DEVI CE FOR CONVERSI ON OF WAVE ENERGY FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a device for conversion of energy of a wave of
wat er i ntwoebivansfsor ns of energy. BACKGROUND [ 0002] ThewpeTiss26U8/006320 €asi ng
demand for energy in today's world. Increases in energy prices have led to
the consideration of various alternatilve sources of energy. These
alternative energy sources include, for exanple capturing part of the
energy of a wave of water. Various techniques for harvesting energy from
wat ér waves are knowPEWHSF13%%&§N$YE§§H§H e WY BN ¥ication JP 11-1
17847 to Hat akeyama di scl oses a power-generating device which has an inflow
chaber and a di scharge chanber. The front wall of the inflow chanber has a
plurality of backfl ow check boards placed to open inward. The front wall of
t he 3di scharge chanber has a BIBLIADFtFHEINVENTI@Ncheck boards pl aced so as
to open outward. The inflow chanber adjoins the discharge chanber,
separated by a partition with a communi cating hole. A turbine, connected to
a generator in the discharge chanber, is positioned in the conmunicating
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pubﬁica ?%ﬂ'§§¥§%%§2§g toIﬁkéFgégﬁggeg?ﬁ%%gg%§bgg&g%gggﬁiﬁg%m%ﬁgﬁﬁaior t he
expkpitaghgﬂ 3f wayve energy, conprising a float anchored at the bottom of

t he “sed "dnt"€uBER Y B @ nto an inl et chanber and a di scharge chanber
Barrage el enents let the streampass in only one direction. Flow openings
are formed in the wall between the inlet chanberand the di scharge chanber,

and a hydraulic turbine coupled to a generator is arranged in each
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



opening. The water penetrates in the inlet chanber through the barrage

el ements which are in the area of the up waves of the sea. The water cones
out of tHEORVIRABGe chanber through the barrage el enenP€TiNG2¢08/08¢380i n t he
region of the trough of the waves. The pressure difference between the
barrage el ements opened by the water whi ch enters and cones out, and the
vol unme of water which flows due to said difference through the hydraulic

t urbj nes oduces enerqy. 0Q4 ver suc ow wave ener onver si on
toui oot e SRSt 2082 Mot DF TCle S o e oo e A T S rmoch
of the energy_of the wave as Pos,si bl e, making theminpractical. |t would be
hi ghl y eRsgingabhewaist pensiiates inthedpict ehamber thspMedythe hyraggederasidy yhichgfein
electricity with increased efficiency which is also reliable, durable and
cost3 ef theatrdavd theSPNVINRY oOfheTieE: TheENT] @hgs@O06( the disgliarge dlzamleer wirpbgha fi r st
aspect, a device for conversion of energy of a wave of water conprises a
fromt athd barrgceragnoshich ardiin the esplion éf thepoagitofahd et esrTappassire t he top,
an inlet chanber which has a partition, an inlet valve at the front between

t he ¢ opdiRetntdBetRaéd ih%ibﬁﬂag@a@'méﬁ‘ts iofiérﬁﬁ @hﬁ@@ﬁfer %fb‘he_n%@ﬁ&:i ébn‘iéé%u'k,m et
valve allows flow of water in one direction into the inlet chanber. An

out | et . §td - t.ha-batt om
and Gn SuTEroisREe Ak Uil a4 He REMRARREHE, ARG YRR IR OO
adap} ed tﬁ mai nt ai n at nospheric pressure of air in the outlet chanber,
wher’ei "PPAEHERTEY: val ve allows flow of water in one direction out of the
outl et chanber. A connecting duct connects the partition of the inlet
charfber to the outlet chanber, and a generator positioned at |east

9  [0004] However such know wave energy conversion devices suffer from drawbacks in terms
10 of efficiency in converting as much of the energy of the wave as possible, 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 al;o 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



partially in the connecting duct generates electricity in response to wave
ener gy-induced flowf water into the inlet chanber. [0006] Fromthe

f or egoi ngwoi26t34180e and the foll owi ng nore detail ed de®CTiSGRIBMHOER0 vari ous
preferred enbodinents it will be apparent to those skilled in the art that
the present invention provides a si gnizfi cant advance in the technol ogy of
conversion of energy of a wave of water. Particularly significant in this

regalrd &ﬁy&t@rﬁg%othggilét?haﬁl%&i nvention affords for providing a high

ef ficiency, W C evice ' for conversion of energy of a wave of water
intq electricity. Additional features and advantages of various preferred
enbddi nents will be better understood in view of the detail ed description

provi ded bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] Fig. 1 is an
i sorfet ri080¢)i Egmothe forgeqing distlopure @nd tretfpRejvimganeyy detailed desgeipaen efatasipus nt o
electricity in accordance wth a preferred enbodinent. [0008] Fig.2 is an
i sorfet rprefecrat embaginkingwt fill béeppandno th theswt skalledRnghe drt gaothierpgeseitanvamsiode of
the device with an inlet chanber and an outlet chanber partially filled by
wat e fErovidas 1eig8ifichMAAVindeiif theedhhoRBy ioF 08Mletdicn ¥ff @G ofts WS Fwadt.
enbodi ment of one of either the inlet valves or the outlet valves when
oper [ allarll:% Ggnifich iftthi RAMRLE e peldittatthe bienia) AfEsrdl Foribvidiguhen
closed. [001 T iIg. 51s a Cross-sectional view of another preférred
enmbodi nent .an_inlet valve or an outl et val ve shown.cl posed, 121 Fig. 6
T a1 aheteidty R spt Bl S oV epith B n B 5B RS O FBR B R e %o
tl I h . [0013]. Fig. 7 i i tr] t- [ f
on &'t ehfifignal e ges b P bt kot B tefrell Srrbodiumeniwill be Geter 2HaY Vi ew o

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.



device for converting energy of a wave of water into electricity having a
front with a curved surface. [0014] Fig. 8 is an isonetric cut-away view of
anot her avbeonmakise preferred enbodi mrent of the device for/scemmssenizzng
energy of a wave of water into electricity. [0015] Fig. 9 is a
cross-sectional view of a first enbodi4ent of a chanber of the device with
an adj ustable water surface area. [0016] Fig. 10 is a schematic view of a
chanber of the device with an adjustable water surface area. [0017] Fig. 11
i s dnot her preferred enbodi nent of the device for converting energy of a
wave of water into electricity. [0018] Fig. 12 and Fig. 13 are additional
enbddi ni¥hi2) Iog. sandexmettiowievgokdnothep piefredfemimdenemiof gy inlgtoabg]orlan shoul d
be understood that the appended draw ngs are not necessarily to scale,

pr esent onigt ealsgeBovmabpai.npl i fi ed representation of various preferred
features illustrative ofthe basic principles of the invention. The specific
design features of the device for conversion of energy of a wave of water
as disclosed here, including, for exanple, the specific dinensions of the
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i nt end cation and use en onnent ures o t he

| ated enbodi pent s _have b ted relat th
Lo ol HRREPHRRErEER Brad AL e avar ok Wefth TG BF i hVipg R ok Rt Do °
thlckened for exanple, for clarity of illustration. Al references to

di r et | BRaghd position, unless otherw se indicated, refer to the
orientation
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



illustrated in the drawi ngs. DETAI LED DESCRI PTI ON OF CERTAI N PREFERRED
EVMBODI MENTS [0020] It will be apparent to those skilled in the art, that
is, to thweaownestsave know edge or experience in this areaschods@odsel ogy,
that many uses and design variations are possible for the device for
conversion of energy of a wave of wate? into electricity disclosed here.
The followi ng detailed di scu35| on of various alternative and preferred
featureg and enbadj ne will ustrate the eneral ri nci pl es of the
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enetfy of a wave of water. O her enbodi nents SU|tabIe for ot her

appld cael eweeymiia waye odpysigrandisclosechkese inedbdingdfor pxantide.ghe spgcifisn t he benefi t
of this disclosure. [0021] Turning now to the drawings, Fig. 1 shows a
devite dihehsioncofithe irdetand obtlermhagpersf wil badeterafinatbingartibytthe pdracilad ci ty. The
device can function as a wave energy absorber or a reactive wave danper

suchy asinferid gplRAtid At usE Enbik Rkt Cdrtaidithturddl oF thiillustraéd érhsocd@%h@e 10 may
be used together at the shore line or alternatively on a floating pontoon

at sga. hz}%tb%&ht:r{l oY‘@M rtt: (Pé’T@ti\}er{Er)rg;/& ﬂorﬂeg pr%bi%l@@?erargﬁ Q%Tn out | et

chanber et C ave substant f ped back
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to bottom defines a vertical directiopn which jn nor peration al so
corresp@g‘%ﬁ“cteétoc jEeCHaR pndposgiioqy pless eRaeraiserindicaiadais étqﬁ%ﬁwglevtﬁtlepthe inl et
chanber, filling it to a water height 27. Advantageously energy of the wave
is cﬁaptllulruéféjatﬁchlntthédtaml@gs chanber. Fromthe inlet chanber 15, water flows to
the outl et chanber 19, via a connecting duct 22, rotating a turbine 24
which is part of an electricity generator 4 1 to generate electricity. The
i nl et chanber 15

10 DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS

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



has an inlet chanber vent 18 which is positioned at the top 13 of the
device 10 and a depth 33. The outlet chanber 19 has an outl et chanber vent
2 1 and awmoautdt7sdept h 34. [0022] The inlet chanber 15poasczeoiseboseal ves 17
which allow the flow of water in one direction into the inlet chanber 15,
yet advant ageously resist flow of wated out of the inlet chanber through

t hose sane val ves. The outlet chanber 19 has outlet valves 20 V\/ni ch al | ow
the flow of water in_one directiqgn out of_ the outlet chamnber

advant alpseuEmy 11 exback 12 qprogite thafropt, a kel 3.3ad 8 hoftemn érenpeeite ‘ﬂ‘ﬁﬁ%gﬁﬁomhose
sane valves. Inlet valves 17 and outlet valves 20 are preferably |ocated at
t he X r otep td botgdm dpnagenertécal directionsvhiich immortal operationaill specorieFpamdsitoxbe f ace

i nci dent waves in normal operation. Advantageously, the inlet valves 17 are
| oca} edpdbofgatitie Watel Gomvalweslaws into theéplet dhambet, Ifdlingy atlty @ sva® hsigbhtrer ged
in the water during normal operation. Wen a water |evel of a |arge wave is

| ower tHANASVIRtAERERy E5t98y Of the RRve W daBlurdBin MBS in?d chatBér. FoklURd Mkett he
trough of the wave at stormconditions, the outlet valves 20 will still

al | t t It
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|nI et valve 17 may be at the top 13, between the top 13 and the partition
Tor has aph@leb%hamb@r vent 18 wmibwcmﬁlnetle%ﬂwopd3@£§heo®vwsh0mné Plnywher e

bet ween the partition 16and the bottom 14. Thus the outlet valve 20 may be

at téhe Phrthedutiet dembsel Mbenan twlep ehanmbier went 24 aaddntontetdeptio?d. 14, or at the

bottom 14. [0024] The inlet chanber 15 and the outlet chanber 19 are

separated partially by a partition 16. The partition 16 nay have a portion

substantially parallel to the bottom 14 of the device

10 [0022] The inlet chamber 15 has inlet valves 17 which allow the flow of water in one

11  direction into the inlet chamber 15, yet advantageously resist flow of water out of the inlet

12 chamber 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



10, where the one or nore turbines are |located as shown in Fig. 2.
Alternatively, the partition 216 may have a portion substantially

per pendi cWiDap1w@3418he bottom 14 of the device where the ®A&/SG2008(90¢320 ur bi nes
are located as shown in Fig. 11. The bottom 14 of the device 10 is also the
bottom 14 of the outlet chanber 19. [0625] There is a connecting duct 22 at
the partition 16 connecting the inlet chanber 15 to the outlet chanber 19.

Mor e t ha n onnect | uct be used in. the device. The nnecti ng
duct! optRREPPS RS o IRk B Bhufl A0S hl s vt 6 peen S BER AT 21
The connpecting duct may assune a variety of shapes such as straight, bent,
or & shbp@y thepetiem Ag IrttheePat®yolt of the chanber in the device. The
connecting duct 22 allows the flow the water fromthe inlet chanber 15 to
the outl et chanber 19. The connecting duct 22 may have chanfered ends 66
connecting the connecting duct. 22 to the inlet chanber 15 and the outl et
chanber [0024] Theeinko tinaxhar 1§ add cie qrtief etaatbey 1 D ae sapartited pasiatly ibgnglartitiona whi ch
is less than a cross sectional area of the inlet chanber, thereby

I ncreasi QOrnesla@eidny PhayBhvra pdrvh Biebstantiftoparhifg dletbottdMEl £5ARS dSBEL | onal
area of the i'nlet chanber is defined by the surface area of the liquid in

Che 4l . _ h 1
dot ihed by Ranepae SR RIS IIB aPHRRalth iR, FORRERNCID iRt o1 o
th ition.  De di fi ' t ' .10, . the devi
10 oy HARSE AR ol Bt Bl o 8% dlioad I ffrdtveseer and
the outl et chanber.[0026] The generator conprises turbine 24 and may

[ 41 ! .
al s& coMsrar ot tyrbiepspiedegatedasishayn an Eig. hhaTls bettosmét pbihs deyice dd s also
el ectricity produced by rotation of the turbine in response to the flow of
wat &  tthe boggm tlAef ternwlet ¢hambdud?. i s nore stable and consistent. As shown
in the '
10

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



Figs., the electricity generator 4 1 may be partially |ocated outside the
chanbers 15, 19 and connected via shaft 25 to turbine 24. Turbine 24 is
posi ti onay0i2010@3¢788onnect i ng duct 22. The turbi ne 24 ha®CaSGANSYIEIR0
rotation which is substantially in the vertical direction. Rotation of the
turbine generates electricity. Opti onal | y a filter 55 may al so be provided
in the device. The filter 55 may be positioned in the connecting duct 22 or

above t ect | ct. 22. The.fildter ilters.the ter flowmng into
t he lconlz)g%?i ng %h%@g’égff ch%’g‘ﬁs t{'}ﬁ’érﬁle %{nanldnlg%a%lﬁ% E(\)/\% 8 av\%:é/\%laﬁllc?lsmq@e devi ce
10 gt t front 11, water enters the inlet chanber 15 via.the inlet valve
17, % 1P B OB St R RRGBHEY SO PLRBRHEF MOTEF FIgPRsE iR thSut | et
val ves 20 because the outlet valves 20 only allow flow of water in one

di r ect i Bew efivais threeghghe cenncetinghent istgoresiabletnst qppsistent. hds sy inflges t he
flow of water into the inlet chanber. In effect, the energy of the wave is
advdnt adesuthk glectrapp edndratot Ae maylbetpaciadiyeratdsyoritdide thelchemberk 18519 ahdi s
additional water creates a pressure differential between the inlet chanber

and 35t hecoptiedted vie RBaTORS to @Ftdnaa4 eTurblmeVE it Besifohed inabe ¢dnnédihg dubl U dlhet he
connecting duct 24. This causes the turbine 24 to rotate. The rotation of

th | i) t : : :
e ¢ urfiuife 24 afllll axﬁsrtg'}oﬁﬂ&}{ @hich 19%&%&?1{19%' i;r_lrtﬁgg&lﬁ@alvéﬁlte@ﬁor}’.\ﬁfy&aﬁ&l of

electr|C|ty via the electricity generator . vant ageously, In nor mal

operation. the flow of ter is J.n the direction,of, the pull of gravity, so
o ah ty REafBe s o R, Oplichubli Mef SRon ik v B i Pl ePURY o
hanmber, the water t hen

electrigity. After flowing into the outlet i
F1 oW oufheiteria o 1o RS Bt (e SORIea RGeS G PR AOYie D coBec R P2 e 1 ow
w [l occur when water pressure outside the outlet chanber 19 is |ess than
wat & pFlessliar & Sifdigrsde water dlomirg inghtgiserneeng doct@l- The i nl et chanber 15 has
an inlet chanber vent 18 which is positioned at the top 13 of

10

11 [0027] When an incident water wave hits the device 10 at the front 11, water enters the inlet
12 chamber 15 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



t he device 10. The top 13 of the device 10 is also preferably the top of
the inlet chanber 15. The inlet chanber vent 18 all ows excess water to flow
i nt o and wotofwmmsbhe i nl et chanber 15. The inlet chanbecTsentoshBosab so
allows air to flow freely into and out of the inlet chanber 15 so as to

mai ntai n atnospheric air pressure in the inlet chamber 15. [0029] In
accordance with a highly advantageous feature, the outlet chanmber 19 has an

out | et r vent 2 1 iich is positjoned het n the partition 16 and
the k op[%@ggﬁb e ip écweéﬁ’?é\as chumbes ngoﬁ&w wﬁﬂwsr-*fca@d ,at{hﬁé%llﬁ oot
chanber vent 2 1 is positioned generally adjacent to or at the top 13 as
Shovih i the FPyjee 16, The tand 310f thy devicet Wi alsp peaferabliche wp Qfshesishambailg, 2
The outlet chanmber vent 2 1 acts in a simlar way as the inlet chanber vent
18. 3TheTlmunlee thanhizerivent Mealtowd ekcask maves te Rowsstoveati @ut fromfthemletrvhemberd out
fromthe outlet chanber 19. The outlet chanber vent 2 1 also allows air to

f1 owt freel Phd ifled cldhtbe? Wentolfg d1tLalloWsalir 16 MRMDREE1Y It endSutl o thedinlyt @hdinber
at nospheric air pressure in the inlet chanmber 15. This is highly

I
advant ageQUs; tB%a?&QﬁB%&%ﬂﬁﬂehE’aﬁﬁ?éﬁ%ﬁ@% @utihief cahaEPes. where additional
tlet ¢ e

flow of water into the o a r wthout a place for the air to escape
to uld increase pressure resisting flow of the water through the
connecting duct, slow ng water speed and thereby decreasing the efficiency

bacid 1200044 BracesgRanEs v 4 RS ebadous e b Pulf Ce b ID e R R 11 ow
of excess water from.incident waves into the outlet chanber such as could
be the dusber yenexi méneh isipghitigeedsbegveanttbe pyrtitiend hend isdpr 18 hin hawesferid t i ng
t he device contain nuch nore energy than average. The inlet chanber vent 18
and & heemobddiaents blzovirein the fiigs2 theadslet etiathtienvérh @1 enplositiored gofierblieadjesente 10
. 10 to or at the top 13 as shown in Figs. 7, 8 and 11 or at the top and back 12 as shown in Fig. 2.

11 The outlet chamber vent 21 acts in a similar way as the inlet chamber vent 18. The outlet

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



hi gh seas by allowing for rapid egress of water after a |arge wave hits the
device. [0030] Gid plates 77 optionally may be fitted at the front 11

bef or e t hwoi2nioa4xsal ves 17 andt he outl et val ves 20 to prerscRodfs@peign
objects or marine lives to enter the inlet chanbers 15 and the outl et
chanbers 19. [003 1] Water surface wavls or sea waves carry both potenti al
and kinetic energy. Wen the wave hits a rigid surface perpendicular to the

wave prjnciple pro ation direction (e.g..rqcks, on shore or, shj Il or
pontloontaufs SefRE oG breihs toietibe ittt B | REnEE FrauRpbis 13 | (o
energy in formof reflective waves in the opposite direction. The device
di s os@H! thepeies chaphess 62 bot h kinetic and potential energy of such waves.
The oscillating water heights in the inlet chanber and the outlet chanber
wor k3 to absorb and rel ease energy fromthe wave through the inlet and
outlet valves. Wen functioning optimally, energy fromreflective waves is

at a m [P0RLnWated stiffie a8svics baddaoraves cirheboth petentigitand kinetibenegl UWIRnitkaches a
resonance phenonena where the efficiency of the device is at a maxi num

leve . {A3ALs aTHI8d 9@Yice PeARndRafr td'de M0 9ﬁh@%iegprr] Q36 Eiribh @8 LNEEKsOT

relative water height béetween inlet chamber 1. outlet chanber 19 to
chaberhSeRo s ATMAR AU 58 Fabe RBLYL HGUREDIGH RORRE phlunl, (1
Charber 1ty R AaTEGeE o8 TP PBY UL b ARFfsTTed BFaRe, t he
outlet valves 20 are closed as the pressure fromthe outside exceeds the
pr esSsur @PfurgRatihKingtéc abpaientiab ener gy pbich wayes. ol escillafinghater figighis indieght 28
in the outlet chanber 19 will also rise because of the water intake through
t he Sonimést thamgbed and th2 DutlGesiambet workwloahsarhiand rdiedsghoergy froxctedeive

10 through the inlet and outlet valves. When functioning optimally, energy from reflective

11 waves is at a minimum and the oscillation of the water between the columns 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



wat er height 28, water will flow fromthe inlet chanber to the outl et
chanber. During this process, the potential energy of the water inside the
i nl et chawbeniolibsai ned fromthe incident wave is transorrsedodsnbes2&i netic
energy through the water flow inside the connecting duct 22. The cross
sectional area of the connecting duct 122 is designed to be |less than the
crosssectional area of the inlet chanber 15. The cross sectional area of

t he connecting duct may be adjusted to account for the turbjne size, the
desilr edsespenadiatse of e iplehehamthst 15 ahbe eropesectional ared of fierronpesing GHAEBEY ng duct
concentrates the kinetic energy fromthe water flow ng through and

i ncreastrsad)istedtelaociuny fapfthe tuebinmsiee, thy dedired speedof thepgewnenator] 4d3BerWhen t he

i nci dent wave turns fromcrest phase to trough phase (with negative peak),
t he 3wat actohei Ahkrrew cbaiceige dind cvmeAtrhtos theaimstic @uegly deond thet itercfimiagr s 15,

19 and the water inside of the chanbers 15, 19 becones negative, i.e. the
vat e h@tgigh ah&hﬁc?@asé"ﬂﬁ@b@%élt}léf thé%ate? Fﬁicﬁl@ﬁ@ mhélepolBe water height outside
of the chanber. This will calse the outlet valves 20 to open and cause the

inlet valves 17 to close. Durlng this process, the water inside the outlet
chanber 19 will flow out, resulting in decreased outl et chanber water

the & nt @D PLGER hesniatnlaiabE sins vt phitsao frﬁpe?&aaaésaﬁ St P ghe 27

decreases as the water flows through the connecti duct 22 and into the
out I7Tet thpatssheipht diffigeenge betuieenthe W%eft%’é“qlerﬂfébeé LvdPeand fes Water 27 and
the outl et chanber water hei ght 28 keeps the flow of water continuous.

[ 0034] iRside ef theahakhbers tl iy 181 egods negasivere.eptie twatdr hefght wathe charebayy 15y19

i ntroduci ng heat and water turbulence. Such filters may have a danpeni ng
ef f @ct , is hiptheCthan et w@at leeigh@uslideadtheodhatriblet. ETHik well Wake She dutle$ Oaleed 20stbances

this can allow for high energy absorption efficiency over
10 open and cause the inlet valves 17 to close. During this process, the water inside the outlet
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



a greater range of wave periods. Al so, to help reduce turbul ence,
preferably the generator is positioned outside a portion of the outl et
chamber bwpwemm2ttse partition of the inlet chamber and the/seabtdsons2fs shown
inthe Figs., the generator is positioned entirely outside the outlet
chanber and onIy the shaft 25 is positl2oned in the inlet chanber 15. [0035]
A given location has an average wave energy, average wave | ength, average
wav hel ht and average wave riod.. I n agco ce with a

adv A A R S 4@& adhygnt, sﬁquﬁn?%glaefwwa 18i ven
wave helght wave | ength and wave period. That is, the depth 33 and outl et
depth 3%nbaleyanegdandaptisipreior AgivsA wawe heighie ave tengitoand waverepadt Ehast t he
wor |l d have waves with high average energy, other parts of the world have
waves ws;the Hepile 33 anépaile depthrigymayThevariet @epaidarger the Fiveayodution; sanept h 33
approximately 20 to 50% of the average wave |l ength of the incident wave.

Mor & prgiebaleyworldigavdarivas 33thitogl?d b dee edaHy OdthériRar® e frRaeo@NLelvRivgs h of
the incident wave. Wave length is defined as the distance between repeating

uni tss ofigR1 P RAG ea%e%s@%e%l P1§tﬁeaggﬁo% depdl 33 gtt{igﬁ @lydoast and a

a
trough. Further, 33 0 ein 15 s pr éf erably be
equal tg, h out et de t
orods. SBet BNt $50 gt ‘PF Eape . S40ER P&ef%taﬁtyet eyhtég‘t e same.
Th| heI nsure rel atively_consi. tent flg&%thro (}? ers, which
' tur foR %p%f o 3 B WoYdogin P6 I IBTiGR Waxe p ik [SEtptde lptcggs the.10 show
schematics where a water surface area 83 of either the inlet chanber or the
out 18et dttanasdetwasy rereating peids off prapagating war¢ ef a giyee frequaniciead inchled t he
outl et water surface area, or both is preferably adjustable by a wedge 46
or OGur vazeht aftj 2tobugmsiéurtieh|the demirdaiof theritlet catnber t Hshomld/ pteffieablpbeeqelr f ace
area of the chanber (see

10 to the outlet depth 34 of the outlet chamber 19.

11

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



Fig. 9). An alternative is a water-tight flap 47 which can be adjusted (see
Fig. 10). The water surface area of the chanbers may be automatically

adj ust ed wezedynmrssensor feedback fromthe incident wavesTtacdoismosreponse
to variations of wave energy. [0037] Figs. 3 and 4 show a preferred

enbodi nent of the inlet valves and outlBet valves. The val ves conprise a
mesh panel 35 with a matrix of elastic nenbranes 42. The nenbranes have a
first side and a second side. In response to water pressure gn the first

si dd, t5EPAREH P WREPIFsHLe Qrbth5|smdmge§hetnemhrew repiFistighe Hewml vweerdyr st si de
to the second side, and inresponse to water pressure on the second side,

t he Zrendhusiimg ageigstthe mesh hanel,| tgwebi actingens aloye avayitvialveg Thg atash pandie 3 hmali
panel , thereby acting as a one way val ve. The nmesh panels 35 may be made of
met & , i @asdd of metalaplasitpasd doenposite maddrial, @tcc . ThEledasét asfmtcame @l manes: 42 may
be rectangular. [0038] Fig. 5 shows an alternate enbodi ment of the inlet
and put deglanpadves. The valve conprises a cylindrical cup-shaped shell 37.
The shell has a plurality of slit-Iike openings 38 along the circunference
of the cup to allowthe flow of water. There is a ball 43 in the shell 37.
A spring 44 pushes the ball 43 against the shell opening 45 of the shell 37

to fect.i . |.ose the valve and there is, no flow of water. en there is
wat gt pORSUHE: THEDS b et lel S RRmentit T PrelSed oL S eV heba 1
43, the ball 43 i s pushed away fromthe opening 45 and the val ve opens to
al | ow f9RPrises exlidricatrapsshrred shell She Top pheklhag a pbyalityof sht-liksiorsabws dfng t o
the pressure desired. [0039] Fig. 6 shows another alternative enbodi ment of
t he 8val alesg th¥ kacwaferanca b thecompe aldew thedigv shapter Eliwe¢ is Btrallvdinrihe shell
generally cylindrical cross-section. The shell has a plurality of
9  37. A spring 44 pushes the ball 43 against the shell opening 45 of the shell 37 to effectively

10 close the valve and there is no flow of water. When there is water pressure that is greater

11  than the force of the spring 44 on 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 be readily apparent to those skilled

25  in the art given the benefit of this disclosure.



slit-like openings 38 along the circunference of the cup to allow the flow
of water. One or nore | eaves 39 are positioned inside the shell 37 in a
subst ant iwbl2y10m28munt erenti al manner. When there i s wat ecTpGeeBswoEs20n t he
| eaf fromthe leaf toward the shell the leaf 39 is urged against the

openi ngs 38, which in turn closes theldpenings and restricts the flow of
wat er. When the pressure is renoved fromthe |eaf 39, the | eaf noves away
fromthe openings, allowing flow of water through the openings 38 from an
outside of the shell to the inside of the shell. A second |eaf 39 may al so
be positioned within the shell, with each | eaf having a hem -cylindrical
cross s@8tflohhe @rious embpdigishts of dhe/eadveaaindy hecused alding pr spgemrtapationo t hose
skilled in the art given the benefit of this disclosure.[0040] The vari ous
enbadi nirafesatdy bbdthehy mlar @alvemgndauties edved o endwwaly fin danthepn ptdfarntidiyedlenabl y
both the inlet valves and outlet valves are one-way in that they

prefser endy, aF Wwiteahd O diteerio®f Moat RefekdblR BBtHkhE @Akl Vilves YRS theiugibevaflsy, both
the inlet valves and the outlet valves are positioned on the front and

al i gne : I i i it i OF o] o] e
ey e LR P BRRRSAE AL O ol RGhs Ol o v
device. | | h th I d, th t the fl

of it SR B iy bar i Jrasmaenn Rrdutreiaey Ebs SRLRER othE Brftty 11 ow of
water. Further, the cross-sectional area of the ipnlet valves 17 and outl et

val Ves Senerallys Hs meors theypyrabstof alves wisdiha spratsr il o water sinpathe valyes si ze

of the openings of the valves is related to the quantity of the valves and
to Be deteeprnread chyse dudeperdenty to slkave §gwand dvatkrs iFyriber, the onessiseétiomal drea ofot al
flowrate. In general, the |larger the valve opening, the greater the flow
of Wat ethe thle vtabvek €3 and esilatvahes20 Tdemguat esdenhoul dstmlukbproferabdy posisiide and
not too big that it is unable to close conpletely intinme to

10 The size of the openings of the valves is related to the quantity of the valves and to be

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 resistance. 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 embodiment 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



prevent flow of water, for exanple when the difference in water heights are
fluctuating very fast in short wave lengths. [0041] Fig. 7 and Fig. 8 show
al t er nat iwe 2emunngisnent s of the device 10 where the devi eeThsa00/00082y ed
surface at the front 11 and at the back 12. In particular, the front and
back are generally cylindrical. Theselare preferably used in areas in the
sea where the waves are comng in all directions. [0042] The alternate
enbodi ment of the device in Fig i S substantj cylindrical apd
doug‘hnu%ur‘%ﬁ%pledm?hleom&nOeep?‘ﬁerpgeaerafromeecaomn eﬁfé 2 Gperzobsnvally £ r ont
surface, here, a conplete cylindrical surface. The device in Fig. 7 has a
back 12siBpposithecmbedimeniefl th deviee shownda Figsck-2s dstshewn imhig. duthgdrieback
surface is substantially concentric to the curved frontsurface. In nornmal
operiat i vivesdGwed tlipeneleataloes 2(sara oo dinpfrorg Hé dfithe deviven Aderesard sisaptavadddy
simlar to the enbodi rent of the device shown in Figs. 1-2. As shown in

Fi 9.4 7, intef€hdnibe@vemall Y& &nd duttst dhdrhiber @itk @1 n¥é@l or@sthdQopbethemetide. Thont 11 of -
the device. There are al so provi ded inlet chanber vents 118 and outl et

Cha@eroﬂl%f‘&%n?oe}v&ﬁéﬁ} fla Fsotd?@fefa%gr l9afveta*&§ HRY s erurkhg 20! 'Bglzee% t&%ﬁaﬁr

vents 2 1 may al so pre er y "have cap-| e structure 21 ove

redyce reven f ow of ron1 nci.den ves |nto the
out 1ot SrpaisE B o R e FERIRI! Rardaf e ST e hiiant "wher o, as
in Fig. 7 the device is substantially cylindrical. However, here a series
of inlet chanbers 15 and outl et chanbers 19 are positioned
circunferentially around the device. As shown in Fig. 8 the inlet valves
17 #nd [0A€3]dlie | Sshowslanedendteanate embediment where, 12 inFig: Aethadlevise is There are
al so provided inlet chanber vents 218 and outl et chanber vents 2 1 near or
at tohe dubgawtiallylegliddrwvdateHowever, here a series of inlet chambers 15 and outlet chambers 19

10  are positioned circumferentially around the device. As shown in Fig. 8, the inlet valves 17

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



[0044] Fig. 11 shows another alternative enbodi nent of the device for
converting wave energy to electricity. The device in Fig. 11 operates in a
sim | ar rQArerv/a2¢780he ot her enbodi nents. In this enbodi REMSG2e08(900329 on of
the partition 216 is substantially perpendicular to the vertical direction
as shown in the drawi ngs. The connectilg ducts 222 at the partition 216
connect the inlet chanber 15 to the outlet chanber 19. The turbines 224 are

positioped in the cqonnecting ducts 222.. The turbjnes 224 each have an axis
D ot alPORAAH BE40S b MTbImAHy clEdnpion Bt or 4k Gking CgLaieh A b ct  on
[0045] The device 10 has a sinple structure with |imted nunber of noving
partd (integratedhinte,ampdylagpystanmevhigh pambe igpgrigd entiredy dediedplebghaptber thanber s
15, 19 can be made of steel or reinforced concrete or conposite naterial.
The Jal frem th&top2C andmerhevdd dntiedly and mertiedlhefoablasntgmned whin séressary. be
installed and renoved vertically for easy nmaintenance. The cost

of faprication will be Iow The turbine 24, electricity generator 4 1 and
inertial disk 40 may be integrated into a nodul ar system which can be

i nsey t efhoapf Fi{g?l)’aﬂd‘%éﬁsﬂo@@wﬁ@ éierm&?ﬁo&%em&%tab@oramf é\gglga]aanoﬁgpved

entirely and vertically for mal nténancé when necessary. Fig. 12 and

13 O BB B AR S e S AL ARLIREE I iR

. €
enbodi e erator(s ur hnectng ducts are renoved.

Partjtion 316 between the inlet chapber and the outl et chanber is provided
W o PR eI ramoR g ol sBmbsat Py e M PR GHOF P D en

t he energ of the wave which reaches the inlet chanber, and thereby absorb
at l%as? %aﬁqrfomtmtgﬁbe partitigy helps damapenethe enqrpy pethe waye twhech rspedies ghednlser
simlar to those descri bed above may al so be used. [0047] Fromthe

f or egoi clgndbies @had sherebyaabdordbett ddaktgehricefabe enprgyoof thé waee.t Biltarspn éiecinteed

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.



enbodi nents, it will be apparent that various nodifications, additions and
other alternative enbodi nents are possible w thout departing fromthe true
scope andweppra24P t he i nvention. The enbodi nents di scRETSG2008/08032hosen

and described to provide the best illustration of the principles of the
invention and its practical applicati 34 to t her eby enabl e one of ordinary
skill in the art to use the invention in various enbodinents and with

vari.ous nodifications as are sui tedm particul ar use contenplated. Al .
sucH modifications and variations a in the scope of the invention as
determ ned by the appended clains when interpreted in accordance with the
breddth to which they are fairly, legally, and equitably entitled. CLAINMS 1.
A devi ce for conversion of energy of a wave of water, conprising, in

contdi nat.i on: Adevicofar canvkersiohat kneogypoisd weve dfewdten nemprsingpnsaeibmation:t om
opposite the top; an inlet chanber having a partition, at |east one inlet
val ve at t hea fromtnind hétavle eppdshte tHedporaukop lagd pdbttomioppositentle ap; i nl et chanber
vent, wherein the at |least one inlet valve allows flow of water in one

di rection i idnntehEhdnbe@hatiRgaDaFitiofatWetst e IBRAVRIOE ahRY ifRG Bdtwk&PHE One
outlet valve between the partition and the bottom and an qutlet_ chanber
worts oS LAPIELRAIEEN ANFIRShEAL SRl ok 8P UARIAR LASHORE Y
out let yal allo fl.ow.of . water. in.one direction out of the outlet
cﬁar%berﬁ,{ovégggﬁtﬁég’ﬁw lf?\évﬁ?n H‘(S%h’&d’ﬂllf’ﬂﬁ“f‘ﬁgr;barti Iti on ch)f t he inl e? chamber to

the outl et chanber; and a generator positioned at |east partially in the
conect i ng ARQutighehambse haiag aldeast one outlet valve between the partition and the

9  bottom, and an outlet chamber vent positioned between the partition and the top, adapted to
10 maintain atmospheric pressure of air in the outlet chamber, wherein the at least one outlet

© 11 valve allows flow of water in one direction out of the outlet chamber;

12 a connecting duct connecting the partition of the inlet chamber to the outlet chamber;
13  and
14 a generator positioned at least partially in the connecting duct which generates

15  electricity in response to wave energy-induced flow of water into the inlet chamber.

16

17 2. The device of claim 1 wherein the generator is positioned outside a portion of the
18  outlet chamber between the partition of the inlet chamber and the bottom.

19

20 3. The device of claim 1 wherein a top to bottom direction defines a vertical direction,
21 the generator comprises a turbine positioned in the connecting duct, and the turbine has an
22 axis of rotation in the vertical direction.

23

24 4, The device of claim 1 wherein a top to bottom direction defines a vertical direction,

25  the generator comprises a turbine positioned in the connecting duct, and the turbine has an



electricity in response to wave energy-induced flow of water into the inlet
chanber. 2. The device of claiml wherein the generator is positioned

out si de awWpaptH/@3#780f t he outl et chanber between the par PCTiS6GRA008/00433¢ | nl et
chanber and the bottom 3. The device of claim 1l wherein a top to bottom
direction defines a vertical directiod8 the generator conprises a turbine
positioned in the connecting duct, and the turbine has an axis of rotation
in the vertical. direction. 4. The device of. claim.1 wherein a top to bottom
di r det | B YdPiatien ina girgtiopqe @Bgf%?‘et"ﬁ%“zééﬁr@fn&?‘br conprises a turbine
positioned in the connecting duct, and the turbine has anaxis of rotation
in &direction perpendicular to the vertical direction. 5. The device of
claiml1 wherein the connecting duct has chanfered ends connecting the duct
to the 3.nl etThehdeniveof aladimtlowhéreindhe ¢@nectingduet hasghamiwrediendsconndctiof diem 1
further conprising a filter which filters water flowng into the connecting
ductd 7ducTteehe avétehambercdndi tortile MRt eiambehe front has a curved surface and

t he back has a curved surface. 8. The device of claim7 wherein the front
and ¢ he back are generally cylindrical. 9. The device of claim1l wherein

t he outl et chanber vent is positioned at one of the top and the back,
wherei n. t he t r t I Js out
rom trg outl EoeElos S SRt Nk B e TR Rt et Rl PO PSP o
aver.age wave. gglgr gy at a given |location, wherein the average wave energy of

vat €r  fOPREINELEET "t hrough the inlet valve and into the
8
9 7. The device of claim 1 wherein the front has a curved surface and the back has a

10  curved surface.

11

12 8. The device of claim 7 wherein the front and the back are generally cylindrical.
13
14 9. The device of claim 1 wherein the outlet chamber vent is positioned at one of the top

15  and the back, wherein the outlet chamber vent allows excess water to flow into and out from
16  the outlet chamber.

17

18 10.  The device of claim 1 further comprising an average wave energy at a given location,
19 wherein the average wave energy of water forces water through the inlet valve and into the
20 inlet chamber, filling the inlet chamber to a water height which is between the partition and
21  the inlet chamber vent.

22

23 11 The device of claim 10 wherein the inlet chamber has an inlet water surface area, the
24 outlet chamber has an outlet water surface area, and the water surface areas are adjustable in

25  response to variations from the average wave energy.



inlet chanber, filling the inlet chanber to a water height which is between
the partition and the inlet chanber vent. 11. The device of claim 10

wher ei n twe 20mle2t7schanber has an inlet water surface areegl/SGhespuiet
chanber has an outlet water surface area, and the water surface areas are
adj ustabl e in response to variations flomthe average wave energy.12. The
device of claim1l wherein a cross-sectional area of the connecting duct is
snaHIer than a cross-sectional area of the inlet chanmber. 13. The device of
claim1 further conprising an average wave |l ength at a given |ocation,
wherein the inlet chanber has a depth which is about 20 to 50%of the
averlagel vav el heedfyiqs.of tlaim trhuhegeipjacgosstseetioiaharea ghte pnnacHag dugtds sallgiber

has a depth, the outlet chanmber has an outlet depth, and the depth is

genér al thyn egquoas-s¢ationdleraauifltee indd ghémba&r5. The device of claim 1 wherein the
val ves further conprising a nesh panel and a nenbrane having a first side
and 4a second side, wherein in response to water pressure on the first side,
the nenbrane flexes to allow water to flow through fromthe first side to
the ssecpnd stgledevARGrlchith ASRARS ohfpridiledin RERRE Wale RN a$8Ndcatioge. the
menbr ane engages the mesh panel to restrict the flow 6f water. 16. The
device | aj i I len i

ol w1 Eheri ke M Eirhal HRedR Wi BABRuCRIRS0E0AnE Whie ettt ¢ e
| eaf, urges the | eaf against the openings, which in turn closes the openings
and restricts flow of water, and when the pressure is renoved fromthe

| eaf, the |l eaf noves away fromthe openings, allow ng flow of water through
t he Sopelft- ngsThe device of claim 1 wherein the inlet chamber has a depth, the outlet chamber has

9 anoutlet depth, and the depth is generally equal to the outlet depth.
10
11 15.  The device of claim 1 wherein the valves further comprising a mesh panel and a
12 membrane having a first side and a second side, wherein in response to water pressure on the
13 first side, the membrane flexes to allow water to flow through from the first side to the
14 second side, and in response to water pressure on the second side, the membrane engages the
15  mesh panel to restrict the flow of water.
16
17 16.  The device of claim 1 wherein the valves each comprise a shell having a plurality of
18  openings and a leaf, wherein high pressure water against the leaf urges the leaf against the
19  openings, which in turn closes the openings and restricts flow of water, and when the
20  pressure is removed from the leaf, the leaf moves away from the openings, allowing flow of
21 water through the openings.
22
23 17.  The device of claim 16 further comprising a second leaf, wherein the shell has a
24  generally cylindrical cross section, each leaf has a hemi-cylindrical cross section blocking

25  flow through a portion of the openings when high pressure water is introduced to the leaves.



17. The device of claim 16 further conprising a second | eaf, wherein the
shell has a generally cylindrical cross section, each |leaf has a

hem - cyl iworbmalz4mnoss section bl ocking flow through a portsicamsesbozeine

openi ngs when high pressure water is introduced to the | eaves. 18. A device
for conversion of energy of a wave of 20ater, conprising, in conbination: a
front and a back opposite the front, a top and a bottom opposite the top;
an inlet chanber having a partition, at |east one inlet valve at the front
bet ieen t he top and the partition, and an inlet chanber vent, wherein the
at |east one inlet valve allows flow of water in one direction into the

i nl & cHanbek devipe turtchbayersihnwbercrgyaef angave of watet, comprising.livtcombimatiobet ween
the partition and the bottom and an outlet chanmber vent positioned between
t he 3parti ti anfremcint Aeatlopppaaiiafieetbnt,a topiand aibbttah pppdierthetapt essure of air
in the outlet chanber, wherein the at | east one outlet valve allows flow of

water in Oneathreeéﬁdn%r Ain@h phARicAUit &kt GlRaAREValvIRELE fdnt HAWRAT theti on
defines a plurality of perforations, and in response to wave energy-i nduced

floy Oftaiﬁ\@ltlc?{he pg}tﬂlotnhgnd éﬂl falet %Heﬁ'ﬁ@e? rventa&/h!ix%ﬂlstﬁle Q@fegst%ﬁue Erngt WRESIBRE" 9Y Is

abso

6  flow of water in one direction into the inlet chamber;
7 an outlet chamber having at least one outlet valve between the partition and the
8  bottom, and an outlet chamber vent positioned between the partition and the top, adapted to
9  maintain atmospheric pressure of air in the outlet chamber, wherein the at least one outlet
10 valve allows flow of water in one direction out of the outlet chamber;
11 wherein the partition defines a plurality of perforations, and in response to wave
12 energy-induced flow of water into the inlet chamber, at least part of the wave energy is

13 absorbed.



