
W@owe/6our ce. The nmotor 376 is connected to tPET/YBZNS/045419

3[P874]s uBbr déxaatple) Fogura 8 E RO thetuot iRy WM R badd 870 id?%ontracted

. gﬁ{gn 378..1 ot at;é, in a clockw se or counter-clockws
positio; hagingiagliametepgeiinegted byddl. When the raeinnd éq isdctuatediie rotate the gear

i QiRak xp3HGBn Q0408 1.0
78 in RS, M LI 1L N B I8 20 e

the diaimetar of fedivioyanogtpacksbase 380 a< sHrbwaiatHi@ire OF anh @eﬂﬁ&'@tt%; D2. The
0]

th oi?é%.he gﬁ“llj’o ?g%:ﬁ bl.ock base 370 through the novenent
SIS A 1’% kevdso cxpapgs ingslstien tq beenpansimmert the bussncy block
diametst! 4Aé’do?dih£lg, the |b|u§j}a§10? Bk G044 73(5 gxyheﬁ )ﬁgég)lln%’[ brug)lé/ ucéfepu?rllzp device,

shows the buoyancy bl ock base I'n"a con
may ragdisdly ek pmdexeionigach talinarmseor dbetdasedtelthnmyer¥f the MWieHiateh Buoyancy

vlock. TP38 Bk B L el D aroeihE eulgbical confguatio, e
buoyare@ bl T}y betRb@et &m‘ﬁ%ﬁfaﬁgﬂs @ﬁ)‘%ﬁ‘ﬁiﬂfg toHEhéjH@h {8l
8 own rn Figur

. of the buoyancy bl ock base 0 as s
requiregeats [theayaacyhgunmp devige t her nopl astic material 382

0P RRTERRERIS G0 Kb 7 Blmididfy B RS Bapaseyice 1001

shown bl werioub psetiditas avhen (WBEshsidd t&oﬁ?’l@ﬂ_ﬁ%yﬂmhgﬁﬂ%lcﬁZ (Figure 1).
adi a] | y expand or contract tTo increasé or ’

m
The Waas%@‘&?ag%*sméhr@il&hrﬁte&uoamm Hangpsdayidealid@habe ggametyic characteristics

includifé #€KolidiinkS t0 be appreciated that, although shown in
a generall 5 cylindrical configuration, the buoyancy

bl ock baWevakéighe(Whkis ite wirfiel dbenté Bethabh BR%rest (C) or high point
dependi ng on .t he de5|%n and requirenents of the

buoyancy pahfedirrecad thajaqugh (Repelowy prinhefithe wvaregur es

4A, 4B aWdvéfe > 0& ice IS _shown

in vari ousvpogig{hirt?r]}@qggégﬁ %aavgm? %}éggsléél%% W%ﬁ%he'g'hgem or
buoyancy changle; od iR Waieguand 1) . The waves (W passing

t hr ough an devjce 100 have geonetric
char ggt eitﬂ&%?%ﬁgwﬁwﬁﬁﬁ 1SS Va‘fe(ﬂﬁtbwmf}/ilv&he@bﬁ@péhf any waves,
is th i g t crest (O or
gy\g?w oi nt g%wﬁye&%gbﬁﬁﬁﬁ%%?%ﬁgﬁh t((51‘;%4)br I ow( p%)i nt
Ho ﬂwgi Tiguee; 4 Anghebuasiagenblovit § 14 i shbendt &¢ higbestveitivgEosition
[ I i AtS, €. O« Crests or troughs, on the
supportéH) U, (BT of iy e\ 1 R B el pve 126. As

the wavt I{&) watels througththeahs ’ ' S
wave ({&) ugihthe B SRS cﬁfm?av\{ll) I%Frg%cg%t]gﬁ{éﬁ&f%!bgﬁtri@?}ilf(l/m

i dpaQi of the wave hel
the Wavgh@gah@b)r%)ﬁh%% anFigyre 418, thebugyaacy blosk hi4badlstto its lowest vertical
4 i . i b r .t he, crest of th

posiior G S8 A} S5 SAPRRT sy ST Bl e Sl e 124, 1
Figure 4(2@he wavet (V€) hmvtenveM)l the Avlelsvetlbiah oW, § {ethhU@Y %ﬂﬁ){anc block 114
has ret Chanbﬁ‘r@ 1]}}2? by a ail stance of about one-hal f (1/2 .t%e

UHREd & therdeg St%ﬁfslc SoghenAn the follgwing aest (€nend doydisagain output
through MhOGflel 44tvE #pg s to its | owest vertical position within

the trough (T) of the wave (W as fluid is drawn

[0A7Yuibie pisten smdlet (PYainueshb2d) of the Bugyurey 4Gmptde€idea0e is defined as
the diStﬂélgg has .tr f%ej ed t g% fH| jb wave | ength (W) SO that the
uog;lglpéﬁorb Bk Mugd by the buoyancy block 114 as the wave (W) travels one
wave length (W) through the buoyancy chamber 112. As the wave (W) travels through the
buoyancy chamber 112, the buoyancy block 114 drops a distance (Bp) equal to the wave height

from the crest (C,) position in Figure 4A to the trough (T) position in Figure 4B, and then rise
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has returned to the highest vertical position on the
following crest (C2) and fluid is again output through
wWo b@eoeobet val ve 126. [0077] The pi ston str okeCT/BS3005/045419

the sarpif otsta@h@vm) Irrfm tl’reetrdligm(ﬁm BYsifeHR FgveaB tlaQQe b&s{-’(@}} B&kion in
Fi urea43: yﬁe d| e thig ton 120 is noved by

g o OTFJF 4Py ﬁéua/lavwc?wewamn@t 6Wel)\/vave

| engt h (V\L) through t he buoyancy chamber 112. As the

wave (W travels through the buoyancy chanber 112, the

buoyancy bl ock 114 dr dhs Bp diBit-ap®g (BD) equal to the
wave height fromthe crest (Cl) position in Figure 4A
to the trough (T) position in Figure 4B, and then

r 00 28] Eh B2l E‘ijsitéi{ PNrRas@BRA ﬁsfrBEé"t&Q%eégk}l%%d(a;r%glg sirgke" rising, also

position In ure 4Btot e cres
refe“eﬁﬁg&?r@eild:mpplélﬁ@émk@ “rmldrjlhfmem\ebkeSpéasx)elﬁqual s twice

t 0078] Th
(MBI ORI RV i i e eraOWeeing pass dhrough the
buoyaridyghutnpsderidee00r T 'bﬁoyéﬁc? ?ufn%fd%‘{/fc@q 00 Pads gfs&% stroke |P§/, which is

d %Oaglng stroke" and ting stroke' spect
eﬁnect [PistPRRMRNING qqggss ang ﬁx}bwawa}weeloﬂév ghAs W:iabe‘;lsqmﬁnn Bibure 4A, as a

the a vice 10
wave 11;{'%59%8]8%/%%% (g gev%ee"‘fﬁdeﬁ’% g %’fag{"gﬁlogﬁ s pdirect
associain etithi the dafsingedavey t he pi ston novi ng across one ful |
m R’gﬁi o@gm As can be seen in Figure 4A, as a wave
4 Peangy, sYEREvisa 0 deiniacasrapEssurhetate, the buoyancy
block 104QY 16 Yo BhRE C batdon wth _
o ’FaSSI n&a?/vave m@'%%x%?u%dlgfa{;ﬁe Ite% yé?]rg%l BEP%‘V%E}P“&& RpPsmax =
2WL. This franshatessinty- pﬁéﬁwf Hrcﬂdeataegl dfhie bllSQMEWO?in meqﬁfktoﬂwhﬁ&r 108,
travel the istance resulting fromthe
which ﬁ?éeg ﬂr%q PE L %?e @Stongg gyr% ﬁ“Frﬁa%Vet ranslates into a

0091] Rakdrrisis b | Bedale
1[| st g)n Cﬁll ndgrketigg \%lagg '?B ecrgﬂé&\t’ rgﬁl afnc¥ﬁgmp device 100

has beeB ipkace initialbiara body o graterhaichak we ocidﬁQ&k& rRe:fr Sdrldtieg wave- or

T T AT (AT
piston chatner, 122UsgiR%t aReRCRBEkurd A48, Ar\kfé(\%" ha\%gl; Peltcggﬁjz ﬁﬁgemeb

or swel | - produci ng environnment, the' init ress
artives gtfhe Raoyapey pump idawica 200. Blatdrdony ﬁie\mav:bmcramdnmllﬁ tidl8 the buoyancy
hambe$ @D zer re state.
chambef E08C 128 0801 08 8By E5 B REETU. e B8l iy Bl pcins
rise witlp thqxlsﬂtglwamr ikﬂﬂe bWty Chanbdrngawave increnmental |y

@B?ﬁ Eh fc}/} ghan‘oer 112. As the water fills the

989 L RRS byay; thg buoyaney blp@ivdﬂa&ys dsisizokd $uch thatd majotioy of the
b I I cy . chanber

uoyanifl lﬁ@cl&"’l %@g@é@%ﬁlgﬁ%&dg Bi a%’%‘{atglﬁ of 'tl{% \{Iﬂg u\gi@ﬁ?{; %qog&&cyl({}ﬁn,l@r 112,
thereby dlé@ngg@haé owlveinkat ofahefr’a}l@rantybl@f:k i e wHBy@e ‘b.‘uio‘%]n@? Khamber 112.

As th Iatlve I?‘t out of the water wt
€ %a[]&f{gﬂ é‘?mi’f%oc ﬂ]é;rlé}y?rsd’}’ ithhthie settling %{ﬁtehm/téﬁbnwyancy
chambefl 13 42 @“%e‘a‘%b’fe dosn e 118 B SN B AR yancy

block 1]|4ot\W/é. hepigiond20he settling water in the buoyancy chanber
ravit e pi st nshft 116 transl ates
[tbéé‘?:] n’gvgﬁém% ci )%tg nglﬂ en the uoyancy pump device 100 starts with
maximum pressure in the outlet line 130 and outlet valve 130, a majority of the buoyancy block
114 will be virtually submerged within the water in which the buoyancy pump device 100 is
placed. This results in a decreased stroke-length of the piston 120 through the piston chamber

122,
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bl ock 114 to the piston 120. [0083] At the other end
of the spectrum when the buoyancy punp device 100
W@ L@6659% t h nmaxi mum pressure in the outl et |iPer/uSIH05/045419

| Q09 KBRS o BNy byahPIBIRY ARG B don 120 as

be virtual Iy subnerge hid the water in
a givevaamwortstveelltpmmn (Wlt}pt]mplsd @\facgevem@avem p‘Wakt ghic bu¢piagey of the

buoyarie o eSS B MG on 50 ROTsIAT e HF RioR 60 5 When
piston ﬁb‘@{)l@we Sohothe obfletthvaB g anRsY, thd BisdyaddAbiase] Iﬁhﬁdes rela’uvely

pi ston 120 as a given wave or swell passes. Wth t
high inrthe svatsh veithgn therbuggansy shaes, b@cavﬁﬁethb @ggﬁmﬂ@y h@freqmed is only

c bl ock OVI
rleive |KHERE e Giike e BoGTIRE i chbeliptlin HE ofefygve 126.
0O83 UWReh (H2IPitbe priure s high tRe 246! mé;vdn@em of i buoyancy block 114
buoyancy bl ock 114 rides relatlvel high in the wate

within e bnqya@qyeclm@%ﬁdynmrﬁ@ékmgb@ é@@@yw h&%y%}dmg %cher in the
water. c}ﬁ%g@gelfﬁe %(ehgt%%?fgltﬂég c n(gl R)%EEZ lgesl?:%é/grécmlflgcf‘k 114 may be

almost\baht;ﬁeté@@ubm@@&ﬁ]and/‘!tdhaﬁblld:y fiost ovithpr s duoeanicy chmgl_mr to pump the
lquid g By RGP ERRAbEROG 25 BRI, SR IMEHE Fomdhpowet valve 126

may b&Bﬂl\éasB?fﬁR lﬂ%ﬁ helthth 511165“ Jt9hd BMRantyblbBE1 Y@te%rhwlhen completely

certai press re states I'n tthe pistdn c
submefig2d, canhm lbugt;tqm:wdéaémmlgh lifdngréoycete nadvedbe pistompl 28t ltythis point, the

orn T4 EACEL SO Lo Bt Mok W LU e DUt i
with rﬁﬁ%&e%&@yarﬁ{‘{%ﬂhﬁﬁie‘vlﬁe fobe pressure fromthe outl et

val ve 126 nm econe so great that the buoyancy of the
d@@&@nﬁfy %Bmpk: mabucyaney pRBR d@‘aﬁq)h@n@ ybuensney blegk with a one

rOV|de enou force to
foot el B0y S B R Frs SR sl neiogF sl T3 e tose
about Mﬁb@%ﬂﬁﬂlﬁﬁﬁﬁ@ WIEh@ (R HisteN eyliraier.t Sigoul@y &va®e oSl lone foot be
continues to rise with respect to the buoyancy punp
present] #hd kuoyaney, pyrapdeiiceoil eotawpite, in a buoyancy punp

JRSS RN % SiBHRY RS BLOTS ek 908 | AOIdIBkE 20 win

Xi mum pressure Si anc

continPispaxitdli mevemvith tHeatse ofla@itenonevefa@aivelifunfiluimp v@tve ok ewell reaches
within the piston cyljnder., Should a wave of ane
its resgegite Hexigrus apeht ehavingdhapieiPngalio aove e Yy Oh%QS in the piston

chambBH {42 th[‘&%@% éﬂ%bﬂlv& gh§ ﬁ’ﬁis od%g§ t?ﬁlﬁt%ﬂl%ﬁ il tth@ ‘fna‘umum

uoyancy pi sto conti nue
compressionl doyntrinvie pistbh chdmebarilge 13)1fead1eg|huestlli/\al\kavmg ost/\mw flow.

bl When Firingnci PTpsicl B0 2680 T REE RsuP gty Vg) Shu aially
mov1n% &his! 1§‘tetr1|ﬂ€d Rl g waRaRess th@Bud &Jag@yuﬁlﬁn}% Beviedt bt AY BleMPave or

hi s process 1s nal nt ai ne ntil he maxi num
swell naesvprtbs $overst pcmnhof dencetm ef ]:heshuomalwwénhdyérl 1449 termed drwdpedvaterline
still a n,the

of the BifypRineoom dritca - Eheiriace @lisear BE R Soigrblpw wateline

determ¥iRs tBd pdwerdtioré bf’th@f?ﬁ/dtdﬂgl?(l his is termed the high
wat erl 1 ne of the buoyancy punp device 100. As the wa

d008Yek or q@;a@ﬁbvswhfsm gay isikesmegiaitnbe prmpkd dleminlepfing ﬂm%s ‘which may
be adjusltje%yt% 8Xneot elf gélsls%ufc% 5 %ﬁarcr:%&i int QFocaﬁ)gl\ﬁ &t (?ornllﬂlﬂl%cateQ with and

receives gas from a gas environment such as ambient air. The outlet line 130 may be connected

to the base 102 for storing the compressed gas. It is to be appreciated that the outlet line 130

14



of the buoyancy punp device 100. The di stance between
the high waterline and | ow waterline determ nes the
w@owe6®b4 oke of the piston 120. [0089] For exmopis2005/045419
may bé"&ﬁ{ﬁe&@& td sokire l&%ﬁﬂ)ﬁ‘ 8%t RHIRR sudhh® o it stdrhfStank that is
which may be adjusted t'o connect to a gas sour ce,
located @ctpmaldhdbuwaacy puapidewice A89. conmuni cates with and

SRR ARV B TR PRI Bl e

vacuurilx@@t}fe‘}ﬁst&‘i Blidniteer 11NG, £HAMRERS SRAhBASH tHelinle$ 1ih€ 1D and the inlet valve
reciated that the outlet |ine SOggi be connect ed

124 mtOd anistimethambent 32 At e trotglh phige taue gadafter the water jas evacuated
the bu%;lfl?)ég}gﬁ}i%/n%%ﬁgg” \%l%eéqﬁ%Buosy[aagg gl%)g& IF{{;le tggkgés thtgll?o S 14’7 which

inhibit¥@thet Bewhivaidanodetflent ofhie budh irdy dlcktitiHiand pVMElZO lthe maximum
creates a vacuum.in_the 7o| ston chamber 122, and draws
mnom@aggqsﬁ?lkﬁdbﬁpﬁ?é‘qhﬁm@tﬂMﬂne 128 and the inlet valve 124

I @g@l&t R? th%' atvgrl?)e Uh@ ﬁge érﬁlzwatétl glt%ﬁ'ﬁﬁl{agzthsque B aﬁ@\é?halnber

fter t water has evacuate oyancy c
112, thblﬁpym’rcy\kﬂmﬂ{ ltldas bxymsadh txyariall cxzmtactbdlcbycthmtvatet sThébustaops of the

oo Sy e et e douar e et ot L
water @fthﬁﬁﬁe bidyaficy Bt ‘P@ B'il@ wPeE fikéd p oilﬁg@ éf thé%ub%cz block 114

wave begins to rise and water |ncrerrenta ly f
with rdspexy snty pidtenmb2( asifagilitatédbbibine yagtery shaltoldio, thegigten 120 rises in direct

. expgsed.to cont act ed the water. The buoyancy of
relatiof ﬁ‘g&'ﬁjﬁ}%(&@tﬂsp}ig}(gnﬂzﬁ%&gﬁﬁt s in anatural lift of
t0g9 uph/eaguéyhablha@Beel%trbdhdé@&n@m&glﬁt@ntch@nberalza@o t&Ees within
d?tﬁ?n t he buoyancy chanber 112 e to the flxedﬁ@

the pisgansthambar b42 asifee buewpaak 910191\ dé&k risesquiilithe prespise of the cpppressed gas
overco%{leéttlg@nlili%%e&%re l%ciilé ‘%j tf!ot R t}ﬂ 8(%1@0 %lﬁegz_?{ tﬂfolv\(JSGthroﬂl ff the outlet

rec fela

valve 1J6eaniduby auittey 1k QBK aﬂclﬂs tradnSf Bl td helegﬂﬁl lb&aionffaﬁu@&& Rtorage. For
i ntroduced into the pistaon chanber 122 conpresses

examplg, {h exepméary baseok) 2 clearriRed 2bove Fotherstaseeslepeiipngnae ke used for
storagé"&ﬁthé -5fn res%@it 4&1& 18 ARERS 5&(&%1\@% et tte[c’%ﬁrrﬁac‘}sﬁg(iggéleg into the

over cone ne pressure iIn t e ou i'ne
atmosjpieresshpaldihe SitﬂIF&log&BqlfleOV\B t hrough the outlet valve 126
et line 130 and.is transported t
Do o res e g T gt BN ap o posses dPugh g buoyancy
pump §XEEP R, WakR Eaind fo HEEHE bREFANBP ENENRE 193 h@ra\ﬁfyoﬁr@&ethe buoyancy
ocati on nmay be used for storage of the conpreésséd
block gb?sdownwa,ré Withr thb erave.oesdiinginl adavivatard h@vgmnh@@/thb elston 120,

soicn SRS e DL 5 1 TESANET S Bt LRl B ot pisn
chamb@?l’ﬂf‘és ®ScriedRR&E68s1Y, RhauerepBRAINBURY BldeYssPUIlDe B \sUERssive wave,
00, water begins to exit the buoyancy chanmber 112.

therebysdainngyhmbwgmmm gydee ;/OQaﬂOcs@RcemneIM@m\ﬁmlwaW drav gas into the
tin

plston\%\gﬁnbev\ﬂ og}per%s 245 gv@gﬁé\ﬁl& 1s on a%%%ng%’gn 1%:1 E(g rrg §%§1§ the piston

chambEh E2Viaed hebagai 02. dr lﬁvjﬁstGﬁ%(l) flirthei btﬁnlﬂie%eg thecda Rtoeed ihdRe base 102
as descri bed preV|ous , therebi repeati ng the process

with egghtqyclegmpl hedwexanoydlogh/d 4 qapap e pyq;p(prge theepressure of the stored
gas ang %P‘%ﬁ%%ﬁrl‘eﬁﬂ‘gpl 3%eVAIQEIS#)%§1t{tﬂGe §H&}%ﬁc¢‘}%l¥)§k 14244 longer rises with respect

raw gas
to the waves.

[0094] In another example, when a liquid is the media to be pumped, the inlet line 128 is

connected to a liquid environment, such as water. The outlet line 130 may be connected to a
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pi ston chanber 122, conpress gas within the piston
chanber 122, and force gas fromthe piston chanmber 122
WO 2a06/063924 base 102. The piston 120 further conpCEESHES5/045419
St ge Lhe gas; t e Y08 bfhel Rtk syste
s G 1R LRI g 1y BA8E ABE Ay St EL A AL yiem
When 1@6&xﬁﬁbﬁsﬁvlmﬁthml&h@s editeyase beidg pwmperb thrupibten shafhdld gy not
At this point e buo anc bl oc

require aiumegt FEBEc e ey MY U9} OF N A RBPRP LR chamber
122 is c]mﬁ)net?gﬂlﬂﬂ'v&it}f e i@niRelsId Bl punped, the inlet

I's connected to a liquid environnment, such as
(@098} In hkdiquid dxetpld, tle 11)3@r1ngy»f the p@;sétpmé%(t @q;rqsgondmgly creates a

v Bt S5 0B 1 Ll P i v

124 and ﬁl gﬁﬁcﬁi SHaatlek t_nm dat Heahou@s o\ﬁ/ﬂieamvara@dbﬂwngmmamates the
e piston shaft 116 may not require adjust

buoyanb}e chansleer tL A2, cwumeaﬁhg/bwapcsdbk@plé &14 omntagis theﬁtﬂpﬁ 16ﬁ dat inhibit

e BGPTSR 9 e v s

plstonélﬁﬁﬁJePY\EII ng of the piston 120 correspondingly cr eat es
a vacuumin the piston chanber (122, whjc

d
{0096 g¥s theveaynbeging forrise apd Vit InGPREntglY G E3 g chamber
112, thi E‘éoxlé%g)ﬁ bRL ]?ti PRiG J@H&%rto ]aaﬁ co;@%ct&hﬁy HeQWABr. Ofhel Hl%y&\%%f the

€r evacuates t oyancy chanber 112;
buoyan\dgﬂ lockhe4 besoyaircy ndthiot kiftf sheclomyandysblodie] bt ippssppase to the

re s D L . BPAEn 1 CHAEN
buoyan%k y&:ﬂ 190308 ks eﬂé?’to thQB%@dn 1%) ds'TEciN@ARa Hyak ﬁﬁstdrpshfaftsl% the

wat er I ncr nt al s the buo§anc chanbe
piston mmctehmntmdityyans:m djteottelalm tp shedidiing etithedugriancy block 114, Tn the
cont act

e wat er. The 0 C
cose o hin Bl 1 o o SRR Yo Sy s 22
overcofﬂeg% li]n%‘]arés@ul%Eiﬁ BRNSRlet And N30 lﬂﬁtﬁlﬁqﬁlﬂﬁt@ihle&wa’td:rﬂm through the
water wi thin the buoyancy chanber 112. Due_ to the

outlet Yalveel? remdubeowtet {ihe 1 Qs@yldnwa@p@éw tpmdqmr@%lqce%%@ upgQor
t t
storage, Hgls%oisreggabi%% fa ﬁlg z{.nd?cf qur may tb@ %1 ﬁércg{:ﬁttogﬁlg aama%ﬁﬁere should

the sitdafloh RRuiref ti ng of the buoyancy bl ock 114. In the case
of water as the nedia, .the rising,inconpressible

vwesm] U panethp ey e Feag hing i mmarsmumlisight A & PRFRES Fhrﬂ%ghm%te Buoyancy
pump &y ces‘ll(')flbr ar{chdeﬁ)ﬁl 368%# eldse ri'cigé}ner(t\ﬁllgﬁ QliShe ‘Bh@}%an@ BRamber 112.

out et va 126 and
Gravitpufde€thed bmgaarﬂc&(hlocﬁmrm dovinvennd,pesl g inc dovateward eapvement of the

piston {Féand SURITEEABT DS TAPORRI 2 UGN PEUT TSy falra iauid andlo
gas 1nt?tt}§@3§a§’tgﬁ rcﬁarﬁlt;lﬁtilzd triAg peddebiail 'réiiéafe@%iﬂf&ch 0QRLdivdRare, thereby

ve reaching its Praxi mim- hei ght as |td§asses
driving the bugjarich puinpalesive yt 0p wrwostesslv@é’ adeycherdlydbpadigyid and/or water

into thg Hgspéléga%i» 1%? &\# St egﬁ@fe@ %(gl%izhrgvétglggo Q%ggls 0 chamber 122.

0\]@ e o rb%saHbItebi‘a&d' if tife H@M@@d}ﬁﬁalmﬁ%ﬁs o@bu@mcy Jift must be
ston 120 and a vacuumin the pi'ston chanber 122. The
factoredahwmmmglst qf@hajwaw/hqqldupdesanfdw@nmg%@splﬁti@ﬂ@h@lnber 122. However,

in the g | on ec‘%@: %ﬁ‘ﬁgﬁ-[% bv;’f’yr f é:h%wglglhts proggr? al Spth\é"g'éyvse. ?I’Fehhquld, this

loss is vmually non-existent. The loss in the liquid example may be overcome through the

adjustable properties of the buoyancy block 114.
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driving the buoyancy punp device 100 to successively
and cyclically draw liquid and/or water into the
w@r@bossoghanber 122, and punp the I|qU| d and/ oPCTVEHEEN5/045419

@rgggj‘etﬁea ?ééégtﬁoqp tﬁtngpﬁé}tapéféumhgg M dé nggglp g%e environment
where ¥ @y B&a3edl iHok exatsple pehdrathe bueghndy pulnp dlem@e We9 ghitugfed in an ocean

the water/1iquid resent wi thjn the |ston cha
having predeteppined; émgua lized W %vegaévgregﬁﬁﬁ% Euovgg LoRap 8@\/1{:%286 must be

coupled tglaasiﬁlal}ft%%rellétﬁrgttme%éve@ & Flttl'oﬁ‘&l Rfth bhBas® dschMBat th&Buoyancy

SS IS V|rtu y non-existent. The | oss
pump dbﬂcé heirtainsitsredatarypositiovayo tim voanes.c Sueh Stmcmgﬁtﬁctuhbbe fixed or

t ft b k 114, 9
substantp ugi%f SF pg\ﬂg g‘?e r :asqg‘/?}gg He ugln% (}:’llf‘oﬁ‘radig%glglgt br direct
couphng 3¢ E&%&?%&W&W ® tbtthé Sceh f166r. l&ﬁ:ﬂ coffidctions are common,

buoyancy punp device 100 is situated
especiallp \Aathmthem dnd\gam indusiayiend ard enaterapiniedto bedseddp sonjunction with

o BLSLSEES B B R A SR SRR,
‘ma d1ioopatne %%Byaiié? ifi foatriting thisiy@n yithin the piﬁmn cﬁlnder via the piston
i

ntains its relative &Sltl on to the Wwaves.
shaft isslinectly telased wobe Guesaney klogkslifceapabibing i Hllqoyetwﬁuiéofor grample, given

a total ‘%Fﬁﬁ%&é‘:ﬁ\g ﬂtj &1% bﬁoga g%géc(ﬁ%la Yﬁ@ ﬁ)%l 5B aﬁhﬁ%&l%;ﬂz;ﬁn g/gxlﬂéfublock weight

(10 lbsq%stﬁﬁ’ sH4¥) cb@ndcttﬁs Qele IiimfsddblaneouSqmaﬂ‘ns CSollb&ée,(Hndcblnsplatoa weight (2.5

thin th

Ibs.) from dhetetal é@aiaé%m(éé“o I eaves %ﬁﬁ. %p{]%h gf@ff@r%glﬁsmﬁﬁwmcal testing
0 th

o SN A Sy dupprig

yos0d  dyisl cofrtenfptatedithiat the uoyencp |pgnmrdewcte Hi0A mayebepised &

o B 5B B2 7 S Bkt B AP s s

4R rofmbeRl ﬁ'w}gbﬁ;ﬁ'l@ ﬁE@lﬂthﬂfexiﬂﬂ Je, ballast tanks may
posmo{%%latg\?r%%fw at fOO bls subtrglctl ng the bgo anc

be couplbd t:d(thwémgymmcy bﬂmlpbbv;ce 160 andfilled aith, appmm@@tlmllgst "I¥1e buoyancy

]
T AT T NN -
the budygﬁq) plrBRYEHCA1 B0 felatBRRGMHel Wive calirS@nént] Saich Eﬁmﬂgmaion may be

testiing of the buoyancy devi ce 100 operates ab
accomploHeby coiming thooudst élnﬁ } 4ROl e oD PP deyice 100 10 the ballast

cont enpl at ed. t hat th
ank a8 At Fbl sl o AL ARG R (Y bl R (B
predetdri@ncacRanitioh 0 Botiages dnddigahymapbatsddrdepegingoattieydesired location
stabl e position rel atlve to the wave environnent in
adjustrrit o thetbuogangly fueep devdge @5@&an e, ballast tanks may be

\%‘ﬁ@'gdlidlt t oG eéhg%l?{%‘a%aq %u g{/‘i@ Wi (@fafhetdr] bfafle ElStOl’l 120

ppropri at ancy punp device
may béRjjugped @mslwndl tb the phrhping nteldfa drahd¢ popertignkEthgmdston 120, the

UL I A KR T M

! 6Pkiiidtl of fi& piston 120
telesco ngdéwlleltrl}teoq O o?m%egﬁg%%@ggb%‘%gw cé 100 topl? ﬁlcle

similatalthabioyaackblanid 3 Q0 Cﬁﬂedilglgesﬁ/&dlﬂ)r ol systemto adj ust
fl i.nto and al | ast tank upon .
ook o ol Rantretsn andBies Sk B VAR B hugyapey pump device
100 ard! ﬁe@&tg&jﬁp@l@ Gsnee &lﬁmﬁtréﬁ aﬁ@ﬁélglﬁ%f hiResibion @?'Hﬂ’delﬂiit)sfem’he Bikger the piston

uoyancy punp device 1 00102] It is alsaq
cyhndmo]rﬁSam}ilthﬂ ledgeitthe piston Stiokg mthan@emsmmcw@ﬂah&&: the gggater amount

of lqu.lCF or fas %‘fow 1slaggomphshed with the least pressure present. The smaller the piston
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may be adjusted to correspond to the punping nedia or
the properties of the piston 120, the buoyancy chanber
wda ide/06594 t he buoyancy bl ock 114. Likew se, theCPUS1005045419
. 420 -may hay CORIE it lidd28168 & greatest
cslindery 8 Ag e gt BTG v TRon AP 08, grcates
pressureRs pte@éht 1@ thediquid ar gdsdldvhandoiie yestamdind 0k 1ig@d of Sewflow is
Fi gures 3A-3C). [00103] For exanple, flow rates and
accomplghedsure settings wthin the buoyancy punp device 100
e | 231 LARLeSccan dvbet@ith efodedigas related to
@p@%nh%ﬂ%?%%g%é%gﬁ%ﬁgﬁr%lﬁger ﬁ]ce? pi gton cylinder )
the lengf#@@nadinéivnk ofigerintehinpi 28 anl atlebkee W@ mdotherengrgels including
. cylinder 108, .the 6?reater amount of liquid or gas flow
the inlet amd gutlefyesHed W& h the | east pressure present. The
e BE B M6 YAchS8EmMBAS 12ndd bhsy Ao bk MhAenay also be
@lﬂg{g%nﬁgé ?ig?(e % t hi% tcge pi ston cyl | ngz/er 208 t he
adjustedogaoedt fymessmnmn Huypneygemp deyieerlivieng. Sush agastongrgymay be
and the | east. amount of . qui r b . :
made, t5iseatple SRBaAI, 5y toriehme i, Biafale bh B bitlvding fslescopine
iond QSHE SeFBHIvREOHIponEMES: fehRuly) byndafipuridsa teltall eghtdm to adjust the
pomont(ﬁg I e%gt.hic, and pgi Mensi .onst&(;*] the inlet line 128 ia&)d
propertiesiof e desired cogpoasni. bt thisrmarmes thealpuoYRRS! RENR geYiffe! 00 may be

. inle nd out | et J 4 [ IR 05428 vofup devi
sl B S Mot s 0 B g g o v
100 matske aBarslicusade tvavps, oitiatl evaives, andiamemhdyingmoympdarge

device efficiency. Such adjustnments may be made, for
propertigkanpl e, manual |y, by interchangi ng parts,

mtl%ttfoctél%é Mrvalidod BEMUEGH Wevek ShE BEARINBY pRAIHIdeORE 100 does not
€ respective coﬁponent, or renotely,” by configuring
necessaéilyChaverobe sgatahtotthe batieud. Rathepthpludayeney pmp device may be, for

examplesgup R OahRRGoT L by uloh AP R N AR B the floor

' %4 t 1€fdrrh hatuteBeo Bueyaaltyorpitep
of the bgg%ggzaffgg&%ggd %ﬁgggd%cgaﬁ? %ge of Targle V\O/aves, srfalrl

mountingloestionanbht weorade h stablaglatfore arddequivelept- operti es.

00106]..To. t d t f . th
s AR Lo e
pump 0%@&!3”1@@ rdlfted REHE ARRUADSE enBaiylig the Wine: druoylinnyy baidgermined by

evice may be, for exa&yelee, mounted to thg floor of .
several fgoisofigr afampae.dhese deadudes theraamualdrighy dewi AR ABHTREL R YsFize: the
f

he fl oor, of the .bod It KQEIE the depth of
annual hgg‘a "i‘”n?j“dpqvgie\gs‘f%e n}%lé% p gafgg pélggdjé\g ei,:vpagr@ other - oePRe
liquid dfeebidtonl oP€Rs Wansorisiall; fiealistatee dromt stivire tthatwae or owell; the

its equivalent. [00107] The sjze of the _buoya

geograldwfdge DGO Vit %@hﬁ M%YF Pbﬁwfdul lzoﬁﬁép%a’& %&?‘*Bﬂ‘ﬁ%“ﬁﬂg&oyaﬂcy
SN G0 1 i1 \Baa

pom 54! V13 GRS BN Bl g vt

combirRanplit, otlidr@aeydnts [pude: devives armgrad fashigh to pampdarger volumes of gas

_average wave size; the annual high, |ow and average
or liquidthiough thepumise aver age period of the wave or swell;

Sl M oo s s
the watdleorgspogiea (foyential ¢ieegy)ead the ioyangy Weck kessepayeer gy falling and lifting
conﬁgt?r\é\tl?cluls vlve%g ‘E:lrfllicl(l)lgf.edfrJl 90&1 t%s %Eltra,u t te lf){s onop]:mltlﬁgg RHI%XW&% was then
calculated for both water and air pumping configurations. These calculations are described
below according to an exemplary testing configuration.

EXAMPLE A: LOW WAVE SIZE
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punp device 100. It is contenplated that the buoyancy
punp device 100 may be used in conbination with other
whewgassoy4 punp devices in a grid fashion to puPQI/USI0gE045419
T Ivgﬁ%%e BW s or liquid through the punps. [00108] To
%‘t’erm‘ng_l‘%g hor sepower generated froma gi ven wave _
foeil @]t Refetriveimocs ¢pecifichidy weRiguies tdetdmeaveposepawien(Wave HP) is
energy) an he buoyancy bl ock hors roin.falli
determipgetfof pFiaVA gwééwlw G S of o B MRt b Bh [ R as
followsdat a, the piston punping horsepower was then
cal cul ated for both water and air punping
configurations. Wewd{E&l[Can(D)&H@?Egg)descri bed bel ow
according to an exenplary testing configuration.
where EXAMPLE A: LOW WAVE SI ZE1l. Wave Hor sepower [00109]
Ref erri ngy v§%mlﬁé:)ea{W%@(&mD)ﬁvg}{?@l%ré&wé@/ﬁ%ve
erm ne

horsepower (Wave HP) i's de or. a wave (W
travel i ng over Vaw di WeenBadibf(1@n¥ehall? - Stfee wave | engt h

(1/2 W) as follows: Wave HP = I (HP)] (WS
where W (Wave VOWHEY%V?%EtP\K[D;%e Zgal(l 021]3( )
water/ft3) Wv = \\awe, Wwhte HdigRt ¥B)fest 17.5 feet WD =

Wave Depth = 17.5 feet WH= Wave Height = 5 feet and D
and = density of water (8.33 Ibs/gal) and HP = horse power

unit (550) and = W) and WI' =

Wave tinme to tr!@el déﬁ%&ﬁ z ; éé’%é?g}:’%‘%) [00110] For
and exanple, the wave depth (WD) is assuned to be equal to

the wave width ( so_ t hat theﬁr f,;'le of the wave
(W will conpl et el yiPcobesse pREeY &/@n@&x bl ock 114"
which is cylindrical in shape. For the nunbers

and i ndi cat ed above which are exenplary, the cal cul ations
are as fol | ows: W= Mave Spead (1/283/Wa) ) (8. 33
d | bs/gal )/ (550)] (2.2 ft/sec) 382 where
an

Wt = Wave time to travel 1/2 Wy, (7.953 sec).
[00110] For example, the wave depth (Wp) is assumed to be equal to the wave width
(Ww) so that the profile of the wave (W) will completely cover the buoyancy block 114" which
is cylindrical in shape. For the numbers indicated above which are exemplary, the calculations

are as follows:
Wave HP = [(11,453 gal)(8.33 lbs/gal)/(550)](2.2 ft/sec) =382

where
Wy = (1,531 £°)(7.481 gal/ft’) = 11,453 gal; and
Ws = (17.5 feet)/(7.953 sec) = 2.2 fi/sec.
2. Buovancy Block Dropping HP

[00111] As the wave (W) travels through the buoyancy chamber 104 during the
dropping stroke (Figures 4A and 4B), the buoyancy block 104 drops with gravity into the trough
(T). The buoyancy block horsepower generated during the dropping stroke (BBp) can be
determined from the following equation:

BBp=[(BBv)(D)(WR)/HP}(DSs)(TRp)
where
BBy (Buoyancy Block Volume) = (VB+VC)(7.48 gal/ft’)
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= (1,531 ft3)(7.481 gal /ft3) = 11,453 gal; and W =
(17.5 feet)/(7.953 sec) = 2.2 ft/sec. 2. Buoyancy
w®k@ekePDpOPpPi Ng HP [00111] As the wave (W trar€t/552005/045419
through the buoy ns gur t he droppi ng
stroke (Figures Agﬂ@g%g%qeéatség%uoyﬁy bl ock 104
drops Wi tWQgs Feidnye dbMCend Tiet't =euighl D >+dTde-dBhoyancy
bl ock horsepower generated during the dropping stroke
and (BBD) can be determined fromthe follow ng equation:

BBD= ( ) loBuoy£&ncy

Bl ock @?‘/’é@ M@A}@Q/&@%ﬁ%@ggf/ﬂfi\?% gl une of
where Base 114'a = 7Ilr1 2I| 1 VC = Vol une of Cone 114'b =

(ph2/12c di 2+d1d2+d an he di spl acenent
wei ght of the budya ltISP E’éte‘i{%%@ra D = density of
water (8.33 Ibs/gal) and WR = Wight ratio of water to
t he buoyancy bl ock 114" nmaterial and HP = hor sepower
unit (BH0¥ VeightDsso of aiops thg beeyaske bigskdd4 Zmatsrigl p
where BD= di stance of stroke travel when dropping TD =
and  tinme to travel distance BD and TRD = Tine Ratio, i.e.,

the percentage of Hpeehbdeyteunhl(®8R drops during a

wave period = 50% (assunming synmetrical |ong waves).
and [00112] Continuing with the exenplary data set forth

above for the _t al cul ati ons
for BBD are as\f?éo/sll \f\%p%% r&{éﬁ{%g @I? 8 333
where | s/ gal) (0.10)/550] (0.25 ft/sec) (0. 5) = 0.79 HP

Bp = distance of stroke travel when dropping

and

Tp = time to travel distance Bp
and
TRp = Time Ratio, i.e., the percentage of time buoyancy block drops during a wave period
= 50% (assuming symmetrical Jong waves).
[00112] Continuing with the exemplary data set forth above for the Wave HP
calculations, the calculations for BBp are as follows:
BBp = [4,186 gal)(8.333 Ibs/gal)(0.10)/550](0.25 ft/sec)(0.5)
=0.79 HP
(i.e., the horsepower available from Dropping Stroke of Buoyancy Block)
where
BBy = (BV+VC)(7.48 gal/ft’)
= 1, %hy+(mhy/12)(d >+dy dy+dy?)(7.48 gal/ft)
and where
d=1751%
r=8751t
=351
hy=151
hy; =2.0 ft
so that
BBy = [1(8.75)2(1.5)+(m(2.0/12)(17.5% + (17.5)(3.5) + 3.5)](7.48 gal/ft’)
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(i.e., the horsepower avail able from Droppi ng Stroke
of Buoyancy Bl ock) where BBv = (BV+VC)(7.48 gal /ft3) =
W(ploozmsa()aphZ/ 12)(d 1 2+d1d2+d2 2)(7.48 gal/ft 3pCHIN2005/045419

where di = 1 i 3 33.5 ft In =1.5
phere di <, ft SO tif161ft %9975 Wi 481ga1AeS-

[p(8.75)2(1.5)+( p{QS60/fﬂ?§{)7(4B%aBﬁb =+4,18G 28l (3.5) +
3. 52)](7.48 gal /ft3)= (361 ft 3 + 199 ft 3)(7.48

and gal / ft3) (560 ft3)(7.48 gal/ft3) = 4,186 gal and DSs
= (100 tV(3.1996- peg) iy Dofctf L 985 sk (BBY) (D) =
34,874 | bs (total displ acement) and (BBv) (D) (W) =

and 3,487 (usable weight) 2b. Buoyancy Block Lifting

v ough the. bURpaE) charuar: Se! BaPRRGRENE® 10 ' "

and Stroke (Figures 4B and 4C), the buoyancy bl ock 104
rises with the wave until it peaks at the crest (C)

The buoyancy bI(&B«)GDXWSﬁg Tsapahlevelder at ed during
b é 0. be determ ned fromthe

== LAt : ; = [(BBv) (D (I-WR)/HP] (LS

?(ﬁﬁ@] Fﬁis th@GWa@e 1(35) continddsitmagelfigr tﬁkﬁlgﬁplesabb,l@aﬁiﬁl dfﬁnﬂiﬁr 04 during
i

stance of stroke travel when rising = th
the lift streke FiguresiB pndif Y, dbgcuogpacysblocks K Hses w1th the wave until it peaks at

the crest (C). The buoyancy block lifting horsepower generated during the lift stroke (BBr) can

be determined from the following equation:

BB = [(BBy)(D)(1-WR)/HP] (LSs)(TRR)
where

LSs = Lifting Stroke Speed = Br/Tr
Bg = distance of stroke travel when rising = 1 ft.
T = time to travel distance Br = 4.0 sec
and
TRy = Time Ratio
(i.e., percentage of time buoyancy block rises during a wave period)
= 50% assuming symmetrical long waves.
(BBv)(D)(1-WR) = Usable weight during lifting stroke (UWy) = 31,382 Ibs
such that
BBy = [(31,382 1bs)/550] (1 ft/4.0 sec)(0.5) = 7.13 HP

2c. Total Input Horsepower

[00114] Accordingly, the total amount of input horsepower withdrawn from the wave by
the buoyancy block(BBr) is as follows:
BBr=BBp+ BB
[00115] Using the above-exemplary numbers set forth above, the total input power for
the buoyancy block 114’ is as follows:
BBr=0.79 +7.13=7.92 HP.
3. Piston Pumping Power (CFM/PSI)




and TRR = Tine Ratio (i.e., percentage of tine
buoyancy bl ock rises during a wave period) = 50%
W(asm)ﬂmiS5994 symmetrical long waves. (BBv) (D) (I-WRT/ES2005/045419
abi g ﬁi@fonqﬂﬁﬂp%gw{télf dt 'a%@ve%trﬁ@liﬁ cﬁl&i\i\fée)t per éﬁltﬁ@@?FM) and a
ssucht at BBL 31,3 | bs) /550] 1ft/4
given Brée;sy(eamé bs. :pevsqpsrwclz STy fugrch hqiﬁ(l/mr%p &iken thedpmyagey pump

u power

deviceJ§ EftGH t¥rp8%‘§’e‘ﬁ5t8‘\t£é\?8% @ﬁ%%q}g%ﬁ%{, uleR BBC) i s

as follows: BHIF = PRBOn WaBl1dWeISJ[SRMNBP.4)he

above- exenpl ary nunbers set forth above, the total
where; nput povver for the buoyancy block 114" is as foll ows:

BBT= . B, -3

Corm P 5 0 01 Gr]lé;%% »?%trbi\onf’n/ )zgé{oﬂqafugﬁpﬂtsﬂgkmﬂgﬂﬂ Cate

in cubic feet per(nfﬁ)(&ﬁ% 1(1(%Elmlna’nlj728g1?/\ﬂé)1 pressure in

| bs. per square inch (PSI) f ,ZJ gach half (1/2) stroke

when t he buoyancy punp devilc& fts confi gured to punp
and Water according to the follow ng fornmul ae: PF = Piston
Water flow = (Sv)(SPM (BP eff) where Sv= Vol une per 1A
stroke = (p/ 25%Mi=sBuokasger menut¢ st pkerdkesigtin) =
(p/2)(8.925 in)2(12 in)/ (1,728 in3/ft3) 1.74 ft3 and
SPM = Strokes per mnute = 7.54 strokes/mn and BPeff=
BBPIH ExdbiritesT &t dit fhic 65/E>@ém_lﬁé1ejrmh aMcEBP‘&]iri MeYicBLEngB %,
Devélffle —b83% so t hat PF@}VA (1.74 ft3)( (?r P
so thatst r okes/ mi n) (. 83) = 10.88 CFM = 0.181 CFS. [00117] The

determ nati on ofpth [ r e (PSI) for
each half (1/2) Psfi r gl(’@ﬁﬁ?ﬁﬁ@b?ﬁ%@i%ﬂp devi ce
(PP) is made by the=fl0l38cv¥Mg- @€g@nCFgN: PP = {UWL-[(S
\/N)Db(? 48 g{al l.ons water/ft 3)]} /SAP
00117] The determination of the piston water pressure (PSI) for each half (1/2) stroke
in the buoyancy pump device (PP) is made by the following equation:
PP = {UW.-[(Sy)(D)(7.48 gallons water/ft’)]}/SAp

and

where
UW,, = usable weight during a lift stroke = 31,386 Ibs
Sy=1.74 f¢
D = density of water (8.33 lbs/gal)
and

SAp = Surface Area of the Piston (in®)
=1t (8.925 in)* = 250 in”.

[00118] Accordingly, for the above-exemplary numbers, the PSI/stroke for the

exemplary buoyancy pump device is calculated as follows:
=[31,386 Ibs — (1.74 f°)(8.33 Ibs/gal)(7.48 gal/ft*)]/250 in>
= (31,386 Ibs — 108 Ibs)/250 in”
= 125 PSl/stroke.

[00119] When the buoyancy pump is configured to pump air, the surface area of the
piston is increased to compensate for the compressibility of air in order to achieve similar
results. If the radius of the piston is increased to 12.6 inches, the surface area of the piston (SA,)

increases to 498.76 square inches. Also, the added weight of the water above the piston
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where UW usabl e weight during a lift stroke = 31, 386
Ibs Sv= 1.74 ft3 D = density of water (8.33 |bs/gal)
war@e 8994 Surface Area of the Piston (in2) = pCl/8SBRH045419

SO 5 =108 / L subt®dctdd®om the usable weight
[(SV)(ﬂgg%égeg%&gg’pllgrg }}bsﬂﬁ%ﬂ ,e d\tgl%g{h%g%/;é%frsgke Cf or tnl’}e © usabie Welg
during thx Hfiptraky (HUAY abey caoulpticiethe péstors aic atessira(RiY).aé 1l other numbers
. follows: PP = [31, 386 - (1.74 ft3)(8.33 !
remainipg dhesame( the @Sté%ﬁlf %lpgf) (#’?%@@d i(t]he2p1§t0P§11)’ ég@émfb(ng) woyid have the
followi%rb@l(lgéo in2 = 125 PSI/stroke. [00119] When the
yuoyancy punp is configured to punp air, the surface

area of the piston is Pher@aded'¥o conpensate for the
conpressibility of aijf I r . 1o achieve simlar
results. If the radi Egaﬁglt trs(,)g%n is increased to

j0180] Bel&Sse dnakisd irage apiesul@tealle upiatiand (HSAlference between
I'ncreases to 498. 76 square inches. Also, the added

the use W gistonad PuIMP Wateeer b dhearentainipg exasmlessvill foppsyon pumping water.
4 g@l}/lf g’\! = 1% %%EJIHPS renmoved and thus is not
' able weight during the lift
012K WhM bk ewbaplagabwiybnd; manp Hevipd st owatat-puppigsonfguration

) PPa) . Al other nunbers remaining the sanme, th .
is conngyjtest orAncaemPlasY, Wafer sioragedaripior ﬁﬁ%tnd??%fmgﬁf“&%‘e}i”@w water furbine,

e o R HIEed B R OR i REE iny G
device:tbgfzwg(ratn }Nﬁu| d readily iundgr st gnd t hev\git ffer encie

e PRy EErees GRSt b ReriRn g BF g Ve
where Usabl e Generator Produced HP [00121] When the

exenpl ary buoyancy punp device in a water-punping
conf i gurBRédrenEmpirzeliy tasteddbupyanssi parergifieiencsiia st

storage tank._faqr_ ' ring.an.ex wat er
t ur bi ne, thE{qﬁgﬂ%%%HE%%WP‘&%?%I?%F%&?%@‘? 'gi%sed to
measure pover ppactipRd 164 effiedtyaney 068p devi ce: BP
= {(PP) ( BPef f%(l—lqad}l-[(Losszq(ml—lea%(Pi pe . ) )
Pipe Feédsction F] Qg IRPY has alengthiofyl 00, aprd Oepimsisat § sestion of pipe
hthaEfmi rically tested buoyancy punp efficiency = 88% Head
SUCh Al bg) t o Head(ft) conversion factor = 2.3 10

1 mile of pipe = 5.280 sections of pipe
Teg = Turbine efficiency based on existing water turbine = 90%
KW = Conversion factor for ft/sec to KW =11.8
HP = Conversion factor for KW to HP =.746

[00122] Accordingly, using the above-exemplary numbers in combination with the prior
calculations, the Output BP for an exemplary power system utilizing the buoyancy pump device
is as follows:

BP = {[(125)(.88)(2.310)]-[(0.068)(2.310)(10)(5.280)]}[(0.181)(0.9/11.8)/.746]
= 4558 (total Output HP available).

[00123] When the buoyancy pump is configured to pump air, the output power (BP,) for
an exemplary system using the numbers above would be about 2.72 HP. Rather than using a
water turbine to produce the output power, an air turbine would be used including, for example,
the one disclosed in U.S. Patent No. 5,555,728, which is incorporated herein by reference.

5. Input HP v. Output HP Efficiency
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Loss = Pipe loss efficiency factor = 0.068 Pi pe
Ft./Section = One pipe has a length of 100 ft., and 10
WERWes63994 section of pipe such that 1 mle of PEI/PE2065/045419
BitBl Re5LER0R, s D& el kGt i el ichenaybased
@ngﬁl %f?"tﬁg‘%ﬁgf g{re C?)bl? fgl-rll;g E:Eﬁ@%%?olg’KV\/HE%COnvgr si'on factor
determida®le dcb@ag foahK®lowidg:8 HP = Conversion factor for KW
to HP

= .746 [00122] Accordi Y, ' th
above- ex_eﬁﬁp‘éﬁf?oﬂ 6@Pl§yi?B§%Tﬂégsg&% T 57%’he prior
@ﬁi ! h PlSin tehl%ir??‘éi Eﬁﬂ thBErefidl dand, RASAIrédidte® i€ the exemplary
VsFam Ut 11 2rng The buoyancy pump device is as .
buoyancfgmdnqv@éviﬁ%ccording to the principles of the present invention, when used in
[

o {[(125)(. 88 .310)]1-[(0.068) (2. 31 10 . .
conjunct) phGn EESBPA ajeF EhbiRsches CPOICA PRI it ofthe
horsepo@‘éf”‘#ﬁtﬁ@ﬁa -frdiH A1AHind W8l (HIg) Ry OYigie BPPWHIhi iBay then be used as a

configured to punp air, the output power (BP ) for an
source cpemget.ary system usi ng the nunbers above woul d be

3 u HP r n using a water turbine to
E\AM?E,% émé@gﬁgﬁé{@ﬁ@a an air turbine would be used

g@ih(ﬂd ITRE abdRLe:@XIARY RalctiRBoN@erdinsaleasiditan exehiffary buoyancy
atent No. 5,555,728, which is incorporated herein by
block 1t48fherimgeeixed diampfar (d:pdapending o the-geomaty qidh hyayeaciplock

 Accardinghy, ot o . o . . '

1 andJiiglthy B R L AR H e ?“élg?%wg?ﬁzéﬁ?%%?ffmm
iorfSQRY €6isdifferekd filnes dntyg the BRArBBIach 16&8ion. Thu§ efitabsio

tocatio Thus, qéi nge erlrpi rical ﬁd theo&l eti cal0 data, it is. : :

reconfigse pyé@c.b uitdlts bpayanch gl(@;@ﬁfﬂdﬁvkﬁ ng}gcvaml EC‘\I;]iSE(‘eS as described

above. %ﬁ) eglgtﬂ-'ge 1 GiERGCRE 'tlﬁkclllé?élﬁ%nﬁ/for e TR buloPHREI B16¢k 114° can

C
e Inconjuriction"wi th an exenplary water )
be adjusted. b sresxamate, dizdutoyandyModohivié cai badesigriedios adipsisd tq inerease the

height ({]ﬁ?{s&eg?eo@,r’a mﬁt\ gggl g 9te{1 h%%ageérqg Egca)rﬁﬂgg@a\{g g%%e?s&%jfntgoa greater wave
height @g%!eis-wiﬁ)%'\éé’ééit%a HAMRRAGE WAVE S| ZE [ 00126] The

ve-exenpl ary cal cul ati ons were nade with an
00425 Axspuiningythaiche blave keightdWindueagses fionk 8 fHita el @ £t (an
(di), de i n the, geonet t h : .
everag It van g Reteen B¢ R ancy pop ooy G T BKRACH B £ (e Fie
4D), i.e AL WA WRMR thelaidy HIMM) toiatiease thebvetafl ferfermhance of the buoyancy
© l'ocations and for different tines during tggné(ear at ..
pump dewich int badies efrvatdhwih largerisyelle an theraverags of 8db it piegspendipsly, the
adj ust. .t hi.s buoyan I . ' .€
stroke Ig ﬂéﬁ 8&% fhé}rl?lit? i &%Jegaé & es ctirqig E‘é‘gg‘%gog& E}Bkérsgfe g%r/legﬂér/ées }lé\ﬁé’
efficiencies, the hei ghtSteked~d52i anmeter of the
buoyancy bl ock 114' can b dj ysted, .For exanple, the
buoyancy bl ock 114P15€06Wt@ge§@&%g=nggzd}‘ adj usted to
I ncrease the

so that
Sy (volume/stroke) = 12.8 in
[00128] Assuming that all other factors remain the same and applying the formulas
above, we construct the following table, TABLE 1:
[00129] TABLE 1

Values 5 ft Wave 9.016 ft Wave
1 Wave Power 382 HP 2,952 HP
2 Buoyancy Block Power
BBp 0.79 HP 2.05 HP
BBy 7.13 HP 31.67 HP
BBt 7.92 HP 33.72 HP
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hei ght of its base 104'a (hi) and rel ated dianeter to
acconmmodat e waves having a greater wave height (WH) as
Wmdohlohfemdescrl bed bel ow. [00127] Assum ng t haPCT/082005/045419

i , W@I}w:zrncreas*es—f—mm—ﬁ—ﬁ‘f‘f— to 9.016 ft.
- \ él SI zed wava) |ght of the-ky cy
bl ock: base (hi) is ingr §: .5 ft. (slgg hg. 4D) ,
i e PPhp __\Aa[ " of tk %'r_\'(‘\l h| r\r\| k- ¥ rEnv ease
4 tGﬁ@?WI‘P@lWerﬁ)B]}m‘ mande e hlm\/nnm/ ‘29132:5_[5- ce—in
5 MpeEffmfenmter vvith Iaﬁﬁ%r swel | s on the 68% age of 9

o132 GES Dbl RbT QSRalERHC bR a éé}%u%ﬁﬁé?ght by 1.5 ft.

results ih ‘%F& rseﬁb%ﬁﬁl the Bfth didsdrepping oOthe bheymich bock2aiRl larger output
hat Sv (vol une/ stroke) = 12 8 ft [10012 Assump
horsepoteain thk lexemplery fyatenowith impeavad prgall § qlaﬁl%al yg the

T B SRl ST s D s

having E@@B bhbgincy bluckaardgistohethat Qe;mralg'lapgﬂmloimeragist(e gy PF.=527.98

. results in | h
CFM) aml GPRFCABETHIY HPfE @Ep@;éwgg%@&%géegr gﬁ’d— Q?Q é—*ﬁ) g %hvenqocatlon
IGISEF P LtE SR Uiyl g 40 my
also be hdylugedl tomcemnatdate Isigeewprowt dsie. aThQ)fﬂll@éfllaﬁ tafptpy &

2
o AR TR B e B OB g
resultlng %o%gp&@@ (B*Hétg a$the Sﬁﬁrb‘ %?éédY(W@ Rariekofos & ppatific watPhdight (Wy) and

gi ven |l ocation. [00131] As
asthewwedadlghbwesfomsmp W@Pé@‘ -(di) of the buoyancy bl ock

114" (see Fig. 4D _malmﬁ#zg fﬁ?ﬁﬁjfst ed to accomuodate
: 0

| arger waves at a sit OW ng table, TABLE 2,

whieUstrgtes the ewoginty Blockwhi ch vari ations Bnoyahe Block
Hiiganet er| of the blnwmnryinbl ock affects the H@SB‘I’WK?@BT)
rsgppvw@&&@jﬁb the—waves SpETU (VW Y3hiES {07 &y, =8 mph
@9 cifid wave Kel'ght (W) and as the wave hei ght ) o
varies flor dowglerfic| spedgh VRrn132] TABY 2 waye [Hish Wave

Bgoyancyl B ock BuGgyantcy Bl OCkltdEI gi Di arret(esv (1[n) 26.9
I—hrcppn\nr (RRv\ {\Av.l\ W= 23 msh - A

= O ||p|,|) L - O IIpII
W = 8 nph Low Wi H g h vava Low|Vave H qf?\IV\av 6476

11§.P r\}26 0.9 26.214 16.8 168 21®1 64.76 5 2-3% 218 ?1 39 12694
5 T 25.2 252 7.67 219.88
7 204 294 12.28 349.77
8 33.6 336 18.45 52278
9 37.8 378 26.39 745.09
10 42 420 36.33 1022.9

[00133] The data for TABLE 2 was generated based on a wave having the indicated
wave height and moving at 3 miles per hour for the low wave, and § miles per hour for the high
wave. The equations set forth above were used to calculate the horsepower for the low and high
wave settings. The diameter or width of the buoyancy block was adjusted to perform in larger
wave environments as indicated and described above to maximize the efficiency of the buoyancy
pump with respect to the varying wave heights and wave speeds.

[00134] The larger and faster the wave, swell or current, the greater the potential energy

available for extraction through the buoyancy pump device. Likewise, the larger the buoyancy
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6 25.2 252 7.67 219.88 7 29.4 294 12.28 349.77 8 33.6
336 18.45 522.78 9 37.8 378 26.39 745.09 10 42 420
W@8008863p8L2. 9 [00133] The data for TABLE 2 wasPCT/US2005/045419
oo o generated b : | i Rdivaaue fore¥action fr
black. < gh B G TTRE 4 YR 2 boRANRcl SIS R Raction from
the wateW@YBe sraflter8ntislogger fer whayuswélbor tureenhitgghsmalles themprgential energy
_ eg;ati ons set forth a&cr)ve were used to cgl cul ate 'L}arr]le the

availablpy fyrspaditan TR thawatehirated the E}HOXBB%F‘%‘EP FHES. SHRE

i ' Plinsle fonsxtadiivs fiveh the water.
smaller ?‘S%gg&?ﬁﬁ’? %rl?é#’ ﬁ{ae:%g%‘;llelt veélmeh%ﬁ}%%ﬁer%ts as indicated
To optiraizd titesat et enappwenilablerfeom theztmioly ecyafumr desiigeyl Q9 therioyancy

bugyancy np with respect fo the v iR el
block 1 kfhdiowkd e 12\5@ éal%rper[gs% i‘ﬁ*‘ﬁi oﬂénqtgg{aeeeld%g%an g@?eéflg{}%deﬁﬁé Wave or
swell ardave, swell or current, the greater the potenti al
eénergy avail able for extraction through the buoyan

cy
[90B35]d e afthe Exdoaplesabove hesulmsrthatreertia SiAgOYASE §I5] yakable at a
.. either in height.or dianete th . :
specifcise i PRR AR Bt Abeae pisp e PUEF EHieq s qrppionall
efficient'Bf HhmatE\E dafBbiARingAkk Wheyvkdighth et spavific lsoebhs for each day of the
current, tThe snaller the potential energy avail abl e hich
year is #vailatdz firoat saveral feuwesstindudiag dhe Wﬁb%@h%ﬁﬂ@%&w whic

- u evi.ce. ni. | ardy., . r
s incor BB P 41E O pelp e e RIDS BRI ST ARTR: PURNERRS wave data fo
January€200 agd IFePrubiyoT00 hekenetan GRAYSHARBOR, Wé. pot ent i al

energy avail able fromthe buo ]%y punp devi ce 100,

t he buoyancy bl ock 11100436l f3’UIIy subner ged and

shoul d not exceed the widhhveve ReLgs of the wave or

swel | arc. [00135] - of the exanples above assune

that cert aGraysilzebaaWes Bape (aatar detth & 126.92 fegeci fic

site_and on a regular—daitbv—b

g4 H—bast-s—fer—the—byoyans
punp devi dentasy B oper at i onal |y ef fi ci ent ,Feoraary 2001

Day! O L St H%ié’h’t (AT TRUM Q0 [T Nepayave Ner ghtes at Period (se0)
speci fic [ ocat’i pns for each |day of |the ye IS
qelg?{{ﬁ')we

aviai | abl e from several sourdes incliudi Dsi t e

1 at| http: ghpmww. ngbc. nppga@ov |[whi ch i|s i nc@rgdor at ¢d 11.500
herein by reference. The folil owingltable (TABLEL3)

hd ~)
2i [ ustra26 wave dat 868 Januard 2001 aHd2ebr fary 11.500

CRAVMCG 1LIA DDA A AN rinAa o B —
2 1 fal/ar\ frn ‘

= =Tk 1 ot~ oV D - \'J [TUULS50 S .500
3 Anpual | ZZ&OV\ave Aver Q@r\Gr ays Bar or, V\%l\6 (E\oy Water11

gaeptit =152k 99 teet) | PeiF7] [Tn Tlpblle 3, tgd wave 11.500
hej ghts were nmeasured for aﬂr.h_wﬁ,dﬂ“fivn day of the
smohth t 0986hi eve a dal.D30 average® Wave pél-8&d was 11.500

avkr aged for the—ent+re—rmerth—angd—the—sane waveperiqg
6wak used3@ eath day!B20the nor h.| For ﬁ%uary 2001,%'500

7th:| AL 3T yoralppggation aays, givergen 11.500
exenpl ary buoyancy punp deviice havijng a m ni mimiwave

ghel ght opepational regoRdengnt o8 5 ft. FeY0 Febnuary 11.500

T =R T TR KA -/ M R S B AR B PRI
10 16.50 11.020 10 9.40 11.500
1 9.10 11.020 11 6.90 11.500
12 10.60 11.020 12 6.60 11.500
3 6.50 11.020 I3 520 11.500
14 12.10 11.020 14 210 11.500
I3 5.80 11.020 15 5.60 11,500




ft., there were only 26 operation days for the
exenpl ary buoyancy punp device. [00138] Referring now
WO 0006AB19E 4, t he average wave hei ght data is sPOWIST005/045419

ary, and—tiren—for the entyd_ L& VEai01
a?a for March through Decgrerglglr }2001 is

Day @y ai WaliRighi(fih HHe Wekidide ref eDred|to ab¥ae). [|00138fiod (sec)

TABLE 4[ 00140] |The average of the /vaveHQielgtgt{]}s for the

oper ational days in Januaryiand Fehruary were thus

l6déterm ned to He 9.89.020. and 71660|ft., }.@€pect| vel yl1.500
The annualized-operatioral—pave—fetght—fFpor——January —and

17 Fe=bruar)§-4i)001, woulallt@(javel aged at 8. 75§{P9_ of over“z;lisoO
period Qfzp7 days of{ [qQpgr at jon.1g-of cal epndgr yefr 11.500

18 2001, t(hééi)ﬁunber of operational days 236 with an

19 aver ageipper at ijonal Meo2® heilght1of | 8. 54 560 A user 011.500
albuoyancy punmy device_discllosedhereln—is—ablerte
20 0Bt ai n 1K@ publ|i cly v ablle dftaland deterni ne 11.500

efif-eet nuatTzed etrelghts, and Opeg ghi on gays 11.500
2lgr a gﬁf%ﬁ buo anc;‘ll\rg@\r(r)p devi c% confi qur'g?i on.
7 [ QOTIAI] 7he componemlwmf t he bpyancy pesp devjce 100500
mjst be adapted to functionlin a Line environhent
23sdch as &40 ocean. ACA2® nglly, 2he|conpoftélts of thell.500
hilavaneyv,. s nA NFH W aYal + 1 4 PR .
Y fp—aGevir—CeE L N3t ey e TartT - aattpn .
24pr opert i9e@ and/ por o?]hle se |be ‘f:%rrosi ve$;8gsi st ant . 'H)SOO
S5 Prjovi d€ g fg m nj mal gnyig onfent a8 I mpact4,9¢+he iplet 11.500
126 of the pistbn chanber 122 whig¢h may he expbsed to
26t He sur165Adi ng| envi tloddfent ,| mad6 have a Pi70ter pl aced!.500
tRereon—to—FHpr—out—ypd red—coffponent r—tthe z
27cdse of %g%weed or op‘n@r decayi% mat eri 1:60 such as 11.500
28ai gae eng‘%i ng | NTO {fgPpuoyancyg chanber 6Fb2 or|the 11.500
buoyancy cylinder 104, the deaweed|wi || act as a
29natural 1bwori capt betWeHh the noving conponents of the’
r exa

by ce 100 —F¢ e, if al e 2
30t o becon®4? odgefl bet We®H t hg shi s %‘-‘Bﬂatl?fﬁ@ﬁe%ﬁa“ﬁ) |
3 yam,y9' otk 14 H‘ﬁzo’“ ggde woul d reduce the ‘

frlii cti on'between the shins 140 and .t he buoyancy bl ock
AVAI4, thegghy 1 ntreasing2 he |buayahgqy punp G88i c¢
efifici ency [0014?] Referring now-tlg FEj gur-e 5

Iﬁ(@\gﬁ{/ §d 1SS, RhARale ﬁé@%}ﬁg w%Fb 1ﬁ€ésﬁfeﬂ§b?e&ﬂb§%§8§s& da§fof the

oyancy punp device 500 is shown in accordance Wth
month toheehjeve acajy eserage.t Wevpperswivas aveeaged or. tha pretirs mepdln agd the same

u devi 500, i ncl udes a e 502 u :
e BTN O B LR SRS Ry 200 BE Kt cportin
days, gRRf A %ﬁgn?far}t ﬂ%y%h&beﬁurﬁ?‘ deive qublk%)a/ afigiyhuey anelReigletaperational
"“506 and aligned 'generally coaxially with the b

uoyancy
requirepghi ofceft. FonFebhary0Réybesnuse ey dfandday &hbyd wprs HB#E less than 5

504 i . i )
. e b e R GRS BRL Y PEE foe i
E[@Mssgmghmgc}ﬁfw RET ABDHAY deciverigamase hEi@Bt ddteissshown for January

\Jy MII\Jy

daci
Col

1”4

11.500

00143] A buoyancy bl ock 510 general | ylindrical in
and Feltyapye andstheh iferthe gitiis iees @reaigmaining Mﬁ%ﬁ\é%ﬁ glyoeahl?ﬁ%’?mber 2001
. 208 e .axi {n. It is to be appreciated
18 avall?ﬁlgt& ﬁﬁerwe\o/bu%@)a%%y e%ﬁ%p%a@. ce 500 in this enbodi nent
- elimnates the need fq00E89)pi BABLEad pi ston shaft
byconbi ni ng t he ' buoyancy—block—ef—Figure—1—and—the

buoyancy bl ock and pi s{onJ8Rugygurie fq%ﬁF Annual
Average Wave Speed 11.02 11.50 9.922
Average Wave Height 9.89 7.38 7.467
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one equi val ent buoyancy bl ock 510. [00144] An inlet
val ve 512 and an outlet valve 514 extend through the
whowgaesdy4 cyl i nder cap 506 in communi cati on wi PET/URM05/045419

e iy chamber "508 1o aft fgy gasjor liggid tp flow —
Opmﬂ?%%ﬁg@%rouqh. An inlet|line’516 and an outlet|line 518

CumuRfi®e Opandohaddys the ipnlet gal ve 512 anil outlet 514, 236

respectively. and-areadapted tofeceiye_and—exhadst;
AverageWsegdttlfsti — gas or 1§ qui #-3% om { he of B9 ends. —

[00145] The base 502 npy have a plurality of fegs 520
Operaﬂ%?%endi ng towards a flpor 522 of the body of water

Cumub@ide AMeBidpivave Hisigle 526 i s &8upl ed thr8dgh the | egs 8.54

520 to secure the huov v pnum_dévi ce-50

U

100390] St averee BhtE Yrs heighiior theraperplionaldays iy, lanuasygnd

for i nt aining it | ' i
YD TN T SR oo
operatifies wtalve heighabor dhdupriadiahitebiiey B0, armoyd by hvenaged at /755061 over a

et b A A PR HELED ALt S 1A 1 e
with algalqgﬁ{gg %gtex%ti(%e{l QWvE ABiHAOMES4 B1 A udtof @Bdo%d%n@? pumpllevice disclosed

ommuni cat e t her et hr ough. I nst ead _a storage
herein tsable, totdbeniim thel peiblitly meaibadde daty ahd dgommioe eHective annpgligad wave-

... line 532 tq nove gas or |liquids flow n . t he

heightsiang QppTaen 8y w82 PR R UPEY iPBWP(‘Jr?cheé’ﬁ%fvl\g‘;r%%o147]
01 QY OVRNGnnesk oB#R BhoF RS G ddvide T00endsy by adapted to function

chanber 508 has a predeterm ned buoyancy, such, that

in a salireeentyiroymenty sush@s n Seernacessrdingls, the sprapersatsHithe gueygney pump

. f1lui d_dypam s of . i i
dvice G IS0 5o B ARl RO B st o
provid R WiRihd eayisbemmeilanpaiieteshl-r K605 thépisbuahambyr M2ywhich may

devi ce 500 itself. The buoyancy of_the buoyancy bl ock
be expesed torhe syeronrging eedranmmeat, sann e adiltse BlerrbareRn 0 e out

unes Y3807 SRSty bIQET TR ocha ga g
into thdbeysancy cisinttek 151 6r the booydrich dybndend Oduths sateveed vikhect as a natural

. buoyancy cylinder 504. The buoyancy bl ock 510 has. a .
lubricagbeqi P} e AP IR FOTRRIeBIS O A D10 GO METE A k) BTeg crample, i
algae vg%]g t%geroegg\élgg%egqgm' thaLHieR 1hetReaR Hu'&_?_a&ly%\f@dkcm 4, the algae

he water 524. [00148] The inlet and i
would eahibethevfeibti@sb&den thi 4hiamsel APrandithebudyene blptlohd Hdherelesincreasing

whi ch erHiL tE@.flom;of gas or liquid into and out of
the b“‘ﬁﬁ‘@‘%ﬂ'ﬁ?ﬁ EYCe R 8FY 508, respectively. It is to be
o0 £g RtRfitRw tdEgURl 3/ 8k ehldted 58 playvib® opas alibaaed

at differing 1ocations, so long as a desired pressure
embodimerd off aduapinsy Wi devich 08 ibshenayin @pepigance 5ath the poneipes of the

n_operati.o as waves ] :
pesnd B RGP BN T S, U BB RS gy
504 coRREMAE onb ehd & fhE OYBN2 llenbidesd HQKe dtherr aiddy 4 bioyancy cylinder
buogancy bl ock 510 in

n a cycle conformng to the fluid
cap 506 ynd aligiedarenergly Gl Lyt fh?ébwwtﬂﬂleg%é%én dhesities end of the
Syst har, i Stii f ' .
buoymg%&yﬁ&eg *Bg)ﬁ? II)}S%LI %‘die%fﬁ?%g th iR KYRYANGY. AKERuGFMCS @ylinder 504 and
buoyancy cylinder cap 506 collectively define a buoyancy chamber 508 therein.
[00143] A buoyancy block 510 generally cylindrical in shape is slidably positioned with
the buoyancy chamber 508 to move axially therein. It is to be appreciated that the buoyancy

pump device 500 in this embodiment eliminates the need for a piston and piston shaft by
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buoyancy chanber 508 is expelled or exhausted through
the outlet valve 514 and outlet |ine 518into the fl ow
wo 20ve/ 06324 As the wave departs the buoyancy puP@QI/Us2008e45419
o g v HOQy wfh@: ] A [ ‘3 :
contithg e b BUOURECYr PIaBE)| APt DEDBIR LRI A BREGTOTIEre 1 into
one equitaraBayyanbaibtiek 5308. Accordingly, gas or liquid is
entered i n_throu

BP344h e\ i vBhYS Do L0 e o ey 17 %‘gteﬁﬁ SuplEhe B0y
cylindei%%ﬁﬁ%sih\églmcaﬁeﬂ LadGhe Bug))%ﬁﬁyé Blhanhted 808 td MBSw BaSor liquid to

rawn into the buoyancy chanber 508 is again
flow the@¥edughd Arhindat dine 5hé andian ettlet dine 1% aR, coonedt¢die the mdet valve 512
518 and flow line 532 in.relation to the position of L
and outlehal ETPSFRYF BIDE RSP Seh o F BT br g e Bos or liquid
fromth)é‘@gnexﬂ&owo] Referring now to Figure 6, an el evated
side view of yet another enbodi nent of a buoyancy pu

np
(D14 SE Taedases SEhman hampmygqﬁyg@%eﬁ@w%togmds a floor 522 of

i ncl udes | ase 6 uoyan usi
the body 1 s34 AoUPPOL BTGV RSSO ROt Ry e BEE 2O RNRERRie
buoyan%ﬂ‘r‘gm’ﬁid Q¥ HAE BOh oH S WoRG42. The baseiaywentactdoUsilag thdse28 for
08 coupled to the other end of_ the buoyancy housi.ng
maintaigyg, the\kuenangy pese davice§0d rrbayﬁt{%p%erwlarﬁlyf*yw e 5gVvigaipnent.

. . ¢
7 GO SR by U ot gt
which fatther seetd t@btabilige fiestuoparsyafuimBdsyicrtdOpi K ballswy ppwb 1&is adapted
oGt A es oo e R 18 8 U0
storage?%r\fli\\g ;ﬁgg&?ﬁg ﬁﬁé 8 B‘d@’ }Sﬁ BS¥neRtea a‘f’fg)(l\)x}6§neﬁ§33l S &RABAr liquids

uoyanc ousl ng cap . The buoyancy
flowingdihemighGhé flobvlimean eylekitaidkcatminl (sottsh8wnand pi st on 614

&ﬁﬁ%?gﬁliges%}%ga o %&5 &gggﬁqggcig\%ﬁgmr%g Eu%ga?‘%‘g gﬁﬁ?ﬁelé%g has a
predeteﬁ&ﬁ‘feﬁ'%u@% C?,ng,l(:h gt Qw.ﬁ)gﬁﬂcmtiéﬂ H0) B6des inAyblRTenfRAINg to the
as a plur t egs

p alrty of | 22 "descending towards a fl oor
fluid diRdics oftthe wated yn whichdhebu®26cy Bavp devippdPQ is pesisiogedand the

o S SRR AT ST g s
buoyanicy ok 8 BuolEnd BidK D) BapBE hdiGited th AManicriad dedeeibed above. Stops

position of the buoyancy punp device 600 in a, posi 64 on
534 are dibpased en ap inee permeter F2elowependaf] thahuoysney aréiser 504 to prevent

housi 6 Qnpr i i ' S ,
e oSS, 5P 900 FOPR RS P8 bpebloted S0p ot buovaney
block 310Uk BGesl dprniéitabanckht peritety afithe Hmoyaicy dpldxksd 060 prevant

plurality of stops 632 are positioned on respective
Comm@fbfi?élpné?ﬁ%’\’qe@\ﬁéf‘r bunyaRGyH 1'@%%’5? é"aéegeng 0 maintain

gﬁghﬁﬁ' %Y?@ﬁﬁ’et g.}'l@ Gl & LAVt § E’L,% 14h8e BUGYaREKalTRHS U8Ec&8hich

axial novenment thereof. At the top of the .
permit uof@n oy ghoosiquid Hfetamsl daldf dist buwypndgIhainbecyin espedively. Itisto

thereto to assist in. mintaining the oyanc
be appEsGiA I EBe FAVES 1kalt _Bl'?g e pard S BT long o5
desireag%rr@?sug—éqﬁ a@ﬁ%ym@%[ithﬁlutﬁé BoRAse R 30geCcCt s on one

ace to an outlet valve 636 and at the other
0014894 elit apegationutd wevesipass B8 BuoyEney buoy daeige ABUsYaigr contacts the

ba 0 ovi des for. ca i cation het he out |
buoyan 3 esed rkeh R i P e 4ty B ab M Bhyancy
block Slﬁ) ih&! §e Rt 10ahf18id BmEmedsi i@k Wateegrd thetlydraulic or

t hrough the buoyanc¥ housi ng base 608 such that . |
pneumatic system characteristics of the buoyancy pump device 500. Gas or liquid in the

buoyancy chamber 508 is expelled or exhausted through the outlet valve 514 and outlet line 518
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shoul d the buoyancy bl ock 616 nove in relation to the
buoyancy housi ng base 608, constant comrunication is
woraioaeioned bet ween the outl et val ve 636 and tPEeT/O81008045419

Ho P g it |' |‘n 1y 6 A T i . . b bl k

s R0 TP PR el B DL S0 boanc o

510 incl3Miesiallg deajf@n@ér)]e& wapetl b grapitg,taneart]mza vtaouyraivwitham thesbuoly st

position of the piston 614 with respect .to the .

chambep 3RSy ahespriiBel & Qa8 .entemsh@ﬁmvgléﬁ’ﬁi ‘BJt%Bhn%i% and inlet valve
intd- (A8 NG 3 il W Ré 2hd Giquid that

st i GRERREHPeF S TAT, AR RIS 8 ke pren g e

has beed B@winnhet thy Bhoyen6y 6hambar $OR i agacoenpsted threughathe phllatvalve 512,

outine BoREEARh Sy B SR SRk BB e
withres??&ﬁ@gﬁ%v .epck 616 and buoyancy bl ock walls 618 are
I dabl e

W th respect to the buoyancy housing 604 and
[000 §6)n Refdrong hony tp biguee 630, elg\{@(tﬁqi sideatiowd YBURPHIE ymbodlment of

bl ock 616 . |l ock || "
b e ST ST
buoyanBELNWRETY 402 0Rh&dQtoGhE baR®OR hebiyayenkyusivel dap 6Bb&oisled to the
preferably seal ed such that the piston chapber 620
buoyanéiehansiter 604, fndebugieasy heusing hase 65& pamled 9 tE? pther snd of the
{ f b 1 i t
L

thereto [0 slare6iMmhet a plutaliaybf pistonalipestséiQ, GBeaedto the other end of

uni di rectional flow devices whic ermt t fl f
the pisigashadt S 1) TSP R EEPTARS Sbat> BRSH | BEBIEeCHanBIDT¢ag and the

g i 1 . 3 1+" 0 k 11
ook SRASGILIEL Yo i b hRyREyPERR GBI LE oMl ek vl
618 extehding usyadcthe baoginey hoapng e 6itd Thedyatiancydes ¢lg. bugyancy

I es pect |

block iS4 S BRI Al Hor e PG SRR L PGB T OGHBEycy plock walls

618 are%ﬁﬁ]?t@@l kPHidaBE RoVENEWRAYIHEPiseéBERE &dtheBdoyancy housing 604. The
characteristi'cs approaches and contacts the buo

A ancy
base 6llms k pbslird Idasépaniescenlingiowaiis & 098624 Adhe FegwALyater 626.

bl ock 6 and buoya bl 1S, e i Bl
pase s ey 697 O Boroi R ER L BELhB R TR @l e v
626. THY Bé’a‘éjsﬁ%%&{s_ gRan¥EbEfiliéMwh b ehitihe billisywnayinpinmhe position of the
device 600 is positioned and the hydraulic or
buoyangy eumptderice 0 ame phsitior tedativette e Water 9. buoyancy punp

[ 00 it sel f,. . .
e
coupled Qpérﬁlg]osifibﬂe@bameﬁ theluoghnc§ Iduging sap60G asl thadugyecphousing
i qui

I in the piston chanber 620, such that e gas or
base 605, qupIralty of Hophas BRSO GHEHBIESRSYYS SPRS guF fayft Porns of the
P i E6 RQitk hARIfRD4tMdenit axial
posts 6{3?;0nfsﬁ%g1}%1ggneto%ﬂo§§%c \s/@lr)éeq\d6 ocg?l?g%@%drygﬁ%}}h a %Ilég% l'ine s
movenfddtherop! adiieaop bethe bubpdncl hnesi68604 Aballdstcapeedd is connected

departs the huoyanc u devi ge .60 ravity urges ;...
theretofth ot oy BRYABITGAR: BB PHRLP B gavicy o) Bkt ied pesliifelative o the
water %\Mﬂ@ rbﬁg&%&? r&ggﬁgg bERII0RFoAnLRLHH TRt ALt dHeoRleB V4lie 636 and

chanber l'tquid is then drawn through the
at the dtidratrfhdene afi4dtleniihe 638 tThediuerargs hopsing baseed08ipsevides for

o SRS L, Py CLRE 8 gt o
telescopfelin a¥iPe, GY& ST &Abiy ¥caBRBA AREHRShE BEojauOy BAGsing base 608 such that

should the buoyancy block 616 move in relation to the buoyancy housing base 608, constant

communication is maintained between the outlet valve 636 and the outlet line 638. The piston
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punp device 600, the process is then repeated. [00157]
Referring nowto Figure 7, an elevated side view of
wQ@ edocasdvher enbodi ment of a buoyancy punp devPCEUTDO5/045419

shaft 61_939?‘?:1'?9%0’[0;'@8 VGQH%}% ggéﬂjreijaq*@% ¢& th%%okﬁﬁly%§§na 05’@5@6 and the

yancy Housi ng uoyancy ousSing cap 7
piston 6ddne eciedintadixedeobitioy aifi the fistos bhd with rpipseidn th@blsqyiagcy housmg
706 connected to the buoyancy housing cap 705, a
C%’axbuoyancy housi ng base 708 connected to the other end

f}fo&"s’@ £ 10 ﬁ&?&ﬂ“&&lﬁb&gtc?%xﬂét%lv@l@bWalwﬁblthmn of the
conne ed to the piston housing 706, and a ball ast

inlet vabapSW mﬁp‘dns ipistanedmdion §20.tThe 1pl|eswdme orfLi th ig gprureeted to an inlet

| ed t.her et 00158
ine 642 PR B S P PR 8 R0l B s souee
TE1G ) ﬁi&%byixkg HERE G R R0V 4Ry bRRE w6l 8@1&: ﬂfdabl&emth
uoyancy bl ock 714 at one end and to a piston

respect & thelHupyatics ovsing (P4 Anhbedtengy BeusingHussitdy. susb ﬂa%t thluoyancy

L

The intéffgeMeSl @R th@FlStoﬂ% l1dapd tHdhaydndyhealp Gl8dr prederablygealod such that
[00159] An et valve 720 and an, outl et valve 722 are
the pisten abaseas§20 snaythe yidst dfixedpizsare Wil resRpeilg focaffs miveisht of the

buoyamig gf E%lggﬁ’ihhl%%ec T@%ﬁé Bib&fn] 1l Hl%re%g(?naq{i‘tgl g&’éc BlesMAL MRrein.

Xt en ast 712 an ohnect to
§00154| €Thel ml&eaﬂchélutRn dalaes 640, 686 atel medlﬁéZﬁQnal flow devices which

pemic S b b Bl 5 LRSS e B R S P i o

apprec%% thz% ffﬁ%%llg&gﬂ;jlbo?ﬁﬁﬁay 80 Qilﬁ&?é’dag? Hiffe?ﬁn%tléca‘ﬁﬁn@oﬁ liRAuoyancy

wat er 34 00161 e buoyancy
housing mﬁ@ﬁganﬁ%ohamydmpismg bhset @DSofesmey cso levges A geq;l@glgpressure is

extendin e buoyancy housi ng base 708
aclnevai)i Eﬁ’i‘ﬁgi’:i”égmt‘%@@é?@ he buoyancy housi gg | egs 736
gbéﬁéﬂ Vﬁto%Era?laf} ds@ WRaRShalviiy B tdut@uthed e‘hafdctéfrlahtst appﬁﬁaches and

uoyancy Dbl ock stops 738 are di sposed at uppe
contacts dwelvuo!yaw biloeks6 Irandrbuoniprsy Weks walls @S, th@éu@ww r‘»‘&?ﬁk 616 and

736 to.l

wosar A B AS Ty E REBp g  oe ni
dynamic Qiﬁ il wakbiein Beadtadhe oub patily pANpateeicé 380 Iihaposaldmﬂ land the hydraulic

tank 740 positioned thereon to maintain t(51
or pnewshaticystgmesparasieristiesridhe beeyapepyap 4eyigeo (blt%q?@ ‘Eh?gg}myancy of

f h

the buoggnc‘éfﬁl?ék gfbd may p? V&‘d?t\é@'i‘l‘f% R%ﬂge;? dd%gTer% %bz 4 :c Isowulr |t ngr

7[6(211566% TlthﬁWdybm?ughchl«t [)53) imess)?aglnewthh gasmnﬁgquhﬁnﬂhé’ P&ton chamber

e piston housi f

620, S%hsﬂ?@é ﬁhessaéﬁ& 1wid \@F@ngf‘eﬁgfafl Cgm?ﬁfzxéﬁo g%%\rpgheiﬁﬁg?%‘ﬁla gutlet
valve 6%f6 aTnH %uﬁétslfn%rbgﬁ%‘ & ﬁﬁn Bftel & & H&ided Fodatbn TRYGIENMlo®fline 644

iston i ston housing 706. The piston
coupleh mJEhe mgtlé’t(lﬁlel S 3f let the waad depestd theobudyhowy Bimpl é@\{ iee €00, gravity

venent t ton 718 withi |sto
wges hoiovpoe Birpk Fhe BpShraafot el Talls b aB il PRl Meating a
vacuurh Wlfhﬂ?fheﬁﬁﬁ&i !:Haﬁ?oe? BQO bagy @f‘ﬁc};m@ Wmeld@t\ék&@l&h%@@h \hd idlet line 642
respect body of water avin
and inlpt edet @hintretic pistdrachamber 620 watildhe éUQ’.YGNYalgPCk either contacts the
stops or reaches the trough of the wave. As the next wave cyclically approaches the buoyancy
pump device 600, the process is then repeated.
[00157] Referring now to Figure 7, an elevated side view of yet another embodiment of

a buoyancy pump device 700 is shown. The buoyancy pump device 700 includes a base 702, a
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within the ballast cap 712. [00165] The buoyancy bl ock
714, which may be adjustable in the manner descri bed
w@bwemesovs adapted to slidably axially nove w pai/nS1008045419
SudyarRY RERARY 7 0P UG sl holSink kb YEFcdhhedel ¥EIHR RBPARYHolM
buo)arltleg%%ﬁgﬁgf]u d dy%arrclgélso ofét %étywa%er e7%4 in |g ? ne.a
piston hmmmw q@mt@tbm th@bl?@@ncssbmsmg @nddS ambluayiancy housmg base 708

connecfféa(}z];ﬁ: lc”l pgg@ﬁn@t e ?(%nggf%%r ctorl Sﬁ{lﬁcs of ?ﬁﬁ connected

to the p?ﬁ@lfl housh KgnV(% Rh&h BRRAR Yay 7 O ﬁbsﬁﬂﬂeﬁr&bcﬂk&h@ §1s€bnfhd€1§1‘ﬂg cap 710 and
rel ationship between the piston 718 and the buoyancy

coupledtheeko.714. The piston 718 is exposed to water on the

AU SR bt el RadR BT B MU BBl Hollhng 704

piston $Haftt 016 cohRed?s &f tE apper shﬂéce&»f&l@@buc(yﬁﬂéy slbevn) 4 sk sReeaddnd to a
about the perineter of the piston 718 that prevents

piston § b%leﬁl@Y @uspcss@é pehen ﬂﬂmﬂﬁt@rhbotmram a Hﬁrﬂfb?r epgo 4 pisten chamber
719 is for%teg @l?eaﬁﬂf)e} %]ﬁfa% H(Jt&% %’f it face (e piston

er e or € r om
housm@)&ﬁ;ﬁﬂ(ﬁiancﬁﬂh\a!lpimmmﬁsn@r?@6pr ovi des an effective

| ocation for pﬁj g as or I|<i1 there|n|
‘f a

AL &nivlpl 5 apuiletyyale 22 #F spnisirddnthegiston chamber
719 tm\éﬂgwﬁ% Z&g? hz&%@&a% ml g@?ﬁu oed 73d o djﬁl\ét 4% pﬁ&lt&nd

gas or liquid into and out of the piston
througle HerHadinst 22, 712 espeamievtab yn inlet lire 12¢ dnd aapptleclizt B, respectively.

t he val v 20, 72 rrabe sit'ndat

PRegh Ofpe Pest 302 baa mhefin O s pal Tees /28 MR gh xtsng o 2 support
base 73P "EhePip Eoﬁ%éer?%@ EREDY é%atc%nad:ﬂé&%mo@tm Bddiyrofteler 734.

pi ston chanber 71 [00168] The inlet line 724 is

dl&mlé dTheablwan@nhmmr@ﬂ 0i4rh'a® aplutelityof @u@e@cm hoysieg)legs 736

extend qgga %tsgheo uoagﬁg(éfel %gglgtl:%ges t)({fie %5 C%)ll'?lltl% Sergg ﬁhﬁ%?% e@fie buoyancy

housm% @e%s 738 lewtwREr 13416 pdRGhéstheaipdl edplugalithef blidynty Bleck stops 738
42, which in turn directs flowto a desired |ocatign.
are dispgiod @OYPRen ang ke ilerationsopanane piaeoatihedupyacy housing legs 736
to hmlﬁe&%ﬂ%ﬁ&x}’en?e‘ﬁ f@%‘ﬁ%ﬁang‘} %de’fM%ﬁMﬁ{h%ybu%k@fﬁ% hbbding 704.
ng a predetermmned’ buoyancy, 1 ncrenmentally riSes
VWOIBZ] eShebilioyiafct hausigvirase T(Dﬂahakl ashablastAdik Wd positiored ithereon to

maintagape PPFGR 3%'&1%&?@%353&%?%”@%&%ﬁgﬁmzt%ﬁh%%& Sipfager 734. The
buoyar# &gﬁﬂgﬁﬁwg is?ﬁnmé?k&ﬁlea%g to Ql.f'ﬁ)k&ﬁﬁ d 198820 ow3 M flow line 742

e wave departs t e buoyancy punp
toﬂowdlhndughtﬁé)&myahwlmmy@hayem&ck 714 urged by gr aV| ty,
with res the The

0 T Bistbaciouras 20b B 2 ButHey nedion Rl T Bistosed ata lower

end of RHOYRIMYorROSikt0Ah Jﬂ@usﬂl% k@gMoSIBmA %ﬁf&?ﬁl@%m&ﬁwf @Y piston 718 in the
creating a vacuumw thin the piston chanber 71 Gas

piston bouﬂmgﬂﬁéd The plstanhousing fhistfhhar atanted ioradloppdidahle axial movement

th t hamb 719, th b
Ofthel?lfﬁofltué ‘Y‘ e é}e&%ﬂngﬁ%}ﬂ%ﬁ 18n E:I'hg cscrzl e conti ﬁLgsyto

r[ema@q TRe b&ilaat ¢a?n7 10Gndyhie: 48 ke firdief SabiliAgthe®ubligncy pump device
f1uid dynam cs the water and the hydraulic or

700 mﬁn@@m IQ:ﬂlQ)bﬁl}é af whter 224 by hating 8 peidetehaingd pHast gr pijasiable ballast
within ba?l%st calq 7|1t,sel f.

[00165] The buoyancy block 714, which may be adjustable in the manner described
above, is adapted to slidably axially move within the buoyancy housing 704 as limited by a cycle

conforming to the fluid dynamics of the water 734 in which the buoyancy pump device 700 is
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[00170] Referring nowto Figure 8, a side elevational
view of an alternative enbodi nent of an exenpl ary
whewgassoy4 punpi ng devi ce 800 i s shown in accorBemnts2005/045419

Sositiond! WG| i isRYE devi
postionf sl U B oF ity ] AREMerls e g8 Buoskey pump device
700 itse®usi ng 804 connected to the base 802, a housing cap

806 connected to_the housi 804 d a,  housi.ng, base .

I 66lorIhe otsgeh 1911118 16 Prrdrath et SR RIS SR GhiF L Rship

. A8 blotahc Pl gk M 4 dTRP pResh 718 8 ed to water on the
bemeelg%@??%%lhﬁ%strﬁ% hougﬂl, nS?SUM' I he p?ston holuse?g]% 810
lower ehd dhetbethe apgied end ofi thesiistgn baysif] 206adispasepiatads the bypyagcy block

T T Y Y TR
718 thaéplgg@r% leaki®@ %\? depAobHOMARE YisRIGamBEB7 BVt dGheArea beneath the

is
eterm ned buoyancy, is disposed within the housing
piston. §04uchie masnesrthe piston d@mbies isghemtose keptige drany fhkerexigipalof

. the buoyancy block 818 and extends axiall I
environgiogt GG OR35S P SsiNeor BHOP S M BpE bl el MRl B8 pressure
relationRhipt on shaft 820. The piston 822 is adapted to axially

nmove Wi thin the piston housing 810. A piston chanmber )
$0M67k Fhsrinkstianshouiler volues 5tk 7 aegmidirsstional flon @WFS permit the

he pj.st.on_.h i . 814 ' i :
Row iP5 45 b 2GRt 16, Replanaho e oorcied
that thet ViveRi780 OT22hnaisbapositiaed &l diffensht lovatiammamithe pistanhaisiig cap 710,
t he piston chanber, 824. Li kew se, an.outlet valve 828
so longjas ashifrARIEHUFS BRS A@? it %Pﬁbonb‘%’é@tbérlzwand in
HOTESD BRlih RO ¥3 ' SHABREd i34 dedfedi gak 8f liquid, and
|(il ne gs@‘%a‘h%p%f#m{sgﬁaﬁ%ﬁg@%sz igaco}mect gd togét he lqm. .
thereford previde aslesicdd soercerndgzapdr liquad tmbepunpdd/iey e duayancy pumping

i U Bl S B 200 BB 20208 GPugts fo o
desiredqaézﬁioﬁ.?’& The support base 836 is adapted to rest

against a floor 838 of the body of water 840. Ball ast
t{69N69] dadparatiosasrevastrppiraghesihp broyaney Bemp gevien 00, the

ey PR R oA B’ YA ATCHSL P Rspcct o e
wave. THOYRARGY7 IBURIN HEVd #elifOreltioh t6 GRNReYaricy Witk Haidsheedby expelling
wat er 840. [00174] The_ housing 804 co

rises a, .,
gas or Jquid o the pisteroehainhgr 76y threueh he Andet vatyet/s 2t Elehiae 73y and flow
. ase 808 at . on e i0Ro .
ine 743738 A0 oy A BRI DUE PR Bod 4, e
by graditygdedcbaisebigh wepstt td M k. Aht pizvont 2Kk n4hg ia direct relation to the
connected to the inlet line 830 and outlet |ine 832 ithin th

descenhpicthp Beeyanen Bleck 1% Iigpfisecdeseandpd CIRRYISTeAL G YeeugER Vithin the

i t il ) Rl Yalve 720 int
ison G, 1407 AR A4 B5 BEDRSRL S 2 AR i 120
the pisarhamberf 110wHerebarfilifg drmisten phasten 7thabe cy@dontimgs to repeat in

nnoluL ekl o L chalbe e o e
pnemnlzpri]@s&@cé%’a{b‘féfcé&fstikg‘gfe {31@ RYaPmLy PuRpHeSits 706 imér.ust abl e

manner descri . . .
[00170] Referring now to Figure 8, a side elevational view of an alternative embodiment

of an exemplary buoyancy pumping device 800 is shown in accordance with the principles of the
present invention. The buoyancy pump device 800 includes a base 802, a housing 804
connected to the base 802, a housing cap 806 connected to the housing 804, and a housing base

808 connected to the other end of the housing 804. A piston housing 810 is axially disposed in a

33



above. The buoyancy bl ock 818 is adapted to slideably
axially nove within the housing 804 in a cycle
W@ evb063994Hg to the fluid dynam cs of the wat er P@HOSI005/045419

lowet p\ﬁﬂ %htbtgjl?i% MY 1 tgl?}{blfsﬁlgséjl% ihSluB&sd $ik@AHusang cap 812 and

I'C or pneu t| c systemcharacteristics o
a pistort Himlsblgd);lam&w pﬂmt@elwusmg%}ﬂassttp@ﬁidn 81608 tFmiectEddo the piston
% ston 'shaft’ g@ i ntai ns the buoyancy bl ock 818
housing; 1Y) 3tRdoBFLRYHOR a fixed rel ationship, such that
R X REPmaRALRs Sistd@sposed within the
Wzg%bgéya?%btgl s?gﬂﬁgﬁlgégﬁe 0178] The hgﬁg?ng 88)94
housingh@#. aA pistorashiafy826fis penmpeted yo blaovk esd @ﬁﬂiesmymu tlocknd§ and

o3 HREH, Lok, BT 83 BBty o 2.

The plswhef%ﬁ i8 b@aptePdxlyGAOvd @ ihia thé pisedhniHoysiag 8P0.s Aasistsh oh@mber 824

on an inner surface of the piston, housi n? %(g
is forrnazubptaéw@r@urfaqaﬁ of thepiston &2, thewisiemhousing base 814 parhthg piston

housin g ein. [00179] The inlet valve 826 and outlet valve
OUSIN®S8are uni directional flow devi ces which permt the
f0oy2pf Ag afctonlve 826iislcoriteoted migtonght thefpmdnehqmsatgdiase 814 and in

chanber 824, respectlvel I}( is to be ap 486‘
commupnjrgtion Héthhe plégon@bemb% Frelyi K spH Y Pl §o8 s ZSnnected to the
piston 1?(51;5 n%rﬂag‘?ﬁ PLA il iR AP g%?éeh\slélﬁﬁlb@@§?4 8Af; 1rh1§t°hne 830

esired pressure Is a able within
and an puﬁcttdme @Banbemnsddd td 16 bR} rdspewsivercads afithe idetavalien6 and outlet
ving predeterm ned characteristics arrives at the
valve 8ggoyancy punp devi ce 800, the buoyancy bl ock 818 and
£ B ANAGIN Bk teid Qﬂicﬁ@dr@i@ct to a support
&D%ﬁ’x ?lﬁegbdsi@g? o%ﬁ%g{ﬁg%‘%%brﬂoggg & t hereby drawi ng g or PP
base 836. theosupg@plamusag inadaptes teuesd awsss arflosr 83% ﬁ%&leév@df of water 840.

48 d
matoscgihs BB pne Gl ot 4 O ' D B g
receivel a{iﬁ/de@s(ﬁeldﬁn@s& tid tﬁweﬂwﬂaﬁmﬁwh@ BOFItOR 6T (e bAAPancy pawiptdevice 800

urges t buo ancygfl ston axially downward, thereby
w1threem¢pt0et:bsbn@yo ‘éfatgla Gr liquid within the piston

C[pg{?lj Wﬁ oulsll he o1 gﬁohs&g%gl urd @g%d‘ﬁﬁ‘.g lggshmsco%ected to the

housm%7 Bhdecs08\i b e efiPdhd touhd RbusirignapB88 at fle@thdranit. BUGhausihg legs 844
low | ine 850. [00181] Referring nowto Figure 9, a
allow wateretodesliaflo s sharebRe e n an al ternative enbodi ment of

au oiiiagi "R W tal @X@ﬁ%’o&% &Pd g)eﬂ’lé ?rﬁetqg'% 439 aﬁﬁ %‘ﬁﬂet 1iH3&32, and

cy punp device I'ncl udes a base 902,
positiohedisi aguﬁa% of thenteaksing Hase 30% ablee DOL tank &46usﬁm@1ecapm©©ted to a

soply B 78 043 00 050 o PR 05 B50) B5E 281999 i
chambgr @gaﬁd aﬁ&‘# RUSRRY B8 1hS pRicRASABNE IO ddiReNRESHIhrough

I's adapted to axially nove within the housing
the flo®@Qihe 890si ti oned out si de of the housing 904 and

the e f the 910. ar ral it .
ﬂbﬁi@ t]eq aB%@‘iﬁE@“‘E}fa&&}zg oQ&gTS f‘fc'a%ﬁ sb1& mD a Ililla.l%ll ¥scribed
above. p[“ﬁéjﬁﬁcﬁyﬁﬁ%mgcl@g%/@%@@tea— ReslimR a1 ¢ bkiagd nW@waﬂﬁm{ tHel oolkiag 804 in a
aré positioned next to the netallized piston 910,

cycle c@u&mmngauo theo{fleidehmamicstoh éhqm@fnteMOzl@leb%gl@rhWywofdJMP device

500 s 4G G PR TR PO S G PR e Bhihacy pump
device/®00Viselgd on the housing
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904 to guide novenent of the magnetized buoyancy bl ock
912 in relation to the netallized piston 910. Piston
W@ b@aioeivs4 913a, 913b are defined on opposite sPARESTNG/045419

foRer 'g%@gls?o%gshtaﬁ‘s%%‘? s e RIS o lIBY1 DR EERMN 822 in 2

0 an outer surface the netallized
fixed retishship, 3héh thet meeemérhef et loly byl pilst Idncodbependd te mevement of
housi ng 904 to prevent fluid or liquid flow betvveen
the pistath&2pj st on chanbers 913a, 913b.[ ' J "Afirst "inlet

la enYHod & DGk Ridned
tﬁ@r 0 gﬁﬂtél Rgﬁk §§4nﬁgz§sc <’:\I§1 Hlt9a g? (\)Mf\wﬁyt hcgl p(l) st o%ﬁbggr?;qnﬁ)gr nesonan
inside o®il@ahouding 1dgsrddt to hilrat awailm(ﬁ/eﬁibm efftbie bhpyancy block 1§ shoyein.

L1kew1sg08\et%g§?c§101?$q2§{cgt ﬁel% }{@g 21|o 111%2)3@ (léls'sc}g Mcl)ng%{ 1|n§? ﬁﬂxrf?t@e of the
piston h%a%n%%?é B éd\’t%llbfmt HRALB A IndYeaRAOITANE Pistin 822| th&e2?2

seco outl et val ve 924 are connected at one en
1001399 A ht meemmhm $2p avdsnitieD@lvd 838 arpanistirseigonat ﬂaw@ewwes which

i G5 e PGSO P BB RSP by o

apprec1£t@§ tlﬁ@ Pd%%lde@ |896 §28NRaPBEpeutbrze @Oﬂhdfeﬁﬂg l&tatibhsen B2 Piston
[00185] The base 902 includes a pluralify of s

housing bﬁgs 8o8Godongasalic desid@resser etlsaaquevahlmnﬂﬁa Segomn St ghagpber 824
B(gl;Sﬁt Iilgrag%? Ol%’?i% %rvz A\ Fl)l%fng ?)?%@te%fngg}ﬂ ééH s aggﬁe;eat the
buoyan@f' piap devie8800 nhel\bm«gian«t)hbloblu 8 yBawl/pipton)322 emcmelg@lmy fise. A
| aced. [00186 The housin ngeéncludes a Iural ¥
Vacuunblfs Csﬁtaéﬁﬂswgl% twla‘iﬁ’nékﬁ@la?f Feby dravine gas léq‘ﬂgfé% ghfling on
the sup%]& E{&si@ﬁ' ?I%ﬁle out fy 1 4885 Hﬁ%‘%’toztﬁg RugyaRaber 824 through

I|nes 920, are connected to
the inlealifd 830 hridninled48lve 826t AanlsnWas dapam t11e|b<wamerp@m degicg 800,

desired | ocati an. 87 The tized buo
arevity B G DDSHENB R Ry CPRTRGHE T o TG s or liid

within glx)é ATEShaibel BE4 WRd Shabiti r%ﬂﬁélhﬁg fHep4a BE Yqwid RFthin the piston
ce 900 1s positioned and draulic or

chambqyrsed nimbiigh thestugat ctier 328 eniletling$3 a; ﬂQ\h can fgpand ylopikins 850.

g%iﬁcfgé gquigtgﬁmg'wfgtfﬂgﬁf, nggg J v to %egplgga Ita:lltéx%tQH\ée embodiment
of an e{@ﬂﬁlﬁt 7Y ji(ﬁgﬁ&’ev*i’ée@d@is %@Vﬂ\ﬂ Tlhe moga@@emﬂmmimd: 900 includes

flurd or Soli r expelling fromthe nagneti z
a base MoydnusinpPot Rm@@dtt%é b t & PoseapI Tiogng a Topping base 905,

1 Th |
Ahousé1f%> %ﬁ%i"’&?é" unge a.dls G ona%ﬁl aIb8362 @\?ﬁggg’mﬁ? c(?;@p\esfn t
L' ﬁ(ﬂrggﬂ owng[%maaigpfgtgh@ga |1slld1ts}msed antlinothe hoﬁsmglﬁOébmsi isadapted to
axially e 93 ot RwBE O PPHEGAG Biofe hisansiog B Sigpdiacent o the
ends 01I tﬂg P [shdni Séi]l 0 n‘#é Ia‘f)gufél?tly%%]e ge@ehg yefﬂc?\ﬂl&!& 904 Habﬁlg gredetermmed

on C econ Inlet val ve
buoyarﬁ:@ Cc Ohd neightteted \babyancd Pockb Ddarlfel positionednent do ﬁl@tm‘ﬁfﬂll@ﬁbplsmn

e oL e 088000 e L v
the meﬁﬂlﬂg%%sftérﬁﬁﬁgwﬁhnqhé L&Esﬁr@%d@ C@ghlﬁ@ §a1991 t Bgrm&é’d &t0the housing

W Sse e second inlet valve 22 and
904 to gemle mebvenichetf thamagn@zed ﬂvayyamey ptm@k@.l 3 mtetﬁlettondp flieainptglized

piston 82% al%llé@)g%pglgg%gg ?% Lbsl bggre Getie on bpp051te Ads 3P ud piston 910. A non-

metallic seal 915 may be placed on and coupled to an outer surface of the metallized piston 910

between the metallized piston 910 and the housing 904 to prevent fluid or liquid flow between
the piston chambers 913a, 913b.



achi evable within the piston chanbers 913a, 913b
[00189] In operation, as a wave fromthe body of water
wW@4Bcdeas t s the buoyancy punp device 900, thePCT/US2005/045419

%ﬂfﬁ] " A SIOHRY ¥y 94 asdks fifkl duildiGhaBRBIbakd Yornev®d tiuegh the
raVIéﬁ t hereby magnetically | owering the

housm&@maf?% witli the pisten chamberP 13pedhe figst Wlsl@h\(ﬁlfﬁ/\?]t“rﬁml firgeoutlet valve
916 $ Iﬁ«ir}n%gteg “‘?W@ thg &O%?)Sgﬁé%aléﬁlg I’falOlé %g@ {éﬁ%ﬁk@ 1 rl%@d%%ﬂﬁ a first

mnmtﬂmégymn&ﬁQxﬁ@npresses the gas or liquid mnthln t he
pi ston ¢ er. 913b he gas or liquidtherein is

RRE8H t Acpeennddnlst valug 9?-% m@ FecPRd OBt Al St gt capapsied at one
o G5 RS B LB TSIl A B e 022
secondosutlet vali€l924 amcbheectddrat ttientespedtivaenddl® thtsaogd inlbidine 926 and
first inlet valve 914, and into the piston chanber
secondgauilet lim 0] As the next wave approaches t he

g@gl‘ﬁﬂ' TRALA @ﬁ@ Wu@s%%&raﬁ%f%ﬁ ;L> b3 & 8sliphd St Q»Be end to the

crenent al rise in a magnetic | terrelatlons I p
housingi%0H ané sptbe bilteo emchw pappdnihawed 3 WBGuppdrebasksyP32 is adapted to rest

t.h t .
seainsC Sime T adbodi ar Saire 006 i YPHE b besAnty GuRh 3t e s laced.
tjoe1$ f]Whe stkr@%zﬁhmd&sl@pmfmti bff dpsH8l Bt ard xA@ND%rface, which

into flow line 940. The piston charrber 913b becones a

are adapsesi tQ rhmlt h@abnyvanmoiﬁ thegnaznstizad ey anayHrleckgt? 12hd he outlet llmes
920, 9?%%%% ec e%tt o%v ? éel%ﬂ? Fo%.?ﬁgsmﬂglgﬁ of ﬂo%%hgr%i% 18 rA]ddeglrljclfdoloca‘uon

on C rocess

rjenesn) enihwﬁagne&ﬁea baoEmes Bioeks 9\m/1@ove£ ﬁ&l&yb]le &hﬁblﬂnﬂng Rethe fluid
pressure in either outlet valve_ 916, 924 i nhi bit

dynamigsyad feenvaler in Weichhealpyoy absy v devias 1290 is pesitierpdeand dhe hydraulic
|
or pne%ﬂgt?@{r}ggeilgé}%gﬁn%%%\s,m Jﬁller eg%@g?bﬁrggtcﬁmc%\ggg q@él? 4l“h@@t%yancy of

the malgﬁetﬁ:l@@ bdgeydnbe bioekaPl I megl bpiadjusted B @loodinitthe nmgnetmd! buoyancy
o 00192] Ref ng MItO Fj.gur.e 1 et an
blockse%y}% th% %%}F;“é‘ﬁe% ra?PU tﬂﬁ&ya«ﬂbﬁ aé%geewf oyancy

blocks!di2% dét@nﬁﬁé@ﬂgﬁr&%mth the pri nC' p' es of the
present 1 nvention. Buoyancy punp device 1000 i ncl udes

008883 Tﬁ@ﬁﬂet aahves 81422004 ovtetnabiee 816,026 hwee blansle'ectlonal flow
device§ vaucgl ios] tﬁegﬁékg gil giﬁ)@rghquA B{t](g CLEd Eiﬂ? t}tﬁ%ﬁﬁgg %E ng%r:sl 8?34a 913b.
For e\%?léoﬁl@ ‘TlrWﬁliét Val‘i/é" 81 hUSINGow ARG pRish dHAGIVEEHSE3 22 afdd Sle@hst outlet

i nder cap 1012, and a piston cylinder bal | ast

valve Sii&ratlloms flogv duied trecpisted Ch@inbené?léa skherseegnd intpéivalve 982 andisecond
outlet i%}}[%g’gf aﬂg%\g \9/\% dltm{c]>ean gpf th& s't a%rfg)ap 9 fﬁol 21t 13'%9 gjﬁ%%)}%%mated that

the firdt yhletheheve AATHd fﬁstﬁﬂ@h&ﬁ%i’e oi @%Ky BOpSsiticGneddt aiﬂfe;mg locations on the
positioned with the housi ng 1004 above the @I st on

housmgm Al r Likgwireathg SP“Z@nédﬁlﬁt walve B eondsergnd st vipltp Pt may be
posmohgc? Pcﬁi’f?ﬁ@%o%gt? glv%e Or% tg%i # %TSQ Pg@'sﬁfl%%%%éfgeé ﬁ%gsure is

aclnevﬁlﬂﬁN\&ﬂﬁretlhetpﬁbtdnﬁélmhﬂierﬂllﬁfaaﬁm of the buoyancy bl ock
1018. [00193]. An inl et éal ve 1022 and apn outlet valv
199189 In Qrsion ate PRYSHigh thaBody aft e A6 drparts thgguoyancy pump

device %3) 2thk S ngtgz%%g)?ggg}%ﬂ?%rl]{g@?@1rfcpeﬁﬁ@?1%lgrylo%? A R Rhvity, thereby

yl'i nder
magnetlcally lowering the metallized piston 910 to create a vacuum within the piston chamber

913a. At the same time, the dropping of the magnetized buoyancy blocks 912 and metallized
piston 910 compresses the gas or liquid within the piston chamber 913b. The gas or liquid
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cylinder 1010 and the upper surface of the piston
1016. An inlet line 1028 and an outlet |ine 1030 are
waeomaeeived to the inlet valve 1022 and outl et PEI/VUS2005/045419

ectiwvel he i t
theten i Pt 0 el Rl Pt Sl PE R ARG R ine 928 and
into the B@Wlhfé@@o 1d the[ 2939 él]lanTHitﬁ ohas, th@e@:i’lumrttrhwsi g& mlppmi from the first

 egs 1032 connected to a | ower p%stl on ? usi ng
inlet lma.@bmtlmucbﬁbe Erptindeidal s H dsaipbigia t é’éséorl 9 %e

RS %efIrTe'*?“W%%@f"?%iﬁgeg&%g?éﬁe@Bewagely bRCKES12 and

oor wat er
metalhz@@b sesl 910dndrethOA@llY sise ﬁnmmgmhctm'arrelmppmhlpmtmr@i]pe@ifto the

the support_ base 1034 to mai ntai.n t uo
passing a\@mr@é beroby Rreasiziedng 68t A 5101 08 Ao HeRifphy 3 and
expellin® hé’ge}seorr hﬁgfagthxdugﬁ %ﬁéiprsﬂ?&lé% %ﬁvb 096 1P frdt Belleidme 520 into flow

egs whi ch are adapted t
line 940a|Tm\lp1§tblle<:lvmlmr 91maeaomdslammummtbm@by\éwmga@s %dwslitdq@wugh
egs 1042 connec

the sccong AR PPCRI4S A HUR YA LGRdSILEN BTy BT 08 g The process

AR 1P cBRuEREEe wHvd.ace of the housi ng I egs
lscyCh%gﬁg ée%e [imt gmg m)veemant of the buayanc

00181} Seodidnhe progsugsin eibanewtes dalye 91 ﬁ&%uﬂngtt mq‘fﬁ@emsof the
h
el T o e e SRR 9L S R RRIRL Ptz

piston 9C leWn{oné S} iiedset O th &/a0¢| tah @ re-bngege Wﬁeaﬂtkeé pdnyO tohie the next
low fromthe outlet line 1040 to a flow Iine 1048.
WaveC)[O(IJ@197] The piston cyli nder 1010 is open at the end

ﬂg);ig%jo% I'PS% ﬁ Ltg ?‘{&Mé h HARE AR gﬁ%duﬁé&ﬁ REbA @ien‘i‘ﬁ!ﬁ&"buoyancy

om surface o pi ston 1016.
pump dS€iaé 1000l sEovemY) adcerdancy ivith dﬂla)prlﬁcﬁldewthqpte@«rntomvmhen

Buoyang}y 2):1;129 diegégﬂb& %g@%g% @ggen 0@ (t)llbs?ngl\g(ﬁ)élrwfg%ctégf to the base 1002,
a hous&n%g%bgﬁhg-gﬁﬁn&'teﬁtg'?%élg(;t@mg"‘momhnkl% 1RukiHE 'b@;w ®oign ﬁnston cylinder

escri bed ove, I's slidably axrally novab
1010 iswlidpokal Whieinphshasingyl 00Adad indudes amﬁ@mssé BCah K}tgnand a piston

101 d.b b | 018
i b SRS 8508 BT P o
piston %@ggﬁ%ﬁ n@s2i R gqétf)ﬁ Gb1 @B‘é@ﬂﬁ@@ tcoémélt}em@i/é tvﬁﬂm]iﬁ& @iston cylinder

yancy bl ock 1018 has pr edet er m ne
1010. Atmggarcy, bl(mkdlﬁ)lﬁ mmxmlhepmw@d wtfﬁh@bku&nﬂw%mmger piston

e LR SR L A 5R o Dy o son

shafts 100%RRGY fidin 4 [Rvd? Yanfadecof thé picton1018 aﬁ&yoﬂiﬁcmdjtau kiteral surfaces of
a manner descri bed above, depending on the

thebmnhm%d@@@?ﬂﬁﬁ»cs and fluid dynamics of the water and
SAST 2 g Yﬁbé’c@&ﬂﬂ»&?%n the pist

i@@ﬁ i én ?t&’ g%gt Fﬁ-rglgg a#llra{(ﬁvét \[}}I% clg)sh\ﬁﬁelt ch perm t e piston
cylindelr ka1 OF2 ©@aspieon thainbet 1006 forared byuhe pi‘stdnlwhpd@‘tcap 1012 piston

chanmber 1026, res ectlvely IS to. é et li
cylinder R0 eabiho e tbeot BoPIFIRLP 160 AT0EIR HORANIGd & outetlne
1030 eugeI foingéét&gto tHE gﬁét% freQ2b REd Bhﬁét%lv‘éyllohm deépeeatel.01Re inlet line

as ‘@ desired pressure is achi evabl'e wthin the

1028 aﬂdl st lmh A0beextdfPRhroohQRO pistonrcytipdsrdiallash pogméﬁlﬂhe

5{3(?}/9%? C¥h puarg'g 18(?2\/{11%Fud:elg gu%plg?tslegsel%% Ic&'n%elc ed tX a%@gr pdorﬁgn of the
housing 1004 at one end and to a support base 1034 at the other end. The support base 1034 is
adapted to rest against a floor 1036 of a body of water 1038. A ballast tank 1040 is connected to
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body of water, such as ocean, |ake, river or other
wave producing environnment, the initial pressure in
WO b@soeob£t |i ne 1030, val ve 1024 and pi st on cPeris1005/045419
[ Q3R Eboyal BEpUAY Bevib@YO(Win a fixed
an Uppef 83%@%%% ?g%lgrb %e@aégﬁfa\%gngﬁ the bél}gglanféye\gunp natixe
pomhmﬂ@kﬁ@eui@@deMafamkﬁﬂomﬁthe wave |ncrenentally lifts

D R TR -
to allow 1%19 E}Bagertl?gg é@@%wqﬁ&@bétwééﬁ d‘P'}?eeL?odsﬁngeéshﬁ)AlE'c%hﬂé&t to the housing

egins to pressurize until the pressure

base 10081 Thehpissiigo O Ehartherindl0a6 opleratitnesterel 0415 fernprdegysaly ianer
ut | et Ilge 030. .At this

surtaceof awq@ugms&ggstlﬁ 3 hovid gl pablifgRfReRaots terein
FM Gfl ddniEctd@RPhaRMSide 18R FIh R thfe 1 04T, wbadh ik la@m{emww the

to a desired location for use or storag

housing 32 oaq>8 Al?het ﬂewvtmkel Mépandaptachie dingel et yecsivied fﬂ@wﬂl@@uﬂet line

1030 aft‘}#é’PBléfal 3 ?%utge(?g ?@gt ?/?dﬁ%n‘g?gom%/\gr SO\QQ al

I@M@VF nlthe(iﬁstblli‘ BylRidet 001 0L bpeivht the Bnd bepdsingtthe prs;dnl aytieder cap
A vacuumis created within the pistaon c
1012, smaﬁ&at whier wioy caniaol the besam srrfadeqiitie piRioBUGHO ﬁese?lrdﬁ@& shown) is
ne,1028. i nl
ool 5t PP VAL LI LS B e o
chmnb&a©h6%ﬂ@ﬁ%&ﬁﬁy%fm&%&105@0203] Referrlng now to FI GURE

QWQE gfh%ﬁﬁﬁgﬁmw“ é@ﬁglgg agfu%]:aﬁg 1?1fvl1|&§r\1’\r%5 a?ﬁctgggq aboy: is slidably
axially %ﬁ)%e%lﬁuﬁ% Ssoh %&%%eg@oﬂ@oﬁecahgb B 'p’ﬁst&PIUl'G%ﬂ%b%hcy block

e aquiculture ri I ncludes a plurality of
1018 aleadohasited vinkise diitba qhaﬁn ¢@20, movainkyt efrthahemanebblock AR

connected to the b devi ce 100. The bal |l ast
correspoRfk il ‘{lebmﬁV%m?ri}l‘#%’plﬁ%ﬂﬁgﬁed to adj acent ball ast

tf’)‘@@ aficsPblER 0 TevhaR éaétéﬂmlee%l tubg8hcyT R that the
uraﬂlty of bappgst t anks af? vary in Re th or

buoyansly dildeki 1918 meheves iroa sycdb corifermning éo mm éynwﬁfpo ¢ water in which

e b e HERRE T  EREO S A PR Y5 o1 may e

adJusteBCiﬁ 'a%eﬁ’ﬁ@ﬁdes[:ﬂ@&pfdov?r&p&ﬂﬂﬂglm ﬂlemhmc&ﬂwlwmméyrmmws of the
[ ar construction to allow the buoyancy punp device
water :Ind tb@sxstﬂm abl e. A portabl e buoyancy punp device nay be
L0 one | | IN i . .
St TR A s Bl i whic
permit VA& oﬁgéls Hiqlii¢inte gnd sited tliermsmm:hanbdfryl@ﬂé -re$pectivaly. Itis to be
eneration systens that are naqt

appr Ccmdematfth@WltV 6% HFe 16hway g8 peﬂuwﬁgjﬁﬁqnﬁﬁ%a’u&ﬂ%m the piston
cyllndebr c%?tlbf)f‘ S0 n‘pge% Plesirdd ﬁggﬂge %racflie@.%ie HithRPihe Mt chamber 1026.

evl ces e noved to provi de pOV\BI‘ to
diodLer]ent oﬂemd)noaftaehdi)hm&dnegppjmp devion soqosm jbeen intially placed in a

t he changi ng denpnd for For exanp
body aiabtic G SO By 4y OB HEVA dSoral haroadstibygnitl
pressu%tm%esﬁglel? Anedo3®<aheq024 AndpRRAChaRbER 10°f6dfegln|§ @5@ Zero-pressure

to a new region for an unknown period of tine
state. chaWava haeingaetoedized peopditicsearaines atdlyg bupyanesr pump deviceal 000.

of buoyanc i ces p
Water Gog s tava R ARG B R RGReario e I1e, eiiBe ifingboth the
buoy Mo &NET13Yan atlhstﬂﬁ\l 056.t TR gz fliQhidd ther Hab®een introduced into the
eci fications ‘of the buoyancy

piston chamber 1026 begins to pressurize until thé pressure in the piston chamber 1026

overcomes the line pressure in the outlet line 1030. At this point, the gas or liquid flows through
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punp devi ces. [00205] FI GURES 12A shows an exenpl ary
buoyancy chanber ring 1200 that may be used as a
\Vstmmm&mnal conmponent to construct an exenpl arBRCT/US2005/045419

the outléztt i E E andtheX o%?l@ﬂn%leq;%lo%ﬁ%&%ggwttﬁﬂhgﬁ ShePfiow line 1048 to a

buoyancy ¢ o function
des1red§ié§§6raﬂbtu§d(bnst@~amlar to the buoyancy cylinder 104

(see FI GURE 1) of a huaqyanc eV| C The buoyan
woaﬂ)-ldé@.ﬂaeewa‘fq qlqpﬁﬂﬁ&leth%@m@p @QP ‘%6 the

buoyancfslagagfﬂl%rdo'\% ek ﬂéglﬁtmg [, bRy néw&drab\fbﬂl movement of

conprises an outer r ng 1202 and an inner ring
the pistd2 016 Wikidn chet stoanglindendd10.i Agsct0 s eraeied Mithirgthe piston chamber

e IS S b COUBL SR BT o o e
piston c-lqlé}gb%gl 6" Thekyde 3328@11%}61 BB e&&ﬁfvitﬂ @ﬁcﬁﬁhubébs@@é a¢ak/€|

symetrically positi oned about axes x and
[0203jp Retarripmnes td BUIBUBEOM, thersisshevnes¢mplappuade Vlﬁ‘dﬁ of the

t he outer, a ri ngs ,1202 and
buoyancy b grdre L 0T daenTRIEd Rt Puaet sallbdflze g 1100. In this
conﬁgu%ﬁbnbﬁe 'dgl'nkhlﬁﬁg rigQl IDO Qvdlaes Stpluatity &l baage paiks 11 D(D cdix’r(tentrlcally
outer and i nner rin 1202 and 1204. For_e

arrangetl pbe a0é nbmrg?meétﬁ) ére 1o yepaaBIe dticield)- t’ﬂ’@)i)@ﬁp% ks 4110 are

inner. rin 0 : il
forther pqiEe] e f Ry BPEgDy 0 10RY R LERRvECE Rl The pluralit
of ballabtﬁtbl\ﬂ%elrl 10 fih@ysmji & lepgihros WidihGn andér costpbitide the beagancyfpump device

e outer and inner rings 1 O and
100 withirppeeyp pReRPBETENES Fay HRotd IR R BESVI’I‘C?‘I {5 biigney pump
buoyancy chanber ring 1200 onto pilings
device ﬁ(gf’%%e&tb scussed bel ow with FI GURE 12B). Each
Mdhdgie b?byf;ﬂcglplunwmmﬁ mft}abrtmmOduanCfBO'OctrmytO tadow the
conposed of stee suc er
buoyangy DRPRGETISe 1§ HaROTHPE 1 SBPBEER U XSOEN DITBREIRE B o SeE in one
locatlol‘éQHQﬁatn'tl@@SanH@@tt d@fn%n@ﬂﬁ%? RJehtidd) PESsaBilitpbheie buoyancy pump

nvi ronment's FIGURE 12B is a perspective top
device wiag\be tda#nagula]hetdrfgora ochem bydroededton gerferatipa Sbfatéylarﬁ]w are not portable,

such asgwh\gg,qg g,v% g%ﬁ,é'nseggw | G é‘#l)y a% 8{1 fz%reggt? e“ﬂ% Pero¥er a )group or field
of portélﬁé‘ﬁ&%fan&}} Péng aQ@c&hﬁW‘bé ﬂloﬂﬁdﬁﬁoﬁaépoiﬁbﬁtomﬁmwlynd or sea-
nber 104 is formed by engaglng a plurality of

based dppbgeamogl(sgh}gpﬁ@rthep thegsinExsoagd for poyveé) eég@me a group of one or
or ,struts 1
mor SR8l 55 e iy 30RO s b

deployécpt% e{] ﬂleﬂgf gﬂfn for hedykmfwgdriod. of Demethali is gelosatachte adbffedent region
of the bo

f h of th |
thereafispmpcaesd u%mmc'?ytpf%ng Seeanieay St DRy Sbstnialy Ahgghore having
sufﬁcie]h% &lrg?syof r%? atdd ﬁ ChaBrhit the %Eélﬂ@@d&s 241 buoyancy

|one out t e buoyancy anber ring
pump dleRzQﬁs [00208] Tubul ar shims 1218 extending vertically

T T o AL BB, R SR A o
used asoe;stmﬁlfglp%ﬁgdroﬁeﬁfto BfstiRALEEx ol lz{r§ s&e88re, AhehoiIRGURE 12B

re utilized as gui for a buoyancy bl ock
and forh&AMmf (ss‘kmaMbulomamrdh)lmba’mgsdag)&nofumﬂtl@olsubggmaﬂwnmlar to the

buoyal{cg%ly n erq04 ? ee %?&E ﬁl) of a%uoy%c%rnpc npr c'ier{fgce;zﬁ% buoyancy pump

device utilizing the buoyancy chamber ring 1200 is modular in structure. The buoyancy

chamber ring 1200 comprises an outer ring 1202 and an inner ring 1204. The outer and inner

rings 1202 and 1204 are concentric and may be coupled by a number of spacers forming spacer
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The buoyancy ring 1222 may engage or be gui ded by the
tubul ar shins 1218 to maintain alignnent of the
whowgassoy4 bl ock 1220 as it travels up and downP@i/UR2005/045419
A6 h b@P&Hﬂ fed in parallel and
pairs 1’5@% %ﬁ@(?ﬂf%b g?@é ﬁ%p%%??éﬁé@& X Q}e o P
be symnfe@ieHllf okt @nwabduakm xaqgiryt. ThHsplaeetrQIaa‘B |1%®6 m@wpi@ﬁ‘ycmral

00209] FI GURE 12C h di
suppor %ﬂ](ﬁ}fa‘ﬂ%‘,t? ans o 305301 o g B e il fepgsioc
conﬁgurfgg%?&%é ﬂ_agggﬁzéhqé PIJ\H@e Q%Lﬁl‘tﬁﬁlcéﬁpﬁm fd@he butdOand inner

e configured to position a piston
rings 1901’@‘1@&320412&4 exﬁnplet a tmsgnéigaetes of gRECITRytIREN the outer and inner

substantj al | hﬁgﬁd with spacer pairs 1206 to forma
Tlngsp%é‘{lféh%%‘%??‘y %QP 228 about a center point of the
@ @{ gla hhtlélgfi”'il(?ﬁl% R et loé‘atécﬁbét%@liﬂﬁrspacer pairs
J O may ep05|t|oned in the rectang

1206 and egupiad ﬂcﬂ@@h af dleamtq:flaed uwr rings p&¥ amdolmoﬁg T;l;s ggg,egmg cylinders

26. . The rectan )
1210 e SO URO o B R B PO s 1216
(as dlSCﬁ{%@& 84164OMa0 FRUR ERRBY AaEAcH denfinghoof thé burtﬁncﬁé’}iamber ring 1200

erein wth connection nmenbers (not sh? shoul d
may be bemposgdog s@gkfmdmtmqtmgal@ F;gqah @]sgﬁliezglgssn%f)p piic, that ard re3istant to

env1r0ma]ﬁ8teaL F@-tgﬁt\éc}enls ?e{)fr f?lu b a?deét? dr %@?é}g}(1%ﬂnféﬁtst he shape

component (e.g., ‘piston
gﬁﬂﬂﬂe FIGOR4) IZIBisI’hgoei%&nep@vd top viavdtakibn gloeg alsyoss lsection of the
uoyancy chanber rin 0021 FIGURE 13 is
buoyanel; chohgt 504 (e glse EAGTBED Bhoirioi afg iy TGV sy SPRE degise 1212 that

utilizes @gedtéu%gat?cgt] éi'ﬁ}ﬂbﬁlgnfﬁ 25 %w?ifm F I@U@}Eﬁﬂ%{ Phosko f@ﬁé}edldmber 104 is

tem eplctlng an i mage 1301 of a
formed $¢ Rap@iihga pluraity eﬁbuqqtaacychamdgﬂammgs u%b%ldmong eight pilings or
di spl ayed on a nltor 13 a.computin
seuts 151300t e e BRI 0oy 80 o Seps T e Bidg g g vertealy
from th¢ ﬁg‘ér 5habod oﬁpﬁé@hbéé)eh&angéﬁ% GeptbE thebediL aﬂ&ateirreach of the
tware 1308 is used to cal cul ate di nensi ons and

pilings ﬂrﬁb@inasa be camposedof muképle segragnds: Hs srRvL MIBa%HIé@ay extend

st orj cal for,.a l,oc f
trough 3 evkeg ey Tegerpany v Det SR Rk 4R RSl i ring
1200. 1302 is to be positioned. The software 1308 may be
forned of |ines of code or fornulas cont

ned
912081 shutar hiors B EmbieadITEEr SOy Ll FOE §HEF Hfaigney pump

. I i thm t ' fth
devics P Bt S L gt pBEFATRREL, (8 A0 e sacs o e
spacer ﬁaﬁﬁcl 1 7066 atht @b Ghiys t H® ap atikizddon auidtater.a lﬁL@)@zllc]y] bl¢¢k912’>0

nputi ng system 1304 further ncI ugg % 1222,
(showmouppﬂb dThebudyang bleek Lei0 may e ikt RJW %Oyancy ring

s L (g A L P

ahgnm&x@: dflmee w@a@qswoclam anttrasbou and dsei wishiarthe byesiasey ¢hamber
data internally to or externally fromths

104. Bggayse of thganod L;L@Ig{eglgg,gtge HoYangy Eﬁmpglew&e 13 nﬁ??%tc&gsrt]ructed and

taken ag'a{tl? 1I113F0c%6%{éﬁﬁ'§_ 251306 and is operable to store a

ase e database 1316 may store the ,
H06209] i EXIURE\V 2Cds tuzothercenitodimerd af thertaogenay Cthémbﬁ'ermg 1200

contg 23S P 815 SR UG AP, 65 4 e
may bﬁf&,ﬁgh}eﬁ 16 PBLiabA b ptsiAdiAanaes oTiatIRMitiinity dphcerb i286mnay be

substantially aligned w1th spacer pairs 1206 to form a rectangular region 1228 about a center

point of the outer and inner rings 1202 and 1204. A rectangular guide block 1230 may be
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[00212] The conputing system 1304 may be in
comruni cation with a network 1318 via conmuni cati on
W(paaoh/OGBQaD I n one enbodinent, the network 131BCT/BS1008045419
" [nt.ern t
positiongd i iF %%Céa@lg?ra?r%% ¥ o@’ﬂanéi ég)ﬁggatt&?ﬁe%ﬁ%gt ori a&:Evv?a\v‘éh6 The
rectangul@t guideblvelt 118 Ray hmudammipamng 1332 altzacb’asmsemmd piston chamber

e oo b ot B et TE 8y e o
shown) W@ébgulﬁ%e WRFELRHA Picht 'tlﬂ: ﬁm rlt"’%’? TS veelIR L&l g%ﬁzﬁpé@rand sized

I'n communi catl o h the network 1318 vi a
dependiagomtind shapé emd gia¢ bf tha mumhcmmmnenh@ Lopipion ichgmbgrdaf being

1304 may S or Ioo t he ve data stored in the
Support%%@oad%e‘ilgﬁﬁ‘ \/:E1 Pk 90 s accessed and
E@bi@f FeguRiomm %Q%I‘M@l\ﬁ% ot @%?stéﬁrl\%{) fdr3Bakycallf@letermining and/or

ing system1 be manual |l y
adJustm%ehe siagibDaragoyealy bl,ocb basadtoom’mdatal, wqwﬁta@e%mqﬁmg an image 1301

t hedat ab l
of a sche o LB IR PP G Rtk dOR il S p ATkt TaopE
computﬁl‘é%‘{lﬁ@ﬁﬁ/l 3ploqihe 1:3 utib 823 lﬂ'(hﬁnbliliﬂgﬁa pi3Qdssof lidﬁethat is operable

buoyancy bl ock may further include a variet
(o exconlasolomaI1ag8 Shr solbwae 13Apiruspdiaralewts dupepsins @ %V,sr gpdel
d resu
operui DA G FRL R 30 hERL B A AL R AR oo
water tHa® @ ZudPancyl pamiphievice piing fles buogheeysbibak E302is to hé pmsmmnedn The

softwarkrd 8 ey Peforesh o e eF SO R LonK Rl g pyreet, for
exampl% $hi dﬁﬂ{'ar? QBQ 1RIRs gHXlgGﬁt}ﬁl?ﬁﬁt Biﬁﬂhﬁ’t ﬁi@érﬁétéﬂs €or the historical

store orage unict 1314, o e wave data
wave dstanué butjaaﬁﬂneahanmhlssp\ﬁhﬁcmoneamd spisteipl apgestiondl dakte | nage

1301. [0021
oy %l}hgtciog%fpulggg ggszgr}q ﬁ é{)]égfq:{ie D u gg g egl}lo(%gﬁ 3 il&go%ipled to the
p1ocessgi" i §3d. Ofhethe B/ I'nﬁf B@'uhﬁ‘ie‘dQG stode the ppeerhdKIB0s iafidl Gata produced

ount. For exa buoyancy punp device is tq
therebybeAn mputibtpat a/m)alemptlawismoup d 4 therpreesssas 1386 prebjussd to receive

and tra%smuéflatp meaﬁ%igh @L}rhlgcarg the'e S(%r%é‘ﬁm%es?\%&g@l:l@ oﬁ% storage unit

1314 is 19 rcofn'ﬂﬁﬁﬁcaﬁ@ﬁ Wlﬁluthé‘ pro¥edibh 530 arlde op&tble ¢olbtare 4 dmﬂials@ h316. The

n designing the buoyancy bl ock 1302. |f the buoya
databaq@drﬁw nEAytseorp @hq historiralewpve dataandwither datarrglatsdito tas ygﬁgﬁz@uon of

t hen t \Y;
o AU A RSy s -
a datafﬁél@&htﬁﬁmfgldm Jeadisted tvithdied Buovianey blbek d36%nsi ons of the
danc bl ock 1302. [00215] The image 1301 na
i[Ae3124 e q«ﬁgljmplﬁwg s&q}@?}d@ O may g ]ll %%easnetwoﬂ\ 1318 via

comm ca?’%{l p?t?%alagbc ) ohé@ﬂ?@dlwgﬁtb Q{et}ﬁfwefﬂksll?ﬁk id @Y Mhtbrnet. OAlternatively,

esigner o uoyancy punp devi ce.

the netwdfl\t %) Strhgy bes Bgalhtﬂmmnmﬁlcathm systegnariche histomical avaive data server
he desi gner may

1322 hangrseang 6 d8\eBaRe A O F Bl T e eRan e Ay FHfE Boiftted by buoys
from vw}sj&almﬁs fr@&%dﬁﬁ%’%@téﬁr&ﬁd&ﬁ@%@d ok Dn@&5thed i he art. The

esign process, A (low wave size), EXAVPLE

wave the(mrm AGED iscn eonmmm)qatlam mthBt_Eetworlpli;l\& e C@mwpm@gon path 1326
til

st e B 56 58 985 R B e e

1324. 808 wi¥e UM hat is accessed and collected from the wave data server 1322 by the

computing system 1304 may be manually, semi-automatically, or automatically included in the
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paranmeters (e.g., horsepower). D nensions, such as the
buoyancy bl ock vol une (BBv), volune of cone (VO,

wo eloanesdef base (VB), and ot her di nmensions, naRCDhES2005/045419
. gonputed.as.a functd on &l ihfeAdioNeMRl/stahédel operations
databas'e-k;\gp_ﬂ ‘,ltllﬁﬁflg’ﬁ t@eeiomaﬁ%gg%%%ygfﬂ%%{eﬁlock ‘Ganeter as a
ofthebu&%a{]ﬁ&ibmkqgowve hei ght (WH), may be used to determ ne

o e ek 130t esbisioy! BT TR o
a1 fRB 350 B S P B D i B SRR, g ot

designind AR ART HlbaL 1300r A desigriee obthedmpparics dlapkane @agy use the input
rmages of elenents of the buo

) anc u devi
paramelo e qN RS MTOGAeH G WEYEC LSO PRSI HEy ¥ mBions for
L shown d.n TA i ' YR MeY borad fimntla dABfike stored in
certain pﬁ“@#cq)?/gtlnnée' rr’gh%ﬁ'ﬁgl/‘( a gﬁggdgaﬁg%/re Fnf or ﬁ}rat i on b(ﬁ .
the storaigB BB 13 14, @ntthewavagatt sergersiigReen elgovherd, And é@péﬂ? gn the image
conmponents for the buoyancy punp device based on the
1301. | ocation and duration for deploynment. [00216]
m j ' i oW ot E bRy Block hgoTicopdidratisredithe arseallatien location
1§ sﬂ%%@#r{g& from cg C_SI ations pr oduced1 b, i}he
and durgiohtofatesind3l@idnas hybetaleningeiatepuitlo Fot £XHBP §y’§ fSHPYARGY pump

. .The results shown in.the di . fai |<GedGordhs, tt
device 1%/‘&"?%‘9?*‘]]6? e e log lé)giﬁ?%g%ll(%ln@t ofgt&%heésguoyanpy > el
the desi@{e%%ﬁgje%% Jlow '$dak nidthvBRigg histdriva) wade mbgotb frs hss particular

| RE 4D

, diraneter (di f the base, ' 2) of
oo e s RS 5 o By e
is to be ?pégaﬁgi Ifcgr??ﬁﬁg{e é%%{glﬁf{:ﬁﬁ B%@oﬁéf tfrﬁ@, t LA ﬂéumndfa\(fbﬁge historical

I'ston di mensions. The )
wave melSPaY bk keflefisl dvay a drper periddunfeinpa sacheasdiv yeRes: todatergiine the

operational specifi ca;)i ons, such as |ength of stroke
dimensignaipf thp buoxasay black 18P2vel tinme, and 1ift pressure,

ﬁﬁﬁgln??}eb aQPH] () inRUBSbP ARG Sttt (N hupatiniablebegrids

as a function of the wave .
graphicRIBHRAGEY, ef stheevigual liyeughe ased theedegighyr offthe buoyangypump device.

Do o Ao AL 5P 120, G 8B e o Wi

rexa

P ' OB reOfrd RYBXANYLPS Mpardiel] TABLEAY -hend
Process; %ul%P ?iglttlﬁ{?g]id%g?sglg?ed tr.gg)c{srer vice the demand f ?{1 ze)
FIGURERI SS?-BE gnti égi. d_ntpﬁrfogglpg _tl@ff designaypesss: Egh@MtPﬁg]A ow wave size),

suppl ement ed Wi addi t.i . o cal
EXAMQ@E«}% ?qu@gP 368 Sizgk apd tTé;ﬁg%n}j, l’ﬂg\?ﬁ? E}léan?;ﬁéi?rg?og I‘@t\r?ldﬁlﬁé his®orica
wave dR@'ih E&Hg&ﬁng{ Vi9io8s E@h?@ient QU Ouoydiey ledk) climensjortsand system

onl'y a small demand for energy regw ri n? n{(& 200 volume
parametgamyeagad]gormmwed)e@mﬁwow sugkasipe QUOYHNC F@ﬁ gluime @ﬁgvg, ™

nd for energ " s i s .

of con uﬁvﬁﬂﬁf?gﬁﬁw@v ?lgdeémggoﬂpn{aéﬁgg?% %%ég bt%rgfg?&gr ovi ded , fon ot e
historiddY wavdadm. TRmIE 2 tWidchdeysbeybyyapcydsudlcdigmates as a function of wave

scal abl e and adapt abl e_ t o what ever ener demand:
height éWi{stma_fy&e usep i deterynige be gﬁlraﬁnsb(g}sr?élg g&t% a@ra{?%é%?.sjl‘he results
shown gﬁ%]gf{j]:i I ng tlgg ¥Vn{aa belél i a A}lldkl) vel &Y 8drehctio wiithf eléfents and

ary oyancy punp power system
dimensidRQhbiaton RIGUREES3 A-Wadner4 D), doeexaiple hpaknuldibe stood that more

1405 of one or nore bugyanc vices 1410 i .Sy |
simpledir seteiled gaphigpldfyees ?fe‘g erﬁag&s@ay%lswg%’?sdﬁ&cg may be computed

and shown on the image 1301. Input data shown in TABLE 3 (Annualized Wave Averages) and

TABLE 4 showing monthly average wave information may be input into the computing system



1420 in a predeterm ned configuration. The group 1405
of buoyancy punp device(s) 1410 can be configured in a
w@rood/o6ans ay, or ot herwi se distributed in a naPCEUS1005/045419
ccomubdat e . 0 Bastd 38 thédNocation and duration
I300'if §esieRng GO RRAVE ?%QHe M\?o:};%i{%\pWP deNLE Ba

or no effect due to
fordeplo?}r]'éﬁf buoyancy punp deV| ces 1410. [00219] CQutlet lines

iy oo 1143 Ko el Rt S fibpyg om
calcula’ug\%[st gpggcgé%yp% gtﬁﬁgaéf 1568 Qéihé €kedutdaasy cjeﬂ%)'ﬁuﬁﬁ ey e 1364, The

iver er at of near the top, of
results sl‘ichﬁh ieche disphywtel dsAR&y mE:Ii)ﬁé ae/]anﬂy@f\mcéampzd\mcpmﬁqu@ns for the

buoyancy ptckIG0bB e (b pibs vase48e7 B REER, difpster @)y of the
base, hel%ggg‘le\ (?Tftﬁg cone, gﬁclloe un hﬁ*ﬁs@% t RAiAbndlRe oteE dimdneions of

er stood that the turbine _house
compondréi46f tire pubyparicn phunpeldviee niviyrhe Qwaffuéftﬁ seheas@ition gimensions. The

cl osel ocat to the ter ower
display ffl@é%m@% alﬁgtnécrlucgq Qﬂr%raetﬂ,? éelf%gti (gi,@l’%tl?)bé\’lél?Sp%%&E&b&ﬂg such as length
if AN fidhe t MARITOPMEERrE VaLEH is(aneanmugyof upward pressure
Ofﬂﬂm%éw§$P%3P021mater tﬁrough he turbine(s) 1439. ? nt and
developtdiay thedsegancylegi3 0l e atfumdsionef ghe \ygr%ega%etﬁré (e g., height an
returned back to the body of water 1420 via a turbine

length). 4i schar ge outlet 1440. Alternatively, the water rragi be

[@o2fharaedudyine dﬂpﬁﬁl pidbuitésdte b3p scdlbide tuswss the dem for a specific
irrigation or desall ni zatl on_.to convert to.drinki

region. Viar examiflora R AieTRINCl GUZIE] ORGHAYANSY PP dgvjecs gy fipinitially
1nstallec£§oe;é{vrl?e 2 dbRSnd fgr%ré%sg)l% ilegﬁm b:10partd sk e fou! drnthed suppemented

OWer generate e turbines onto a power .
with ad@ifibflal bhoParice pwhip(ﬂwtcbetcp@wwthb remien dyil Bxpands enilisrapaining

I dth h
portion b%ﬂlﬁts(ﬁé;)nr;tl gqrgﬁﬂagﬁgsrtegﬁgﬂ?aé&?%ﬁé taesfar{}? g ar{d%gefquﬂ;equmng

Uoyancy

only ”O? %\Agfén% géxnﬁg%gfgg% r% dxaffpth, bPr cﬁﬁ@ aMge Heinend fug enapethat would

ance w'th t princi pl es of tg%
need sedr@bRbre milentfitanyarey pupaleyioss cgmp@ygblp iathapproyyisled by 2 dam.

Hence, g*?e,\,\l/yeqroigtséytrg%tlgi ?%prsre\ﬂgetn szzplaaB%/ A é’l‘éﬂ V\é][ ?% f@% f?xgrgy demands exist
ﬁma;mh%%&ﬁ%#g EgséQeas an el evat ed vi ew of anot her
nt o

an exenpl ary buoyancy punp.powe S
16208] Refersiagmonrto 515&@ Y‘b anfeleyatediionobn %iné?cl?}%lﬁm ofan

1505 of one or nore
S5t P P B2 0 oo
1405 om Qen&s habldrehadvicdhet 10rioaptrithesl abngda fiyemicl Spimpody of water

devi ces 1510 may be confi gured rid, array
1420 ircs prelotismingd senigveation. (e EromHIAS o USRS BB ViS5(e, 1410 can

be conﬁ\% %c?‘ }Q)IC:%/ gxlp % n‘grrag ey I?efr\ivgsje% dél’jﬂbﬁt@& &1 ¥ HASn MY BcddRirh&dhte each

e to other buoyan

buoymﬁ?‘ﬁhﬁ@sdeiﬁéqm{) G}D&Ba}lm@detetmd)tmmnh 5k qrmmféh@due to other
buoyanc ng devi ces 1510 may extend al ong the fl oor
buoyants sd3.iff 1530 t hat supports one or nore

(L0 FOE) P 0 s e ot o
floor 1814 fofwakdp sAGH 04 Hstharempportnaweter tyves AdS pdbe gutlﬂt 119@?”1]4525 operate
as watqgggﬂggfaglt\%tg{lléérr@eré? %ggf%%h ato% o?%hem@gtglr to(h%? 'ij§3 ﬂt hat

[00220] The water tower 1435 operates as a reservoir for the pumped water to operate
one or more turbines 1439 located in a turbine house 1440 at or near the bottom of the water

tower 1435. 1t should be understood that the turbine house 1440 may be included within,
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the top of the reservoir 1535. In one enbodi nent, the

reservoir(s) 1535 nay be forned to provide secondary
WaQIs®@s/06@e such secondary use is a fish hat chepgT/u3tves/045419
reseryvain. 153 a MRS BlceRYTRES stdredin the

located ajages Hu%ﬂlﬂﬂ%e? R Cﬁﬁgg‘)eéh%&%grfé\%g{ ?%#23% erate one of nore

water tow&ll R3PS alﬁ'aﬁ@udrp@fagr@ﬂty 0 paodwe kelacmdmw ft&5hd¢ Hewtoéavater
at or néar the bottomof clif

3
(hrough Restbine9eaP. YasSTe eSS Bsongbe QoD ik BRapiygned back
to the bot%l gw erdaby Q&t%tg@mﬁé d@%}ﬁ\(&é Sutlef 487, NRE Y& vely, iRewater may be

hotise e Tocated in other |ocations
dischargs® fdr@Rgribidi fok Sthbehsm; subke as Ersigaticoi or depalindzapiab tecevert to

driving the turbine(s) 1540. As understood in the art,
drinkinggvatere f&Pkam@khi nes operate on different water

[Q{)iflzuﬁ@@ersiﬁ'xe haks k 1%? rt}»@ %b%gEd &f thE Rabie(sh fl43nr distliti@ion of the

nce of the tur es ow the reservoir 1535 may
electric pevdragaetatd liyl’the turbimenéntd ardoiwee ghdilAS0 ter Which glag power lines 1445

Electr|C|ty ed b e turhi
are couplh o UM PR st VR Bt TRE RBpiqugs than by
d'to Fde@WfEer k6 the water t 1435
e e
accordande \blmlmﬂmrmmcmlqud]eq/p@@@t 15ERtipn cBArsFamRles PHHRS hat produce power
wat e 1604 for onvertl
by rotatlgﬁé?egays 81' Wﬂgﬁ%%v%? nbaerrp élgc(l: gd;s%&)gg' W AEOTRE DAk @(ﬁ*/er 1435.

are configured
{00288]| ¥EGEREAS, is 9H elevard aidw of zh’rodwg bmbutlinmnt bf aresxehgi®y
I n response to buoyancy bl ocks, {1 2 of. t he 1505 of one
buoyangupyampywgLsypicaieliPed hfé@‘?e BE PRy k6 ’3‘? %Rf@sgm‘ﬁ? orot
neservoir 16 4 €526 hown in
or more&uomw%rpél}lg) c?egl%g)f? alo %&?gl a(?%% lﬁfedygvéfy@n% 25
FIGURE Q@Rh8sisceshtabhidhetid éEhergIbupﬁbﬁIS dfd)ubgamziyewatpedﬁvgcgs d$1Qmay be
turbine 1612 contained jn. a %fjr bi ne house od B%Chbuo anc
configuredriniargsidi T2y, KRYIEVSE AISEERYY PG THEF BT ‘6‘?*% & yaney
due pohssEtbyancy pum
punp | SR S AR, RS M sy
devicesdampected to power lines 1618 to distribute the

GhB3SE el BETRER 0 B B48 Y0 gt sons

|(§%4§5 7 A q RPEAST 1Rbre 2seLIARISAS ymrau:ltrﬁftop1540
ﬂoorlflS f#%lﬁa%mhﬁﬁdgggs of buloylgnc; pufPfideVI

Altemaﬁ@ﬂﬁu the lrmmoar(sjrlﬁ\?é niaylhed:opsir\g:twelg@'ﬂpglc q@bﬁf s one or more in-
response 706 q

groundfpp@ys 8t 99 11 léIberS d g ggfé?a?gva}%qg udo;/{%ﬁ ggHg&j n\%ater at or near
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utilizedyElebigicity generated by the turbines 1540 may be conducted onto power lines 1550 for

distribution onto a power grid 1555.

44



buoyancy punp devices 1714a and 1714b in the first
colum Cl. The separation of the buoyancy punp devices
wQaZ@a/063994 her hel ps to minim ze the anmobunt of BPEOEU§3005/045419
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erationto he wave to prowde maxi mum wa
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to the resenbirgi608& vizoimpot fecmbnw@ 61t edogive OCORITETSEH 6?%“’ qriyedhe turbine
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pump dﬂ:um:;za h%lﬁamndﬂ 7¢Iéb/ree’@$m§ mr tOOa buoyarer RIBR dyiest | HH6whg second
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B i L
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Sit@Ro@fl b
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np, devi ces 1702 is us Wth furth
orsim TG B SR ELARE VPR © PHOSGBEN T VAT i, Sgh e may

| REiBh Ve RIS fifldTesiof FIFURRAE 7, the beach1714
be utll%ﬁ%yggfgf/&g Oéqgigpces 17012e Vi a cl)utl et |0I nes 1720.

receiveyataelt WHWSLﬂEtaﬂtldi}eﬂheISﬂfnﬁ e woukldraye beenireoaivehlpd ‘Ihé\l%@llp field 1700

st e oA BRSSP A2 SRRl 700 trerr

isane Yorﬁ?en@ﬁl%@ﬁ&?@ol@ﬁ@ﬁ il gdrRerdtig poseaftoh W88l a
I scharge’lines 1726. |In another enbodi nment, tI
r 98226] oFIGId&lj, 198 is an enlarged view of the configuration of the buoyancy pump
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| ocat ed above a body of water, such as on a boat or an
oil-drilling rig. [00229] It is to be appreciated that
WO b@chbevyancy punp system may be designed to cROPUS0es/y5419

1718’0 gﬁtgo%f&g e}%tﬂ%? heRbds lp/%fgﬁﬁ RAlA Fésg%ctﬂc\%@”h@ BAfghred ty\eMend from

power i n manher descri bed and shown
each budy@hey ﬁumfx\ldbﬁw a7 14aeiny , 1 71 Hie aloug ydinstycopumipc istpweeshionsiis pentaining

I OO TR
outlet 111E)eu ﬁ_plléfg 'tlll'cit éﬁtebg@allgﬁé FOvPE, . fREH 11 BABIY EITR B3, SA&erdih@Ej an outlet line

ncl ude buoyancy punp devices in
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oute ligsclpaogr PUPEY PR IR 1 BF sSb Y hRb g e oute

line 171%9% HYRR: g{ndl Iﬁﬁ%r P@%@H@M@Hm efhHiBted $bdn ﬂﬁ\UubgaI&y pump devices
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1702 to wayerwit (noh showné I@gmtye bindck ofl@Twisgy }prgsgoglﬁ be understood that

s s SEG R B Sy B R R 8 i e
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e A
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f. t he b .
{53158 ko s BB TR, g BRIV AR T i cp
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into theb(%‘%)ﬁfi‘ P08 Fih AdhARS linke1 726¢ 118 atetledymiBodimentpthe pesecesismay be
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ge of e presence of higher
may utiéehd@iidbit shbrermngements pehapumy fieldsbut inelodebuesangy pump

reservoir at a er el eyvation t he high
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2 0? h?rfgItB'P‘TGt Y8, aﬂﬂ@aﬁ@ i BisteiR I8 1 1yacL@rdi1’[geto the principles
ac
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of the }ﬁﬁﬁhatnvﬁgtlcﬁﬂ mchhdely mﬂwdomer knmylah@/ pwsel G litavnmblgtyégcy block

e efficiently when driven b
1815 tha gy PTREAIST TP PORE G IHBEAROR e | '%‘ ol bl kﬁmﬁwfn 520
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46




recogni ze that the concept could be expanded to
include a nultitude of reservoirs, each of which would
W(beood/@659g4ned to ideally receive operating fl ui PBCTIBI005/045419

f@ée%b}g% wiﬂ%ate Q‘oﬂt %%1‘9%%‘% t?on%a QFE r@&gaﬂ‘@ﬁglﬁéﬁ new platform.

s a v a warp a particular
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ponse wave not cause of 'the pot entil a
operatel am@ \sh‘msnﬁ? lapet Helght REgresnt, nhalbwyaneshipmep banokaka @@Nantaoe of the

nps. are used, buoyanc np_cou t risk of
larzer 5 ISy 1816500 GHORHEY BLDARPFRLR T Mavgy PinPing the
4 I QpeiafihBimRl 4thth&high
orera RPN RASERER EERIE LIy o SUhIAR s g s
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VIBOEY1] | RefehrthgidIaNLY, abilmykncytmm’qewtem | 9Mi aegoridines to the principles
buoyancy punp to return to normal opergt ions.

of the prREeNb IyPBRATYINBIYRPSALAIHPRA PHPYEBCH IHEIR Wclilﬂalﬂb%fji g‘lloylaﬂé' block
1915 tl?att ?%Hﬂgfa{t ?1%%) Hsd ﬁ%dé*g%l&w { Xu%l o‘??l\%&t&ﬁfal of lal%]e storms and

are desi gne age | engt
hm‘rlca(nés incaress WIEEré beoyanenpahpvieaked, e Mymmnmjmld be at risk of
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not preferred, the buoyancy bl ock coul d be designed
such that the dianeter of the buoyancy block is as
W(I)a(rog/@6ﬂs4the average wave |l ength. [00233] It PGT/EEB0O5/045419
- artant & s Qfstr BRE SRS W8
PTOVldeili i ?1 Een& %’o Bfmit%%guéaﬂgé Fe%igﬁl\%ﬁct) ?Sn s preeera |y ©
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bl ock
buoyancmldydﬁ GBI RUTaEE HESS 1 PRoti A AIOSEAHE Garb L7 T gelict port
1917 coblgic niea@[l% 9% e‘?@}’ﬂq 14 tetthQ%dgb' QY ANENarb sRGMuML EGhi 8 the buoyancy

ner ge uring each upstroke, the
pump pidigh bf the @Eeatrmaodal dtk tétherquoud& by amr@d@tcrmh@dd@tgtb Aucbfthat excessive
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wave) \Poq{lcﬁ Eﬁﬂ? ﬂ{e tbfRer Q‘%ﬁé’l@@% thP |sfb%be11f?orﬁ Weﬁeﬂlﬁﬂr’c 417, fiRreby flooding
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ot oS0 s o A SR L ey

fgfg%f e wAlleQe@ithout | et pi pe 2129. [00235]
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| ud I I
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i nc es a tler 9 conpri sed
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2145. The ball fittings 2147 assist in securing the
tubes relative to one another and ensure that the
\Vmammm6$m@arted to the piston shaft 2 115 are PCT/US2005/045419
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assembly &6 ¥LGhe Byioganoa lphmjp@lmu iRloStratéd fn FI6L. 7ﬂ)adr1d the pnmpl’_’el 11 includes
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ide’ noun 1 attached to an exterior surface of
2145. T}ﬁaebetmfnmags:gzm ikt I8 seaBingThe tubkes tdativisde pnanother and ensure that

e oo IS OET 5 BTSSR Bl LSRRI s 2,

2143, 0?@5 | FRE 8411 Bdd 31%® &lﬂ%@d}pﬂm@an‘w is rez{éi@ecslby aibal[r}mﬂitt” 1821 A first
assi sts in guiding the buoyancy bl ock 2 113 as

ball Jom’fels icpnrectedde the tuioyancyHodky viaa @W%@Fﬁlrﬁ?ﬂﬂmn}bﬁ@éﬁ%ﬂﬁo the piston.

e bal e ef5e oo a2 baligs ™ F R R gl a5 RRLALT60 for

receivin@fhklballahg 2¢85 | ﬁﬂodl@? Pdrtiah ROTS ofhebell fdihy2 166Hecgumiedied to the
passage 2215 is |i vvlthapoly

cap portiet 3467 tchiecricithe b@iherts’e% W@éﬁlthlﬂ L. b Pyking gortion
2175 n}cﬂ}dggéﬁggsggeost]ﬂzl ﬁgn % LY}] nﬁgﬁ@:{i fh&gdér% 1[)@17§Eaéjacent to a

I's anchor ed usi'ng
taperedareflod2ABL . It Sl“h? ﬁplﬁhbalrsgsmﬂémte%&hrﬂ] @9 Sembddty) lsclptberballehd 2159 within
various platforms, piston cha con n
the semjyspherigal Ecess7d 6Bu ygﬁe@gr L}ﬁ%log?igl 1s|5p]%qreé4 %Wﬁrcfj ?Snli Extends from

the sthH?aM %g@ﬁg%%% % %H@' a’;lgé:{gggt%ﬁ r@gl&mllcﬁibé thBgstdPRaft Y S o rotate

aced equal |y apart in a
about thé¢ ballbmd 2 \idtekatine toathel balh ot k6 sneti th@éﬁdt@t angulg ngox@g]_egts of the

ISR NS TE RISV T R
forces 1%' Ae ﬁlsEJhesheﬁ'v'l MSISTRE BriseRi SR 1ﬁone1fn@ﬁt§@$t}ferbmﬂy§1h$/ block 2113

np-operation, the ocean currents, the ocean tide
agamstamhich\dwebadilqblnba16Sap1‘pt€t9tseﬂr¢ ﬂyDS@ﬁnngQi gnaetemens apQubaxgp gerpendicular

connect.ed betwe ach piling 231 1 and the
to the regigyqeat uﬁgmoﬁgngg%%u%adﬁ 1ll H 13“ ng struts 2315
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i ncludes a sleeve 2317 at each end of the wing strut,
and each sl eeve receives one piling. Preferably, each
wG@bwewesovs | ined with a polynmer to prevent PCT/US2005/045419
1t al-ons met.al - geRt t ' Adtandidof th
R AP R IR RS 08, P ShEhr fiemétiot e
buoyandVHIEIENI 3Qfesdritrdpbbie\@s niigintizéd/by the poesencnaltdideast one slide mount

t hereby stiffening the pilings), .t ' ruts .
2211 attachtddo AR p¥ieHabIETage PhHE %Y%%%Mﬁé%g ﬁﬁ%ﬂ@&‘i&’iﬁ includes
., The A i f. ; i , ) . i S d &
a guide RRAAT s It Bkelil el Buio paIRRERbNIGRT Shind e
perimetérBI@hd Budyandiechambear Thbilelehnoyney! psms isguiding thetbarpyancy

block 2%%8;2% %miép%teg%gg]g%; iﬁ:ﬂfp%gm’%oc%%%gr. g%g%?azﬁlﬂgh{] %ﬁeﬁgount 2211 s

compris%{i :OF g};lrcfr%eeﬁbﬁra% g&&l%?ésﬁﬁﬁmat?d‘ﬂﬁrmi&% ar®l 39 doundilitheehsier

sions shown in relation to these figures are
installaticy, Faxferablyartlye guidppssagesddly intivedawish apolinar epateripl tgreduce the

o limt the scope he ended clai.ps. The pu 401 1
friction bajayegp dhe %‘dﬁﬂ’g‘i}'ﬁgggﬁb‘f%@ﬁ -4y p%t\r?ﬂlgfl posi t Pogd
jo 871N RRFRHRY BNEIGS: A kRgH 03, Ahébibyeatypahpd 1 by iskmchored using a

pper’ pi ston shaft 4015 to an upper piston 4017 and bcyl )
pluralitpof pitiegs thatstowetushid supportshe veripup plasioriys.siyen glepgryer,goaduit, and
buoya | ock 4013 i | 9 i
other sy3ER1GH o8 DA HUBYRALH B SRED 4T b ERECTREnb & EHRIudes cigh
pilings tHREin]cRUWGiLindisPRON) hEPate Epares equdllyiphndn anirager ptierrg and an
~Tluid to flood through an intake pi 403 1 agd |Btg &t of th
additionabwenterniing A3 thiaswed auibg gentpisotithe CBHIFTREG ™| BRI Up fegeth of the
.. fal ' e ' 64 Bm fion,
pings {55y U0 g5 B0 54 RE MR LR ANE LB by oprion
the ocedtDdFrents, Giepkear tide, apé mat e agidy, aipthralitymf whekerity@s b are connected

e Ao 3 B Y DGR R Vg g 21
o 8 RSB0 Mitotmeen Bt oo

Preferablyeeahistegvé istlimbdfwitna polgmier tnrbesnt pigtal-oneBetat eprsget between the
. the_upper piston chagher 4041. As the bu s
wing 580 23 1 R BYL e IR TR RO Krretphie chret R TRDFheR & ife pilines
relativedboh€ Qné&ﬁ%ﬂ;r%%/f Qi FRAMEARE Yilin@E)S thetwing %@als 28Me add considerable
oper ul

ating romthe upper piston chanber 4041 . |
weight kthe banyaney Ipemppl I3d. Ahasveight of thekvingistrats 2649 gpratly @piys in

the operating flyid fromih r. i
sor S BRSO SRR S R
pump shBig a@dhbt dHoywndth F1Ge2 bisapadicy punp 401 1 to punp
operating fluid via positive pressure on g fh th
§0A238b Ketaninztriss kSt Ald. »PUCRESHBRALY! BrcgEtinaishe
. .all efficient. Eatd of
e
ﬁgures%_&@tfbr reﬁ@tﬁblr’?%f lﬁurggdfg ohly?lﬁrqu@thnu&hdﬁd tdOIhZﬂi;t] thecscoprpadithe appended
~ piston chanber . For 0 unps havi ng, onl.)
claims s Thepempid6l bnclydes adyayancy EEOCX?@% ”ﬁ%ygﬁyﬁ’gshﬁa%w?l%ea%uoyamy
U | | i ol AR617 and b
oSSy SO ORTOBI LS e SBRAN nd
lower fibtoh dhafn4@R %t ﬁos Ipivst ;ﬂiﬂtopﬁ@ﬁ?le?fhbbucgbaacy blogk 40 Herpaipraastes in
pressure qn the operatin u Sone_pu sian
reSOnFEQUYAVE 2BHORx (8 43 RHOY AR SRR ?’%E_‘*&%ﬁﬁ% | pien 4027
rises, ARHHGL dilﬁgﬁe#tingtﬂ{ﬁd /i Bt QNthehRRREintalldhipe 483 Uantdinkya lower piston
causet a 1" b

ving a very ta uoyancy chanber and/ or .
chambpi 40360 Ashtherbeoyanoy btoskl 481 3fells in response to wave motion, the lower piston

4027 is driven by the weight of the buoyancy block 4013 to expel the operating fluid from the
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above the surface of the water in which the buoyancy
punp operates. A large negative pressure may cause
W(bmmomgmor boiling of the operating fluid, whPChUS2005/045419

ek I Y SRR Vb gl B A e

chambertz%graﬁ‘&)’m PHIPddRdwird didols b Ble@loyanclblEsk 4003 Adhe upbar plston 4017
‘erred operating fluid is water, andtge @quag h

moves dbmhndoﬂlemﬂvytaﬂewmgm ePeBERG BridERm thefransier pi Jp enter the

upper p1§8}§t@1%1 O%eéﬁggl %gi uo& Qlf ﬂléél@é{b 1@*1@6%@ Rapwit %&n’ﬁ"@l‘x’é hper piston

oam or To prevent

4017 is difehiy ?Q/alct hea bueasg Yorpeiexpellthd opér amh@ﬂmdeimmthe upper piston
I nvention uses p05|t|ve ﬁressure t er at jn

chamberf4041 dntp RO OUHEPIDRAMES . pi shesk \@h\grﬂ%g pﬁ«?yﬁts tﬁg RPN U from
fluid
oeonm P SEE AT spp pmecoty 1
[POZ335 UTle: dlsligaiehabesyahyy pumep d@wmaqummm@agdimd i positive
pressmeltq%\gfo{glmgy;pggoléoegéghggé%gst dr I V Iﬁo%‘i(ﬁg all%(vs efﬁment

uoyanc

operatiof ¢ pl2gk ¢Q }%‘f@ heaias bﬂi@@i‘ilﬂr thlﬁﬁ tﬁéesﬂeWleonHﬁ!@ﬁs for a pamcular area

uoyancy that 7s Iinked onl toaSIng pi st on.
require £falltQy Sy chimbéred W domd mppergligiok c]zp@qlgar #84he l@vl‘“’a“i“ty pumps

having Qnly afelTPA RS BROTALLE BHOR A B 4 G RIRRATRS e piston
chambef’\fc‘) d@F{he"c‘mhﬁlﬁelr ']me']ﬁst]{n{i‘ gi tLErhgslgpé 6f sys{ef0R41k]thd bperaltmgaﬂuld into the

ower piston sha 4025 i .ncl ude lurali Iy sY
piston chanlbmély@etenmg@saeg@wremwwn thg oRerating {lyidy Jpgpq pump designs may

4057. Eac |
require ?rh?@gaegveoq,‘n%% ﬁ? 1tv8 th&%?Jerg gr?% d%:% fﬂfjﬁﬁ Abg El%‘lllbel This is

gly recel e t he bal
usually Eéuistedl BQ hé@ﬁg a v-erﬂetab @lubydrict; chargbetGhd/or prstqrdé@rrﬂvet ]oeatedl high
rised of a mnor portion, a

above t}pmmfag@o ngﬁ avaterripnaychiibe pp@@ncyrﬁyémﬁgjpgrla eﬁo?{ Fagg? rregg tive pressure
may CaLES If%/ql altqtg%? ﬁgqﬁ &0 o ﬁﬂting% VAasighRe MBS décﬁ’&sé@ tA@Ability of

ermedi at e portiion, and the nmaj o
thebuo?&fc%rltpﬁslmﬁ)ltﬂﬁlluﬂepls&)ﬁcﬂfanﬂierthreads When the pi ston

015, 4025 | | )
{00249 é‘“@r ﬂ@é}poy@cg?;{ugmq@ﬁmuﬁﬁgedtlg E’é@g %(5] gg Qﬁg Breéerred operating
fluid is %\%J%?em 3 e %19@ aftfolaiin 5fhtﬁe P?sfb%rch%béﬂ 188y rdqiifre a 60 foot suction head

| at e portlon he maj or portlon enqa
to fill ti@nstoh chdrrbdrinphish Witudd bbdly chuse thawyateripgpamgsibetl. jlg prevent

boﬂmgf t%%f)ﬁé}%%c;/ glglatg %Bﬁ_g g% ﬁgg}r%s\é% 1%}2&&0& g@soé%ﬁ ve??gsg%gst&} bfish the
operath%ﬁag%ﬁ% tH gﬁ]fe'r ?Ps‘%&fjcﬂaﬁllﬂf hof, ad Bﬁadsétﬁtovusﬁl@rheghumpressure to

9 of the ball fitting 4057.is received d
draw tHoyperabing Fujdointet th@eBer FBEpR chasnler dOADOBePASIERIESHES]S generate

oy e 5350, P 00D 805 RO 8RR, g o

block 4@@51 nF&ttﬁQ b 850828 babydre bltmaeﬂOlanﬁylbawmlgpedstodwsheawwthan a
. The ball joint 4065 includes a serP ﬁhel‘l cabl 1< 4013 ;
buoyancgbkmk thasis linkediontniy a vieslp aisforerfel LS, LAY BuRPRY o 18

4
heav1e11, Hés %15? Fc?\@ﬂi? %ngsgto in gésgtﬂ%%&)l?@a%ﬁe}%g?ﬁﬂ%g)gg& Wuﬁ@)’ block 4013

to sup;%?tr’cﬁé Qﬁtg@i‘géﬁgﬁt whilé hem@glh thej wiitet al | ows tze SI st Ion

shaft to rotate abpout .t 59 re

11602414 Bag wppeopntt | Omslswagﬁ%‘%l f‘p’gﬂ’t‘m aﬁlp&“ y ' fested tubes
connecé% aﬁgg&t 4b tl;Qﬁ fRH 03 gn@rcﬁ%%ﬂi@ thbdsnd108euRYia Eiteads on each

6 ‘Rét I cant torsional or bending
end to fHREGRE1Y eckive tl;m lsalbﬁrttmg ap57.404SballThiging Aioﬂ"éﬂly:l\gi@g gltigred shaft

comprggl gtn; Jgutlrpsqr %Lgtggl,ear? yn? rfanryé}/atebllao%lén 4a91213 5 grl 1:r>]oSrE10M\'h ll“ﬁ@mtaﬁf portion is
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protects are those angul ar novenents about axes
perpendi cul ar to the reciprocating notion of the
whewgassoy4 bl ock 4013. [00242] The angul ar novePENUS200$/045419
...... I-Q i
it PRI PR 455, 4017 fBRSERLPYARg Be B EmPAThith, s e
major mtﬂimheﬁdésnewamelnhmadmr\wﬂn ftlaaqmtoﬁ shafes 400 éyfﬁ]%yarcbasschled one

R T YT R T
PERi die o)

i 14y A BT i . s

fittingslH06Y assisy nbkemukngﬂ,ﬂib&ub@ relatmetn qmecmnathésalwd erfsire thiethe loads

1mpartq%gtg|tanc ows€$ eé{()dg rpﬁ'alsg' uquytpgﬁlhoga %{Vﬁ \BI RS The ball

end 4049 bicthé 95‘11 ﬁﬁIr%Q@Sﬁl@&c@ﬂVb&j By H‘B‘dmmﬁﬂéﬂ%ﬁa%mjbﬁnm{)@%e connected
post r?u ar novenents of the buo

to eachsif @hﬂmp@@ﬂ.&lchloefef surfdves ofifhaibupyangy E@%Cl\iﬁlélbraélééw@ém@fs 4065 are
N K e

includeR |al!;6fﬂ1|i-’s}t)hér1‘éﬁl Rbdsk AetSretdiving $Fid Naﬂlt dhidaloly. SLlopling pbi‘ttbn of the ball
vari ous &dat orms, piston chanber, conduit, and

joint 4055sis prayidst te ecurihpdablpnd dRpO wirhingthe b?léi%lﬁfa"dw Tglﬁ gonfiguration

of the bballleXﬁP gﬂoxgéjﬁqg 439(%11 %hah%llﬂqg Yot g%ut%é bﬂgénd(m@rgﬁ{l% to the ball
Ings 4 P are s ace equal apart

joint 4@65r suich éat pladhit angulalandvefmemsjdﬁ the bu«a_,iancybloek V\pihlm tl@ badgdcy

| ocated at the center. o tt
chamberio nog irgpat 8&1%@%918}%@50@ 5@5%33?3%?%% P B st W01, The

prunar% bﬂn%ﬁar 1H§ve%ehﬂtﬂ$ﬁh@5§ C}%g@j' glotedof Padapise %cfhrtﬁérbﬁlhﬁ)mt 4065

operation n currents, the ocean tid
protectaart ﬂmguhar ooyementh abaltiakgs p;drpmdnglles’ttcp ﬂtege@pmawgmotlon of
n conneclt tvveen each perinmeter piling 421 1 and the
the buqyapgsehlo glf #9k%g 4213. Each of the wing struts 4215
1062429 e?héaa@hﬁa? YiRARmedts of @RCHuoyamtylolbck®) 18r fegéribélirabove are
i'nd each sl eeve receives one piling. Preferably, each
minimigkd by thei fgedenereof atileast enepdidy mraunt 61 by agtta@hqd to an exterior surface of the

buoyar}cp{éh?%lxl A{bage tfﬁ? ﬁlci:(gm BG4 Aﬂelﬁ @cgll,ldes 2 o ga%séa es%at Vséc}r?en@é'zidto receive

a guldé'?ié@m pftidnb@ afuhnitl %pdrﬁhei&ﬂ ofehd Budyascyastanites. The slide mount
hereby stiffening the pili ngs{)@ the wng struts 4215
4111 aa&ﬂﬂq ogidioe ﬁ@&t@quygbit)clt P38 iigsiperraies prifn thgpupyancy chamber
g r t
4014. gﬁe? 1vflyhﬁle tggl de! Egssg n?sghrgedl n\%ﬁlﬁ@ﬁ@%ﬁw\g\ﬁﬁﬁ{ggal goalég%c;ect;ﬁ% rFl:non
betwed[nr’fﬁ@ﬁlk]ﬁﬁh%mﬂ @1 hambihieqvide pasoyiricyThp langulmsmusmdents of the
00244] The preV|ous descrlp ion is of erred
buoyarsaRRAARD 44 SFAEF I e HEsonse GhbP OIS WhiP epdlower piston
shafts §(5>1c5pgogq‘ the invention should not necessarily be
Imted by this description. The scope of the present
| [0023411] i Dhe bubylan@t pmdp defl rseadclhyed heng o pluwality @f pilings that
i ms. CLAI M5 t hod fo tin
structugg Bppest i ‘GoRg P‘éﬁjﬂﬁns EIHRTRITG: SROTa et Rptsms of the
buo I1. RoYRFablyd Ele/budgark 4PNShALEREiEhtpilkh t
"o Wﬁ@ %fgr?l c}g epodv%/g’r tygﬁlgjgl rst reser\}%l :ﬁl g5 (perimeter
p111ngsd4ﬂ1\y} thgt are sp@m@d dqwqdbraaiartng afcirgitler ptierry anh en peditiamal cater piling
4213 18 ated at% he Gnier o?ﬁme dircufar \f)g W érh. Since the length of the pilings is relatively
Jong, and since the pilings are subjected to forces from the pump operation, the ocean currents,
the ocean tide, and wave action, a plurality of wing struts 4215 are connected between each

perimeter piling 4211 and the center piling 4213. Each of the wing struts 4215 includes a sleeve
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flowi ng the operating fluid fromat |east one of the
first and second reservoirs; and converting at |east a
W@eoohioasy9of a kinetic energy of the fl ow ng opPCEBUSIIGS/045419
421 - AHENIRBFSh SR SihiE Bhd QRAT Q¥eve2eceT oHB DAL, A5ERFM1Yach sleeve
. toclaiml, wherein the first and second reservoirs
is linedy éthdrpad o eretopeesent mietad-on-3netalontaet beasweerchovdnggirttat215 and the

o lai_m,.1. Ln.the first LS. it]. d at
ptne€ o S LR Mg Ram B bR P B ot
(therebRdtiTRdiraaho piingg), tie wihagisfud 420 ad@thsideeatié Héight to the buoyancy
qﬁerat|ng,f uid is the sane as the second operating

pump Q1. dThesweighieofithe wing et Hisrgyeatly askigisin anchaniag ghenbuoyency pump

P st . ' flulds ar r.. 6., The
<011, B PR AR LA Do LAy Y e,
s0244] Thepatviowy dbsaription & &f féferred embb&inteRtd Vo€ implementing the
according to claiml, wherein said converting wav

. , . € L
inventiogy ashthe Seqperft dreaimy entionsharld noheeagerasiLnbs/ limécd bpitlis description.
. .| r.] .

The scplle B BN BT A S aBREANE B FIERIRR dhells. 4 ng
to claiml1, wherein said driving the first and second
operating fluids further conprises: intaking the
operating fluid in response to the wave notion by
nmoving a piston in the second direction; and
exhausting the operating fluid in response to the wave
notion by noving the piston in the first direction. 9.
The nethod according to claim1, wherein: the first
operating fluid is driven in response to wave notion
of a first magnitude; and the second operating fluid
is driven in response to wave notion of a second
magni t ude. 10. The nethod according to claim1
wherein: the first reservoir is positioned at a | ower
el evation than the second reservoir; the first
operating fluid is driven to the first reservoir in
response to wave notion of a first magnitude;trie"
se"c'q'ria"' operating irai ais driven to the second
reservoir in response to wave notion of a second
magni tude; and the second nmagnitude is greater than
the first magnitude. 11. The nethod according to claim
10, wherein the first and second reservoirs are
on-shore reservoirs.
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12. The nmethod according to claim1, wherein the step
of flow ng the operating fluid includes gravitating
wo b@ecop@pat i ng fluid for converting the ki neti BCENSI0gY045419

of the operating fluid i ,ﬁ{\ﬁctri cal energy. 13. The
met hod according to clai Eq erein the step of

We clafnb:owi ng the operating fluids includes utilizing

1.

]

A Rlessure to floqi/“the ogerati,ng fluids for said
t PTG RTNREICCBPRISHL of the operating fl uids
I Nt Rkl Wiedho GOy ékfanF thod according to
claim 1?@\/\her ei ?1_ t he s%ngp 0 C-ggg%v\g%ﬁti ng the operating
f | diiding adlrstdgsragimgluid) using thebhevhanisalrmpvidnéo & fieskiresgrvoir;

operating fluid. 15. The nethod according to claim1 )
F ok Bt el B prige tean GHager AT enapegmB htsgrvoir
a PeWlg € bflerati®s MNASYSh aMehQond %Pﬁ{e%r‘s%desle@&{drx’ggér\tféirs; and
conprising: a punp located in a body of water an

opedmisitagtas 1easna pertional a kinstic enery ohtheHlowiog ppohtingfleid into

i nto meghani cal energy, the punp including an input

port angflegtglc%lzetn&ﬁy'port and being operable to intake
Theanethp®acbidigg fd dlhigh 1wt thd Brst ARLSecHR FeseRirs hle\@-shore

the operating fluid out through the output port; a
TeSSYHSt outlet line fluidly coupled to the output port

. The%etﬁmaﬁumngefohﬁai% { ,fs\{v}lljél}gﬁagl?% fnls't ﬁ@e&/@?ﬁ? %(Ssétz&{eﬁ éit a lower

recei ving operatin ven out
elevatiop than plar fepom] sservoid. outl et line fluidly coupled to

t he, out put..port of the punp, the second_outlet Iine
Thegnghed %d%Bde"?ge@e%lWhﬁ; \SAtpIR ke et PRATETE: s thgsame as the second
opeltanﬁgﬂgm.t he output port; a first reservoir fluidly

connected to the first outlet line; and a second
Themesthod/asicording fodtlgine brmlertie dhe first frel wecmhopevatidgefiuills me water.

17.. The syste ccording to claiml16, erein the punp,
Th%?ﬂl?ﬁé?'“e@&ﬁ odnl, ngaﬁlaﬁw Meeh %zmr%mgo&m@e air.
Thehﬁbtl_i&ﬁé&ﬁﬁﬁnﬁ@ Mane1 Rkdr&n sﬁﬁ@oﬁwérﬁﬁ% Waee BREOA D hechanical

fluid. 18. The systemaccording to claim 16, wherein
powehmcdapmpuingtacpiston ima ifiss direetidnang arsegortsl dicdction er mbpanse to the
wavk SndTRY%E inafirst direction and a second direction in

response to wave notion; and a piston connected to the
The hitay@iaoldigclo adich DoshdréinBEM drividyi the Ardiafd SR BPREling fluids

t he buqgyancy bl ock reciprocally driving the piston as
furthes eompE§Rsncy bl ock nmovesin the" first "direction and

th ' Dy, ; ' ing.-within the . .

oi THBERRE oRLrbfE A iy Wofle Ty Ak W i byl piston i the

buoyancsectmddikeatioxiesmd n t he second direction and to
dri}%ﬁ theﬁé)%)er ating.fluyid as the buoyancy bl ock nopves

i eXhpwsting the opgrating flyd mn response to the wave motion by moving the piston in
the first direction.
The method according to claim 1, wherein:
the first operating fluid is driven in response to wave motion of a first magnitude; and
the second operating fluid is driven in response to wave motion of a second

magnitude.

10. The method according to claim 1, wherein:

the first reservoir is positioned at a lower elevation than the second reservoir;
the first operating fluid is driven to the first reservoir in response to wave motion of a

first magnitude;
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19. The system according to claim18, wherein the
first direction is up and the second direction is
waelowa/ 0684 The system according to claim 16, V\P@T/HSIOOS/045419

o Tier et PR RE g B B eHE) B st R T ARy e

I s ad] uaictidniofadedontdShagn@udéenand a second naxi mum
buoyancy force when the buoyancy bl ock is adjusted to

a thecsprndsh &ﬂ*@‘de mgreqtrpthay Shedifsbmagiitidag to cl ai m 20,
11. Th 1§t'h§{i/ Q%uopcﬁn %33{'0 %k?e‘f%ﬁn tfte %EE't Qﬁ\dﬁé’ec@ﬁﬁ fé%%]ﬁglt)?me%%-shore

em a cor ing to C erein t uoyancy
resdl@iek is tel escopl cal |y adj ust abl e. 23 The system

4 according to cI im20, wherein th oyancy bl ock.is .
12. Thepgethad pgeo a%p&gq Bite L. whererpige §tygf>§ eé&ﬂapﬂaa%% févéilmludes

gra%pﬂ’tm\@’{?l’?é’ e?atnﬁr}ﬁ?& T(grstIonVé:ljn e' EndtfRShet thd\EpSafRId into

I rst nHXI m buoyancy Torce |s | ess
eledtﬂn@ahehélgysecond maxi mum buoyancy force. 25. The system

acc | ai m 20, . wherein the_buo bl ock
13. T3 ed atrordiie bt f nsndtEruhc 3ah OLaeuME e Paraeaiids includes
utll&'ihoaﬁ}eé\i?é't@%wy\@l‘é%pgﬁhﬁ tluiddGor sﬁktﬁcoswéhﬁﬂm@mem &ger&yaof the
clai'm 20, wherein: the buoyancy bl ock is adjusted

operdtimgfiluids intocdlenteicalienergy he punp |s exposed to vvaves of
t av e hei ght.; _and the _buo CKyl
14. Thrinbd b GhE REIRY 5, Ry S e 8GR oh S BMAEE Yudtudii ale] includes
driviigg msﬁlegémg tﬁeeﬁ@\nﬂlga;pefa@ggmm/e hei ght. 27. The
syst em accor to claim?2 wherein; the first

15. Thegpethad acegadiag maglgm 1ifurthesgemprinag applyingdhe alsctaisal ageay onto a
\éldhe' ght; the first volune is |ess than the second
WolFl and the first maxi num buoyancy force is | ess
16.Asyhaﬂfbm@nsmngélmmmmﬂmemgncy force. 28. The system
according to ,claim16, wherein the first reservoir

di #pyERdogtedin of [veaeriand r?pfﬂﬁ ks tp K@escHAgE motion from the body
F €Ser VOiyF wafed intd B cAYRE AT 0 Pﬁﬁx thchl‘iJhﬂ%; ah 4 utt R%rrt] and an

wherein: the first average
t he seconguapert agkbeing epdreblg m 1ntal<h:anfqp|esitmg dluidhéhréugh the input

| ess than the secqnd volune; .the fir maxi num
baoyane PO gPaamTE TTeapeaTioih o bRl Rt
bu Q%ﬂ%tl@@lﬁr&eﬂul@@%hkﬁa Yo tHercttpult %5& Io¥ @l puings) 'tﬁﬁpﬁ’l%ﬁgutlet line

at a | ower elevation han t he second reservoir.
The systcepnbiﬁz@fowﬁlwggtope@tlag AuiRigdriveh eubihnoughtibe output port;

FP%&%{%@% ttulﬂ-ée tl'hflfigfl croﬁgltgg S%ggio% ;%]: pE» of Qﬂerﬁc’utmp, lt'heI seetcond outlet
line capable of receiving operating fluid driven out through the output port;
a first reservoir fluidly connected to the first outlet line; and
a second reservoir fluidly connected to the second outlet line.
17. The system according to claim 16, wherein the pump further comprises:
a buoyancy block operable to move in response to wave motion and drive the
operating fluid.
18. The system according to claim 16, wherein the pump further comprises:
a buoyancy block operable to move in a first direction and a second direction in
response to wave motion; and
a piston connected to the buoyancy block and positioned within a piston chamber, the

buoyancy block reciprocally driving the piston as the buoyancy block moves
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when the buoyancy block is adjusted to the first
vol une; and the operating fluid is directed through
wo b@emesdond outlet |line and to the second resePEDUR2005/045419

when t he, bugoyancy bl ock .is adju Ftha
vor une 5 RRETGBp B aieSeil Bheo ot BRRSAANAS witin the
at | ea%ﬁst@ﬁ‘ ghathbdrh@int@sany epdratingfliideatiedmyanarldek meves in
punp. 32. The system according to claim 16, %rei n:
thg opehastoagd direstipn; and|ta duze efqpﬁéaﬁmggé‘ifg?%‘ﬁg pPyfRgy block
and a second e k:ng.fluid that is different from
the fi rlg?vegdrelﬁgetiﬁ%&ijﬁ%&?l&; the first operating fluid

19. The kgstdl a&&ﬂdihg té blairh Il 8 svhéremahy fifst directtbntihep sed thegecond direction

. .operating fluid is punped to the second reservoir. 33.
is dopfre system according to claim32, wherein the first
" Qper ] - e
20. The A o g 1 Sl L e B, e
pro% gtglﬂ n‘tafi‘fmutm ipofancy iece adep thesmoyareydtoghaisegivsied dk 2 first
e to, nmove in response to,wave.notion dr .
volwnﬁear@?es‘eger;dn@aﬂw bu c%fqr%q When ﬁl&b(m%%?ahﬁ;&% id hih§ied to a
seaﬁ@%%ﬁhﬂ%ed wi th the buoyancy block to allow fl oodi ng
of the buoyancy block. 35. The system according to
21. TheGlsttimaddordinigan elaimf20pwtiensin the bueansy dpskdyapplbeadjustable.
occurs when the buoyan bl oc r . r
22 el e ST et RE G5! By PRIRR B st
23. Theasgﬁ%%a&dh@ 6 I8l 4 whiafea! @i bubymodbigkas radimdly adjustable.
btoyancy bl ock occurs when the buoyancy bl ock exceeds
24. Theaygemdetondang tdeptin WeWd@ed: sur f ace of the body of

wat.er. 37. The S, i aim 34, wh '
BByt R STIR S e Db a1 54, wheretn
bughsansymBtiaik BOG@LY s ia lasa vieantthey sevgnd meainauth bugyancy force.

that exceeds defined, limt. 38. .
5. T e Wheh e PR KR i g of e
incl ' i Ldd hat i
and Bl e on AR o e B e e st
26. Thﬁ@t@ﬁidd@@rélﬁﬂgiﬂowmi.m Hynmyrectin:o the first reservoir; and
r eﬁgﬁ@ggncyﬁgéﬁﬁgﬁﬁv{;ﬁmgﬁ%%%g twglggltt he?pﬁuﬁ%%%@posed to waves

wher ei n ¢he; Se6aNde (RSERUGHE ahd an air tank |ocated on
board the punp and used t0 store pressurized air. 4d!.

39 theihmiyendy blhek miadjustedio the separidavopume whes tiegpumep isiggposed to

buoyancy bl ock to divert air fr the air tank int
t he bup?‘éﬂ’(&@og‘l‘ fﬁ?ﬁ?n‘i{ Bverrg\ges‘@a‘feﬁée?@ﬁbyang;rbl ggk e
27. Thd §stefbBrdih@RAL IS 26, wherein:

the first average wave height is lower than the second average wave height;

the first volume is less than the second volume; and

the first maximum buoyancy force is less than the second maximum buoyancy force.
28. The system according to claim 16, wherein the first reservoir is disposed at a lower elevation

than the second reservoir.

29. The system according to claim 26, wherein:

the first average wave height is lower than the second average wave height;

the first volume is less than the second volume;

the first maximum buoyancy force is less than the second maximum buoyancy force;

and
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41. The system according to claim 34, wherein a
pressuri zed gas source is fluidly connected to the
whewgassoy4 bl ock to rai se the buoyancy bl ock foP¢tDWsI0g5/045419

fl i NG, 42... The .system accor di f ' :
wHER BT SEraNd CEkorg el bR PR resgrsoir
30. The Eﬁ?e%ggof(ﬁng@elaiﬁj boloyR&H: punp for use in a driving
urd conprising: a buoyancy bl ock housing_ defi

bty apmting Bt os diressedsibrpugh o Bt OHc Mg AR iy i i Teservoir
fluid flow a buoyanc I i ithin th

bu gly an c@%’ﬁhﬁg@yaﬁ%}u N E ?%%ﬁ%ﬁ?%;totq hi ?fe)sl% ﬁglluﬁqeg g#“lp rst °

di {h€6hdrRing BSEGNEIrRed Brdighithgsednd betld tineiand td thaisecand

t he buoyancy chanber and a second dirﬁction responsi ve
to | owersergiowhengediioyaney tlogk ig afister do figoyeqndyyolume.

chamber ; i | L RGE thePrebIRoRHRISREM on-board
31. The BY%@R aﬁ@ﬁ@ing é?glgpnﬁé’a‘gﬁggﬁea?%%?s pose ed in the ?
the Ringd.Oon cyl i nder operating as an inlet in response to
Rin%d
novenent of the buogancy block in the second direction
32. The gyitlera pcesudingtto chyimpd pWh%rélr‘t o novenment of the buoyancy
bl LR I | I 6GE bRatird M8 bAd a Sbdod@@pkiating fluid that is
di@%ggégnégﬁﬂﬁﬁhghg&%%g%onﬁgiﬁgﬁdér and conng?ted %o
t he buogisfiesent fibocthe firsieppiatitgAulski ng noveable in the

first. and second.directions,a responsi t o novenent
of the RESUOREIPLRE Elu&fj@a}(u‘r}pﬁglt%@egggtgﬁs \é‘?q?e% ?i on to draw
angd QQJO%H'O?QraftihE irchid RtpRndpae tdihe lsedbndytbdendtar. t hr ough
the at |east one valve, and responsive to novenent of
33. Thetshisteinusoyading tbictadta 32n whengirf the Sirst pppeting Hyid i ‘Y?t‘ﬁrﬁﬁfl the second

t he gl[ae ating fluid through the at |east one val ve;
opeLalige U8 “port operably associated with the

34, The@?%ﬁ%bfo@lr%qﬁ cladmald, ovedelrothe ipnmpdirthéreeohipoisency
block. 44. The system according to claim43, V\,hgﬁ_el N,
f 1 abudyagcpblock @pbiabledn SO VSIIRHERPREE §f Vayh BIPtPREN drtve the

buoyancy_ bl ock,exe a buoyancy force that exceeds a
predefiﬁ@?a?n%gﬁé’%%f The system according to claim

43 g riheE et RpElabBisserigtd tith thuimygacgy hibdcic avuflsodingaf the
t he buoyancy bl ock exceeds a predefined depth bel ow a
sur f acetweyangebloslly of water. 46. The system according

35, The:) sgrct%hlaelc@\}ﬁ%gt t}é"el:‘fegﬁf. ih f\klhgfégrl.ﬁ A8ofihig bit@crByaies blddkazurs when the

curs when uoyancy bl ock enhcounters a wave
budjaidytdock sxawte afbebgiroy tinae thex exwedds apyedeldesd limaid: | imit.

56 T TGl 0P b s PSR voen
oub S M oo s nt e
37. Thd $ystebuampaniiyg tol daik 34, wherein flooding of the buoyancy block occurs when the
buoyancy block encounters a wave having a wave height that exceeds a predefined limit.
38. The system according to claim 34, wherein:
the operating fluid includes a first operating fluid that is water and a second operating
fluid that is air;
the first operating fluid is pumped to the first reservoir; and
the second operating fluid is pumped to the second reservoir.

39. The system according to claim 38, wherein the second reservoir is an air tank located on-

board the pump and used to store pressurized air.
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49. The system according to claim43 further
conprising: a stopper that is received by the relief
WEeoh/063996eal the relief port when the buoyancpCchiUsmks/045419

e S R0t fl.opded.,, h : .
FEN I T RN TR e -
bloc?\1 éf Flg?ﬁfairrﬁﬁn kWit tank linto @heShRRaRct Blecistoapize thef buoiyatdyeblock

. port, thereby flooding the buoyancy block. 50.
follokriag flgedisgn according to claim43 further conprising: a

41. The %?%%ﬁiafx\éq%{dl\ég té) gﬁ;@ ?ltd%\gﬁ‘?rgﬂfa'r@te%gp% g‘astspﬁrc%t%o h&kiPnhected to

I er valve

the BRIy8Sdy DISEYt0aRRS tiyBhophseblbdlefotleiviref flaglinvg; and a
préssure sensor connected to the controller to nonitq{
shorc

42. Theaygero aseardingfto elaemdpi Whergin the figst agd seopRd resgiogare on-
reseSsQr ding to claim50, wherein the relief valve is
BVpﬁ)é‘ﬁed when the pressure of the driving fluid exceeds
4&zabg?@$©ﬂ§?hpﬁﬁ1beﬂphdﬁ5ﬁgfﬁﬁ@c@ygﬂﬂn@according to claim
urther conprising:.. a relief valve operahl .
258 beoAREHD P FOVDRS Fel & BEryanc G LBPRe 3fg p through which the

connect vihgﬂttﬂfm?:l? ioq,f; val ve to sel ectively open and
close the réliefr valve; and a sensor connected to the

coabue}aney blook dimpbsedirwitttei dliet suoyaneyeshembgetrmeyreaxially therein in a
buoyancy bl ock., 53. The st.em agcor.di .Q - [

wher ei n¥1f % er?g}qnefFSRPQFWSaQSlB% 8ﬁ§1§ et %g%lﬁ%g nﬁ glglglﬂ?toéé}cy chamber
at | east, PRsBhd UiectRUBSpRSE eioveripp o éfcl dibdng fluidtin the

54. The system according to claim43 turther

?gn”pri ls_bn?{anay ﬂhdmltf-fé; val ve operably associated with
e relief. port: | | X
r eBP or\,%ﬁh\p er codnglgclf']tg%ﬁ) t%8%§5}8an8§ Bg)%gﬁllgﬁ%{% d to the

| VEl P ¥ the relief

VahyRast 2Re vdINe€ di)6iedith @eCsisidh oglinder opantindds anvinket @i response to
the controller is renotely operated. 56.. The sg/st em .
accor di mepvement efi the ksoyangy blesk 1%@%?,@; r@éreg\tlon nd an outlet in
pressuriz j ection-

Doy ancy B WS rRRRE R HE Sk hepDeel o dulithection

f | agelitagslidedbly Biossistvhinahe pistnrnglibderehdiconrigied to the buoyancy

the. punblockalhe Rt haRe PoREHDS FURE Fed o e opadyStens afd
wat er c L SL.0g i .
?%Bmhflkgﬂ)bnag\&w PME RbP&tey HESIRANThe/Rchitl ¥ttion to draw

not i on . wat er and oOperable to drive an
oper at i rag obknatirg fiyidvintd thg pistwi qilivdal thyouigh the 4tileast one valve, and

OO TSNS 8y R H8: b o
the operating fluid through the at least one valve; and
a relief port operably associated with the buoyancy block to allow flooding of the
buoyancy block.
44, The system according to claim 43, wherein flooding of the buoyancy block occurs when the
buoyancy block exerts a buoyancy force that exceeds a predefined limit.
45. The system according to claim 43, wherein flooding of the buoyancy block occurs when the
buoyancy block exceeds a predefined depth below a surface of the body of water.
46. The system according to claim 43, wherein flooding of the buoyancy block occurs when the
buoyancy block encounters a wave having a wave height that exceeds a predefined limit.

47. The system according to claim 43, wherein the driving fluid and the operating fluid are the

same type of fluid.
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water; and a relief port operably associated with the
buoyancy block to allow fl oodi ng of the buoyancy
wWhb@ekes999. The system according to claimb58, PMIBPUSINN5/045419

41 0oding of the bugyancy .bl ock.accurs, i
s o SN a5 RS 0F B RLIREE) ot bvrer
blocr edefined limt. 60. The system according to claim

58, wherei n fl oodi ng of the buoyancy bl ock occurs when
49. The systerb acspadiog tdFlok 4é Kty somppipiagef i ned depth bel ow a

surface of the bod r., b

S upgen i i Erara wbhe fRld pon % feal HeAURIERhen the buoyancy
buoyancyoélt RGlot A66dbds adhen t he buoyancy bl ock

encounters a wave having a wave height. t

. tHatf e>éceeds tg ceed
prasigdfer aeinertedite thespopprhanchyhatapgvericat i g IiF dEPGHqn By exceeds
further_cgo I Si0Q: | i
ol i o BOROERLTE o SHFRRE Ind Aefnck HoRERE URE pllt bty
bl ock i fodtitig fHedndeaticyahstka t et her connected to the
st opper such that ngverrent of the buoyancy bl ock in

50. The syiserniapeqrdigrie claim i THERer CRBWEFLSS predefined i mit
W ol r 6 dogf: | ef port,
e T e R o™ he System
acg osidioligr tannekiai no 88 réliefviabre te oetpetivelhepenangd @i/qse the relief valve;
val ve o&gabl y associated with the relief port; a
contr ol connected to the relief valve to
sel, Efe%édf@ LdhsBPEMNBREd & @S RohthSlleh & hidhitwied messuddef the driving fluid.
preSsure sensor connected to the controller to nmonitor
51. Theaygemssoordingftotckrmiidd wheteinihe seliad éfawetlth@?e@swglﬁ& ghe pressure of

l.ack., 64. The sys cording to claim®63, wherein

the Eliﬁ‘émg giufde‘?"c\ei%\(fs\f’egrfé%g 1é’%}l{'when the pressure of the

. TheRQS¥mOfcc¥if toR¥tmemsfuahgf @dgfrishied |imt. 65. The
system accordi ng to claim5b8 further conprising: a
r ehiedfef valve epeisblyassapiaied with f1egligh RHLt he relief port;
a controller ¢ i lEfvar@h¥é 4@ close the relief valve;
ccft Sopr st FouBERATE UGG AR O BUFL b iR sloge the selief valve
sensor ggmnected to the controller to nonitor heights
of waves near the buoyancy bl ock. 66.. The system
ac 8 SERFOREeRISCief &9 Fhe@,n‘ff&lﬁf‘ért% mongtaphqghts 8? WG%"T%P&% the buoyancy
opened ‘MB%Q the hei ght of at |east one of the waves

exceeds a predefined linmt. 67. The system accor di nﬁ; )
53. The sysetrpactoiBng tr dldiar 52 ovherdis thegelief valve is opened when the height of at

N
[¥0)

least one of the waves exceeds a predefined limit.
54. The system according to claim 43 further comprising:
a relief valve operably associated with the relief port; and
a controller connected to the relief valve to selectively open and close the relief valve.
55. The system according to claim 54, wherein the controller is remotely operated.
56. The system according to claim 43, further comprising a pressurized gas source fluidly
connected to the buoyancy block to purge the buoyancy block following flooding.
57. The system according to claim 56, wherein the pressurized gas source is mounted on-board
the pump.
58. A buoyancy pump for use in a body of water comprising:
a buoyancy block responsive to wave motion from the body of water and operable to

drive an operating fluid by moving reciprocally in a first direction and a
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59.

60.

61.

63.

64.

65.

66.

67.

a relief valve operably associated with the relief
port; anda controller connected to the relief valve
wo e0os®b®et i vel y open and cl ose the relief val veCT/682005/045419

The system according to claim67.wh g0t :

cont r o1 teepng S RLigaiRrSsBafieta My s Gl aves in the body of

accor di fgtet-andl ai m 58, further conprising a

pressurized gas source fluidly connected to the . .

buaydiet potb bperblyRspasiajed Wb thspipyargy Hpecte allor fogding of the

fl ooding. 70 system according to cl ai m 69,

wher ei ng?wgnag@gﬁ'ri zed gas source is nounted on-board
ThelshSteRUdBordinb: to EhgmsIBs mme&pﬂgmdihgl ga the babpdney b ckwctire when the

conprising a piston caonnected to,the hu cy. bl ock
buoganey hbeskiaxeried bUPYaCH forep the Wee%még?f%{eagl%%y ancy

bl ock reci i Lot iR} 5F BB LRASyAG bRILRYRBEY when it
Thekﬁy%tgﬂl a%@gg{@%%ﬁ%é%%{&é& ?gﬁlﬁ%ﬁf and t¥1e gecond wheR T
buo§lhricgtllddkrexctdis apiredafimeddupthdeloivt i surfachof giestodyi of Wetdser

to intake the operatjng fluid as t uoyancy, bl ock
Thd e kb e Saeb bt B e P BHRYVAR k2 8hurs when e
buo?I&?ﬂé?&l%ﬂ\genfcB&itgrsaasw&}}%agﬁl%yaa\ﬂ&% R gt harev@rds 8 ptddefined limit.

Irection. 72. A buoyancy punp for use in a body

. Theodysteat acowlingpioi daimg? 8 furthegsmmusitg: ock housi ng having a

| li f. - Dili .
DBy eRBs BRI R NEn5p BeteH LR & s HEPAE? pbfl yfih ' Pbbyancy
di sposedjyktibhét Ad@ebupancy chanber and operable to

drive an operating fluid by noving reciprocally in a. .

f i getheti qopnedteshtosthel steppaceiithat mevement of Hﬂ%@p{%‘?@gﬂ?ﬁﬂ' in the

the risi nd.. L 18 1 ; toper fr

and at 1E3PREiuRR geRls TR Gl il uRPKiogke WRisRipper fom

sur f ace 1@ relibEpdit) ayaeigy bl dekthe biaeyaicy déodount

including a guide passage that is oriented to receive
Theygystest aqcheding 1o (gjgn § HEPRPE B ioyancy bl ock as the
buqyan | mhe RiiRrb&e buoyancy
ch%ﬁ‘glée?%at;}g%%%dgﬁ%sgég%%%gtunp aclcofr)di’ng toclaim72
f untdagtroli@nphhaiteitoahpiditbralvotoretctvely opethandxelosedhe yelief valve;
bl ock and _positioned within a piston chanber, the
buoyanc@nﬁlock reciprocally driving the piston as the

bu%ﬁﬁ%%%retﬁleﬁﬂf cORYRRd 1B thdtntiol18t toFhdrBfol b Presdid of B body of
secand di

rectiron, the piston noving within the piston
chanber waernneanthe tuhpamspédteki ng fluid as the buoyancy

bl ock noves in the caond .direct.ion.an ri
Thepaiest PRGN MR P Uy S TE) G o eRcd ey e Pressure of
theftloli§ bf Fhfc@6kde@Bs a pledefihdl laHRyancy punp according to

claim 72, wherein the buoyancy chanber is generally

The gystamia¢eoading WEclainh &3 budipaaeyPiptiAg according to claim
72,0 &G SEaR) hdB8RieR ARG Pl ot | and beneath

a controller connected to the relief valve to selectively open and close the relief valve;
and
a sensor connected to the controller to monitor heights of waves near the buoyancy
block.
The system according to claim 65, wherein the relief valve is opened when the height of at
least one of the waves exceeds a predefined limit.
The system according to claim 58 further comprising:

a relief valve operably associated with the relief port; and

60



68.
69.

70.

71.

72.

73.

74.

75.

76.

the body of water. 76. The buoyancy punp according to
claim 72, wherein the buoyancy bl ock further
W@ vp/06®es: a generally cylindrical "axially taper/es2005/045419
porg LY AR BT AR Skl oSl e i Blose thg elicfvalve.
Thekgstah acdondingltd cdleinmmbUinthetan diespagelleras ranneelymperated.
portion of .the bup c | ock. 78. The buoyanc u )
Thg gysrminfP 98 &4 cla 75, ilﬁg@mm%mm %ﬁewléf &%ﬂpﬁwg%mdly
jcA 48 theaRBSiEy o d tfta?oebcﬁé’lsé&% bRek fORHBLE Frooding.
c0 ezl‘f\ise:taqgng va?vg}di%pog d T n the pi gfon cyli ndeg oOSne
The pesterh iacaprdisg smclaimh 69, whereiagho psssurizedrgssesoante ipmouhted on-board
hbuo ancy block in the second direction and an outl et
t Qng%sppnse to novenent of the buoyancy block in the
Thé !s%?s?ém dbdRaink 9 clafR 98 Fulhe? tOMpAiking 8PMton RO the buoyancy
within the prston cylinder and connécted to the o
bldsh epd positibhedokithin Beifes cliamtisei the bueypseb block reciprecdllyrdsiving the

. and cond directions and,respansive t ve t. Of . .
pisfRees it gtk At thng BEB A Pued BB R ERGhisigp, the pston
mdi/ﬁ)%r withinghd piglodl chirinBer thentakSthedpentihg datd dshtheb@byabBeblock moves
. at |east one valve, and responsive to novenent of the
in thgseandditsrarikandiotdsive e eperatingdiuid anthe Sugransytblqgkanoves in the
ﬁr%%ﬁ%@tﬂd?g fluidt hrpugh the at | east one valve. 79. A

uoyancy punp conprising a buoyancy bl ock operable to
A Bldydrcyapunoyp eoraike irga bodyi of watemmmprigingeci procal ly in a

first direction and second direction jn response to
t he? Prayirpgy BlRgk h%svn@gfva?g Ity & %Pa%%@,paatf pijfagsgranged to define

t he buoygg&g,am}p%n{@y'ﬂ{égebgt\ggeﬂneter that is greater
equdl

t han or to approxi mately 1/6 of an average wave
| engbimyahcyblods disposad vathen thieibugydnpy ahamheraidtoperabtedty drive an

buoy ancy B EBL PR ey CCP LA 78 & R A iyt second
di amet er gigdctibAth &ggaiﬁe S/ thRIrRGHE dnd fBIlIRA0E Wab&AR tRE body of water;
equal to approximately 1/2 of the average wave | ength.

81. The andoyancy punp according to claim79, wherein

t he . di apet er,. .of the buoyancy bl ock is.less.than or i
eq o E P A SR dngn RFOs SRR pled Rl ock e
punp acceiddinighnt thebldiga ide PRES that i @ridhtefed Rikeit one of the
t he buoyancy bl ock is greater than or equal

to
appr oxi niitiagstouideghe bpeyange blogk antheduprangy hleghgesiprocates within

less th I he average wave | ength. 83. The
buoyancsﬁgﬁﬁ%faglg Slrl [ négr'to claim79, wherein the

Thb boygmey phinpakcdrdinghe clatra marfusks compgieingragistyn connected to the
cylindrical  axially tapered upper portion; and a )
bugianey [qc&s apg ppsipRedanithig Ravstofy Fhangisr, tﬁﬁgu%ﬁ@%b@%wrocally

dri@hﬁgﬁhé‘ SRndk e ISLR)gg,lllc&y Bb8BmoWAEh ehd ifsPEird ARA2RE hHNREENd
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direction, the piston moving within the piston chamber to intake the operating fluid as the

buoyancy block moves in the second direction and to drive the operating fluid as the
buoyancy block moves in the first direction.

The buoyancy pump according to claim 72, wherein the buoyancy chamber is generally
cylindrical.

The buoyancy pump according to claim 72, wherein the pilings are anchored to land beneath
the body of water.

The buoyancy pump according to claim 72, wherein the buoyancy block further comprises:
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top surface that is substantially parallel to an upper
surface of the body of water. 85. The buoyancy punp
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movement of the buoyancy block in the second direction and an outlet in
response to movement of the buoyancy block in the first direction; and

a piston slideably disposed within the piston cylinder and connected to the buoyancy

block, the piston being moveable in the first and second directions and
responsive to movement of the buoyancy block in the second direction to draw
an operating fluid into the piston cylinder through the at least one valve, and
responsive to movement of the buoyancy block in the first direction to output
the operating fluid through the at least one valve.

79. A buoyancy pump comprising a buoyancy block operable to drive an operating fluid by
moving reciprocally in a first direction and a second direction in response to the rising and
falling of waves in a body of water, the buoyancy block having a diameter that is greater than
or equal to approximately 1/6 of an average wave length of waves in an operating location of
the body of water at which the buoyancy pump operates.

80. The buoyancy pump according to claim 79, wherein the diameter of the buoyancy block is
greater than or equal to approximately 1/2 of the average wave length.

81. The buoyancy pump according to claim 79, wherein the diameter of the buoyancy block is
less than or equal to the average wave length.

82. The buoyancy pump according to claim 79, wherein the diameter of the buoyancy block is
greater than or equal to approximately 1/2 of the average wave length and is less than or
equal to the average wave length.

83. The buoyancy pump according to claim 79, wherein the buoyancy block further comprises:

a generally cylindrical axially tapered upper portion; and
a generally cylindrical lower portion.

84. The buoyancy pump according to claim 83, wherein the tapered upper portion terminates at a
top surface that is substantially parallel to an upper surface of the body of water.

85. The buoyancy pump according to claim 83, wherein a height of the tapered upper portion is

substantially equal to a height of the lower portion.
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86. The buoyancy pimp accorditig o claim 83, wherein the tapered upper portion is tapered to
match the approximate slope of a standard wave.
87. The buoyancy pump according claim 86, wherein the slope of the standard wave is
approximately 1:7 (rise:run).
88. The buoyancy pump according to claim 79, wherein the buoyancy block is designed such
that at least approximately 1/3 of the volume of the buoyancy block remains out of the body

of water as the buoyancy block reaches a maximum height while rising on the wave.



