WO 2010/ 024780PCT/ SG2008/ 000320 1 1DEVI CE FOR CONVERSI ON OF WAVE ENERGY 2
3FI ELD OF THE | NVENTI ON 4 5[ 0001] The present invention relates to a device
for convewei20m/ii7zsener gy of a wave of water 6into ot her ptoseaodfoosner gy. 7
8BACKGROUND. 9 10[ 0002] There is an increasing demand for energy in today's
worl d. Increases in energy prices 1lhave led to the consideration of
various alternative sources of energy. These alternative 12energy sources

i nclude, for exanple_capturin art of the ener of a wave of water.
Varilous 13t echni quequo\ﬁCﬁaﬁgggtoqm E§§QI§PI?WO$P? NiRGAves are known. For
exanpl e, Japanese Patent 14Publication JP 11-117847 to Hat akeyama di scl oses
a pdwer - generating device which has an 15i nfl ow chanber and a di scharge
chanber. The front wall of the inflow chanber has a 16plurality of
backsf | ow- check boards pl acedFIRLIbOEMTHBEWIVENTION front wal | of the

di scharge 17 chanber has a plurality of inflow check boards placed so as to
openy outward. The inflow 18chanber adjoins the di scharge chanber, separated
by a partition with a comunicating hole. 19A turbine, connected to a

gener at ' j et hid } j.cating
B I e R R IR TSP R R St
publ'cat'qg V§}86/Qﬂ391 to Bl ei ssener discloses a wave energy plant for

23t e R P?'PF%%Od?mﬁﬁbe energy, conprising a float anchored at the
bottom of the sea and 24subdivided into an inlet chanber and a di scharge
charfber . Barrage el enents let the stream 25pass in only one direction. Flow

openings are fornmed in the wall between the inlet chanber
8 BACKGROUND

10 [0002] There is an increasing demand for energy in today’s world. Increases in energy prices
11 have led to the consideration of various alternative sources of energy. These alternative

12 energy sources include, for example capturing part of the energy of a wave of water. Various
13 techniques for harvesting energy from water waves are known. For example, Japanese Patent
14 Publication JP 11-117847 to Hatakeyama discloses a power-generating device which has an
15 inflow chamber and a discharge chamber. The front wall of the inflow chamber has a

16  plurality of backflow-check boards placed to open inward. The front wall of the discharge

17 chamber has a plurality of inflow-check boards placed so as to open outward. The inflow

18 chamber adjoins the discharge chamber, separated by a partition with a communicating hole.
19 A turbine, connected to a generator in the discharge chamber, is positioned in the

20  communicating hole. The discharge chamber is provided with a lid.

21

22 [0003] PCT patent publication WO 86/04391 to Bleissener discloses a wave energy plant for
23 the exploitation of wave energy, comprising a float anchored at the bottom of the sea and

24 subdivided into an inlet chamber and a discharge chamber. Barrage elements let the stream

25  pass in only one direction. Flow openings are formed in the wall between the inlet chamber



WO 2010/ 024780PCT/ SG2008/ 000320 2 land the di scharge chanber, and a
hydraul i ¢ turbine coupled to a generator is arranged in each 2openi ng. The
wat er perwOr2a10dR4i8a t he i nl et chanber through the barra@f€TSIGEMSMHPE320hi ch
are in 3 the area of the up waves of the sea. The water cones out of the

di scharge chanber through 4t he barragezel ements which are in the region of
the trough of the waves. The pressure 5difference between the barrage

el enent s ened by the water i.ch.enters an ones out, .6and the volune of
ant o i RE PRSI i g TP BB R R ER T fr®iyor ST nelip s

7pr oduces energy. 8 9[0004] .However such know wave energy conversion,

deviZ esOrRsHTe I N§ Vater aensmatss i theqniepehagnbep Broughrthe barrgp dldmenshvlichiarginas
much of the energy of the wave as possible, naking them 1linpractical. It
would bthelareghof yhedmswvaves lof thesepr The Watercadesiontof the disoharge thampengtveuginer gy
into 12electricity with increased efficiency which is also reliable,

dur abl ethamdrrggesdlermérfteohichare h3hd 4SdMERNe (bughid th&NWeMEs. Ohe presdafsg 0005] | n
accordance with a first aspect, a device for conversion of energy of a wave

of vt ediffbrmnedTBetive&sthe bhfragH clémentd ogé}féh %RR@%&?W%% nf@§hnd @ni@Ruand a
bottom opposite the top, an inlet 13chanber which has a partition, an inlet

val ve af. i t - 4 bt 1R, Al et

cha erﬁ@éﬁ?y&&ﬁ&%?\%‘i%@ﬂ?}%ﬁ@{v@ \E/ig? @&qh g\?éﬂﬁ ﬂ(})1\}/\(/51%1 t}\}\%ggdr}gllﬂﬁcqg}nﬁgﬁe irection
intoZ 20t hg i nl et chanber. An outlet chanber has an outlet val ve between the
par t'i t i ¥RO9TE P8 21bot t om and an outl et chanber vent positioned between

t he goartiti on and the top, adapted to 22mai ntain atnospheric pressure of
air 9n the outlet chanber, wherein the outlet valve allows 23fl ow of water
in one direction out of the outlet chanber. A connecting duct connects the
24pd t i 0084 Dowevee suchl latovewavdenergyocaniversmntdezices hidfe &rom dnadbackgan éarss or
positioned at |east 25partially in the connecting duct generates

el et ri ¢f dfficiemcyrie spovesing & masieoheegytgy ofithe edhve hopossible, making them

11 impractical. It would be highly desirable to provide a device for converting wave energy into
12 electricity with increased efficiency which is also reliable, durable and cost-effective.
13

14 SUMMARY OF THE INVENTION

15

16  [0005] In accordance with a first aspect, a device for conversion of energy of a wave of water
17 comprises a front and a back opposite the front, a top and a bottom opposite the top, an inlet
18  chamber which has a partition, an inlet valve at the front between the top and the partition,

19  and an inlet chamber vent, wherein the inlet valve allows flow of water in one direction into
20 the inlet chamber. An outlet chamber has an outlet valve between the partition and the

21 bottom, and an outlet chamber vent positioned between the partition and the top, adapted to
22 maintain atmospheric pressure of air in the outlet chamber, wherein the outlet valve allows

23 flow of water in one direction out of the outlet chamber. A connecting duct connects the

24 partition of the inlet chamber to the outlet chamber, and a generator positioned at least

25  partially in the connecting duct generates electricity in response to wave energy-induced flow



WO 2010/ 024780PCT/ SG2008/ 000320 3 l1lof water into the inlet chanber. 2
3[0006] Fromthe foregoing disclosure and the follow ng nore detail ed
descri pt g0 20f0/024180ous 4preferred enbodinents it wll b&CASGANSEAPORY t hose
skilled in the art that the present igﬁention 5provi des a significant
advance in the technol ogy of conversi of energy of a wave of water.
6Particularly significant in this regard is the potential the invention
affqrdsoff&z{ter%%thglxﬂgt alzll%lgh ef ficiency, |ow cost device for conversion of
energ 'mto electricity. 8Additional features and
advartages of varrous preferred enbodi ments will be better 9understood in
view of the detailed description provided below 10 11BRI EF DESCRI PTI ON OF
THE DRAW NGS 12 13[0007] Fig. 1 is an isonetric view of a device for
conver t i0ABO]lfremie é@reaomaded@ﬁurmnetheu fallowingenere detatlpd gescriptencef daigee with
a preferred enbodiment. 15 16[0008] Fig.2 is an isometric cut-away view of
t he 4enmbmdfenred embbdirapts il wlhbevapygrdnin e thnsd dkéllaalf in 1 4rhthatdweipresemti ihvengioni nl et
chanber and an outlet chanber partially filled by water froma wave. 18

19[ G009 rotides a SighiFicamt dsvRlif tHe tVdhRBloel ofl coivetRer elerRFB3OsH ARalte dTfwatdre Of
either the inlet valves 20or the outlet val ves when open. 21 22[0010] Fig.

4 1 g anpd AIRLY élgm\ﬁ'c%’ﬂ’ 1f?fth1f ﬁgaﬁﬂ% WieSokdhtikl @e infve @ﬁ'a%&r‘ﬂﬁg& dprgv"?ldr%ébooj-l]
Fig. 5 1is a cross-sectiona I ew of "anot her pre erre ment “of an
i nl et r%!g}\{ gff%lency a8 co%t c?etvw\éq’orv &)n%gr(g% o?e Ey of a wave of water into electricity.

8  Additional features and advantages of various preferred embodiments will be better

9  understood in view of the detailed description provided below.

10

11 BRIEF DESCRIPTION OF THE DRAWINGS

12

13 [0007] Fig. 1 is an isometric view of a device for converting energy of a wave of water into
14 electricity in accordance with a preferred embodiment.

15

16  [0008] Fig.2 is an isometric cut-away view of the embodiment of Fig. 1 showing the inside of
17  the device with an inlet chamber and an outlet chamber partially filled by water from a wave.
18

19 [0009] Fig. 3 is an isometric view of a preferred embodiment of one of either the inlet valves
20  or the outlet valves when open.

21

22 [0010] Fig. 4 is an isometric view of the valves in Fig. 3 when closed.

23

24  [0011] Fig. 5 is a cross-sectional view of another preferred embodiment of an inlet valve or

25  an outlet valve shown closed.



WD 2010/ 024780PCT/ SC2008/ 000320 4 1 2[0012] Fig. 6 is an isometric view of
anot her preferred enbodi nent of an inlet valve or an 3outlet valve, shown
open. 4 5y0Qddjo2kisg. 7 is an isonetric cut-away view of pam/sghbmrnasze
preferred enbodi nent of the 6device for converting energy of a wave of
water into electricity having a front 4ith a curved 7surface. 8 9[0014]
Fig. 8 is an isonetric cut-away view of another alternative preferred
enbodi ment of 10t he device for converting energy of a wave of water into
ele&tricity. 11 12[0015] Fig. 9 is a cross-sectional view of a first
enbodi nent of a chanber of the device with 13an adjustable water surface
ared 1401Z[0.16is apiigpmetgc iveevaokariothen picerredeombwdimerd lod pb énletofalvets adevi ce
wi th an adjustable water 16surface area. 17 18[0017] Fig. 11 is another

pr efler r@dleevdlogish@mh opén.t he devi ce for converting energy of a wave 19of
water into electricity. 20 21[0018] Fig. 12 and Fig. 13 are additional
enbadi nents of devices showi ng absorption of 22 wave energy. 23 24[0019] It
shoul d be understood that the appended draw ngs are not necessarily to

; f 2:5; . @g P{]gfggm fgé&giiﬁnﬁj@ﬂ?gﬁfﬁ%@ﬂ%% L idrFRE SREQ A LB RineN@SH R4S
6 device for converting energy of a wave of water into electricity having a front with a curved
7  surface.

8
9 [0014] Fig. 8 is an isometric cut-away view of another alternative preferred embodiment of
10 the device for converting energy of a wave of water into electricity.
11
12 [0015] Fig. 9 is a cross-sectional view of a first embodiment of a chamber of the device with
13 anadjustable water surface area.
14
15  [0016] Fig. 10 is a schematic view of a chamber of the device with an adjustable water
16  surface area.
17
18 [0017] Fig. 11 is another preferred embodiment of the device for converting energy of a wave
19  of water into electricity.
20
21  [0018] Fig. 12 and Fig. 13 are additional embodiments of devices showing absorption of
22 wave energy.
23
24 [0019] It should be understood that the appended drawings are not necessarily to scale,

25  presenting a somewhat simplified representation of various preferred features illustrative of



WO 2010/ 024780PCT/ SC2008/ 000320 5 1t he basic principles of the invention.
The specific design features of the device for conversion 2of energy of a
wave of waDenioarsmdbscl osed here, including, for exanpl epcrise2ep®ciiic

3di nensions of the inlet and outlet chanbers, will be determned in part by
the particul ar 4i ntended application ahd use environnent. Certain features
of the illustrated enbodi nents 5have been enlarged or distorted relative to
others to _hel p.pr.ovide clear .understanding.. Ip 6partjicular, thin features
may be t ERE REBCIPRS T g dmysngion SBF%HF 3351%9 FeaPeheat e §Hice far ORI ences
to direction and position, unless otherw se indicated, refer to the

ori eht aff wrei aflapsavefevptergs diselogedibgragacluding gorpamse thegerifeT) ON OF
CERTAI N PREFERRED EMBODI MENTS 11 12[0020] It will be apparent to those

ski 13 eddinrentibes aff the itlétatnd iogtlettohambearsewilhice deterenikedawipacide the pdriedper i ence in
this area of technol ogy, that many uses and design variations are possible

for 44t hgerdey hstich@n &NKeEAYiEhnint QNG TadY feafuré oFaNEilRbraed @hbédifents
electricity disclosed here. The 15foll owi ng detail ed di scussion of various

al t ey nat | ' ' i | te the
gen?r al Be%)\)ré?)ﬁgt?%?lgrrg@%? f ?ﬁ%@ﬁ\%ﬁ%‘%ﬁ?\%&g tr re?ﬂeﬁgfgg Cge gwgﬁdgég\}%l{cdg%égﬁ able for
17usge in _conversion, of ene .of a ve of ter. . Ox nbodi,nent s

sui tobl S FEMRS TR PR BRY et raftulf Saiei Rrlario pE BN AT T ed i n e
art ive? the benefit of this disclosure. 19 20[(0021] TérnLng now to the
dr awl ng&ierpiegs tojdisgehQr and peiiQns unlgss fperapsniadicpise, refer dhBF GVieBRiSN 21vave of
water into electricity. The device can function as a wave energy absorber
or & 22¥laeated/m thedewdagsper such as a fixed or floating breakwater.

Mul tiple units of the device 10 23may be used together at the shore |ine or
alt&rnatively on a floating pontoon at sea. Water 24froma wave flows into
an inlet chanber 15 above an outl et chanber 19. The outlet chanber 2519 may

gavzao a subst gMTAALEY DESORPEHON OFCERTAN PREFEFRREFEMBOMIMENTS 9. 2. The
evi ce

11

12 [0020] It will be apparent to those skilled in the art, that is, to those who have knowledge or
13 experience in this area of technology, that many uses and design variations are possible for
14 the device for conversion of energy of a wave of water into electricity disclosed here. The

15  following detailed discussion of various alternative and preferred features and embodiments
16  will illustrate the general principles of the invention with reference to a device suitable for
17  use in conversion of energy of a wave of water. Other embodiments suitable for other

18  applications will be apparent to those skilled in the art given the benefit of this disclosure.

19

20  [0021] Turning now to the drawings, Fig. 1 shows a device 10 for conversion of energy of a
21 wave of water into electricity. The device can function as a wave energy absorber or a

22 reactive wave damper such as a fixed or floating breakwater. Multiple units of the device 10
23 may be used together at the shore line or alternatively on a floating pontoon at sea. Water
24 from a wave flows into an inlet chamber 15 above an outlet chamber 19. The outlet chamber

25 19 may have a substantially L-shaped cross-sectional view as shown in Fig. 2. The device



WO 2010/ 024780PCT/ SC2008/ 000320 6 lhas a front 11, a back 12 opposite the
front, a top 13, and a bottom 14 opposite the top. From2top to bottom
def i nes awoveaentoaisodi recti on which in normal operation azcssceasespeonds to
the 3pull of gravity. Water froma wave flows into the inlet chanber,
filling it to a water height 427. Advaimtageously energy of the wave is
captured in the inIet chanber. Fromthe inlet 5chanber 15, water flows to
t he outlet chanber 19, via a connecting duct 22, rotating a turbine 624
whi ch i Basgdfrqntdd, %W‘%I lZcanppsite the &@H@@é@rbw anpd ?(?Ogé‘ﬁelr“a‘ﬁ@oé‘f‘f‘e@ﬁ R irgm The
inlet chanber 15 7has an inlet chanmber vent 18 which is positioned at the
t op 213 ©p t¢ hettahe deitecsOventivi! direitiontwlédsin riphmaloperasiongherdosrespodds tosthein

outl et chanber vent 21 and an outlet depth 34. 9 10[0022] The inlet chanber
15 Isas pull eftgrwdty eWatky frohi £ivaad flows intethk linhet diambet, dillingitos e whiediheight | on
into the inlet chanber 15, yet advantageously resist flow of water out of
thegnlgl Ad gdg@@&sl}ﬁ Eﬁe@ bf thB9&RQe %aaagtuvai ¥98e inlRhAHbéLIFreRanPRlet 19 has

outl et val ves which a om113the flow of water in one direction out of

the DUt yeiehpRRTed R BlnabARLASARIIbIA §Rbieclihe Wnd 40! IR LA, the

out et er roug ose sane ano al ves

1520 ar era | ocated at the front 11 vhce 10.. This,is so
Lhatd %‘ &Eﬂc é%PafLX%aH’ueq%“‘i‘éf aeerior 4 ﬁ?n%tngCFW%r N CaAE
Advantageously, the inlet valves 17 are |ocated 17above the outlet valves
20 tlo Kaspnimet hamber veny 1§ ehigpispepitangle thafopHd afdhedeving: [Grndadlenty
18operation. Wen a water level of a large wave is | ower than the upper
edge of 31 hEheoutlebthattheall @ dss @0outksti chmnzwr senti2d gentllae outlotdgptiod4.t he wave at
stormconditions, the outlet valves 20 will 20still allow the flow of water
in one direction out of the outlet chanber 19. It is not necessary 21for
the outlet valves 20 to be subnerged in water for flow to occur out of the

outiet DAMPRe inRecitadh P23 had Betivalvel 17 hicd aléw Y 18 cﬁqsat&ﬂ iAkad anywhere
bet ween the top 13 and the partition 2416. Thus, the inlet valve 17 may be

at he &ifRyi Bt a%e (1)9 a@xpdqt Qc?us 15“1(9\0 o}@vat u? h
& %Pe val ve e%meen t he

par |t|on e ou i oned “any
parfj ti

c%amjber through those same valves. The outlet chamber 19 has outlet valves 20 which allow
13 the flow of water in one direction out of the outlet chamber 19, yet advantageously resist flow
14 of water into the outlet chamber through those same valves. Inlet valves 17 and outlet valves
15 20 are preferably located at the front 11 of the device 10. This is so that the valves 17 and 20
16  face incident waves in normal operation. Advantageously, the inlet valves 17 are located
17  above the outlet valves 20 to keep the outlet valves 20 submerged in the water during normal
18  operation. When a water level of a large wave is lower than the upper edge of the outlet
19 valves 20, such as during the trough of the wave at storm conditions, the outlet valves 20 will
20  still allow the flow of water in one direction out of the outlet chamber 19. It is not necessary
21 for the outlet valves 20 to be submerged in water for flow to occur out of the outlet chamber.
22
23 [0023] The inlet valve 17 may be positioned anywhere between the top 13 and the partition
24 16. Thus, the inlet valve 17 may be at the top 13, between the top 13 and the partition 16, or

25  atthe partition 16. The outlet valve 20 may be positioned anywhere between the partition 16



WO 2010/ 024780PCT/ SG2008/ 000320 7 land the bottom 14. Thus the outlet valve
20 may be at the partition 16, between the partition 216 and the bottom 14,
or at thevpaptogBa. 3 4[] 0024] The inlet chanber 15 andPCHEGRUMSI08432¢ hanmber
19 are separated partially by a partition 516. The partition 16 may have a
portion substantially parallel to the bottom 14 of the device 610, where
the one or nore turbines are |ocated as shown in Fig. 2. Alternatively t he

partltlo ve orti bst nt| icular, to

Dot tlom 4 By OO dk i i e PG BMe SR R Ay Boe P BE SR o iy
shown in Fig. 11. The bottom 14 of the device 10 is also 9the bottom 14 of
the:%utl%P“Hhﬁhﬁ@Fnié org thelhaiopsi4-There is a connecting duct 22 at the
partition 16 connecting the inlet chanber 15 to 12 the outl et chanber 19.
Mor & t han one connecting duct may be used in the device. The 13connecting
duct optionally may be positiaoned below the water line (i.e., underwater).
The 414 [©OM4IETHd inpt duemibeidy agd shetiat stenfribet Y9 afe sspeaped patsially &g agtartiticght
bent, or U shaped 15dependi ng on the |ayout of the chanber in the device.

The yonrnecrﬂermnﬂm; 1@1%a?h11%p|§rﬂ6n d§staamalynpariied] €8 iRt dfith@levaranber
15 to the outlet chanber he connecting duct 22 17 may have chanf er ed

e”dl% 660({%9\2%%%218% Eilﬂngno&q{lfb‘?ﬁets'aﬁlegl gé’t?: aféhowh 1%?%/'2”',«9?@8& épr’m‘?tﬂ% 18t he

out | et connecti ng preferably has a cro tiona

than a crpss se reg of t et ¢
hereby’ %hrfe?ye%asveﬁgvovﬂé?rbmbﬁvn&ﬁ@mw%%ri‘wfﬁ&% olégﬂ‘?b%ﬁevamﬂer% tross
sectional area of the inlet chanber .is define ¥ the 21lsurface area of the
i qfl d 915 arprors Hireines g derated assBown dxKigs bbt Ibﬁn%srt oxp b4 obtherdguice A edlsq ng
22duct is defined by the area formed by a section line through the
conrfectthagotturn tl4 af thehmitlzBgrmntbier 19n. Dependi ng on the configuration of the
device 10, the device 10 may have nore 24than one connecting duct 22
betMeen the inlet chanber and the outlet chanber. 25

11 [0025] There is a connecting duct 22 at the partition 16 connecting the inlet chamber 15 to
12 the outlet chamber 19. More than one connecting duct may be used in the device. The

13 connecting duct op_tionally may be positioned below the water line (i.e., underwater). The
14 connecting duct may assume a variety of shapes such as straight, bent, or U-shaped

15 depending on the layout of the chamber in the device. The connecting dﬁct 22 allows the
16  flow the water from the inlet chamber 15 to the outlet chamber 19. The connecting duct 22
17 may have chamfered ends 66 connecting the connecting duct 22 to the inlet chamber 15 and
18  the outlet chamber 19. The connecting duct preferably has a cross sectional area which is
19 less than a cross sectional area of the inlet chamber, thereby increasing velocity of water
20  flowing through the duct. The cross sectional area of the inlet chamber is defined by the

21  surface area of the liquid in the inlet chamber. The cross sectional area of the connecting
22 duct is defined by the area formed by a section line through the connecting duct at the

23 partition. Depending on the configuration of the device 10, the device 10 may have more
24 than one connecting duct 22 between the inlet chamber and the outlet chamber.

25



WO 2010/ 024780PCT/ SG2008/ 000320 8 1[ 0026] The generator 41 conprises
turbine 24 and may al so conprise a nechanical initial 2disk and/or

capaci t orw02010034180el ectricity produced by rotation of PRE/SGANISINES29 n
response to the 3flow of water through the connecting duct is nore stable
and consistent. As shown in the 4Figs.§ the electricity generator 41 may be
partially | ocated outside the chanbers 15, 19 and 5connected via shaft 25

to tyurbj Tur bi [ St dint onnecting .duct, .22. . The

ot ur'pi 9056 The bR SRR R g Rl A5 SEPRTE PR R Bl er b ca
directiqn. tation of 7the turhine generates .elegctricity.. tionally a
il dor G ﬁf@@oraﬂag%f“@é* ﬁﬁ’rth?rti SRRFSTTY RERGCRE b celatioPrAEtp fyibie ‘B%Hﬁiﬁeﬁ%the
positioned in the connecting duct 22 or above the connecting duct 22. 9The
filtder Bovpf ek Srewgh the cenncelinglyey iS mets stabde ansheeasistenty Aughowain the

11[ 0027] When an incident water wave hits the device 10 at the front 11,
wat eér elfiger the eleetricitly @endr2tohd ey bt pantiallytlbeatadduedides thie\cbarhBers L5 1 k9 andor no
water will enter the outlet chanber 19 through 13the outlet val ves 20

becaus ecdniectedibib 8haty 24 weeirbife 20! Yurdide@w if bositiodedinties conRe@iMg ddtt ECtTHRN out
14of the outlet chanmber 19. The energy of the wave urges the flow of water

int g t hgdimd ﬁ/ hés%%%mrota{iﬁré %fcfﬁqg sutﬁ%ﬂ iglgse{glgdﬂe Qb it &t ﬁ(f@n.' otation %’fhi .

advant ageous trapped int inlet c y 16the inlet valves.

addi-tio r_creates .a. prassure differential betwee he. i nl et

L eHansf i Bl e SRk BB 4 HleP P oo B ST Mg B,
t hrqugh_.t he cannecting 18. duct 24. This causes the turbine 24 to_rotate.
The & ot Bid GHFFoP fwebetnﬂ%meg buthg cpinec ik did i OF pbas B CUHEFIRE 4458t he
water wave to electricity via the electricity generator 41.

20A&v anthegfeléns SO yiltersthe siataa flovyes wte ha conrecting@nd22wat er is in the direction
of the pull of 2lgravity, so gravity cooperates with water pressure to help
i ndillease generation of electricity. 22After flowing into the outl et

chanber, the water will then flow out of the outlet chanmber 19 23via the

outjljet qoatmewa&l arMasidef witBewhieitsithé He\Q&C L atWhe froM@L 1€ ivalir @RREL tRe RItST de
the outl et 24chanber 19 is |less than water pressure inside the outlet
chambercylBbels via the inlet valve 17. Little or no water will enter the outlet chamber 19 through
13 the outlet valves 20 because the outlet valves 20 only allow flow of water in one direction out
14 of the outlet chamber 19. The energy of the wave urges the flow of water into the inlet
15 chamber. In effect, the energy of the wave is advantageously trapped in the inlet chamber by
16  the inlet valves. This additional water creates a pressure differential between the inlet
17 chamber and the outlet chamber, and water flows the only way it can, through the connecting
18 duct 24. This causes the turbine 24 to rotate. The rotation of the turbine 24 will then convert
19 the energy from the water wave to electricity via the electricity generator 41.
20  Advantageously, in normal operation the flow of water is in the direction of the pull of
21 gravity, so gravity cooperates with water pressure to help increase generation of electricity.
22 After flowing into the outlet chamber, the water will then flow out of the outlet chamber 19
23 viathe outlet valve 20. Most of the flow will occur when water pressure outside the outlet

24 chamber 19 is less than water pressure inside the outlet chamber 19.

25



WO 2010/ 024780PCT/ SC2008/ 000320 9 1[0028] The inlet chanber 15 has an inl et
chanber vent 18 which is positioned at the top 13 of 2the device 10. The
top 13 ofwbhelwdreyisce 10 is al so preferably the top of tlreTischats/oodzaober 15.
3The inlet chanber vent 18 all ows excess water to flow into and out from
the inlet chanber 415. The inlet chamb®r vent 18 also allows air to flow
freely into and out of the inlet chanber 515 so as to maintain at m)spheri C

air pre he inl et chanber 6 7[ 0029].1p.accordance i ghly
advahnt a@’@g@ Tlfeéafeu%a Tchd 5 it Foinict K vl Fathish ioeianegahren %?%fﬂt 21
which is positioned between the partition 16 and the top 13. In the

pr efZer r &g dowab bl FHantop IShdube davieenld iFilge prefemblydhe IOQtOfélhfaWﬂféIChW@bﬁr 121 is

positioned generally adjacent 10to or at the top 13 as shown in Figs. 7, 8
and 311 e iatet thenbeoyeaniB dkws ek2esa svasdronflowninteiapd odt frathTthe irdettchembehanber
vent 21 acts in a simlar way as the inlet chanber vent 18. The outl et

12chanbey. MeSihle? Ehahbed WentePsCASoSal ldsiir th Tloh P¥elY MHi® addButfithd i@iTchdigbeut | et
chanber 19. The 13outlet chamber vent 21 also allows air to flow freely

| nt g angk ol tﬁfrnamﬁln'di@n@%p#gﬂégf??}esgﬁ%e?rPthH 8t m!E%f p§ain atnmospheric air

pressure In the In Is1Is y advant ageous 15in
conggrlson to a closed outlet chanber, mhere additional flow of water into
t he outl et 16chanmber w thout a place for the air to escape to would

i ncreas essure resistin ow of the mate ou h the nnec

duct”, %Qﬁlrlg aGeqrdance yugtR gﬂﬁ@ﬁ%ﬁ%@ﬁ%@%ﬁ%@.t Olftk-‘é Phe| éfh@@aas lohe
device. The outlet chanmber vent 21 is referably positioned at the back 12
and/%r c¢hembeovet 3 vttieh Wdppitienadbetweansthe partitian d6 and thertep dAt In the prafevedof
excess water fromincident waves 20into the outlet chanber such as could be
t he Tcasambairzits eleviningthe Faas tlar owleochynbaeadrh @il i2pmditdored igaserathy edjadent t i ng
the device contain nmuch nore energy than average. The inlet 22chanber vent

18 and Hhe aPhe k6 13 hadhoom iMends. 218 aldSD &l theltop AR BAKUIBHRCRoRh ih PRy, devi ce
10 in 23hi gh seas by al | owi ng f or rapid egress of water after a |arge wave

h' t1'5’1 t et Eha 0R3Qs iffals s e B RDALd W ARYS. PEnd dutlefd at the
1T a0y e s

ore t et val ves

12 chamber vent 21 allows excess water to flow into and out from the outlet chamber 19. The

13 outlet chamber vent 21 also allows air to flow freely into and out of the inlet chamber 15 so
14 as to maintain atmospheric air pressure in the inlet chamber 15. This is highly advantageous

15  in comparison to a closed outlet chamber, where additional flow of water into the outlet

16  chamber without a place for the air to escape to would increase pressure resisting flow of the

17  water through the connecting duct, slowing water speed and thereby decreasing the efficiency

18  ofthe device. The outlet chamber vent 21 is preferably positioned at the back 12 and/or top

19 13 of the device 10 so as to reduce or prevent the flow of excess water from incident waves

20  into the outlet chamber such as could be the case in extreme high seas or stormy weather

21 where the waves hitting the device contain much more energy than average. The inlet

22 chamber vent 18 and the outlet chamber vent 21 also aid in the endurance of the device 10 in

23 high seas by allowing for rapid egress of water after a large wave hits the device.

24

25  [0030] Grid plates 77 optionally may be fitted at the front 11 before the inlet valves 17 and



WO 2010/ 024780PCT/ SC2008/ 000320 10 1t he outlet valves 20 to prevent foreign
objects or marine lives to enter the inlet chanbers 15 2and the outl et
chanber s W0.208/0243031] Water surface waves or sea waves PCISGLOI3®HEB20
potential and kinetic energy. Wien the 5wave hits a rigid surface

per pendi cul ar to the wave principle pﬂQpagation direction (e.g. rocks 6on
shore or ship hull or pontoon hull), the wave anplitude doubles itself

bE 9 e ST B PSSP AR ABahE 4870001 L

energy of such waves. The oscillating water heights in the 9 inlet chanber
and:fhem6U$?@¥m%ﬁ5ﬁ%@¥5%%rk to absorb and rel ease energy fromthe wave

10t hrough the inlet and outlet valves. Wen functioning optimlly, energy
fromreflective 1lwaves is at a mininmumand the oscillation of the water
bet ween the columms reaches a 12resonance phenonena where the efficiency of

t he 4devj0081] Watk sarfaexvavisiot eaelaved SardypdiR peienililend kitictie edétgys $shehhle
hydrostatic pressure difference or relative water hei ght 15between inlet

champer wiw ARG R b@face hRARARICHRr tPthE §&0k ﬁﬁné’i’ﬁfe?roﬁaﬁg%ﬂ"@%%ti@ﬂ (é.BGosksCr est
16(positive peak) phase into the inlet chanber 15 through the inlet val ves

17. (The i ' ' ] ' 1.nl et
chartbor ey Rl GdnficR G, hElhe SHBRREE adubfSRMlRrib Ghi el
energy of the water. ring this.phase, the.outl et valves 20 193re.cl osed
s the P et B Tobas eHee Bk ustas iE0E SBhes Rl ouf BeviFeintietife
outl et 20chanber. The outl et chanber water height 28 in the outlet chanber
19 W | | capiues hotls kinglae angseotontid engigy absush waveakEhe oseBlagng tater bsighisde theg duct
22. Cenerally, when water height 27 exceeds 22water height 28, water wll
f1 oW f riotet theenbenhed theloatibiechamber werkototabedrb @hdindiease emugy frgnt thie sva28pr ocess,
the potential energy of the water inside the inlet chanber 15 gained from

t hel 0 nctheteigh ti2dinky end Sutlet aalstor Wibdn fulictioking epliaktyl @hgigytffonotdlectivie wat er
flow i nside the connecting duct 22. 25The cross sectional area of the

connect yigs Wiita ntidirh Sm 488 k& diltaBoR 8f i SatdrRRvdeR8hEEASRns reaches a
12 resonance phenomena where the efficiency of the device is at a maximum level.
13
14 [0032] The device 10 uses the hydrostatic pressure difference or relative water height
15 between inlet chamber 15 and outlet chamber 19 to receive water from wave during a crest
16  (positive peak) phase into the inlet chamber 15 through the inlet valves 17. The water
17 rushing into the inlet chamber 15 results in the inlet chamber water height 27 in the inlet
18 chamber 15 to rise and capture energy of the water. During this phase, the outlet valves 20
19 are closed as the pressure from the outside exceeds the pressure from inside the outlet
20 chamber. The outlet chamber water height 28 in the outlet chamber 19 will also rise because
21 of the water intake through the connecting duct 22. Generally, when water height 27 exceeds
22 water height 28, water will flow from the inlet chamber to the outlet chamber. During this
23 process, the potential energy of the water inside the inlet chamber 15 gained from the incident
24 wave is transformed into kinetic energy through the water flow inside the connecting duct 22.

25 The cross sectional area of the connecting duct 22 is designed to be less than the cross



WO 2010/ 024780PCT/ SC2008/ 000320 11 1sectional area of the inlet chanmber 15.
The cross sectional area of the connecting duct may 2be adjusted to account
for the twohbnm2sisae, the desired speed of the generat orcTacdomsiobeso
3factors. A narrow connecting duct concentrates the kinetic energy fromthe
wat er flomtng 4t hr ough and increases tlhe velocity of the water producing
nore power. 5 6[0033] Wen the incident wave turns fromcrest phase to
trough phase (with negative peak), 7the water helght di fference between the
wat dr otfedpntbaise of the inlhehsarbsr 15, Thocrgpseetienahated of herronaestive diffen®hanber s
15, 19 becones negative, i.e. the water height in the chanbers 15, 19 9is
hi gier bewmiustddetowat@mt feithghturtone size ¢heodesirbd speled wb dre. geMriatoryvndlotlzause t he
outl et valves 20 to 10open and cause the inlet valves 17 to close. During

thi g prlacess,A higowabaecting dete coienenks te kideioarbgl fidn el watéd flowiagt
resulting in decreased outlet chanber water height 28. Meanwhile, 12the

inl gt QBREQE%n&@kﬁ&w@ﬁhgbHo&BuMﬁh@hﬁﬂxpRﬁR@H@Qn&@%oh@tet valves 17 are
cl osed, However, 13the inlet ‘chanber water height 27 decreases as the water

ro$§ through t he connecting duct 1422 and into the outlet chanmber 19. The
di fference in the inIet chanber water height 27 and 15t he outl et chanber

water h t s the fl ow of water ontlnuo 16 171 0034] Filters
enafor D09 WES SeaBRidtrtavays R frot et aTRech PG BSF AYIDACENG Pk and
18wat er turbulence Such filters may have a danpeni ng effect and can

m t i/gat e ekt berebtdiffsrenco betiean theweiterppiside ofrthe ghambeis] aride@ad th watenn al | ow
for high energy absorption efficiency over 20a greater range of wave

per i8odsinsidé sbHthetchathbérp 16 elfllmeomes egatnee.c. the ofaterdisight irihe gbaebas 65, 1is
21positioned outside a portion of the outlet chanmber between the partition

of the ik higher haamerateZiightloh8ideaiftityehaftbet MONB will chize tid Gistlet vil& Xpetoer at or
is positioned entirely outside the outlet 23chanber and only the shaft 25

is hos'ctﬂe%ﬁ&lcatttet}tkeinne@lvewescmmaseleun%g (RS pARRE] A WivERsiiogRtuAR has an

average wave energy, average wave | ength, average wave
11 chamber 19 will flow out, resulting in decreased outlet chamber water height 28. Meanwhile,

12 the inlet chamber water height 27 is high, because the inlet valves 17 are closed, However,
13 the inlet chamber water height 27 decreases as the water flows through the connecting duct
14 22 and into the outlet chamber 19. The difference in the inlet chamber water height 27 and
15 the outlet chamber water height 28 keeps the flow of water continuous.

16

17 [0034] Filters and/or turbine 24 consume part of the wave energy by introducing heat and
18  water turbulence. Such filters may have a dampening effect, and can mitigate the effect of
19 reflective waves. In some instances this can allow for high energy absorption efficiency over
20 a greater range of wave periods. Also, to help reduce turbulence, preferably the generator is
21  positioned outside a portion of the outlet chamber between the partition of the inlet chamber
22 and the bottom. As shown in the Figs., the generator is positioned entirely outside the outlet
23 chamber and only the shaft 25 is positioned in the inlet chamber 15.

24

25 [0035] A given location has an average wave energy, average wave length, average wave



WO 2010/ 024780PCT/ SG2008/ 000320 12 1hei ght and average wave period. In
accordance with a highly advantageous feature, device 10 2can be desi gned
and opti mvoedidfou7sa gi ven wave hei ght, wave | ength and wavscpessiooss20 That
3is, the depth 33 and outlet depth 34 may be varied depending on the given
| ocation; sone parts of the world havé2Zwaves with high average energy,
other parts of the world have waves 5with | ower average energy. The inlet

chanber. 15 nmay have a depth 33 appr.oxi mately. 20 to 6 50% qof the, average

wava | chedah A aYaRaEn e eaAod IS CorgRce voitea e ayvartageas framra i eeI85, 7t o
33% of the average wave | ength of the incident wave. Wave length is defined
as t’he ®aibsdasisecdradapsimizadhionigiign wrave eight, svaye bpatieandnyaveapeaiods That gi ven
frequency and includes a 9crest and a trough. Further, the depth 33 of the
i nl &t chahbdepti 33 shdviidet plepthedabhybdreried dapentifitgoort the gouenlledatidepome34 of t he
outl et chanber 19. 11 12[0036] The cross-sectional areas of both chanbers

15, 419 pie opttRivesrRbhavekedles Wi @ BrerakBiefierk$ N @h@pakt® of HRUNEHd BIvatwaies Y
consi stent flow through the chanbers, which in turn hel ps produce l1l4nore

uni fsor ny, @ Rlek EGCrQWe_r%tﬂ’tétiﬁléfF%%begl %%@hﬁ% 5 APGHBG! a‘??re%%l{é{l]tglﬁo\’i@t er

surface area 1583 of either t et ¢ er or the ou er may be

ied. & he inl I I . f
red o bbbt Raft stB Sl R R By 2L Nl o) Welent UL a8k o

insertable fr air into te vary the water surface area of the
charfber® 33%@@5%\@@?*1@)@ et o heitpcident e e ffmg&hts 48?135? WLG\M ch can
be adjusted (see Fig. 10). The water 19surface area of the chanbers may be
aut §mtdlamqe§veameu§@1@@tlb&§e@ ofrp prepreeting verbelk given freadanes and gichislas a waves
and in response to variations of wave energy. 21 22[0037] Figs. 3 and 4

shoW a qesthmd a edugintiodiheerthe dépth B2 of thieenlevaardsr dhshauild preferatsdl besqualThe
23val ves conprise a nmesh panel 35 with a matrix of elastic nmenbranes 42.

Thg grenbrign®sle? 84 af fHerskleSdHdmbanh.a second side. In response to water
pressure on the first side, the 25nmenbranes flex to allow water to fl ow

thriqugh fromthe first side to the second side, and in

12 [0036] The cross-sectional areas of both chambers 15, 19 are preferably kept the same. This
13 helps to ensure relatively consistent flow through the chambers, which in turn helps produce
14 more uniform electric power output. Figs. 9-10 show schematics where a water surface area
15 83 of either the inlet chamber or the outlet chamber may be varied. Either the inlet water

16  surface area or the outlet water surface area, or both is preferably adjustable by a wedge 46 or
17 curved object insertable from air into water to vary the water surface area of the chamber (see
18  Fig. 9). Analternative is a water-tight flap 47 which can be adjusted (see Fig. 10). The water
19 surface area of the chambers may be automatically adjusted based on sensor feedback from
20 the incident waves and in response to variations of wave energy.

21

22 [0037] Figs. 3 and 4 show a preferred embodiment of the inlet valves and outlet valves. The
23 valves comprise a mesh panel 35 with a matrix of elastic membranes 42. The membranes

24 have a first side and a second side. In response to water pressure on the first side, the

25  membranes flex to allow water to flow through from the first side to the second side, and in



WO 2010/ 024780PCT/ SC2008/ 000320 13 1response to water pressure on the
second side, the nenbrane restricts the flow of water by 2 abutting agai nst
t he nmesh weanelo2u1ser eby acting as a one way val ve. The mesiscpeusebes285 nmay
3be made of netal, plastic or a conposite material, etc. The elastic

menbr anes 42 may be 4rectangular. 5 6[18038] Fig. 5 shows an alternate
enbodi nent of the inlet and outlet valves. The valve 7conprises a
cylindrical cup-shaped shell 37. The shell has a plurality of slit-like
operli ngiESRARSBL WHE BIRESUES Pt sesond sideothe mpranbaps regtrigts thaflowof Magibsr wat er .
There is a ball 43 in the shell 937. A spring 44 pushes the ball 43 agai nst
t he Zhettuttojgeagiingt the mesh panel.shereby atinges efohe svay welvg. Tbeimesh peheds $amag and
there is no flow of water. When there is water pressure that is greater

11t Isan bdwaadeostfaretalf plakiic &r dongpobite anatdrial elal The4Bastit henitahnes43 masy pushed
away fromthe opening 45 12 and the valve opens to allow flow of water. The
forcae ofectahgisPring 44 can be varied 13according to the pressure desired.
14 15[ 0039] Fig. 6 shows another alternative enbodi nent of the valves. The
val ve al so conprise a 16cup-shaped shell 37 having a generally cylindrical
cross-section. The shell has a plurality of 17slit-1ike openings 38 al ong

the cir .en of the cup t .l ow the fl ow of ter. e or 18nore

| oavos QYTHEE Sty ahalerin wlo@imeantie it butidhes T e
circunferential nmanner. 19When there is water pressure on the leaf fromthe
| eaf’ t oteERRIISEhaCcYHWriralioye-shapgd sholl 34, Lhe shelbing gl waktytoh slivhesregingsdd whi ch
in turn closes the openings and restricts the flow of water. 21Wen the

pr eds ur dongthe girowmigrdnce of thesup éadll@9 thetfhasw bEwhtenollesse ivabalk 43oim thérghell

openi ngs, 22allow ng flow of water through the openings 38 from an outside
of the ZheA spri 4pushessthd ®alvt3 Agiihs thdstell.opbning ddwofltHeshtll 39 tareffectively be
positioned within the shell, with each | eaf having a 24hem -cylindri cal

Crogs S@6del tRélvaltd BQT theddiis A0 NBwWH was. Whén Bere’i§ ddiek ?Sre@ﬂﬂé‘ E1RRts gréatbhose
skilled 25in the art given the benefit of this disclosure. WO

209/ 0%%21@91%%!0@%91@%{)99& #48n the ball 43, the ball 43 is pushed away from the opening 45

12 and the valve opens to allow flow of water. The force of the spring 44 can be varied

13 according to the pressure desired.

14

15  [0039] Fig. 6 shows another alternative embodiment of the valves. The valve also comprise a
16  cup-shaped shell 37 having a generally cylindrical cross-section. The shell has a plurality of
17  slit-like openings 38 along the circumference of the cup to allow the flow of water. One or
18  more leaves 39 are positioned inside the shell 37 in a substantially circumferential manner.
19 When there is water pressure on the leaf from the leaf toward the shell the leaf 39 is urged
20  against the openings 38, which in turn closes the openings and restricts the flow of water.

21 When the pressure is removed from the leaf 39, the leaf moves away from the openings,

22 allowing flow of water through the openings 38 from an outside of the shell to the inside of
23 the shell. A second leaf 39 may also be positioned within the shell, with each leaf having a
24 hemi-cylindrical cross section. Other suitable valves will bé readily apparent to those skilled

25  in the art given the benefit of this disclosure.



14 1 2[0040] The various enbodi nents of the valves may be used alone or in
conbi nation. 3Preferably both the inlet valves and outlet valves are
one-way iwothawo2uisey preferentially all ow 4fl ow of wat epcisGaos/odizect i on.
Most preferably, both the inlet valves and the outlet valves 5are
positioned on the front and aligned td4allow flow in opposite directions.
The nunber of 6valves to use nay be varied depending on the surface area of
the front plane of the device. 7Generally, the nore the nunber of val ves
used, the greater the flow of water since the valves 8may open and cl ose

i ndependently to allow fl ow of water. Further, the cross-sectional area of
ot he i nHOQﬂO]v’éhQ/‘e@iow emhodigentsef theavaless npay eaused glonher imeingupationave shoul d
preferably be simlar. 10The size of the openings of the valves is rel ated
t o t3he Prafendbly pothfthd indet walvee sndandlet valbes dkd dat¢-emyiimdat they peferentidlpcilioweness
and designed to maxim ze the total flowrate. In general, 12the larger the

val ve of@Rn@atet REod @RICEHN.t PRsT profrably, Watiethe thi6: alves QRS tHeaskIet WlR. The
val ves 13shoul d al so be responsive and not too big that it is unable to

close C&ggbﬁﬁ&le}ﬁ d.nr}h%] hgﬁ%éxfa a:h%g&ﬁ()eﬂltowf ﬁ&»’iﬁépeq&%ﬁgg?eét%s.e’l‘ fibetldgn the

differen In water heights a uctuati ng ast I n short wave

l engths. .16 17[0041] Fig. and Fi 8 ow alternat i enbodi nents of the
dovitoe THE P Pib by T enliingy? e AyALArs SEBETon) RaSTRER: 188 g o
the back 12. In particular, the front and back are 19generally cyljndrical.
Thede avencrlbs Bieapesy thsmynbss of valyss wsgds the srsaier Wireilew ch@alfg sivse Bieyabgt oni ng
inall directions. 21 22[0042] The alternate enbodi nent of the device in

Fi 9.8 7 may epdnsandrelasalindependentipto alidw How of 3eatarg fncthers Hgaoks-stetondeareaef | n
Fig. 7 has a front 11 with a curved front surface, here, a 24conplete

cyl iondrthe alletsuaiviead & and batletenivee20 fackiggrhe incideat wvatasioulPprefepady besitilar.f r ont
with a 25curved back surface. The curved back surface is substantially

con@ent TheSsizeofithCosdtin@ b tOmlvedid RO Bt §RMRaTy SGROVBHVEOARAE bk

11 determined by cost-effectiveness and designed to maximize the total flow rate. In general,
12 the larger the valve opening, the greater the flow of water due to less resistanpe. The valves
13 should also be responsive and not too big that it is unable to close completely in time to

14  prevent flow of water, for example when the difference in water heights are fluctuating very
15  fastin short wave lengths.

16

17  [0041] Fig. 7 and Fig. 8 show alternative embodiments of the device 10 where the device has
18  acurved surface at the front 11 and at the back 12. In particular, the front and back are

19  generally cylindrical. These are preferably used in areas in the sea where the waves are

20  coming in all directions.

21

22 [0042] The alternate embodirﬁent of the device in Fig. 7 is substantially cylindrical and

23 doughnut-shaped. The device in Fig. 7 has a front 11 with a curved front surface,here, a

24  complete cylindrical surface. The device in Fig. 7 has a back 12 opposite the front with a

25  curved back surface. The curved back surface is substantially concentric to the curved front



lsurface. In normal operation, power generation is acconplished in a manner
substantially 2simlar to the enbodi nent of the device shown in Figs. 1-2.
As shown wo 2biog2478p the inlet 3valves 17 and the outl et pealseesrsd0ozas e on
the front 11 of the device. There are al so provided 4inlet chanber vents
118 and outlet chanber vents 21 near df at the top of the device. The
S5outl et chanber vents 21 nmay al so preferably have a cap-like structure 212

above it to reduce 6or prevent the fl ow of ex s, water fromincjdent waves
intd t h%lr%sﬁ | looghakapsration, BB ASperriien isgoeqrRalisheth By HBROBAT o %ﬁ%&t@ﬂ

enbodi nent where, as in F%g. , the device is 9substantially cylindrical.
Howed er simiar te the eabodiment ofithe deviesshanans Figs. kdd Asuhpen ig hidmtieths inlot 10ar e
positioned circunferentially around the device. As shown in Fig. 8, the

i nl & vellwsd7hid tkeandlet halvesi( &t oualhe/feentA0 oditte dewicdehdherecart alkd pofviddde
device. There are also provided inlet 12chanber vents 218 and outl et

chanfoerinleblidinbét ve@an 1 ® andbutldd €hdrber ¥knth € nd@\0r @the Sp A A dike FTHe 11
shows anot her alternative enbodi nent of the device for converting wave

15ener gyuifePctinfiiel Ud é 5Yma ?&‘}‘soﬁﬁé’ﬂﬁ&%ly H(e PG RS 2'a'30?e Rhdmedage manner

to the other 16enbo |rrent ISs’e nt aportlono the partition
216 is substa er pe u ar the vert i |on as shown in
t he ddra%prr]%vse np{]“ﬁzﬁo“y flneé((% ¥ “éaq Yutt’ n&i’va\ﬁ?tl 9t a?'tltl‘{ij e_'f6 connect the
inlet chanber 15 to the outlet chanmber 19. The turbines 224 are
19positioned in the connecting ducts 222. The turbines 224 each have an
axis of rotation which 20is substantially perpendicular to the vertical

di r dct i [§A43]Fig. Byhovsspothpealtpendte embodimgst whese.mslie Fig Fudeeeicoit h |inited
nunber of noving parts (i.e. the 23valves and the turbine only). The

houd ngsubftattiedlyclyindrérat Hbweld, bara aberievadénlef chatndets 16rand4udendhambed 19
concrete or conposite material. The valves 17, 20 can be fitted on a

det @@c haht potbdiraircuhiGbnt \A%ab@nunﬁé ahied AndhoanRyed sy ktihiealdlvesfigr easy
mai nt enance. The cost of - 2010/ 024780PCT/ SG2008/ 000320 16
11 and the outlet valves 20 are on the front 11 of the device. There are also provided inlet
12 chamber vents 218 and outlet chamber vents 21 near or at the top of the device.
13
14 [0044] Fig. 11 shows another alternative embodiment of the device for converting wave
15  energy to electricity. The device in Fig. 11 operates in a similar manner to the other
16  embodiments. In this embodiment, a portion of the partition 216 is substantially
17  perpendicular to the vertical direction as shown in the drawings. The connecting ducts 222 at
18  the partition 216 connect the inlet chamber 15 to the outlet chamber 19. The turbines 224 are
19 positioned in the connecting ducts 222. The turbines 224 each have an axis of rotation which
20  is substantially perpendicular to the vertical direction.
21
22 [0045] The device 10 has a simple structure with limited number of moving parts (i.e. the
23 valves and the turbine only). The housing of the chambers 15, 19 can be made of steel or

24  reinforced concrete or composite material. The valves 17, 20 can be fitted on a detachable

25  panel which can be installed and removed vertically for easy maintenance. The cost of



fabrication will be low The turbine 24, electricity generator 41 and
inertial disk 40 may be 2integrated into a nodul ar system which can be

i nserted WORNTAI2y780nt 0 t he inl et chanber 15 3fromthe t86THES200800¢3800Vved
entirely and vertically for maintenance when necessary. 5[0046] Fig. 12 and
13 show wave energy absorption deviced6in accordance with additional

6enbodi nents. Cenerator(s), turbine(s) and connecting ducts are renoved.
Partjtion 316 7between the inlet chanmber and the outlet c i s provided
Wit a &%mmnt\vﬁdaﬁ%eﬁ?xﬁ §abms 26, SBdrry generior ‘Heafﬂdi“‘fri“f‘r‘gﬁ?ﬁ@%¥ bampen

t he energy of the wave which reaches the inlet 9chanber, and thereby absorb
at |%asiniggzted mfo ¢ modulae pyplennfwhiple cappleeinsqriedieatirely mtq e iplgt grambge hanmber
simlar to those descri bed above may al so be used. 11 12[0047] Fromthe

f or eyoi figmdhswipdSand remavadiedngirdl g dndleertical yt foo maoftermace when pecefsary. ed

13enbodi mrents, it wll be apparent that various nodifications, additions
and pther alternative l4enbodi nents are possible w thout departing fromthe
true scope and spirit of the invention. 15The enbodi nents di scussed were
chosgn Cl7 I o r:at| Laci pl es
of The TR AR R Bt P BRioh Bl Bk R lee WM PRI B
or di nar Ki.-ll 170 the 0 he 1nvention | 1,0 iLments and
16 varrEtimens FRadRuil vubhel ] Gad S BYRI Pt Bt il PR T

contenp] ated. ALl sych nodification d.variationg are within the 19scope
o e PAvEH: ol BB SHEE OBE Chem S8 AR ed AP RrAY PSSt od b
accordance 20with the breadth to which they are fairly, legally, and

equid abB30. derforgting the partition helps dampen the energy of the wave which reaches the inlet

9  chamber, and thereby absorb at least part of the energy of the wave. Filters in the inlet
10 chamber similar to those described above may also be used.
11
12 [0047] From the foregoing disclosure and detailed description of certain preferred
13 embodiments, it will be apparent that various modifications, additions and other alternative
14  embodiments are possible without departing from the true scope and spirit of the invention.
15  The embodiments discussed were chosen and described to provide the best illustration of the
16  principles of the invention and its practical application to thereby enable one of ordinary skill
17  in the art to use the invention in various embodiments and with various modifications as are
18  suited to the particular use contemplated. All such modifications and variations are within the
19 scope of the invention as determined by the appended claims when interpreted in accordance

20  with the breadth to which they are fairly, legally, and equitably entitled.



