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BATCH- OPERATED REVERSE OSMOSI S SYSTEM W TH MANUAL
ENERG ZATI ON RELATED APPLI CATI ON [ 0001] This

W@ppblgAaré on is a continuation of U S. utilityPCT/US2009/030431

application 12/237,448, filed Septenber 25, 2008,
whi ch clainms the benefit of provisional application
61/023 948, filed January 28, 2008, and the disclosure

o BT RRI RS, DOMERIBA AR TH SO0R1

rel ates generally to reverse OSnoSI'S syst ens, and

nore specifically, to batch-operated reverse osnosis

syst ens using nanuahuanQTED;QpPEHgAﬁyy&«3¥JJVD [ 0003]

The statenments in this section nerely provide

backPUUHd i Hridr arnlication el apegorténuetian ppbskrit utility application

1 2§9|42§urf?e(9r§% POES 096](% {Nltﬁ ) B[alrgg ﬁrtb 1{699 041] provisional
SVErSe 0SHDST S S effe are used t Fie

apyelicatior rélm%r,%lsl ﬁlhd Olans&§ 28t 2008, /-\almar’tbdf aﬁ&l()sﬁrd.lfbédthese two

that restricts the flow of di ssol ved sol i ds

aﬂﬂ@?@?%ﬁ%ﬂﬁﬁﬁ“F@@% By referepsrdicEdnosmosi s syst em i nvol ves
pressurizing a solution with an applied pressure

greater than an osnotic pressure created by the

di ssol ve salts w thin TReOddCALI IdELDThe osnotic

pres eneral ly.. ortional to th

Cono LY, } iR Sirant ifloirectsl P st ey siag gemosis systems
RS MRlok & sﬁ&%&ﬁ%éﬂ[}ﬁ 100 LRRUNErRES TSAYRT @sb&H 4 tehﬁe using manual
ratio of the salt nmass to water mass tines 14,000. A
comgizpieorcent sol ution of salt woul d have an osnntlc

pressure of about 140 psi. Ccean water typically has a

3.5 percent concentration and an osnotic pressure of

490 psi. [0006] Water exﬂ«ag@g@tnmpn1a reverse osnosis
systemis called perneate. gi ven body of saline

sol ul0M]i s Proovesments Eiytm&}%ec?l@vgwgééy B i backgrebrdiipdormation
rdiEq BOME %Fésgﬂtdls%ﬁ]o Qe efnlaqn%pﬁol{ {Eltﬁt@ lph?f: Lgased. At
sore point, it 1s no Ton

[0004] Reverse osmosis systems are used to provide fresh water from

brackish or seca water. A membrane is used that restricts the flow of dissolved solids
therethrough.

[0005] A reverse osmosis system involves pressurizing a solution with an
applied pressure greater than an osmotic pressure created by the dissolve salts within the
solution. The osmotic pressure is generally proportional to the concentration level of the
salt. The approximate osmotic pressure in pounds-per-square-inch is the ratio of the salt
mass to water mass times 14,000. A one-percent solution of salt would have an osmotic
pressure of about 140 psi. Ocean water typically has a 3.5 percent concentration and an
osmotic pressure of 490 psi.

[0006] Water extracted from a reverse osmosis system is called permeate. As
a given body of saline solution is processed by the reverse osmosis membrane, the
concentration of the solution is increased. At some point, it is no longer practical to
recover permeate from the solution. The rejected material is called brine or the reject.
Typically, about 50% of recovery of permeate from the original volume of sea water

solution reaches a practical recovery limit.
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recover perneate fromthe solution. The rejected
material is called brine or the reject. Typically,

W@bwandABd9o of recovery of permeate fromthe orPgi/Es1009/030431

vol une of sea water solution reaches a practical
recovery limt.[0007] Referring nowto Fig. 1, a
reverse osnosis system 10 is illustrated having a

menb arr 120t 9gner at.es 140
and L gr i]ne Ig%f?ear% %f?%a 'fee g?f%%%%ﬁ%ﬁﬁ@é%? ustrated
hetingamdBbiypihcay 13 thangbuctass bpackdashstorans bhandis drine Atream 16

f eed np 20 coupl e 0 a or .22 pressurizes the
fioBb Fes( DS LS - t D% e é%%ﬁ“ﬁ%&%?ﬁb@&?@?ﬁ Yekapl) @psca water. A
ALKy LOSITBIRr BNE ndftd2¥2 besshiPRO8he TOY RRLARAE Qo the required
stream 14 is purified fluid flow at a | ow pressure.

piRiseurd flowewlsich eetmisitbe imsmbrdncgivey 1pr essure stream t hat

cont ad di ol ved mat eri al,s .bl ocked_h: he mbr ane.

e BoduB1C P S e TR R R R RRRE B AT LR IR Pisure. The
bligWBtrednh 86 i & BigheepreSutEarBatBthatl EtATRN B e Rmb@Yiall Dlocked by
requires an exact flow rate for optimal operation.

, A
ther mprabrane.o thhe drepayrg o 3e e Pecaps Ealistanly slaghtlyt lewenthan the feed
h r t ak )
G BB B B A PR P .
brieathrevile vaharaaheyr bstisedSo regiddic @ flouttiroggh the@embrane array 12.
menbrane array 12 may al so be operated at offdesi

Chapasst {458 s PEAC afue rF@)r/g‘é%ES/ tggmRgrgureThelingpg aﬁuﬁ‘ﬁllngsn membrane

- iy b
BARLERCS Jueh léF ﬁ%br{gol T‘ﬁ@'ine\‘rﬁfr;!ln’% %r?aﬁrr g%‘g}ﬁfn%seogf)@%ﬁé{ﬁéd at off-

requi renents. n genera
dpyigrs sandgtidm oneaseserparcyeasie. fJho derclt pummpisg slystem is required to meet
conversely, a reduced feed pressure reduces perneate
VERHHBOY GHY PRSI ESANIRE Gr T ay 12 |5 required to
Mai N{E80V]2 SIRG&hElaL arlﬁgh’éf%é/d T%Y‘éhs‘ﬁ?e IRrdab& dedthb@e Produlfon and,
perneate flowto feed Tl ow. e feed flow or brine
covevsely, kevilwed feggupresssra wdudcatpiconeat p®Uogtiogh. The membrane array

retreatment _system 2.1 may al so .be.provided.to
1SR B et F b it R v PE sEE s 965 ppeate flow to
fRdgiowe at ieRtd Sy&teR Bride HotBikchescusdrds@egi@aine sol i d
materials such as sand, grit_ and suspended materi al s.

Each[@1Qlhe & psdstataent Sysematd max plsaibsgrondedta prettrgat the fluid

R PR h 0o, TIVRLAELE GRS LR TRk ol
niaerlabaduch rus Shadd, ghitiadd isbispeatedimacrialst hEddheofatd ieinbodin@dts below
Medi um and | arge reverse

i&xﬁ&d@‘og 1?51:{%% g?tgigflfd\éﬁﬁqglgﬁ%@% Heluderi e epgapntsyyem 21.

PUMPFo L] The MRS oRAERiE. 7,8 Sl MBliMithOW 625k FANT is illustrated
with the addition of a feed throttle valve 30. Medium and large reverse osmosis plants
typically include centrifugal-type pumps 20. The pumps have a relatively low cost and
good efficiency, but they may generate a fixed pressure differential at a given flow rate
and speed of rotation. One way prior systems were designed was to size the feed pump
20 to generate the highest possible membrane pressure and then use the throttle valve 30
to reduce the excess pressure to meet the membrane pressure requirement. Such a
system has a low capital cost advantage but sacrifices energy efficiency since the feed

pump generates more pressure and uses more power than is required for a typical

operation.
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good efficiency, but they may generate a fixed
pressure differential at a given flow rate and speed

W@R00909HAT6 on. One way prior systens were desi gherUSmg9/030431

to size the feed punp 20 to generate the highest
possi bl e nenbrane pressure and then use the throttle
valve 30 to reduce the excess pressure to neet the

menb pr r i rement '
OPE2IP SRS el B BIPY! anofE By rff5! SRR Sl low

capi age sacrifices ener
chdrhdtaiignsys ®i ailden vdrebicefechupneypdigends &t @sratertie motes 2Arvehich, in

and use re power . th is required for_a typicgl.
U Beraiobiibt 0 AR P AP Lo TRiy %,feeg.l%gmefb is operated at
vas€pdearosahi¢h M8 higphiRSHHietd tQUireRaRACTRE halidits frequency
is to add a variable frequency drive 36 to operate the

drioesod6 22 evricosiye iwitht large, capeaiticohrd chrsuopertmui tneopetchet of the

feed, pu 0,, Thus, the feed pu 20 i s operated at

PO BF TP i VS ey iore e PR o ectur o
r equioGIBINt . RIBRiIngaowARI g f4, Q0N SRAYsi I hv@ShaAGl 1@ tRted in Fig. 1 is
expensive with large capacities and consune about

iljystrated peine dhg sapme rohreprsviBrmardat Indus embedisen, dydeaplic pressure
‘ | Rof ol .
4808 LOuLI5 EHIRY BN ¢4 00 ARoBPPSFER" R &, Fihr cnrey

fiokl thetbrAkatcuai 16y ThHepwaiportioh el2esmdehs wrbmalportidnd4 Biescoupled

embodi nent, a hydraulic pressure booster 40 having a
(QRGHST patiea epmEon shvft 46+ JFish mErspy Tasm thesbrine yiEcam pagses through

tHSGAN R p&rRGH Q% v&{hlr’i]cgf'@ta:i‘ll?ﬁ tﬁée LG & {530 6nd I tlﬂF’ ggrnp portion 42.

portion 42 an portion 44 are coup
Tho getipgrortait #2 aaiswrtho fieed pafdsuGn th (ied prreamuiBe Thigmcreases the

the brine stream passes through the turbine. portjop 44
CURE AR ChraD BT c1 TGP0t 4P PRerai s aPTHoD s Ffpgressure

rQRrkmeRt 2 thel MEmBEAR aBQ@Y 1PN 4%t 2hs §&edt fifnf 26dnd motor 22 may
pressure in the feed stream 18. This increases the

be nshugsd efsidecimmeayrediced hmogyisafgmessiias trgoedby dem.

Por - IREmobdhelndme & 3% nof RhESRY HEnkERD W pyavte o

pasidonTRE QithdRa Memtiend SECETof HncSdZBe qira@@sfﬂ%@ dy@ae@trated. The
amount of pressure is required by them [0014]

clRercat ¢ mgludewlcpeesmif gnensbrang materplatiappe ¢ sipe! eepdiguragion and
bl e Y g ;
PRI AL B R0 BB LRI PR TR RSB By s
nfebhbiriel dhdes gledvashet sivephiitartie faldrdidd atichgp@ed dentral ermeate
spiral configuration and placed in a thin tube

2 of
Pt i BPaceughisei@ot phosyry kagr thepmendBRBRes: drome a?l?apsi%g under the
apRRAEI e BR EL AL S BhS oA Yetle AbnttARLaRlyARFinthd Hirection

e fourth side attac to a centr per neat

indicated by arrows 66. The solution or feed flows axially along the membrane element
60 and between the leaves 68 and exits through the high pressure brine outlet as
indicated by arrows 70. Permeate is collected from the leaves 68 through permeate pipe
64. The pressure of the permeate through the tube 64 is essentially zero since the applied
pressure is used to overcome the osmotic pressure and frictional losses of the flow of
feed material through the membrane.

[0015] Referring now to Fig. 6, a pressure vessel 78 that includes a plurality

of membrane elements referred to collectively with reference numeral 60 is illustrated.

In this example, three membrane elements are disposed within the pressure vessel 78.
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pi pe 64. Spacer grids (not shown) keep the nenbrane
sheet from coll apsing under the applied pressure. Feed

watavdam enters one end of the nenbrane arrayP@DUBI909/030431

the direction indicated by arrows 66. The sol ution or
feed flows axially along the nenbrane el ement 60 and
between the | eaves 68 and exits through the high

[ a
ERETS Ao O o Pl Bl P DORERAE, RnBP Ty cxemple, e
nperbresat elepicps @4, 6Uhendr &ksarceprovidbthen ghe measerct Vessdigrs.  The
the tube 6 ssentia zero since th lied
pisvsut Sraeh § WS iy S S Rl gt il pREEssP gabean 82 o
tﬁea&Itlep&?d FQISE sntRfdub ieintd AW IQ@SS&%%SME@&%Q!HGE%IP&%@ arrows
the nenbrane. [0015] Referring nowto Fig. 6,
Sﬁressure vessel 78 that includes a plurality of

ts ref rred to collectiyvel it h )
e ol E0fe ) TR e bRE & PEbES: ShenLblfag g placed in
sérivs ee paeiThiuBRguelteaenest aXttactl aPasaftr Wirhdlin® dfhfermeate than the
pressure vessel 78.Each is denoted by a nunerical and

Pecptiap sleimeat dygileriniingregsing epmaticpresguiepsing deergpsaeg applied pressure
c&ﬁg@ rt)gqﬁct%n%w %e‘% %‘H éﬁeo Rleﬁﬂ)gangoe(ierﬂénq p v ‘9)%? cglgnée ®he final

ressure vess ressure vesse

efehfeﬁt 6@nNthag ppoddiQc atrytlitete ipB]lfimHateﬁ nﬁh@pﬁmm@mm enlitceagermeate
82 at the outlet end. Feed is introduced into the
figpeeaeh of thegugpbrapg clepenigiofeéPson of the arrows 84.

[ 001260 hgr o %ﬁ%ﬁéﬂm&se $§ﬁos§sh§é§%ﬁn§%%5t@§]§t a@lc@rm ressure that

60a In series. sequent ele
issdvelaptd atths fedd pmaduiibe ofsulpey theasrectdesnoftdpplicd pressure at the
[ noti c

recedi ng el enment due.to an, i.n n
5 GBS (B0Y BAL Ry B P B gt T Egircats jrection which
nfa§ Gl lo RNk ﬁ&ﬁﬁﬁﬁes%tﬂé' dundaB8d. mﬂ@rﬁaﬁm@hﬁ%@t&m&ﬁ 68c may have
consequence, the final el enment 60c nmay produce very

ap |und¢serablerr lowatage offbxirgseionedtieh piapercadt vopdrecats with an excessive
om ea h of the nenbrane el enents 60a-60c.

FBBT7?S%tP o8 P_ver se osnosis systemoperates at a

cons{@oM8]pr ersufrRgtival to Bigdevehapediyadpethed feefle Pufbsis system
20. The result is that an excess of applied pressure

16Q istiHustrateds tA riesabiodnd2anaale figd vk seavater ogether brine solution. A

PR BRR L AU BTN G 4P GETTO0 Br S ERF AT R R02. The

pehgAtraicEicthopyeshav o f die ftodlesd pabides Itlmpm@ﬁmzaf feed to a pressure
extraction which may result in _perneate wth
veseelo LU} b g R sAes b hgtsin. aRfTigR|coproduced throuigh the membrane

exits the pressure vessel 108 through a permeate pipe 112. Brine, under high pressure,
leads the pressure vessel 108 through a brine pipe 114. A control valve 116 is used to
reduce the pressure of the high-pressure brine stream in the brine pipe 114. Once the
pressure is reduced in the brine stream through the pressure-reducing valve 116, the
brine stream enters a drain 118.

[0019] A control valve 122 may be used to control adjust the feed pressure
and flow required for proper operation of the membrane 110.

[0020] Referring now to Fig. 8, another embodiment of a manually operated
reverse osmosis system 100’ is illustrated. Many of the components are similar to those

set forth in Fig. 7 and thus are provided the same reference numerals. In this
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[0018] Referring nowto Fig. 7, a manually operated
reverse osnosis system 100 is illustrated. A reservoir

waomeeim7be filled with seawat er or ot her bri nBCT/US2009/030431

solution. A manually operated punp 104 having a | ever

106 draws feed fromthe reservoir 102. The punp 104

rai ses the pressure of the feed and provi des the

) , Z8de Uiy Vit Th

oBESEMEL SRR RREs NERSEle MBRRE, T cnersy

rafmnhlyadfezlcexl4()s rdcheepities brine froms sied hiphSredsnubhnapipe 114. The
erneate rine, under essure,

ofiiey presedBria d e b irmialign e Grhh S5F Bt mSly 138 tha

1&9[565 leer@| ol 182 tdt US@AntQed &Y ?é:édtptﬂs‘%orp‘i@@%‘th% &fnnectmg rod
hi gh- pressure brine streamin the brine pipe 114.

léfnc eTltehbrup?r estur &4 snayelhye e largernt hiemigter ribans theeterd plston 144 to

| 116, he b
a%%om b P B TR L Se S DB SR LB LD gt Aftprpgnneting

be used to control adjust the feed pressure and
|OM/r uired for proper operation of the nenbrane
110. Qigl;JO] et @Il‘tqu}‘]geC%WYt devimegrecgyves frgdhbrough a feed pipe 150

S?/é%t 1%“ ﬂ?{ﬁ&d %Brn WH?IH 1 élgt%g I\@B&e ges}@ﬁ%ﬁéﬁ%o g%fgl?]cg In grs tPe energy

r&ontryadevice I4!Dﬂﬁ01$gﬁt a foaetvimyi ﬁalet d52.7 @indbrtpressu@r fom within the
provi ded t he sane reference nunerals. In
CROTRY BIFRYRIY HericS [4h ety 1 3eel8%ery device 140 is used

in trﬁ’oﬂ ] ”e“E{ dricfdy) reg&%rﬁﬁ@{]?%hﬁ@ﬁ%vﬁf é(ut%?‘féeﬁgo 4054 that is in

recei'ves 't he brine”from pressure brine pipe
ﬂﬁMcorﬁmenxemwwlthebewee%ydem\@ey #4dchago ahrough a valve 156. The

recircul at devi ce su assenbly 138 . .. .
VERESE el alrRbed e Vit aTndu e o et G e Rt sitq dircction
tiinf BRI PO [‘5214Fof"\%§éi‘nlﬁe CRRBEEE | &k siRtin kA& feeﬁhﬁlebfi()nﬁ higher

pi ston 142 nay have a larger diameter than the f

tiginghe mrepaure tvothae eorhrmdat ¢6Q radgsemteto] the pestont i, f@@bﬂuld is input

i s AR aRE oy P Baby Tabi L TPREE AR LI the vatve 152

cloBésOa@hvadved ERDoinp @nd %Q)VMHS (éhhlgﬁerllﬁesfshﬂél fded into the pressure vessel
comuni cation with the fluid reservoir 102. Fl ui

18%t eYadve-Hmingn eqyipmeric Hide pdmige highepressore bitsutshthg energy recovery
dONE:s YRY 1& %Veg{%g? %reeo?ﬁg \?/sa‘{{n{ (m%g%ﬁcrﬁl Ouubl€the feed piston

ener gy recov evi ce oses
10062 2)crddze tlempfegsmre ef ohefe,eddewl the hlgtOpieaﬁlralfeedumhmfold 166. A
i hat is . in fluid comuni cation with the

f eed 154 t
S@%E@e@i/) 1 é%i-“eﬂ‘;f/‘ QBYIEBE 190 1%%9@}%6@ Ig%ey Betyusen theyfaigh-pressure

side and the low-pressure side of the energy recovery device 140. When the pumping
stroke is complete, the piston assembly is moved in the opposite direction so that new
feed is admitted into the chamber 140 through the valve 142. This causes the brine to be
ejected through the drain 118. A motor or other actuator may be used to move the piston
in the reverse direction. The actuator has not been shown to simplify the drawing. The
energy recovery device 140 only pressurized a feed flow equal to the permeate flow.
This eliminates work otherwise needed to pressurize the flow that will be rejected as
high-pressure brine.

[0023] The embodiments of Figs. 7 and 8 may also be provided with a

multiple membrane element pressure vessel as described in Fig. 4.
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val ve 156 may al so be a one-way val ve. The val ve 156
operates in the opposite direction than that of valve

waz@9/rare exanpl e, when the pressure in the ferdl/UB1989/030431

150 is higher than the pressure within a chanber 160,
adj acent to the piston 144, feed fluid is input into
t he chanber 160. Wen pressure is high within the
cha 60, v So e

ohd'&syal hes 138 RRef
andngﬁ%Jﬂdes a hﬁMﬁef{ essure %&gnto tﬁ% pressure Process
opasselat 10 8onsitmk \peestsmrm dEg’ebgeli rbxyetthb ft&dt pachpi t Examples of this are

.hi gh-pressure bri he. ener recover evice . 140
ﬂruég?ﬂeﬁ' 'Bh kgve Nt es&* t et gp Iﬁﬁe%SPEFr]¥efgzpw dht Hhat excess
Fe@k’t?r@% ddpEcd eede Bb%hﬁ’ﬁl gt thd Beth DGR 388y WH@TGQB@ §§H6t?c Aﬁ%ssure is
into the high-pressure feed nmanifold

r@ata&feﬂy bemal Thig &@eraaét ke uwdeneabty Ingh rad oinﬁ'meatemx@‘aetmn which

ses b tmee ssur i nd the
C%@%IB%%G B RSSO s PRI, Bt S5l PombiRe stemggt where the
n%fb@s&é'ﬁ@'h@ filaly HeQe 128 GRIREIBIE Jow etedSE@Riction which may
asse is nmoved in the opposite direction so that
resalyif @é@l’m@tea‘{dﬁlil 1 @XPCPHYQarnent oh sgid eentammation.ough t he
val ve 142. This causes the brine to be ejected through
the drain 118. A notor or other actuator nay be used
to nove the piston in theSUBNARY direction. The
actuator has not been.shown to sinplify the draw ng
The Eé\(éﬂy r BRSoRFEISIt disgioswe PAQVigst ayreﬁfs@g SFMPSis dysaemé% allows
I t S
U R ol eRE LTTE Gl Ming e Sl PrBRE P Lying the
pres;;wcteﬁdrgasmtﬂtlgg qxnesswrwe@urasecan[maﬁ]ldérdqas well, a hlgh enough
enbodlnentg of Figs. 7 and 8 .al so be provided with
PEESHT {18003 ARHISY RREDASRERDS BRALETE vessel as

descyod®s] | Nnfong asﬁjec{ mgéhls@&§u1@5@%éh RfveRE bShodiS ¥Rl in fluid
osSNODSI S SySt ens i s that the prOCGSS operat es at a

cemnRIMEAtop Me@;ls?l.l floiddeservopanclivgest st dedsipaifpyinEeanpleg yalve in
of , this are

i oPfp oo ThES iRy it abSah Shdita Mbssfre vessel

hayiR} ke dloabattdEnHOGHINA ARG Al ah e seRRNE AN REMBYAnBARHEsed within
the osnotic pressure is relatively low. This may

theesegond ¢nd kayingnd esimbageyinlet, @m@b@népuﬁgrm@d At the second end
a@%% é);%ﬁ‘h%agg oﬁ\{]elﬁ[ h]; %ﬁﬁtgﬁlnan%? éﬁﬁ:@ﬁig a k< Iong%tﬁllp alsposed within

thes fint icad pfehs wishgated Nirgh  MEhe fb@ltéul@ﬂibmpd&ﬁll dethiey o ﬂwd volume
rate of extraction which may result in a perneate wt

bgfivegn éfees@fswlaér?@mt%ﬁn%%e@%hﬁaaﬁﬁﬁa@qnéFPt SIRARpRYNC flet. The

system includes a plunger disposed within the housing and an actuator. The housing and
the plunger define a chamber. The plunger is coupled to the actuator. The system
further includes a hollow pipe coupled to the actuator, whereby the plunger, the hollow
pipe and the piston move in response to the actuator. The hollow pipe has a port. The
hollow pipe communicates fluid between the chamber within the housing and the fluid
volume within the pressure vessel.

[0027] In a further aspect of the disclosure, a method of operating a reverse
osmosis system having an elongated pressure vessel having a first end, a second end and
an outer wall, a permeate output and a brine output includes forming an annular space

between a liner and the outer wall. The method further includes positioning a membrane
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[ 0025] The present disclosure provides a reverse

osnosis systemthat allows the pressure at the
WOoreoshogmes t o be varied during the batch procesBCT/B§2009/030431

varying the pressure energy wasting excessive

pressures can be avoided, as well, a high enough

pressure for good quality perneate may be naintained.
wWith2 8k 11ddr BPFosae Qﬁ&hrs?fen& Bfidfé' ngisgl%%e%sel.a ’Iﬁ’l@trﬁghlbrane has a first

reverse oS 'S systemin ui'd communication wth a

fdcde wind ar esard/Gice. iThe Inudlesd alsé incdideh dursiing aHfhnd ngluare between the

inlet valve in fluid comrunicatiaon with the flujd .
Tk, Bf e TREDERS: B APSEOT s 9o B dar b Chaalsg in a firs
dheMioRgcAmEhR gt 8 d ihtB&rchWinblr @ rfpbfile ©REnANAg fhe plunger in the

second end, a nenbrane di sposed within the second en
finddimefica, agnddmatbe phinger, inag seeerst dingstiont dostmutiiegpmgdtiridifrom the

G SR8 1) FOE, PEUTERSRo T el AR et

bfihé $luideREmOthe tsbéondl RBYBF B MmbMBFanc ThWardahit st @i Sthe pressure
pi ston defines a fluid volune between the

vesseli theengt thenansiukr chamber, tedusEieb parmsatgdihaeusht the gngplrane and
nbr i Bl T [ a plunger disposed
C%ﬁ uﬁﬁgﬁﬁéﬁﬁg%g?ﬁgggﬁ%ﬁéﬁB%%%%%?%%&'The housi ng and
the poo28jer FKlefhcnearaac hemapplicabiiey pivilhgigsicoins appyeted from the
to the actuator. The system further includes a holl ow ,
dpscpiation ppvadsd: bereiRe Iééfv‘%@&ﬁ,u%ﬁ@?@éyth%@e glesgiggion anespecific
RIS R Al PR AT ioh Dol PRECME ol fucrda to limit the
soprfi thieqatest disaloghrbet ween t he chanmber within the
housi ng and the fluid volume wthin the pressure
vessel . [0027] In a further aspect of the disclosure,
a nmethod of operating a neyRKSR@ESNDOSIi S syst em havi ng
an el ongated pressure vessel having a first end, a
secol@02Hd ahw dnwmgsateswitiell hezeip erarivatiBusitatipn pugnedesgonly and
brine ou t,.includes formng an,.anpnul ar space between
o e P b e R PRl OGS
i ncl W]DOSFiF.! DR @h@mARNIERIOE WipkiBE: FevERE obhBEs system.
opposite the first end of the pressure vessel. The )
nmenbl@¥ElIhasFig 2iis gtscheptiqrigwaokat ghermptgauior gigreverse osmosis
Sﬂ%&HOd al so includes formng a fluid volune between
e first face of the nmenbrane and a piston, actuating
a pl (0QB2] i rFig. 8haabehermaticavibwr St andilic Plriodart of a reverse osmosis
communi cating fluid into a chanber in response to
Se¢¢¥Mati ng the plunger in the first direction,

act ugho3d] t e oplugaRh P Nhe@ SEELIRM art configyration of
com*rg%){ﬁti ngg'fl ﬂllggﬁ?r gmsté%ezﬁagﬁaﬁ%er&fntﬂg%?hae FRugreen ot @
ravelsgrsmopasgiteryg. brine fluid through the nmenbrane,

reci E&d&f]t | nfglg. 5 is a perspective view of a prior art membrane elements
according to the prior art.
[0035] Fig. 6 is a cross-sectional view of a pressure vessel having a plurality
of membrane elements such as those illustrated in Fig. 4 according to the prior art.
[0036] Fig. 7 is a schematic view of a manual batch process reverse osmosis
System.
[0037] Fig. 8 is a schematic view of a second batch operated reverse osmosis

system having a piston energy recovery device.
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brine fluid fromthe second face of the nenbrane
toward the first end of the pressure vessel through

W@ b@oasmoé ar chanber, produci ng perneate throuRgiT/UR209/030431

menbrane and communi cating the perneate fromthe
pressure vessel. [0028] Further areas of applicability
w || becone apparent fromthe description provided

her egﬁb d % i c gubqs QeSéﬁQIqlg{lé i eng&%@?ln&éﬁ? oq}easﬁéft&lp%¥&%ss reverse

and Specl xanples are in pur poses
ohhbmsﬁm&mnmmonhhguahdpameummmkmntended tolimt the

scop ent isclosure. 0029

dr amf‘?fgif’l B hrbTa ey 11 SUSERbITo foTion Of the batch
p%%@%@és@@dosﬁ@s@ﬁfomﬁurb gtended to limt the scope

of the present disclosure in any way. [0030] Fig. 1 is

a schematic view of a prl or reverse 0OsSnosi s system

[0031] Fig. 2is a [ [ alternate

prior art reverse oiﬁ%@gg&gig¥§§$h€%6gg] Fig. 3is a
sche[@040] ViEw ﬁﬂlog««s%m crlpﬁdnplis AletelPlex@npl@Me S fature and is not

osSnosi s system i s anot her schematic
inferled 6o hantpt:hfs @resamttdl 111 amltqatmn of uses: s pyepasehefsilarity, the

sg'r}{% lfeefgl] n%éeogl'l)’tﬁﬂ) rg il b% us%d %1 @?r&!&?f%gts \§ 1&&?% ?{rmfa e'ién%nts As

errent S

ubdd0hdin Hihg phﬁlsd: st [@agt bAS sf AeBt amalshwle\wc ebnarued es ﬁiéﬁ@ a logical
vessel havi ng plurality of nenbrane el enments suc

(DR o | Py élf‘llnétae’éloq ?ﬁqhilsgve logicat i Agshoyld he uBiifFfétPOd That steps
\xﬁﬂﬁn %M%%g]m Be extech®ddn ﬁﬁﬂ%mtoﬁr&‘er\(mﬁlwtlpglt gg?ééﬁll%cq)lgs of the

bat ch process reverse osnpbsis system [0037
p&m&ﬂh&nksmw view of a second batch operated reverse

0SNDS/ hav i ston eper recaver :

dovi 1004038 thr plogTn dBicBeteribeics DrossrahBuemicg pressure
iAvhaldCly RERSESS rﬁa‘%ﬂtﬁfnsﬁerﬁm%ﬁfi‘égér%d@%heiﬁ LEEHcHIB@ 4sOthe osmotic
the present disclosure 003 Fig. 10 is a schenmatic

prdsgwe oficreasce sl st derth. t Upl‘lp‘(lﬂ' pargmet@fs ariveoeaatotg conditions may vary
depending on various characteristics including the type of membrane. As mentioned
above, operation of the system at a pressure that does not waste energy by being too high
or that is too low for good quality permeate is desired.

[0042] Referring now to Figs. 9 and 10, a reverse osmosis system 200 that
uses a batch process in which the applied pressure is varied as required to maintain
permeate production at a desired rate as the osmotic pressure increases is set forth. As
mentioned above, the reverse osmosis system 200 includes a fluid reservoir 202 that
provides feed fluid 204 through a feed pipe 206 and a filter 207 to a chamber 208 within
a housing 210. The feed fluid provided through the feed pipe 206 is provided through a
one-way valve 212. When the pressure in the feed pipe 206 is higher than that in the
chamber 208, the one-way valve 212 opens allowing the chamber 208 to be filled with
feed fluid.

[0043] The reverse osmosis system 200 includes a pressure vessel 220 having
an outer wall 222, a first end cap 224 and a second end cap 226. The pressure vessel 220
in this example is cylindrical and elongated in shape. The pressure vessel 220 has a liner

230 disposed therein. The liner may also be elongated. The liner 230 may be disposed
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process reverse osnosis systemof Figure 9. DETAILED
DESCRI PTI ON [ 0040] The foll owi ng description is nerely

we@x@apdAry in nature and i s not intended to |iPECT/US1909/030431

present disclosure, application, or uses. For purposes
of clarity, the sane reference nunbers wll be used in
the drawings to identify simlar elenents. As used

gﬁ{a@ b anddi angé 838k alhrfagated %@@x/e%fl td h&r aﬁg@he &&‘Wélijzzz By

e construe mean usi n
prmmdleg dieq&ssage I26?;.1,| fhad nGR. palszt betWeeﬂ ﬂhe lnxatem mdidalr%d()cand tlnehhnwr The
i.n. a, et hod ecut ed, i ifferen

et e LR Pt et A L Hies: dingrical outer

“QMSQQQQHﬁ@arﬁgggl] In the follow ng disclosure,
éQ{?rocess in which applied pressure is varled as
need

44] med nnehbrape 2A@ arenpraodopet ad X8 enddes pnide end 240 is

rate t.h ssu ases.

BT N TR < S E crlg B R SR gy Rihyeion brine

udﬁﬂﬁagluﬁ@ @B aaiilaPYsaceMBRapE @Edikhiation Witlid éhdBrebdi@e vessel 220.
type of nmenbrane. As nentioned above, operation of the

Thy sncaphranc 1 dhypesestinghe Haer eRiesithist whers pecserieacgyflug is introduced
hat
ngg 'rtfr?fcgg{egﬁlrpl &69526 91 8%%&@#}9 ‘545 OJOH%qu%a%é%égt‘él.gatg fluid 242

e 1S ESI erring now

frandthd @nenabraea/e}@@t@f heSpressayeste’ssl 200. ArmmeaemaetbatxemM isa
process_ i n which the applied pressure is varied

OP%&’@VrVéB’et taahﬁliquqsmﬁ%ﬁen%la@ d0 deaya e prsHsuae Vsssale%?fq byt prevent
bhARwAS Al BGi Jpg@)gtm% 8{]3(? SR VaRE M RRSERsd Bnﬁé?"ﬂufaofrg& within the

As mentione ve e reverse osnosi s system 2
prassilre dessela?.ZOI tu ibd drasel v a diadh2 S0helicnphodiadesal f@248B is opened.

fl 06 f | 207 .
 endoBB 5oh HPPine ol T el gToms ™ S i bt Ho nioice Toed Muia
ifb B ﬁ@é@ulter\fe@%g o4 g'%lf 18 Qehrii e BOBndate ﬁﬁ@ydugﬁﬂro%&rs ough

a one-way val ve When t he pressure I n t he
pi pe[M]u S laq:tgllhelof ttharhoubiag 219 ateellbhawtbérmzfmthet ldetail. The

hRLa0 41 oS PR S s S 2D USRS nfeaty fy FoRed with

tiseydsnideap 200 of AGlaUdRScBetRE&S S’Fl{eehdtl@ﬁ%eimzlﬁ@ 8/bdgpaddll apart from
outer wall 222, a first end cap 224 and second end

PK@@HQZQBdﬁH@ pressure vessel 220 in this exanple is
cyl i E?’Mggg' hag;‘i'%negefggg‘ﬁse%o%‘o@ NARGscd NEnA HE $808ng 210. A scal

Vess
272 prevents fluid leaks from the chamber 208 outside of the housing 210. The plunger

270 moves in a linear direction in response to the movement of the rod 274. The rod 247
is attached to a lever 276 which in turn moves about a fulcrum 280. The lever 276 may
be manually operated or may be operated through the use of an actuator 282. Of course,
various movement mechanisms would be evident to those skilled in the art. What is
important in the movement of the plunger 270 is that the plunger moves in a linear
motion. As is illustrated, the plunger 270 moves in a linear motion on or parallel with
the elongated axis of the housing 210 and the pressure vessel 224.

[0048] The plunger 270 may be mechanically coupled to a hollow pipe 300
so that movement of the plunger causes movement of the pipe 300. The hollow pipe 300
may include ports 302 for receiving fluid from within the chamber 208 and

communicating the fluid into the pipe 300. The pipe 300 may extend through the
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230 di sposed therein. The liner may al so be el ongat ed.

The liner 230 may be di sposedso that an annul ar
w@aweaga7@32 i s provi ded between the |iner andP@TES2009/030431

outer wall 222. By providing the passage 232, fluid

may pass between the outer wall 220 and the |liner. The

fluid passage 232, in the case of a cylindrical |iner

I ry

cg{]nﬁﬁ gr‘ék g{])l‘aol(l:l%ﬁﬂ{ @ﬁﬁfﬂéd&”ﬁ% aﬁﬁl th ﬁhaf\el?%r]égulag%oﬁl p;lglon 310. The
pi;)&CBOBI%ﬁa}ab‘ﬁdseatedowthlEttheeemﬂ @p@ liZSo @resvpmisiéldd\ﬂdrﬂnwmhtmtée pressure

O The 40 provi des hi gher
Vg%glci?ﬁ-[ Far e erﬁgﬂﬁeﬁlﬂ Pet®el y into the annul ar space
232 {@o49]eci T&Uh&ld\@%lﬁ’é‘ 340 ha khﬁclﬁﬂ@%ﬁ%ﬁleb’ ¢915€131420The outlet
The rrenbrane is disposed int i ner opposite to

valve 3é4 ps esmaniayedhlvd used to @llpwt proshucieet findofremeghe chamber 208 to

oS ARPEeY Piivairo A5 N 20 T SR 548 Mgy Fie et vatve
3P4 @sSUWcediy, ]ﬁ%@@ lin Z2@eusAoLLioNE MBuditid hethiny BeVRuid 48 lunge 820 at the

one- maﬁr ve that allows perneate fluid to | eave the
cpgt ekthonellow sl or pvithipthe hotlewanpe H¥kkfl ow. A drain pi pe

5\n4t6 hm(ﬂedgﬂees lét;%levr\?/le%selrﬁ%z%ﬁcgwb cf):%'ﬁﬂhoegi r??pé 300. That is,

nibvament2&heper I00ecadsed by malsteeid 48 thesplapgsredfo c{aﬂ&éSl]le piston to
fill pipe 260 haV|n% a fill valve 262 is used to
MoV g eorrespanding duetigngnd gBoghlessure vessel 222 prior

to SW(?HJ ‘ t'{}ﬁé@ﬂﬁﬁ%‘ﬁﬁh@ i54) %dél‘é“ﬂnl'é?u rtﬁ@@}z% |ﬂﬁg7$%ﬁ]t ¢ bottom of

Det a ousi ng O are | trat
tldepiatoh. 3 1Dhehd boei 28§ 24D thenfirso ehe 23 Yiadfl th 22enofrand236. The fluid

ess re vess 220 ma belnt rally forped with t
5 T abAbout G b AbRE ¥ BArRRe ol G et
36@52 Joe ﬂ%‘é&%@ﬁ%%lit&@@l@{&ﬁﬁi% BndES86le c%@ék valves 330 in
[004 ] A'plunger 270 is novably disposed within t

phﬂS@l@Sn@ZZ llﬁrough slmaplszmztl}gt geant S1dw ian Itbealaamﬂmo m&shge 232 to

0 h housi n The Iun
oS b P T v 3700 R R Ve fa o s
prEeRmBB tmdfenieitof AGidAfdm wikten HRAfIdd ~vo h§mat31m@6 Réhrt Back into the
| ever 276 which in turn noves about a fulcrum 280. The

anE)ErPasPee AdY be manual |y operated or may be operated

thro he X
oo TS e S P B P B0 T g SRR i
rﬂoﬂ'einbﬁt ar the rWla’MJ SMo gt afitthd fod D4 mfmvemret plahgdri®y0 and the

unger 270 |s that the plunger noves in a_linear .
hia orpe 0 3180 in PPy rectipy S1SURg BRNET02 THoeyes 1 ap upward

b QRAT (HPEH A beP P08 haP A @ ihfak WAt Mcreases and a pressure that decreases
which cause the valve 212 to open and fill the chamber 208. Prior to the upward

nen ay valves that

movement of the actuator, it is presumed that the pressure vessel 220 has been drained of
brine and that the pressure vessel 262 has been filled with feed fluid from the fluid
reservoir.

[0054] A downward movement of the lever 262 causes the rod 274 and
plunger 270 to move in a downward direction. Likewise, the pipe 300 and piston 310
also move in a downward direction. The downward moving plunger 270 increases the
fluid pressure within the chamber 208 and causes the check valve 314 to open. The

downward moving plunger 270 creates a high pressure within the fluid volume 320 and

10
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the el ongated axis of the housing 210 and the pressure

vessel 224. [0048] The plunger 270 nmay be nechanically
w@owplgrd7¢ o a hol | ow pi pe 300 so that novenent PCF/US1969/030431

pl unger causes novenent of the pipe 300. The hol | ow

pi pe 300 may include ports 302 for receiving fluid

fromw thin the chanber 208 and communi cating the

LS. A, 00300 R RO 8L, o
tlenfited Hiualigloves owoofrtbelsedondrengdi 20 arf tB4 Guenithvengp2Fear@Dthrough the
may be sealed wthi .he .end 1P 312 to prevent. fluid
s SiEER I HbUpY Bestiretivhes Byt by grbary i getase to the
dGRATRRN ndQ8mehtO9A PdcirtMBLOP i Q¥ Bi1DE BRGnARY iHChYEE r@ftculates

outlet valve 314. The outlet valve 314 is a one-way
thraughethg sgdulanchanbow2p? ¢ therfirsteehds dfithel pfassne tvhsselcnseindicated

208 to ter .the | pwer essure flui,gd.vol une 32 e ..
b3 Gtate PR Duribl Tis el BRP PRt oo S FHARORQ HOBy drivineg
tiH apR&@ehtighed afif@USioh OC AtHeOPreséure | diHeg pWdskifrt Nvdskh@ 222 during

fluid volume 320 at the end of the holl ow pipe or
dojvawpig mRECAGIt| ipGicicpéo 3aUesspROBYiiciThetoptassd Hhenmgmpeane 236 to
i I t ' s
DRSS ERABLE B Oy ik s v
2p? uhigeto éOincaupressitiliey pf staddr. t Theeunh ofl permeate that exits the

correspondi ng direction and anount. [0051] The fluid
DOENHHRD B 647 S e oyt ehised pats psglpﬁi BHo {heprpgspicoygssel 222

' : ' : il
Bpugt e BB £yt A Bl 7 I 35 28 i S
one {@0&fjoutAs van bé¢ meen, sinvothenwinefis e depprodsnazel &3i6 is stored in
0052] The regircul ati on piston 310 .incl ydes one or
IR Ulet s aRyet® 3601 Hepseddged e st PHiTaaan ey recovery and
tHRIsSthORy§tBAL isPBEMEImpIELWtd SPchiieec 2RAULGE @ﬁ?ﬁﬂ@gﬁanzgl%viding an
to ultimately enter the fluid volune 320. The chec

ey eg08309 dawige.be one-way val ves that prevent the

nove of fluid fromwi.thin the fluid volu 32

col ulgoelok PRV mEREhA o P idilatoS 5 p boEa R pluneer 270
sOpe A tRffculdfiorl MWRER ADMETENs DI0 bpéh hiRV ab addRioSAURES water is
an upward novenent in the rod 274. Mvenent of the rod

propadadglieygh fe hellawgepe 300 Reiecath erosiction sinse 300 al so

PR LSFL Gy 9408 A R TS s o
piMesaeais §soduned. aA ps@aspiat, thadro detioaas additional permeate is no longer
practical. Therefore, the brine in the pressure vessel 222 is replaced by a new batch of
feed water. As mentioned above, the brine solution is removed through the drain pipe
246 through drain valve 248 and into a drain 250. Gravity may cause the pressure vessel
220 to drain. Actuation of the lever 276 may facilitate the process of draining the brine
from the pressure vessel 222. The permeate check valve 244 minimizes the reverse flow
of permeate into the membrane when the pressure vessel is reduced to below the osmotic
pressure during the brine-draining cycle. Simultaneously with brine draining, the fill
valve 262 may be opened to allow new feed fluid to displace the brine. By action the
lever arm 276 in an upward direction, the feed enters the annular space 232 and moves in

an upward direction to help displace the brine. When the brine has been replaced by the

11



whi ch cause the valve 212 to open and fill the chanber

208. Prior to the upward novenent of the actuator, it
w0 g00p0ga0ced that the pressure vessel 220 has PEBES2009/030431

drai ned of brine and that the pressure vessel 262 has

been filled with feed fluid fromthe fluid reservoir.

[ 0054] A downward novenent of the | ever 262 causes the

4 e :

AT R 0800 0 of RN Ty B MEIR by b coaplete end @

new\betchf aecoaovanylaghin be fdarmed a Hescdbevhatmvd. movi ng

pl un 70 j.ncre s, the fluid pressure withi.n the .
chantiy58log Lihse hIlRds it e aHeswT \nM, dPareietco TRpLAbe foregoing

ddRepHovIwald teXd RecHhNG.he dilloSUrE e Be dmPleBinted in a varicty of
pressure within the fluid volunme 320 andcauses

frersnebitcecipreoaduleithin disslasuhinchidesppantiedtiecysinpdes2 4 true scope of

Excess brine created fromthe feed fluid nov out of
A G S B R Sl R ES T Y S hgernt o
iR QArprefABRer upoh Atudpyedhd ddiwiags, itensReificklisisidd@thedollowing

by arrows 360 in response to the downward novenent of
claggs.r cul ati on piston 310. Utimtely the brine

recircul ates through the annul ar chanber 232 to the
first end of the pressure vessel 222 as indicated by

arrows 362. During the downward notion, valves 330

remai ns cl osed thereby driving the aforenenti oned

circulation. The pressure in the pressure vessel 222

duri ng downward novenent increases to a pressure

sufficient to cause the nenbrane 236 to generate a

vol une of perneate equal to the anount of water

entering the pressure vessel 222 due to the

i nconpressibility of water. The anount of perneate

that exits the perneate pipe 242 equal s the anount of

feed water punped into the pressure vessel 222 through

t he punping action of the plunger 270. The drain val ve

248 remai ns cl osed. [0055] As can be seen, since the

brine is not depressurized as it is stored in the

pressure vessel 222, no neans are needed to provide
hydraul i c energy recovery and thus the systemis |ess
conpl ex, | ess expensive and nore reliable than
provi di ng an energy recovery device. [0056] Upward
novenent of the recirculation piston 310 and pl unger

270 stops the recircul ati on novenent as val ves 330

open and no additional feed water is provided through

the hol |l ow pi pe 300. Perneate productions stops.

12
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[0057] The salinity of the solution within the
pressure vessel 222 increases as perneate is produced.

WER00809E7®0i nt, the production of additional pRCTES1089/030431

is no longer practical. Therefore, the brine in the
pressure vessel 222 is replaced by a new batch of feed
water. As nentioned above, the brine solutionis

renoved through the drain g}gﬁmg46 t hrough drain val ve

248 and into a drain 250. avity may cause the

pr es S isv@dssed 1220 to drain. Actuation of the |ever

276 may facilitate the process of draining the brine
fromthe pressure vessel 222. The perneate check val ve

244 i ni mMaZ@gich NBv&SY 8586sik |sQWel inP GBS BrmiuRicBtiéSvith a fluid
menbr ane when the pressure véssel is reduced to bel ow
reshyogeDIPrisingr essur e during the brine-draining cycle.

Si mul t aneousl i,th brine draining, .the.fill valve 26

may BET OGRS Y PR IR CU T Ui § BT FRb AL S SeRaa end. o
ni¥hibighe B¥poded Walirt e st@ndrenday gt mBmBfanb RMVES, d membrane outlet
direction, the feed enters the annul ar space 232 and

disposed af hegacangveae @nd i petagaghoutlstihel p di spl ace the

brine. W hr ' e ) )
vet o8 RN ATR0h 95005 SRS ERLERSEGRY AhISLERbgion ison
defaging robds solncostpbat theanciralapw fisde And thepren®aine adjacent to

may agai n. be fornmed as descri bed above. [0058] Those
thaanempigng ilethandar ¢ can now appreciate fromthe

f oreqgqj At : : i :

i scllhaer BESSEN By diBholliR, RIGAOLFERM BH3 phindBefining o
cHamebeef saxceplumgnriceuplhd s tle sctuasur e i ncl udes parti cul ar
exanpl es, the true scope of the disclosure should not

be so limted since other nodifications will becone
appapent opdiiercskisk bSidods aatdnt hORRitedRQNaith B Futeher @bmprising a
the draw ngs, the specification and the follow ng
figkafiheingUihn/Bownde flugd wheavered is: 1. A batch reverse
osnosis systemin fluid comunication with a fluid
reservoir conprising: a pressure vessel having an

el ongat ed Al ivagh WvtRe dodnidsst s@ieh andratits@cianela@id, vherein the
menbr ane di sposed within the second end having a
PRiERAgFQTEICT praRriscs a perRiaiheNcontY ¥lveli sposed at t he

second end and a perneate outlet; a recirculation

pi ston di sposed proximate the first end, said

reci dcul atAl eactpiestiea ostabdinbysgenaad tagited inodlaire] hathee eomprising a

the reciycylation. piston and.the nenbrane adjacent to .
first %ousmg aving a first 1nqet valve in %ul& communication with J[he fﬁu reservorlr;

5. A batch reverse osmosis system as recited in claim 4 wherein the first

inlet valve comprises a one-way valve.

6. A batch reverse osmosis system as recited in claim 5 further comprising
an actuator; and

a hollow pipe coupled to the actuator, whereby the plunger, the hollow pipe and
the piston move in response to the actuator, said hollow pipe having a port, said hollow
pipe communicating fluid between said chamber within the housing and said fluid

volume within the pressure vessel.
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the menbrane inlet; and a plunger disposed within the
housi ng, sai d housing and said plunger defining a

W@ b@atogr7e sai d pl unger coupled to the act uat or PCRUSA09/030431

bat ch reverse osnosis systemas recited in claiml

further conprising a filter filtering fluid fromthe

fluid reservoir. 3. A batch reverse osnpbsis system as
recited in claim1l wherein the perneate outl et

conprises a perneate one-way valve. 4. A batch reverse
osnp§i s sysbach eyerse oistesls isystahak mecitefl un then 6 wherein the hollow

a first housing having a first inlet valye
Dife SRl LR RLEP O AIRC PIEMFF Sl i ol fuidgalRseals the
hERS Pige8Y BSHsOsmahS systemas recited in claim4
wherein the first inlet valve conprises a one-way

valve. 6. A batch reverse osnosis systen1as recited in

claignb f r.gonp i sing an actuatar;

o1 pe oupl BRI ABC ASPRRE 57 S/ Bt TR EET dng By g hollow
pliRlIHa®wh pitke vaRd chhgnictiag fliTVeorh thd IRERANSIBe ttht MRid volume.
actuator, said hollow pipe having a port, said holl ow

pi pe connunlcatlng fluid between said chamber within

t he BOUS' gb%&? eﬁ%fsg sln% 8'61%."4% Pé"mtt | 1y él]ﬁ?n RF ezéjﬁﬁilrl]e outlet

vessel . FeVerse o nosi S system as rec
thabﬂm@nmﬁakﬁ&nN$M@ﬂhwlIOM/plpe extends t hrough a
first end cap of the pressure vessel and a sea
quidicaIIy seal s the hollow pipe to the first end

C ap 1§ bﬁét&h rdVedse ro% 09@ r§g§tb§1 I%Ef?éa‘ fSclhigf Bt rélﬂ the outlet

claim1 wherein the i pe has an outlet va
vdsﬁwuhmnmedm@a&mukdhépmnnmhe hol | ow pi pe to the f|UId
volune. 9. A batch reverse osnobsis systemas recited
in claim8 wherein the outlet valve conprises a

one-way V% ¥&ech 1ers® RBGH HEYERI KPR Saify §WeHBrd# the outlet
recited in claim8 wherein fhe outlet valve is

valivs prodspbsedijvitbarthe floidwdupé.st on. 11. A batch reverse
osnosis systemas recited in claim8 wherein the
outlet valve is disposed within the fluid vol une.

12. A batch reverse osmosis system as recited in claim 1 wherein the liner and

the pressure vessel have a fluid clearance therebetween whereby brine fluid from the

membrane recirculates to the first end through the fluid clearance.

13. A batch reverse osmosis system as recited in claim 1 wherein the
recirculation device comprises a check valve communicating fluid from the fluid

clearance to the fluid volume.

14. A batch reverse osmosis system as recited in claim 1 wherein the pressure

vessel has a drain pipe and drain valve.
15. A batch reverse osmosis system as recited in claim 1 wherein the pressure

vessel has a fill pipe and a fill valve communicating fluid from the fluid reservoir to the

pressure vessel.
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12. A batch reverse osnpbsis systemas recited in claim
1 wherein the liner and the pressure vessel have a
wo bwvgdoarear ance t her ebet ween wher eby brine flRCTHUS2009030431
the menbrane recirculates to the first end through the
fluid clearance. 13. A batch reverse osnbsis system as
recited in claim1l1l wherein the recircul ati on device
CONMPRESEes A2 I ro
ot éls oo g%glg ?%‘Vg}’st%hde/s‘??ogﬂrgyé{/égf% keféﬁeié g kﬁgﬁ 1OWHERS the fluid
vo lpvreris ebas rfus inbowg Ystreen amembrint @dlunte. cl ai m 1 vvher ein
the pressure vessel has a drain pipe and drain val ve.
15. A batch reverse osnbsis systemas recited in claim
1 whepei n At hgtcRr RISHE CosiRRRelysRas & tdcitbd thglafi‘ﬁ‘dl 8vherein the
fill valve communicating fluid fromthe fluid
recaselation devies ¢dmeprpees sagireulvags pistons. A bat ch reverse
osnosi s systemas recited in claim1l wherein the fluid
volume is about 1 to about 2 tines a nenbrane vol une.
17. Agbat gh el sRopGIMSI § 1BY&IEL BLassiE 8Fdté0hdvingChieMngated
1 wherein the recircul ati on device conprises a
presire yassak haingot Sirgrend.1sceandrencharrd i ofse padli mgemneate output, a
bflﬁé/ Sﬁtﬁﬁi‘h a5 Q}?r?dlz?r s?ch'e l?e%vg%vé ngraalﬂdqﬂéﬁo&g%[ \9911 %rrﬁérﬁﬂ{aﬁe within the
esse avi ng I'rst end, a Second end and an outer
lmai dppositgxae Iﬁiﬁﬁﬂeﬁd ofithp pirgss@reliessRE saidinpdihbradnhaid first face and a

e_bet ween | iner and the oute |, a nmenbrape
S%OP& Ree:nand jan PldoffB % gett“f?énf‘i Fs%rs\g?fj@lceopfttﬁ% memgrane and a
RELSSHE L d &?@éd ?ﬁﬁﬁf e having a first face and
ra second %gcé,lan a flui S@%Iune bet ween the first
f ace adhatitpgtheresvcalatomdelice inecihambkainiadirsiddiwicten; sai d
nmet hod co rLsi ., actua the recircul ation device .
o ComERBER S Agic P S e R arrots PR AGE PlGEer in the
firfild@c@ignhanber in response to actuating the plunger in
the first direction; actuating the plunger in a second
di r eettugting Tb@ﬂi‘tmgerdatalsngoﬂdldlﬂredtwrr,om t he chanber into
the fluid v ;. Rassin | h the
oo e B B dRR R Pl e AbhT R econa
f ace pedsirdghteindaihd ancudhaneh@dnibigef i r st
recirculating brine fluid from the second face of the membrane toward the first
end of the pressure vessel through the annular chamber;
producing permeate through the membrane; and

communicating the permeate from the pressure vessel.

19. A method as recited in claim 18 wherein prior to actuating a plunger in a

first direction, filing the pressure vessel from a fluid reservoir.
20. A method as recited in claim 18 wherein communicating fluid into a
chamber comprises communicating fluid into the chamber from a fluid reservoir through

a one-way valve.

21. A method as recited in claim 18 wherein communicating fluid into a

chamber comprises communicating fluid into the chamber through a filter.
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end of the pressure vessel through the annul ar
chanber; produci ng perneate through the nenbrane; and

w@ewanilcat i ng the perneate fromthe pressure REBES1009/030431

19. A nethod as recited in claim18 wherein prior to
actuating a plunger in a first direction, filing the
pressure vessel froma fluid reservoir. 20. A nethod

as recited in claim 18 wherein communicating fluid

into a chanmber conprises comunicating fluid into the
chanfigr f Aomethofll asirdcitoesiarolair 1% whetgh canoneicadyg fluid from the

c]\&/%ﬂl;l)ﬁal Veﬁﬁp‘[@;fihp ﬁb:n;f |Vg %glea(mng)s ; erge% E%d : né]pl%leal mﬂ}]igiegq om tﬁe I}luld chamber
nﬁ@ﬂﬁHﬂh&%Bhﬂ&tﬁkMQﬂa%BH&w%ﬂ% chanber through a

[ter.22. A nethod as recited in claim18 wherein
connunlcatlng f|UId fromthe chanber into the f|UId
vol u conpr.i tin luid fromthe flu
chaner 1 A BEPRE o FETH bortinb s KhGisin ookt o chamber
i’ 8 fird (H@Eﬁ&ﬂ c@EpriRE iniBng thel i d¥r, 1tBe WoRSWipipea&iidUt irB@rculation
a plunger in a chanber in a first direction conprises
dgveé-ng the plunger, the holl ow pipe and the
recircul ation device. 24. A nethod as recited in claim
18 wherein comuni cating fluid fromthe chanber into
the Dhui d Avelethod s3avpitddsiascl@om®Imhesdin Bemfdudicdtifg Glid from the
the fluid chanber into the fluid vol une through a port
Ch%nlmsum@v& pifped Vqume,a@%rw% comugicating flufd frpm; the flyud chamber

?ﬁd%fﬁ%ﬁh&% oR'thQH&Izg[iBthe chanmber into the
ul t

vol ume conp s comuni ing fluid fromthe
fluid chanmber into the f|UId vol une through a hol |l ow

pi pe chgni ¢ coup | ed t he plunger and_t
r eci Fgﬁ %@ﬁséécl cgpin cAdl mfiéiv&leéeén FREMUBL A RE é]iuHﬁFPm the
R an@! Me %maluﬁﬁt ddhprisbd cmbhpifle ﬂﬁfﬂaﬂ@ﬁrthé T chamber
the fluid volume conprises comunicating fluid from
irttéy ehef fluiddvodiragrteougna bolidre plipeuindchaoicalie cotmledibétwaen the plunger

ow a one-way val ve di sposed therein.
%@ ﬂ?ﬂg?ﬁglnggwfgcited in claim18 further conprising
drai ni ng the pressure vessel though a drain valve.

26. A method as recited in claim 18 wherein communicating fluid from the
chamber into the fluid volume comprises communicating fluid from the fluid chamber

into the fluid volume through a hollow pipe having a one-way valve disposed therein.

27. A method as recited in claim 18 further comprising draining the pressure

vessel though a drain valve.
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