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BATCH OPERATED REVERSE OSMOSI S SYSTEM RELATED
APPLI CATI ON [ 0001] This application is a continuation

w@bookloskseati | ity application 12/342,198, fil edPOrUSI00E088548

23, 2008, which clainms the benefit of provisiona
application 61/019,1 10, filed January 04, 2008, and
provi si onal application 61/ 024, 750, filed January 30,

2008, the y

ref erence %er el n. wwgﬁﬁﬁeﬁm?%ﬁgrﬁ%@em

di scl osure relates generally to reverse osnosi s

systens, and, nore ch- oper at ed

reverse 0Snosi s sysﬁgﬁﬁk%gﬁék%%aﬁh%??%%03] The

st at ea§g]S | Thil hh}é)lﬁgt%ﬂ Ofd qer08£tYnLﬁf18H ' QF g@kgﬁ%n c!1pphcat10n

|nfornat|on related to the present disclosure and
12642488 iled eecmpbdr @3, 2008, Wﬂlﬂih@‘zﬂé]lmﬁld!ﬁeb@eﬁwfimsvlslonal apphcatlon

o§T9TT0, 0 T5Rar e Ak S BV eiRer ppai o (PRS0, fied
Jadvayy 30, 2008 I ¥igblosipbd stswiiBRERLiRERp&ted [19Q0ftenfe herein.

reverse osnosi s systeminvol ves pressurizing a
solution with an applied pressure greater than an
osnotic pressure creat Cﬁ¥H& ]ﬂ:fiplve salts within
the solution. The osnotic pressure I's generally
pr op@0002]nal THeOpitchient Gietntter Rldt@ngdnerlly tof retéree damhbsis systems,
The apprOX|nate osnptic pressure In
apd UPRIS SPREi @&Matpémm&cqper%eq IFECISQ PFIAOSHT SYBIEISs al t  nmassS
to water mass tinmes 14, 000. A one-percent sol ution of
salt woul d have an osnntic pressure of about 140 psi.
Ccean water typically hﬁﬂ“ﬁiGRﬁHﬁﬂ@cent concentration
ressure

and not j c 490 psi. [0006
extr i@?‘gﬂ f r Bf 2 F‘%‘%tﬁé% %?IE emVﬂJf @a@gr@and information
rASEIRAhe gre%énta(h&'ld’sﬁfb Qf&qﬂa ot2Bhithe n%ﬁbf"ﬁﬂton is

processed by the reverse osnn5|s menbr ane
concEPRQ4t i dhevsfsct henswd wystoms | &rei uﬂﬁdemsemovwbd feshewater from

oFiRbiah one e R ob TP fetiedd e R i doBapl Bscived solids

tliréthRugk. t he reject. Typlcally, about 50% of recovery

of perneate fromthe original volunme of sea water
[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 the practical limit.
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solution reaches the practical limt.[0007] Referring
now to Fig. 1, a reverse osnpbsis system10 is
WO kdoassssed ed havi ng a nmenbrane array 12 that gRCIEDS1008088548
a perneate stream 14 and a brine stream 16 froma feed
stream 18. The feed stream 18 typically includes
bracki sh or sea water. A feed punp 20 coupled to a
not o pr ' .ee .
Feaul T o R AT hob M. 10 s Lhusirted
havdng pGOGBhrafih errpe t retat @esdratesmpidndase groant i4dnd b bride stream 16

flow_at, a | ow pressure. The prine strea 6 is.a
iyt é?edp*ﬁrég@m% i Badort | EoHg Bsmaodeoadsn or sea water. A
fERUARLS Ruprled PndierMepltangs (b edar §aaH €8 Q5 thd@cquired
brine stream 16 is only slightly lower than the feed
petsswa fowgvhith entaesrthe snembaancayrag 22r equi res an exact

fl f timal ti.on. . i throttl

vai v By sl 8RR gl S P CrE b ACHI Y R b rpgnaore. The
biREHE@RE 18 @Wighdr prehiargatcahfthet Bindeifs &IVl Maletikls blocked by
tenperature, salinity, as well as nenbrane

thehmembragei JhF escsswae thesbiirstraan: 1Tiseonie sighilyelower thpn the feed
sty #h8 &%8&%&&% rg&uiPefsfaﬂee LML Sfo'r%gﬁm%f‘oe@e@aﬁon. A
efner gency basi's. e’féed puipi ng sSystemis requir

btife teetilc walvicaal reayf bOwsednd r@fuhas teeflove eitbiigMBB thSembrane array 12.
0009] In general, a hi%her feed pressure increases
g8 atakepPBgtc oMo amiict misraarey | sainited 3s el eay membrane

cRa[rS&éﬂi’s&%st%gH %?%@ﬁgg!f Fhe AL 'hr‘i’%zp L % :%ﬁy”ﬁg@ﬁé%g?rf}ted at off-

array i's required™to maintaln a C recov

dedigre boriditidns nreat dngergéncy Hesipe e dtcel funming syst@eds fetpoived to meet
The feed flow or brine flow |ikew se requires

V?ré%l‘ﬁ E?W&Hdpfﬁﬁféfeq&lrﬁmé{lﬁseat ment system 2 1 may al so

be prevogied hbeREA! tr EBhert & Hrlebust IREQsdshRriBAP HARR ction and,
array 12.° The pretreatnent system?2 1 nmay be used to
comveosely, sobiubeddeat prasssresiedhccapesaemds pmpduttiendlhe membrane array

d teri.als. h of the .embodi ment |
12 S R R leif i prafG b if Rt (R Re0E rRiinga low to
fediToRt. I Bt B Hlow o bERt Aok likeRask rdduiRgfréfuldtim. now to
a systemsimlar tothat in Fig. 1is

Fig. 2 . .

i |1 ufQ0led Ainreiraatrecni gaistemct Ry alspdsdrevided t previggay ghe fluid
. 30, ' g e ' t VRI .
R BN 250 KSR BRESER B AL R P v o
nfadriald MehYas|sond, geB tandndsigade alafdriaiseniEach dfuhe th@ydifyits below

generate a fjixed pressure differential at a given flow

ich{dén%‘glg@sesﬁégg d%ﬁllqdoqigth)w myy 1%@@)rgtﬁ@tment system 21.
pr eSMﬁ]f | %f&t}ﬂfg%t\xﬁ{oi Islé.i £a stygt%n{ Ghfah tRATR Fig. 1 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. To change the pressure/flow characteristic, the rate of pump
rotation must be changed. 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
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rotati on nust be changed. One way prior systens were
desi gned was to size the feed punp 20 to generate the

whe@hbesise@ossi bl e nenbrane pressure and t hen UBET/URI08/088548

throttle valve 30 to reduce the excess pressure to
neet the nenbrane pressure requirenent. Such a system
has a | ow capital cost advantage but sacrifices energy
fi.Cl r
fegef(ni &Juﬁﬁf E&%{)a?éesnﬁlgret ﬁ%gsﬁlgeﬂ a@g{{}&é glﬁ(lﬂr@ é%%%g ;[ﬁ}% i§r u%%ﬁ Y6E€a typical
opgretia@t.i on. [0012] Referring now to Fig. 3, another

syst r |l ving the pres ure/fIOM/ch racteristics
AN (NN L R e e OHeF B %SO@%}@% Hheepreppgre/flow
cﬂé}ﬁ&érls%%s mocani’d d {Sﬁaﬁa%[enfrecﬁ@ﬁ‘&}f Qi 3@?0 @ﬂ%‘?&t@tﬂh@ﬁoﬁ)fr 2oh@hich, in

feed punp 2 hu i's operated at
uuarmmbbétbpep@anmlqﬁﬁmhémhmnmma@rabasnh@ﬁsdmmmu)2olsopmawdat

Vi, SR R S el RS R bt T Sifable frequency

dtibELs RRY &QhsiOE wWithelaRRNSY; (SJa&lﬁ@i al@Ubskuschont sifechP¥Rent of the
gone to the punp notor. 01 3] Referring nowto Fig.

pqwerathgw‘tnédmmeﬁvmsaha‘tecgqnﬁé@ thejpugainatoed in Fig. 1 is
i uiﬁd‘fﬁdted Iggf{ﬁrqglgn& ( { edf Srgt%% ?mpéﬂﬂ‘% A{@At%ﬂugtrgtetdt%%lg 11is

enbo e§su

ilpiseptep Qking QRe Mnafwerandetmimeﬂas PO tHi®emBddimSnit ae@dﬁmhc pressure
recover energy fromthe brine stream 16. The punp

bpesier Whhayngh Bump dottinng nandys furbigs parionryd is 6‘@?)4 @drecover energy
ﬁioﬁgﬁ% e Wikiina 6© gf;ﬂ;é‘;@lﬁ ﬁfnrtloﬂ %) eﬁ‘dgtﬁe Niios lfaro?tlc]‘nr @ﬂrj coupled

rine stream rough t tur I'ne portion
togfetheh wathus esminhe shifa#o. 4ﬁgh prasetratfeonalic biinoverdahepgssespthrough

orti.on 42. 42 raises t .feed )
*%rt@@glaer Rorfign gﬁ aHhopuSey %ﬁ%‘aﬁa‘% tprolaty ﬁ&f GieseBe pHp portion 42,
TREGUAY [RifibCh2RGYesQhe tfééﬁ p?é‘s%ﬁl%nih O &cRQRA84R1840 his increases the
generates a portion of feed pressure requirenent

chagy eHeiensiof alreesyatreﬂayTllezbmmwr 40 lgassrateh e phgmd qfuhqafez@ pressure

and noto 2 may,be reduced i.n.siz ce a ed
SRR Ofor SR TR P B TR o i Pt Tt 47 and Fbtor 22 may
bEReIREEd MG ARAM @ rEilibed amoantBIHREBMNE 1§fe@ﬁﬁé1d bphehhat is
suitable for positioning within a nenbrane arr %ﬁéz of

one $A014le pliﬁvlmgsnw &5 Figs 5i plognbrane glenehe 6@ [tatdn suitable for
pggtl&ﬂ ar® a f S]P&g:n@# p?%] 133([53@%? q% Elﬂlt ?at%d The

Spl raﬁécon |gura on an pl ace

cleaieat 6@inchidedlcasesfof bemirassmateaiahvappdl iafea $igad configuration and
i ncl udes _two nenbrane sheets gl ued on three sides

th
piaRed MouthiubF @é chmaEie g Aleertpaka mﬁﬁ@faéleé%gncludes two
nf%?‘nbrﬁfé géts [deg%n(tgl%% sﬁ%gm)n tKE FRrthNGdTRIABRANG SOEEhI permeate

romco I ng unade
pipe 64. Spacer grids (not shown) keep the membrane sheet from collapsing under the

applied pressure. Feed solution enters one end of the membrane array 60 in the direction
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 is performed.
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appl i ed pressure. Feed solution enters one end of the
menbrane array 60 in the direction indicated by arrows

w®2009/0888660! uti on or feed flows axially al ong PEEUS2008/088548

menbr ane el enent 60 and between the | eaves 68 and
exits through the high pressure brine outlet as
i ndi cated by arrows 70. Perneate is collected fromthe

| eav t fﬁ&ﬁ% W'ﬁaﬁ' i p T8l €l luralit

t he E@@at e thr oggﬁ) t he %u@’e 7 §s|4a§e E%E%g{gfgjﬁfﬁzug%soa Tty
of nreatrireeclappits ecteped 5 voliectisclysath taderonver momealt dleis illustrated.

osnoti c pressure %@d facti onal Iﬁsses of. the fl ow of

I gugy cxapRlei tres RemhEne e ehtsBcatiarqsed pathin theeprepsry sgssel 78.

ERef 64 Yk Y 4 Gl .eﬁcal6andaalﬁhmﬂéﬁleid\éﬁﬁﬁﬁ{ 19 tﬁigaéxarnple, three
includes a plurality of menbrane elenents referred to

npoibrast tlemeptsvilah 60bfadedllceanuprevialed 60 the préssurst yaasa@d d/8.  The

[ n thi le, th nb I t di
e AP Guet LT S B TR L LAl 5P E b 2
tusRIt 68l. PR idimRRRedd Bad thedRBkiidel REsel IMthe i ction of the arrows
exanpl e, three nenbrane el enents 60a, 60b and 60c are

8frovided in the pressure vessel 78. The pressure

VESS %1;65 | ltH ee%appgpiz rtlgt th?%gmg%{af%% ezc%néé.ntgid)a{lgw ar%npqaced n

and ond end ca eed is

sérits) o@acie dubstigOerithElePERS Xt ts @S§Rdller Narhddit o fr p&iricare than the
of the arrows 84. [0016] In this exanple, the three
PFRSAHPA K MSNEARHOSNGDECHIE neotisIDiessdreiand degreasdng appdigd pressure

cARES qﬁ@ttl%ngili] X At fith rtgé:hl%nﬁ)lrach%aél&ﬁé té”%\g %ta%o%gequence, the final

per neate t e precedi ng el enent due
clemene6@d mgy psodnce eepyrlgds peenaand tecpeashtegpigpdd celtbcts permeate
used bgefactio al |l osses within the

ressur ca
ﬁpﬁmﬁﬁﬁﬁgt@r@ﬁﬂé‘ﬁr@g lgments 084886 uence, the final el enent

60c p@o1#r odn Q?pi&ﬁ r¥vdrid §dnfosRESIRA EperdiQ€ aPS CHRAE pressure that
pi pe 64 collects perneate from'each of the menbrane

issdeaniontd atGiha f&BIcpunirpA. 7 Thardsylbiicthiat areoeesseoforppbied pressure at the

st em oper at es at const t. pressure that is . .
R TUREN ArRY Fesll i asy by Bighadig of Pranchfs-girggtion which
B EBY Of mRNbhked BrRSEMaBedt ThESinkl MSmbRBRIIENG FOE RAay have

may result in an undesirably high rate of perneate

appndesinabynlowniath o fratragtipow el meg sy Eh Bspergicpts with an excessive
agggaggqatggglghﬂag menbr ane el enent 60c may have an
un eS|ra% y f

Ow'rate of extraction which may result in
perneate with an excessive anmount of salt
cont am nati on. SUMVARY

SUMMARY

[0018]  The present disclosure provides a reverse osmosis system that reduces
pumping energy but allows a sufficient pressure to be generated at each of the membrane
clements.

[0019] In one aspect of the disclosure, a reverse osmosis system includes
reverse osmosis system in fluid communication with a fluid reservoir includes a pressure
vessel having a membrane therein, a high pressure fluid input, a low pressure fluid input,
a permeate output and a brine output. the system further includes a high pressure valve,
a low pressure valve and a high pressure pump in fluid communication with the high
pressure input through the high pressure valve. The system also includes a low pressure

pump in fluid communication with the low pressure input through the low pressure
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[001 8] The present disclosure provides a reverse
osnosi s systemthat reduces punping energy but allows
W@ 2®a08486¢ ent pressure to be generated at eachP@f/Us1ve8/088548
menbrane el ements. [0019] In one aspect of the
di scl osure, a reverse osnosis systemincludes reverse
osnosis systemin fluid communication with a fluid
e I [
VISR High (G Bty BRES3,s MERSE: plAN B0 FRl R fhicarion
whthuthel fluitptesgrvair. pErenteat I&es:sutqqnum[annitlalybfﬁlilmtxhe @uispurt vessel and the
system further includes a ht@&g@ressure val ve, a | ow

hEMAUSITHE RAFIR/RPEHED 4T REGRTBrES BOABC D i n f1 ui d
CoNMMpeR Yt | OR AofHr tag'fechbg 'fheoﬁ@ﬁ@é{ﬁ@ d erﬁfodt(rfr (ﬂ}egd?mtghaereverse

hi gh"pressure valve. The system al so includes a | ow
OpMeBS by SEC mqblden optrungl adbommdndic ariverpf\i firbsstitsevdsgalvand filling the

ressure jn hr ou he, |.ow pressureval v
fSEE TS O haPany Stk POt S ERE e Rine rqpry iy Bressure
IGRETAE 6 3 presWirk BultnP th‘cohgh Q ldvﬁ E&%Mﬁ?e Valvd hevHeA\the pressure vessel
pressure punp initia e pressure vessel and

iy ﬁ&edautbfh npt@sismﬁbld%ﬁlpsmg @r lgtNeBrewr@ FefvVp d ﬁ@@ﬁ@lmcatlon with the
103’}’? %gﬁre quut[ Olq%orhethgd ?E{%e@q c%l@(?e% %sm&th%hb?me draln Valve in fluid

OSUf

cSiifiuavatioe lwitke sho geeistig aeskséll rmlnq;ﬁag raddaloviel (ﬂfulda frorn the fluid
pressure vessel and fllllnq}the pressure vessel with
rgsgiyor wlst pight prassyrer g high pregsyre duuf off the Ricstgh vessel using a

} o&"yr@ﬁs%?é g{lﬁl | &}Féﬁ tﬁév\hfégsu??] L QW PEEFAYA Snlf %Qﬁ%m’ghé QAR in the

pressure va e pressure vesse
pfdsture desstiheimgethd bghi predsudegsngl wsil ag amolnovef peassitr B produced.
' [ on Wi th_the l '

val v co ni cat ressure inpu

T TGO T G0t bt & 1S b, G s VA ssembly for
Bl Ee bﬁnéslléihﬂ;té%ﬁ’ AR S B él@ng‘éftédhpr‘eikﬁr@(z%@itﬁcﬁlsﬂ@%%mg a first
punpi ng additional fluid fromthe fluid reservoir

cuhchesechindyhng ped g oeter wadl. allid piesqpre sswelehdusipgthasfa higle pressure

ress e esse S a hjgh pressur.e en th
MIEREH & FECREHrE oY Mol AnSHeErHifiab TRt e prossure
vEREl RABHS WS aRSSEAte USipRo aﬁchs bhihg Bu?ruﬁ aﬁ?@sed PHeBmERL the second
an anount of perneate is produced 0021] In yet

e&(hotfheﬂo"éé\e@:!s @mBpesee Witkia| e uressurg pesedlster ripea @pnular space
H’ﬂ{e\’ Wit dhd (il &ﬁe S IASm§1¥1%{1a%Q]1§ 8‘&%&&?8 %vng%rh the flow tube
onga e I rs end,

pressure vesse OUSI ng

opp@tte ahe ﬁﬁm dnaod tlenpesdues vestl. . Tﬂdﬂﬁleﬁib@&ﬁtp’radutﬁﬁgspérmeate fluid
hou3|nﬁ has a hi %h pressure fluid input, a
apst BYRGHBids Qg TPHAURS BYBPBREEUIBIcS frinaflaid lrf‘éWFfm the ogigg wall and

tl@“ﬁo@rtﬁﬁé 48 ‘%hé{ergé rinf Ofgﬁél RGP ARE rt{{ﬁea[o%zag& tRUEr@NEd of the
a

rine output di sposed proximate the seco
pressure vessel.

[0022] In another 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 high pressure fluid input, a low pressure fluid input disposed proximate
the first end, a permeate output, a brine output an annular space between a flow tube and
the outer wall and a membrane within the flow tube opposite the first end of the pressure
vessel. The membrane has a first face and a second face. The method includes passing
brine fluid through the membrane, recirculating brine fluid from the second face of the

membrane toward the first end of the pressure vessel through the annular chamber,
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end. A flow tube is disposed within the pressure
vessel to form an annul ar space between the fl ow tube

wapaopssseout er wal | . A nenbrane is di sposed wi BEi/mS100&088548

fl ow tube opposite the first end of the pressure
vessel . The menbrane produci ng perneate fluid and
brine fluid. A recirculating punp recircul ates brine
' t r h
e R BITEAL ErRe NEg AHR Ay B p i, B ek PR Ak Phoducing
pematacf thrmghpﬂlesmmnbraneaﬁél corh@ARhtingh tlenpdrineate afsgradhe pressure
of the disclosure, a nethod of operating a reverse
VESRbsi s system havi ng an el ongat ed pressure vesse
havi peozB)f i rity ﬁfﬂﬂiler ApeECOntle %mlﬁﬁﬁ‘é @'?né?hﬁda()f rétmgaa reverse
hi gh“pressure fluid input, a | ow pr essure fluid I npuat
osingp® systenp nmotideatiBlinghe pfassgt vessd] wahﬂewrmaisereoﬂmfb dtom a charge

bri ne ut t I space be vvee afI

R OF PR el R BRGREe SV Shofhe' ¢ P i Yafie of the
pRRARS VbRl RchithSpregiige Oéssélhe fﬂ’l%@scﬂbkﬁ? HRSISR! pres-Eﬁ@ valve, when
menbrane has a first face and a second face.

theepisonire vessabés ﬁﬂa@splﬁgplngmiéltfom@h duidh pedsy hhlglh eoressure from the

ﬁﬁg&; @sngfo 1%90 lEceulln thgrﬂag_§ﬁ%| }%sgelf l? dé ﬂfghslﬁr%?suge pump and

owar rst e

reﬁﬁﬁ@ﬁlpl‘r@sme &1 €He ﬁrbﬁsﬁtd:g\?bsﬁdh asiaphd lagh pressure pump until an amount of
chanber, comruni cating brine fluid fromthe annul ar
PEIMEHsEP Praslueed-he f1 ow tube, produci ng permeate t hr ough

t he an P
or o5 CAVRACC A AROHERTIRPY fihe BRchRePPIIEAL Bubh AT R includes
adthsgk osarveir laaviret lhedpredsuptuwidttharginaa toezwplressnr@ satwsiasd a pressure
stem i ncl udes fil pressure ess with lo
B%%‘s%lu‘foénm}"ﬂ%tmfnr WHL‘ éﬂ% ﬁgﬁréé TySe6@ity @h%ﬁ’é’ﬁt ‘i‘fYVlOW pressure
VhR’QUtTh@ @ﬁtérﬁ\é’lsg RIS M MRainGlaBRIiR glu"i’d BrhRAGnh@ Mwith a brine
val ve of” the pressure vessel, when the pressure vessel

dagn bF Hieepfessofeosissy anHe liughvppasetgs unuelpvlal fad comerunidagon with the

| ti
RGeS gl 57 D Pl o bRt Rl Eap BRI i 5% pascharee
cya@ Uh witficH 18 [dW BESHIE v¥IOS $Ldpcusd Mgl de Bah dRIiLSHVE B opened until
punp and raising a pressure in the pressure vessel

flyst wgtheeesingghvessed sis dlushgslutherafiiont.| Tha rarswist vessel has a permeate
pg) gﬁ(ﬁlt ?ﬁgdlg i Rﬁﬁ%ﬁcﬁ% hlgﬁ)?[?%e‘&mje g{b"h}&%ﬁc%&&’ fA5hal Qﬁlﬁﬁ I'ﬁ?ldelr high

a reverse es a

pfesige Yiont thB@largg rdsemvo prigtehie fnpﬁt off tHe pessiee Messel Undilvan amount of
pressure valve and a pressure vessel in communication
PGiN93te h@redussde reservoir through an input and | ow

PreésSyez5]  Further arcas of applicability will become apparent from the
description provided herein. It should be understood that the description and specific
examples are intended for purposes of illustration only and are not intended to limit the

scope of the present disclosure.

DRAWINGS
[0026] The drawings described herein are for illustration purposes only and
are not intended to limit the scope of the present disclosure in any way.

[0027] Fig. 1 is a schematic view of a prior reverse osmosis system.
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val ve. The system al so includes a brine drain valve in

fluid communication with a brine drain of the pressure
woemsmesssend a hi gh pressure punp in fluid comeeli/vsi008088548

with the charge reservoir and the input of the

pressure vessel. The pressure vessel has a recharge

cycle, in which the IOM/pressure val ve i s opened and

the EGOiij drﬁg{b\{?l ﬁ%ldéﬁ %ogﬁer e#‘ﬁ‘ﬁ' ter%1 ﬂé'ﬁjrldrrhr{ RSerse osmosis

pressure vess is f rom e ‘pressure
syasel has a perneate production cycle in which the

hi gh sur pupps additional fluid unde

pr esg‘fﬁ@ gf & PSRRI BEM AT 4nothet BTipR &t ‘?‘flpﬁﬂfeV fse osmosis

S ﬁgﬂpressure vessel until an anmount of perneate is

produced. [0025] Further areas of applicability wll

becoﬁ@o:ﬂl‘]parl@lt 4fis omothice sdeseaticpyicwnofpr griodedt kemrfedunation of a
oul d be, understood that the description and

r@ﬁ@@f?@@ BR es are intended for purposes of

i 11 ugoa3]i oneignlsy igRdp@keciiol ek eadedpdtir bitMinkmbhe clements
sco EGS?qthe %resent %lgfiosure EFMNVRES [ 0026] The

a aistha@sier fived herein are for illustration

pur pﬁg@%rlonl pig20d A r%s gectlonal IEW egf b %rel[slalgﬁt?f]egsgfléic’v%iéj fg glurality

of t esent discrosure Th any

ofngmbeneicddnintedichbs thops 11REtrated ﬁf Elg Ds¢d8dig to the prior art.
system [ 0028]. Fig. 2 is a schematic view of an
al t elQAY pririgr 7 BraschevicEcH i Srsh pyRccaTicvEIOOQRosis system.

Fi g. F@oe?;zgsﬁo rilghz?ﬁaatérf}ss- e%%@&i%,@%ﬂiﬁé pRGd P ve%gél I‘O(Pif“lge.‘ 6.

reve s system i'S anot

schep@035] vilew 9fs aschemetic aictv afondecout ahbatimeht @f a batch process
reverse OSHDSIS system [0031] Fig. 5 is a perspective
“V%§®°§@0§55$1%P art nmenbrane el ements according to the

pri oxo@36]- [qu3?d iskl &heRiati® vRWCH £F BiiRIEGhbRIMAEn I rEVHREh process
a pressure vessel having a plurality of nenbrane

aedoedreg tsths podsciatslischse. i | | ustrated in Fig. 4 accordi ng

tot ' t
bl oS} it retirpiiiied ofa fabit EOBYNcE I reverse
ohﬁoﬁs @s$- sectional view of the pressure vessel of

. [0()38] Fig. 12 is a schematic view of a fifth embodiment of a dual brine tank

system according to the present disclosure.

DETAILED DESCRIPTION

[0039] The following description is merely exemplary in nature and is not
intended to limit the present disclosure, application, or uses. For purposes of clarity, the
same reference numbers will be used in the drawings to identify similar elements. As
used herein, the phrase at least one of A, B, and C should be construed to mean a logical
(A or B or C), using a non-exclusive logical OR. It should be understood that steps
within a method may be executed in different order without altering the principles of the
present disclosure.

[0040] In the following disclosure, a batch process in which applied pressure
is varied as needed to maintain permeate production at a desired rate as the osmotic

pressure increases is set forth. Various parameters and operating conditions may vary
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[0035] Fig. 9 is a schematic view of a second
enbodi nent of a batch process reverse osnpbsis system

WO 0®36%886¢ g. 10 is a schematic view of a thirdPCT/US2008/088548

enbodi nent of a batch process according to the present
di scl osure. [0037] Fig. 11 is a schematic view of a
fourth enbodi ment of the reverse osnpbsis system

d%ﬁgﬂg i gal‘l(gl% é}%aaglte?%{l&nﬁfchﬂl Y Qpe df fnilgntﬂ%ane As mentioned

rine t an system accordi ng ft
abdwe, ppastent ofths sy stswinten poksTiAd thEOIdAESCRIVESEE Erp P03 9]:1ng too high

TefoII Wi description is .merely exenplary in

hlrséo%tf?éi" Fggﬂ%‘fq‘ﬂ%‘lt%ﬁﬂg}fa dnﬁ?sﬂﬁe%i t he present
d' scigore. RABHingaldwh FRY 7U§e(§4tch':(ﬁferﬁé’d F@i%i%% d%fnosm system is
cl arlty, the same reference nunbers wll be used in

s¢tHerthl havihg g prasourc dessel 192. sThm pragsued mmfﬂthss eiscaps d@4 at the input

B Ay ehd S 16 Rian butofif i, P Roafeng s WbtefpRetRige Gnpur 108

af® B18¥ GIrék3inéEinp @I 1<0al Tmlghlpréshﬁ@l ifplRel ognaarté aBelptkdigdre input
steps within a nethod K@be executed in different

160 aeay b fovened fomenipery The pireh medpprist Broughethsraadeqsp or in the
s‘alaxﬁlglh 1 QP HY jareslsgr% %\lﬁnel li](l)é hﬁlt{n?at%l?%o‘%@ tl%' 1§’§IL §§e\l$gu?|e é@ug %08 and the

essure

lcn:e-@ﬁhemré dnpigi nitGah mewmratlﬁlcamﬂwethl Ofludd réedetlO IB@I The fluid
rate.as the osnotic pressure increases is set fo

reygeEUd 4 Faahifet SRSV Hrd e pERiRiichl usehtd 1918 rf%terﬁévea Whicr, A fluid
pmrfmﬁ RO Nl BgoRN 1436 'tﬁéiﬁllgﬁg;%sg&feq%&wo%mmcmb raghlgﬁ.gressure

type of nment’l oned above, operation of
psyptlémdaiven bypracsator é 18 had adzah@ 1R0tthatedloers ehmﬂglyl fayh to the high-
[ gh or that is too |ow for go

ppare bt DEGRs elrcy obany™ R PR IAGRA SRR o 416 is @

pgﬁi&é‘d@ﬂ%é‘ﬁe@l@-t%\fﬁhﬁﬁ osnosis systemis set forth
havi ng a pressure vessel 102. The pressure vessel has

end MA‘Z]lOM&thnldeﬂulch path &o thﬁdluahre@ﬂdomdwmﬁf aclude a low-

P%ﬁil»%g“ﬁ?o%tf t]azﬁ4 %gt Ih 1‘berne tsﬁ%go PH’]E%? illﬁagfpu-r(ﬁ gat Srlfllglf also include a

vhiveN2Br a8sHE ﬁlgh%bﬂsuﬂeoﬁm@%tﬁ hee haMe ANOSHAY Be Idtatdd ﬂel@een the
may be formed from pipes. The pi pes may enter throug

pure 1dhand Hie beh-pressure irudd (il In e lw\ﬁ-aoriﬂs@@sfhwépaﬁbs@é |Va1ve 128
nfa%e 150t SBEL e th DB UDE aflh B 1BEGRERER thARYY 0108 and

[0043] At the output end of the pressure vessel 102, a brine output 130 may
be disposed in the end cap 106 or the outer wall of the pressure vessel 102. A brine drain
valve 132 may be coupled adjacent to and within the brine flow path. The output of the
brine drain valve 132 is in fluid communication with a drain 134.

[0044] The output end of the pressure vessel 102 also includes a permeate
output 140 that is used to remove permeate created by the membrane 142 within the
pressure vessel 102. Both the permeate output and the brine output may include pipes.

[0045] The membrane 142 may be positioned within the pressure vessel 102
proximate to the second end or the output end of the pressure vessel opposite the input
end. As is illustrated, the membrane 142 is positioned near or proximate to the permeate

output 140 and the brine output 130.
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| ow pressure input 110 are in comunication with a
fluid reservoir 114. The fluid reservoir 114 may be a

WEemoMssses reservoir that is used to store filPET/ER09EEBS548

water. A fluid path fromthe reservoir 114 to the

hi gh- pressure input 108 may include a hi gh-pressure

punp 116 driven by a notor 118 and a valve 120 that

allo e f uj h [ I €c:1h Pyt t

pe. oTTAE1° o oL RRAL h phtGrg SRR 908 £ P Wi g fom the
réssrvairpbish. t Ivéhisderapodinente sta twime ipusgol.  TROWRY-pAssec poohp 124 is

fluid path fromthe fluid reservoir 114 may i npcl.ud S
UpSWBrER e @epiﬁwaiesz%a&e ST b el SoV] Vil 128 which is
og&? frhy 'hfjghpﬁ%&ulfgayal% 390 inEbydrari ¥R fielRSin Valvd I is open to

I gh-pressure fluid path, the valve 120 may be | ocated
albew weenn brine fipomthe pi&viamdyclego lesgipe froos thempecssmgutessed802. When
In the | ow pgr urg. fl ui ath, the valve 128 .
eORETRE Bevhely Pra Lt 155 e [RGSRSHECLdTY 128 b closed
OpeRitibn b¥Qhe hdBtbssiie fuigp QUS RUttaaH af tHeMERPRSSHE &alve 120 is

vessel 102, a brine output 130 may be disposed in the
opeidc aplseodediinendrapuyaye wa?t Iis elosedie Tpe dsessnie wisligehe pressure

58 RS G R , ROUBL B PR o o

thyr e beihail a2 vaprodudSgerniatenviiibiu e ditChraaghi thapéraitawt dutpwd 140 of
drain 134. i0044] The output end of the pressure
theguessprerssschl@d i ncl udes a permeate output 140 that is

Usedp‘i(ﬁﬁr SNMDte REJ gﬁ@gq l%rc%%gl%s gé(; Ip%fﬁ? AEIREANG et Hom the fluid

W thi'n the pressur ssel he perneate
r@utvout 1 Bhdhrotigh brd hghquegsute valye 1260 | andeinf plees prefs@0d Siessel 102

The nbyape 142 . be positioned within the pressure
thyRaE Fhey biE by %dtlap&%h@%eglnélﬁocoeﬂau%yadtdﬁ@ngef g water and
pERELrOTmAKRE uBT B5 Y FerkRER HerBREL BrbEH R ARkt Ehut A0 and to

is illustrated, the menbrane 142 is positioned near or
operostingrdhe inagcashg penatsaprsssouk due td40c amdeashg Gomicergration of the

out put . 130. [ 0046] | eration, the pressure vesse
bTB?QWéHV%?P%ﬁmﬂf%ﬁmgﬂggd frpn1the reservoir 114. In
t hi s [@o48]di "B cxSBplcVGL Slitdble Pe@TurcEhECIhRW & @SiSHI Bressure to
punp 124 is used tOéErOVIde the sea water fromthe

prasiyes wsmeata A tabppu g0 ashidpang Vb wermeme wpdustion cyplen. As the
pgllr%geianw %qu\?l(r%&?g gﬁcﬁrga}/s"éli Ve 1@‘ s%u?eo % qa&gas%{i] dto.t Hl%ir?e{ri% %%? h%ermeate

open to allow air ‘or brine

plvdaviial sIfey fift @ ptechisoaf ecdok omn i hiesipgde sisufital \pe&s@le mf2be about
Wien the pressure vessel 102 is filled with sea water
199 ppigwd l?y,seglgequ@ra\gﬁm@ssq@glsiago%q ‘5¥eppl.  Prior known systems that use

conventional flow RO processing require a constant 1000 psi. Thus, the feed pump
pressure requirement has been reduced by 25%.

[0049] Referring now to Fig. 8, a cross-sectional view of a pressure vessel
102 is illustrated in further detail. The membrane 142 is located at the opposite end of
the elongated pressure vessel from the high-pressure input 108 and the low-pressure
input 110. The membrane 142 includes a first membrane face 144 and a second
membrane face. A volume 146 between the end cap 104 and the first membrane face
144 may be at least equal to the volume of the membrane 102 so that a reasonable
amount of feed water or sea water can be processed in one batch cycle. The membrane

144 is disposed within a tube 148. The second face 145 is disposed toward the output
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OQperation of the high-pressure punp 116 is started and

t he high-pressure valve 120 is opened. Also, the brine
waele@onsssed ve 132 is closed. The pressure w t hi PCT/082008/088548

pressure vessel 102 rapidly increases until the

pressure exceeds the osnotic pressure which causes the

menbrane 142 to produce perneate which exits through

ef(ggggﬁ%rgggage@ggag E%.lﬁgoefndtdﬁh@f&%sl%% épﬁﬁ&led]ﬁ}@mmate to the

continues to
ou@h&end‘ ofoihe phasdrt wegbel. €Bler mbe 148 tétehdy wusgthetsheond face 145 of the
&g ésure valve 120 and into the pressure vessel
gh the hi gh-pressure fluid input 108. The

cont !M ] adfid h@meate &%ﬁlt wab ee&t&ﬂg o § KT EINRKEST P pressure
for the perneate renoved t hrough the perneate out put

vassol Hi2d Tthe pevrecatoowptthiet i rnan e gicrigeads thoough the esmbranc 144.

due e i cr asi concentr.ation of t rine,. o
o cnifoatle SRAGRF LSRR HEY (D mndeblS Bk sispaspd within
n&3H draploRinkte 38 ﬁﬁ)% 143chajslest ah ot PrédimhtePth8SBESRI e 145 of the
produce perneate of about 500 psi during the perneate

st i48n Qfyeonese, diEfercnepgsétians of ercpmpglier 1 grputside of the tube 148
aflroe ro%ggf‘gs% rh%%l yoi ?srsgrseséé?lfléflfs 'u;s]%c{ f%asségfja n}?aﬂnPSI6 tx%nlal (%/ht?etween the

perce tot rec

nioSordE3D dreicthe tifpelfar n8l. Wfedatseea ﬁﬁgném c&b&&haﬂ.ﬁ@ﬂsd@lsbetween the
Thus t he averaﬁ ressure is about 750 psi. Prior
&l

merRsvis 0pd thsignne %%tb@ﬁ%wl@ﬁﬁbefih@waﬁé processi ng
b e 00eA, SO Alor 103 REkne HTier 1Pt SRR fyid from the

niseftednd G beowmedncanFingulaB padags bElsbaeectn maahba/lm/mdfthaouter wall
d in further _detai

ressure vesse 2 jis illustra )
ﬁeﬁlée H’é@ﬁﬂf%\ﬁéﬁhi?j? Jﬂeﬁc dfreciiogt o ﬁﬁ%wo%fp@& frane ﬂaldoleusllhﬁ% by the
irﬁ}a&fég 3526k ﬁsﬁstﬁ@ E@coﬁ&%ﬁ@bffﬂe%’r‘bstsﬁfe Vtysaiﬂ oP astspﬁué@d bmetpressure
1 and the | ow pressure input . The nenbrane

vessel lﬁiégward‘ the dirstrepdrior anpet Erabel tma@reaﬂde acsseklohds mdlcated by the

HRESTRE ¢ TREDrne i ERrelE B T, Fuiiforafis 170

diseibuiér pigtk Wiic@ko ERRILIRIMAE BFfe HMAlP&rbiidhe fck SASRTRIN fube 148
amount of feed water or sea water can be processed in

agthellpwithe floye (e havphe nialabia febelencs. s Adiflepodidiysai 1R diffases the
oA OB 8l 3 TORERIR HiG ot
flowhdstliBot plafosiot i oned proxi mate to the output end of
t he essure vessel. The tube 148 extends, past the
secoEQp Sjce Ghposipe tthﬁé)roper circulation rate of brine from the impeller 152
through the annual passage and back into the tube 148 is important for the operation of
the system. If the rate is too low, the axial velocity along the membrane 142 may be
insufficient to prevent excessive concentration of salt along the membrane surface
resulting in excessive polarization which adversely affects the permeate quality,
membrane productivity and fouling resistance. By controlling the speed of the motor
150, a rate of brine circulation is controlled to permit fine tuning of the circulation rate.
Rates used depend on various design considerations of the system.
[0054] A stratification of concentration in the flow tube 148 is desired. A

water column within the flow tube 148 will develop a concentration gradient with the

lowest concentration at the membrane face 144 and increase toward the distributor plate

10
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menbrane 142. [0050] The perneate output 140 extends
out of the sidewall of the pressure vessel 102. The
wEeroamesises out put 140 recei ves perneate throughP@ES2008/088548
menbrane 144. [0051] A notor 150 is used to drive an
i npeller 152 that is disposed within, near or
proxi mate the tube 148 adjacent to or proximte the
186CONE LAGeLamcOlidddf | it 4 u ion i
ot e s hcBrhish HRRIANGIAF e Ely BEoRTr conepprration is
ptasbre at 4% face op desinbinbrand chisgdt tpriesspue $halistBaitarsplate 170 and
used to.seal shaft 156 extendi ng between the or
thechow (e 172—6%‘51108 (ML D Crhir e, n@fﬁa@w@mr@g@ﬁﬂr% and less
cORnh Ry SRE: Bgieen the notor 150 and the inpeller 152
so that the seal may be elimnated. [0052] The notor
150 005&]s tTHe flowpef bier, hEfze ronaehiratad atiee prodnets bl thicimembrane

i LA LNG, Menbrans, JapyReluoen a0 BARY! AL R3S $84RIARY by arow

1psessure vessel 102. The direction of flow of the

brine fluid pushed by the inpeller 152 is fromthe

secol®0%6]d drefenimgproas suFE. Yes severssrosmpsisutysend2@f haieg many
.essur rd t fir i d o .

IR UPRLSEE L 2 BR0BGE 408 ity SO R0 i

cddgonchbbewlll thig el giveh @it ehse td@chidebunidral Midu@hd@&cribed further.
di stributor plate 170. A distributor_plate is used to
Fig. Stipslydeser preasukg verecle\dBrihgt mey Bs gonfigargdiper ymilgpmanner to that

dbdcope Hg&fejiﬂ%i?rgwaéﬁhg”(hé tﬁﬁe%féﬂg%c?t*r@ NG t?&;n {eﬂ.o%rn}fi@ arc thus not

t ur bul ence. fuser uses
ilhisgrhtepr és shis embogiutent, tha fuifl rfomm theerckdrgbir pit 4 sswyrfow npab charge

108 evenly across the face of the flow distrjhutor
SPROE 190 TICOHSRET TeMO! S PG D lesgls PVE e B o p thgearth) the

pREssRE VBKef 1M hREe ORI RY chrBdiRERUER chdtge ARBNALr 210 is located
passage and back into the tube 148 is inportant for

dirbetlyoyseticai ly @hoof the pecssiyrs tvessel 1G2. tThes alétves the useoef drawigy to fill the

th i al it th 42 b
PfrSr rraeb i P e duRES i belt OB o nedif P I HisRSispt bevveen the
cﬁz&Fé re@b9BE 2U D andBIEraRereSUESRTE Is@esiiliddlg i n excessive
polari zati on which adversely affects the perneate

qual 19967]1mend higleprssswauistdovilippedasicthe bightprgsspesspuamade which is
[ i . t f, .
dE%eI:nﬁ%;'h{o%r ]{1@9.15 I?l%s %Rl%ggltﬂ?g t apgm{rgrteg%}r%??m]ﬁ ?Snéelﬂ‘%llﬁlﬁ%% gsmce low

circulation is control’le
pefssurbdillihg oflthd paRsuratv@sscRa2sis psedd e fleagkhothevadlv©0$2 due to

glga%iiy.g rAﬂCe? %?liin%eorfe‘glé Sr%gsu% Véslgeel IS Satt ?or\r)]v pressure, high-pressure fluid from
the charge reservoir 210 is created at the pump 116 and provided to the fluid input 214.
The valve 212 is closed after filling and the high-pressure fluid is provided through the
input 214. A diverter valve 216 is opened to allow high-pressure fluid to flow into the
pressure vessel 102. The diverter valve 216 is also in fluid communication with the
charge reservoir 210 when opened. A buffer pipe 220 that has a large diameter for a
short length acts as a reservoir of feed water for the pressure relief process as will be
described below. The large diameter buffer pipe 220 allows fluid to flow back toward
the diverter valve 216 into the charge reservoir 210 as will be further described below.

[0058] After a final concentration of solution is achieved in the pressure

vessel 102, the pump 116 may be turned off to prevent high-pressure fluid from
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[0054] A stratification of concentration in the flow
tube 148 is desired. A water columm within the fl ow

wWQ 2ive/098%66 Wi | | devel op a concentration gradi eneCTS1908/088548

the | owest concentration at the nenbrane face 144 and
increase toward the distributor platel70. The average
concentration increases with tine but the | owest

SPGB LIRS RSO e e TR AR i1

ntalgepbh end didv thedrighigssued floe tmretumgaabbtm&le mhatgweafsprvon 210.

nor e entrated brine | ess concentrated ol )
bri né&&#ﬁ CORHSS WRIGIS gﬂﬁlé?mlmfﬁ%?1 e BsesME Pgy j vented prior

tcpgthﬂﬁg Qﬁ@g&ﬁ;g@cﬂ% thBe @@de’iﬂ‘@es asﬂdﬁ?hﬂie% %ﬂo@yhlgl{ fil‘%\é\ﬁlre in the
and t he hew sea water direction is I ndicated

tﬁ,%s1a¢ rowscl 162 @O%@Pntaéfthnomghghmmemr Fialye D16 goward the charge

SENBBET s 5 TROU HeLdr Ban BBOVECRoRge e eperyoir 210 i

pheFerblly Uphd1pgiaek itSkMHigtay ©Afm@RRAtind | Thé Bufedpipdi20MNacts as a
the same reference nuneral and not described further.

rsegyoirdor Hhel nietsyrearciplorroness. idsesored igletdiato apagereated brine fluid
n?a%na{glhxgﬂgr %ﬂté?ﬁlbegfﬁalr%ge%eﬁ&vgﬁ Qrfﬁ S}%I?er tF@i}regﬁﬁg Ellflfggerlrloa[{%g%/\%d from

i nt er na ruc e and

tHSfre@uee vdisd 10Q] thiel lalist 712t @d. bri Ydvesdiaiibadide3t may e opened.
fluid fromthe reservoir 114 may flowinto a charq(?2a
Coaetiptsidr brinegis thireallovedgte Faisdny o tho pryssy vewel bat 8o water

ﬁ@&‘i@w (ﬂi@‘sls@lre' i¥ fhus SIS&FTE)O@@ Eﬁemr&sﬁﬁe ﬁeg ?)8 § SglflohOdistributor

n one constructe ervolir
pRID1 T Gsillustcaednh Kgr oty pe uerd tocabury tla:bmwt_er pltsheqoﬂle $sive eut with a

vessel goz This all ows. t he use of é@\sll % []o fl%)l t he
DHRIAEEY P MpEoge A 4g5° tFaé%ntfﬂ%tercWatﬂfB@g R 81'e terination of
v&h@ih\é?g@r%%eg WRIRQSE @lo%%"ﬁ%hf%ﬂﬁe Ghas Aehik %?p%r 501 1A 39, rneter 232

€ pressure vesse is provided. [0057] A hig
npydesused ta medevethoperwuat of fledidisghaigee shrangh thamipel mce a known
this enbodi mrent, a

ch
aVl8thqf£‘écglls gﬂﬂ‘ﬁ%%es&lﬁeﬁfeﬁsﬁlé 'since | ow pressure

fill [@ae0]f tAenpiIleesi6ir 286 SEpodildnddSoP iRvpdpdate igd G40, The
the valve 212 due to gravity. After filling of the

vplugtssafithe yimald egsenvol insulistantipietesuithan thi yHume of sharpressure vessel

LA GGG SRR A AEIBEL LI
deVEVﬂiza 218 dil@sehighfpresurel ﬂlludl’hgtoaﬂlé prosure vessel 102 to initiate

hlgh pressure fluid is prOV|ded through t he i nput
apotherpsEmeste Pradyetiongycies Yisemud resrwair &0 Migyrfe Fé@%ﬁ @f a small

aﬁlllotdoii&rﬁllth@’tb rﬂr@vehhﬁermeate flow reversal. During a time period between

the depressurization of the pressure vessel 102 and ending with the repressurization,
osmotic pressure may draw permeate into the membrane 100 illustrated in Figs. 7 and 8.
By providing the small reservoir, enough permeate may be provided to accommodate the
brief permeate flow reversal. The size relative to the pressure vessel may be easily
determined experimentally.

[0061] Referring now to Fig. 10, an embodiment of a reverse osmosis system
300 similar to that illustrated above in Fig. 9 is illustrated and thus will have the same
reference numerals. A positive displacement pump, as illustrated in Fig. 9, may not have

enough capacity for a large reverse osmosis process. Thus, the positive displacement
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pressure vessel 102. The diverter valve 216 is also in
fluid communi cation with the charge reservoir 210 when
W p@negks6A buffer pipe 220 that has a | arge di BOEUS2008/088548
for a short length acts as a reservoir of feed water
for the pressure relief process as wll be described
bel ow. The | arge di aneter buffer pipe 220 allows fluid
f r
Pl g8 e O h B T8 S SR KD A 0e T sl pump
3@ newy. b Qd&ER] byAl h&]torafi 2 waichoonamnt rcantlmﬂh:dd‘fy s ohtidblofrequency
.S ieyed i.n t ressure vessel 102, the 16
dﬂﬁggi‘ﬂ P ratiede Arcabeny el 1A gh. pRBSE Shepyiy Sheed gradually to
1&&&@@ %tﬂrgééhfégast&eaécptw acﬂfe@e Eﬂ%&fr@@ﬁ&%a&%@&ctﬂ)@ dased on the
In the alternative, the diverter valve 216 may open
flawdratd $igivel titpen h|ﬂgw petes S0 evithinuthd teomease nipub é@;& fTbus, the flow
e L EServe 210. .[ 005 ecause t i S s
mEh Jre i et sPat oy He Y BE el st epe pitin the
pStnddatd pige 14® charge cycle. Pipe 222 provides a flow
path to allow high pressure in the pressure vessel 102

t o b&0QGAt edlhin embghinche ingludes eechegkayalec 334 thapvienlapes Nalve 212
gﬁ%k g‘h?% Yﬁlaﬁve‘%]ﬂ 0 -Ie_ﬁﬁwﬁgr? gTOBNe? résswxllltl]@ é%vpa%d% ﬁ% input 214

arge reservolr

t@ theqredstirel wesdul gbt y m@m;ewhéxaﬂﬁcbrbgsuﬁevesﬂaneobuﬁ ﬁtear lopiep ressure
220 acts as a reserv0|r for the pressure rel

tfﬁpo@és@argph@s@ww@l b ithe chedky vH¥C S8M Y- at‘éfaerb theyanput 214 is
w&e%g G é’[éﬂ uély &&h%fr&ﬁ%&?@%@@lé QE@EH’G‘E{% Rlal%gf@% 1s closed.
press has een re

ter ed fromthe préessure
vesséﬂ)OGISIjZ Tiveparaicete [Fa@uciind dyclicribuy alloves vapressad Vieid to fill

132 ma ncentrated brine is thus all owed .
I
thePrgisy enV qﬁ? wqwacﬁ REs e Vorseldia pt 4 ¢V prssiTgdpe fo the opening

ofingle Rzal'v@V\I 30r e?ﬁ%’ﬁ %rés§uﬂe hiyspdas@ebdt Qichi dhb ﬁdﬁ?p B'i @Sa%Hr fermeate s
vessel by gravity. | ow di stributor plate

prdduget asateedtitied aboyg. 8 may be used to ensure the mater

ggﬁ?i@?é‘gt | gfjhen%ef Utg%\r/cmy%llg%}n%%ﬁw}ﬁo%ﬂm%xr%{g the flow meter 320

tihetigdidteetha®n REirsth@hb@it dFYSemsas M theén bodubt@Wamtbthe permeate
through the brine drain e 130. A flow neter 232 may

pmiugts@u cyade mRyshe @rmn@tealrmﬁm sprfed fafithel pmpcHdy aigduced to zero,
({hhé‘iﬁ)gvstgﬂg cﬁé&e\?al% ML ?ﬂ(e% V\ﬁ]ceatggg%rg fresfelrv%ﬂrdﬂosls at a higher

pressure vesse

pF8SI8E vV Cirdvit34ay 5c ma Itdi pm&ié low-préguRacimate iftb Pl Iiréﬁlc,ure vessel
The volune of the reservoir i s substanti al
uptdlthe prgehasecy évlbhﬂu%hed@h dessribed phavepsingdhe tiger omefqnéi%ntratlon

n{eltérliﬁgang? rithe ﬂB{;veﬁ’l%tléf 93y eSFfd ﬂig%)ieiséﬁll V\%%se% :hgs Glale ﬂéﬁled the

are closed and the diverter va
vhlivg h32) rsedesed @ndl khei diriabliedraghengyrdess i é cvess Eﬁe pb@® 31 to increase
sll)eryd to al’%.l%e the pressure in the input pipe 214 which allows the check valve 324 to
close. The speed of the pump and pressure generated thereby continue to increase and
thus the permeate production cycle again is completed.

[0065] Referring now to Fig. 11, a high capacity reverse batch-operated
reverse osmosis system 400 is set forth. In this embodiment, elements similar to those in
Fig. 10 are provided with the same reference numerals. In this embodiment, a plurality
of membrane elements 412 may be disposed within an enlarged pressure vessel 410. In

this embodiment, the membrane eclements 412 may be disposed tightly within the
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anot her perneate production cycle. The small reservoir
240 allows for storage of a small anobunt of perneate

W eoopogssent perneate flow reversal. During a tPeE®EUS2008/088548

peri od between the depressurization of the pressure
vessel 102 and ending with the repressurization,
osnotic pressure may draw perneate into the nenbrane

pge%% LLUst 5 8 G égén{: t g(% ou?erax{)ﬂl 8f th@ij} Qi 09 45 he The pressure

reservolr, enou perneate na provi ded t
vesscloditoohay enctlhx& bwitgfle pembeateec]étonts.r e‘xseﬂlslairatedl,' hhlssanzb@dlment

rel Ty
insGicE (ot DR EP RS 40 10060 THA B TONg. 1ibRAEgons 416 may
bEl 'uged 19.di@8e %ﬁ@ﬁf@si’[ﬁ'@tve%fel "fht() ecH@ 86 cREMMSY 511§Y SHEMB AL sub-

simlar to that l'ustrated above in Fig.
chdrhbrst araindad spang 41t8ua$1dv&nl dutltspace A20 mmermO‘ed@h c€he inlet spaces

4?% qgiglgplg(bto %yﬁ%{éb&ﬁ@@%ﬁg@aﬁﬁﬁ oggg ast?an&i; @ra{rélcggélé(g%o an outlet

A BIdSB 20 AR $hiSt RLKIERE 330 Tsrﬂlﬁdlcﬁlheccﬁ@%dttb\ﬂﬁb pump 310.
di spl acenent punp 116 of Fig. 9 may be regﬁ?ced with a

cent [0066]al Adwine 3ark 44thkavaege torf n@@pnﬁé ngd @dﬁq’f@yﬂ pertion 444
efgu[lg%?lﬁl IS ?ed g’eéweevtxfﬁ'tlhg ir}éut ?Laé{f‘\jld' ga[%lattpg t?eq nq%lf% 1d 432.

requ

Ttﬂé ltopepo%ﬂlén ma@mae vettbmeopivipiigipee det@fr@detafdlamteao the earth The
|ncrease the pressure as needed to achi eve the desired

ﬁé? ka0 macyda%ltlﬁi%w wepse JoyrflistHbutfqroplate Ae ngpigRR PoFtjoy 42 and
??] q?%vﬁﬁfsﬁfbuﬁgg gg«fté hﬂg]né RBoREN %?&o‘ﬁ AU RYL éﬁ% Flow? HfStrlbutlon

ow net er provides a signal corresp
ptabhe 486 and che dommemflowf digtebntat elavd HHE ract heamnﬁaatmnner to flow
nt n

Biftyesa i RATOF Bl Sae S5har vubaleacdmging. i b pive 450

e¥RhYLFSR4hO Pcﬁﬁ]?oﬂi@ﬁ Q42 o QWEbriRr 6518 uﬁ@ P?efﬂﬁ@l‘fr' gr%%rﬁ{e feed pipe
the input 21 the pressure vessel 10

4H enpasiienpd bstsece theewpalf thoRnk Qn@lth%ﬂ(b%\déﬂltpl’f@s@ﬁe 446. Brine

th t har ge, r.eseryoir 210 e check val v

e AR Sk 13 Bt Sk R SoppledG PRE B ool § g ghrouen the
bhhgbm@mggsure fromthe punp 310, the check val ve 324

is closed. [0063] The perneate production cycle thus

al | ob@06dw- ph elrdipr énffut upipe t452f that i hduigicelds wouplpdstoethe outlet
nfa%?f? B atnlaeorﬂl rttkt‘lékﬁﬁ r\ég §eesl bfg% @Chn?hhl SiMeP {Iﬁﬁﬁ’&d%ﬁu%he brine

e opening O € vVa pressure

irgengpat &3 may tha Iidgelopem‘petazb@n aredqurm%ﬁt ef ihs tpine dankedm and the
as descri bed above 64] The recharge cycle is

flow; diptgibatonplae é48g éi b@ﬁ@ﬁwwa 0 AN VigB ther mafon 463 may be used to
pump the concentrated brine fluid from the outlet manifold 432 into the brine tank 440.

The booster pump 460 maintains a continuous loop of concentrated brine from the outlet
manifold 432 through the brine tank inlet pipe 452 through brine tank 440 and through
the brine fluid feed pipe 450 into the inlet manifold 430.

[0068] The high-pressure pump 310 pressurizes fluid from the fluid reservoir
114 to the desired pressure to produce a desired amount of permeate that exists the
pressure vessel 410. The flow signal from the flow meter 320 provides feedback to the
variable frequency device 314 which in turn adjusts the speed of the motor 312 driving
the pump 310. The amount of permeate production is adjusted by controlling the motor

312 as measured by the flow signal.
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that indicates that a desired anount of perneate has
been produced and the perneate production cycle nay be

wao eqoaiosssbed. The speed of the punp 310 is redur€dUSI®O08/088548

zero, which allows the check valve 324 to open since
the charge reservoir 210 is at a higher pressure.
Gravity may be used to provide | ow pressure sea water
into )] rA
%ﬁ%ﬁh t | lent entry of

full )Lé(ﬁbdshe as déiscr [ 105%4[)%5\/6183%@”9 t%g%\ts}l%gﬁﬂbu et entty o
ﬂowrun&nztrrdatut ofi theeirare 1280440t @aintaie a fiivoniet@rce2B@ion gradient in

When the, pressure .vessel been fl ushed, val ve
thezbrines tagk %@d ﬁﬁlatw % dgnase; @rﬁreewf ROsipBRE it dhq B%tt%&@f a tank and

ligRKS CRsd B@no@Hﬁ’@ce@ 0int Gs 'Iﬂ)‘éﬁﬁﬁ&? ap @l?@e@opt Qf R %ktﬂﬁ) The flow
pressure in the i nput pipe 214 which al lows the check

dwalhneloazplate@ dHosed8 Theevspeed ofduthempunp wndhgr egstifrd brine
enerated th reb ntinue t rease and thus the

RS st BrEeY wiR ey K Compret ed. [ 0065]

Ref e!]mo'ma noy bl@el‘Eﬂl(ﬁl thd  bréhehta@lR 4APACIAINIT QUBI R& water at the
bat ch- operated reverse osnobsis system 400 is set

begipping 0|f thetdhpegesypledilive htine @lnérﬂéﬁtl%oli@lnﬁﬁi baep¢ang plissks valve 324
aﬁc? VﬁVg I1 321 OPﬁSTf ﬁﬂ{n Vt:% %gec\’l\in Jaltﬂ c{ %% et[l? A% d pump 31 310 begins

nuner a ura

iebienmeng Sudlld ehetyoflrlie dieﬁﬂﬁﬁ%cbh‘mnbbﬂs 31amn3e fB’bﬁﬁWls forrned through
pressure vessel 410, In this enbodi nent,

nenbr a
the eershts opflot hdQ Bing;is selecded ingHiel qutlgf m@pﬁold F52 where it is re-
cfrﬂg%g ﬁ&ﬂ%? %%6' ]ilté iﬁ? OBQ%F] Qgﬁdtﬂ)‘?ﬁ eﬁch@f tﬁé’%ﬁf %L‘ﬁg{, The dense

press esse e pressure vesse

brlne‘; Hértl pusing$ thieplak waterbvlanle ik endmss up Asough thstoudtteglpe 450 to the
hi s egﬁg%igeq%@includes four sub-chanmbers. 414a, 414b

111@41@3‘%1 3 REACHRH COHRINYSS PRl Phamoyry TRAte, Qb g Particular

c&&eﬂiré/ticﬂleoft hihePis %%l%@(z&i VERS §std iyt 1& fRxE RATRer 1%serv01r 240
hi n each subchanber,” an |nFet space 418 and an

ﬂw@aﬁenl&panbrﬁ@@nmﬁyﬂb@dgwubwﬂdmweﬁMEuahOet spaces 418

\ co t o,an Iet mani fo d,,430. T out spac

120 100 o0 pRing Beherfie el sy 52000 FERGFea which
10w TRl lesdBR ih $hd dydic. CRAVY 18D apén@ @na ehd m@ssnm b33 tank 440 is
[0066] A brine tank 440 having a portion 442 and a

resiyeec nd bis ceuseh theqresyane toebefreduagH elathe;brmaﬁnl@%b eTheeheck valve
3%_JP 8p Iﬂ%ﬂh AIRA 'sé %fjg e%? é?ﬂ% ‘grﬁw om por 1ok egligzaﬁig%% and valve

op portl on.

1@@&&&%9@& dt thelsakti ofehd gext pern@atd groduldiien ky¢lee tank 440
nclﬁde an_upper flow djstribution plate 446 near,
top R 43lon Beforrmgdion foditer 1% P@WP@W%@E ? BRYCpicQ@osis system

o4 BRI FURC AL Mg TNER, Gilhan clesppgfiom te
epbadienctd 8f &g 1|1 rera gsienm thasamameferent© nfulnomals. In the embodiment of
Fig. 11, the system is down for recharging of the brine tank 440. In the embodiment in
Fig. 12, the permeate flow is not required to be interrupted while waiting for a brine tank
to be recharged with new feed. In this embodiment, the pressure vessel 430 is supplied
with high-pressure feed from the brine tank 440a through the inlet manifold 430 and a
three-way valve 500. The three-way valve 500 is positioned between the top of the brine
tanks 440a and 440b. Re-circulated brine exits through the outlet manifold 432 through
pump 460 and back into either one of the brine tanks 440a or 440b through a second

three-way valve 510. The high-pressure pump 310 provides high pressure fluid from the
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distribution plate 170 of Fig. 8 to reduce turbul ence

and m xing. A brine feed pipe 450 extends fromthe top
wW@erniogssest42 of the brine tank 440. Preferabl yPCT/082008/088548

brine feed pipe 450 is positioned between the top of

the tank and the flow distribution plate 446. Brine

fluid fromthe brine tank 440 is fluidically coupl ed

f{eg 6%%:?\!6&“ EM it Hef iRl ninto @Uig%g N Hﬁ?p P{lbﬂferﬁbfcﬁméﬁtoof Fig. 11.

rine rnput pip urdica
Tao ltlpb@d/ay valviee albas fthet ﬁmhmtﬁ@iadk 430 amtrﬂe bedond biraa kam(m 0b to be

rec ye brlne from t.he outle mani fo 43 e. brine
upeh ﬁﬁ,%c ABCTHHYE H & e At SblekThe ﬂ}ff ﬁ% HQ& pogylme. Each
sﬁ‘ﬁém Qbelal8 iRLIsHRIII AR A G ﬁﬁg déslaﬁbéd %V@'lﬁﬁg Byt | Hthe end of a

| at e 448. A booster punp 460 driven by notor 462 may
bbteh (pethetis mudltp:tltoh eyclopabatvalat dd2brbsosiatdduivdh ftho hrinhegank 440b

out.l e n|f d 432 into th rine,t 440. Th
S sl o oo o &g R Yot st iyl Fow back toward
tIROREERO altlad Rﬁldal@aﬁiaﬁﬂh tdaﬁveosgd Bat MAALIRally 43dpled between the
t hrough the brine tank inl et 1£e 452 t hrough brine

tandp k4G datf@bihslowlhonened fer bring the brige faake4Hiapnd 450D to the same
pfeggu% 3?@ J[h%eesva "@lefeso# (ﬂ)ul g’i%fl O[a%) ?ﬁgéatg{' :tjol gﬂa%hé RISV bfFection so

ressu izes rom reservolr
tlilal ﬂlethhﬂehecmte@atfoﬁdod;f Bsbiough the pradiusthcaatlesdd0tedrhe equalization
amount .of perneate that exists the pressure vesse
valyp 52%%0@%@?6@%4 Thopsocses th%w%%% using) ther gsprgelrine tank
o the variable frequency device 314 which in
4aﬁ$ﬁhg§Fh§ts the speed of the notor 312 driving the
punp [GAAR] Thaftanbadoomis gertakating mlneoblnimﬁ from ihs second brine tank

Bl RSy relre PBOBSTN e ThY ATy SEs i WO Hleciaetink is open
afif GeAfis HAife ab R '?lﬁﬁu%ﬁ" kP yheRtaieNkay @ifra\flﬂyoé(ﬂd\%t @c@Nfom the

out of the brine tank to maintain a favorab
rgsenvoent Idatoi how grtadhe hting fank e Obr iOnese ttha kank 43.0b reaches maximum

el.ativ dense brine._is I t.i one he bottom of .
safty o et PRER ram ool L weBi it P Hoh o Gk Mebrocess is
sWRstddite pesid@d briddefrdrR theathnit M0at ank 440. The fI ow
di stribution plates 446, 448 prevent or reduce m xing

so t Q74 r aThef pseEnbtharecansingalt f%)@ﬂtén sBamsingoy gerifugal pump
tﬂe PI%H yg %&%hffégg Q]?%loére% re th%t V%EI’ W{egqgne of the brine

er at
tabﬁgl I’Tl’hel’lgleﬁlforetnb earfﬁyafsg@)nﬁylﬁ(b@ly fﬂ%@sd@fzbdh eviien kllﬂaﬂt&tésSmgniﬁcant
ed by opening check val ve 324 and valve 132. Upo
chmlwé mavemephaidestiess %ﬂ@ar%@r@%@b@daﬁ%pr@qﬁwaé@a Tequired in

FRHUMR. 3 Quhee Oindependent arrays, each equipped with its own brine circulating
pump 460, may be operated in a continuous mode using one or more high-pressure batch
tanks than the number of independent arrays. The valves may thus be provided in a
similar arrangement. It should also be noted that the three-way valves and the pressure
equalization valve may be provided in a single unit.

[0075] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be implemented in a variety of
forms. Therefore, while this disclosure includes particular examples, the true scope of

the disclosure should not be so limited since other modifications will become apparent to
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to circulate fluid to each of the nmenbrane chanbers
414a-3. Perneate is forned through the perneate outl et
waz2@9/ogssée i s collected in the outlet manif ol PCHBR2008/088548
where it is recirculated using punp 460 into the | ower
or bottomend of the brine tank 444. The dense brine
444 pushes the salt water which is | ess dense up
tﬁf;hsrkﬂiég rgaﬁioﬁ&t 1|1§0tn apétﬁé}r g’ﬁ]@letdg)avtzin s,'tﬂé g(%ec Qﬂi(tlplnﬂi @3 (%ollowing
he process continues until an andunt pernmeate or a
clhang.i cul ar concentration of brine is achieved. The
systemmay also include a small reservoir 240 that
acts in a simlar manner to that described above in
Fig. 10. [0071] During the recharge cycle, the punps
310 and 460 are stopped which lowers the pressure in
the system Valve 132 opens and the pressure in brine
tank 440 is reduced. This causes the pressure to be
reduced in the brine tank 440. The check val ve 324
opens and fresh seawater enters the brine tank 440.
The check val ve 324 and val ve 132 are closed at the
start of the next perneate production cycle. [0072]
Referring now to Fig. 12, an enbodi nent of a reverse
osnosi s system 500 using two brine tanks 440a and 440b
is illustrated. Common el enments fromthe enbodi nent of
Fig. 11 are given the sane reference nunerals. In the
enbodi nent of Fig. 11, the systemis down for
rechargi ng of the brine tank 440. In the enbodinent in
Fig. 12, the perneate flowis not required to be
interrupted while waiting for a brine tank to be
recharged with new feed. In this enbodi nent, the
pressure vessel 430 is supplied with high-pressure
feed fromthe brine tank 440a through the inlet
mani fold 430 and a three-way val ve 500. The t hree-way
val ve 500 is positioned between the top of the brine
tanks 440a and 440b. Re-circulated brine exits through
the outlet manifold 432 through punp 460 and back into
ei ther one of the brine tanks 440a or 440b through a
second three-way val ve 510. The hi gh-pressure punp 310
provi des high pressure fluid fromthefeed reservoir
114 into the inlet manifold 430 as in the previous
enbodi ment of Fig. 11. The three-way val ves all ow t he
first brine tank 440a or the second brine tank 440b to
be used during batch processing. Wen one tank is
off-line, the other tank is on-line. Each system
operates in a simlar manner to that described above
in Fig. 11. At the end of a batch (perneate production
cycle), the valve 132b associated with the brine tank
440b
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may be already in the closed position and check val ve
324b prevents fl ow back toward the reservoir 114. An

we@euwalsssed | on val ve 520 that is fluidically copgi/es2008/088548

bet ween the tanks 440a and 440b is slowy opened to
bring the brine tanks 440a and 440b to the sane
pressure. The three-way val ves 500 and 510 are
operated to change the fIO@LgEMgction so that the
brine recirculation |oop is through the second brine

t ank Wi Is. cldihedegual i zati on val ve 520 is cl osed
thereafter. The process then continues using the
second brine tank 440b in the |loop. [0073] After the

| oopyi s stardele b3mBEs kPKelrih MRiid oMt 2865 Wi PHulPreservoir
tank 400b, equalization valve 202 is closed. The drain
compugnd:32a under the first tank is open and pernits

brine to pass through to the drain 134, Gavity.all.ows

£ eeq VBT ERES I Lar h e RS CRTg T sy TReuis g S, o low
pEad8lie ARRInpENE Pernitatd Akt 4408 briaaehest; maxi num sal i nity

or the desired anount of pernmeate is produced froma

t ank 2 higheprpysyrcegdva; s switched to provide brine from

t he 5%&5pé§8ﬁév&9@74] The system then continually

repeats. "By using a centrifugal punp 310, the punp is

al wayshigh ssbaug pgmat inhfligid psassticeti@l twatbnaid “gdhypicBdu®e input
one of the brine tanks. The nmenbrane array is

threpgh the bipdy Rreyshes@livs 3%H whi ch el i mi nates” si gni fi cant
rechani ‘. S . .

and dn BresSRYDIFR in iy SOMARFICH Bl MERR AL Ryt through
therldepecdenrtvabrer ays, each equi pped with its own brine

circul.ati. u 460, may he operated in a .continuous . .
mode S iMHET SHEVBF Mg S Jp BoRGHUDRYER B ol OFMRpnication
wWithehdHfagts@doit ndependent arrays. The val ves may thus

be provided in'a simlar arrangenment. It should al so

be nothertin brad lavhprassure pumpyinyially édlingridie phassyre esssak and said high
g%ualization ral ve.may be prov'd din asingle unit.

g8 5P IFRSBE R AU o ERE PISQCHN now appr eci at e

fromthe foregoing description that the broad

teachi ngs of the disclosure can be inplenented in a

vari éty ofd Puers . asTiseiesk gy elaimnl Meéherdin ghejihigh pepsyuse feed pump
' . ‘oY es, the true scope of the
C%@é%#%§ﬁ¥€@§%g%ﬁ%%%ggﬁggﬂl0 limted since other

nodi fications will becone apparent tothe skilled
practitioner upon a study of the draw ngs, the . o
specPfi cath Biteahas feﬁéeéj 8 ¢lai Agvhareinile pembage is disposed within

the pressure vessel opposite the high pressure input.

4. A system as recited in claim 1 wherein the membrane is disposed within

the pressure vessel opposite the low pressure input.

5. A system as recited in claim 1 wherein the membrane is disposed within

the pressure vessel opposite the low pressure input and the high pressure input.

6. A system as recited in claim 1 wherein the high pressure valve has a first

open state and a first closed state and the low pressure valve has a second open state and
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What is clained is: 1. A reverse osnpbsis systemin
fluid communication with a fluid reservoir conprising:

W@ 2pe8s8e6 € vessel having a menbrane therein, BCTU§008/088548

pressure fluid input, a | ow pressure fluid input, a

perneate out put and a brine output; a high pressure

valve; a | ow pressure valve; a high pressure punp in

a shéﬂgﬂgﬁﬁ%ﬁ‘é[ﬁ% %kﬁegérhé\segéu h ghgﬁ?s'gh&%%% SI# '(E)I\% {)u?g gléaed and the low

pmssme ivalve lis1ird theoseaml (qmnl svate o fifl thé@rdsewre pzlemls fioe the reservoir;
ut throu h the | ressure val ve,

a
e BT FUMRAuaian o BF & B presdle & ‘&JE%S?CHH? floren state and.the
hfgq’l"fi?égﬁui:@tvhl‘%@ Wik And g J)ﬁé'ndstﬁt%ss%r Mt HresWieTif! the $REure vessel
'ow pressure punmp initially filling the pressure
incessed. and said high pressure punp operating during
perneate production. 2. A systemas recited in claiml
wherein the high pressure feed punp conprises a _
posi f7i ve @ sRteAe @iPdtite® iiBlaim-6 WheitHl RIMNS cdrﬁ@hﬁ@%altﬂme drain
claim1l wherein the nenbrane is disposed withint
vplive aus thirdedesetl seppbringecrmeathpgdugiadssure input. 4. A
systemas recited in claim1l wherein the nenbrane is
di sposed within the pressure vessel opposite the | ow
pressure iAnpitem as reditey s emims wheheinefliriher corapriidg a brine drain
wherein the nenbrane is. di sposed within the pressure
vilae da3 2 thdowrn étater@rnns\ﬁlb%@gdlﬁrémmp gt thg @6@8@% VR$S§h
pressure input. 6. A systemas recited in claiml
wherein the high pressure valve has a first open state
and &. fir gt systonsedresittat @ dmch t néhelomvttprlagls prassuralpusp raises the
has a.second open s ate anda second cl osed state
PIRBEE Tt tPéeSﬁ? G CHICL ESQIYCECQIR \NETCRUNE RSRIEC Prepslfe dyriigapprmeate
pRfclidle | ow pressure valve is in the second open state
to fill the pressure vessel fromthe reservoir; during
per neat e production, the |low pressure valve is in the
Secong cl %Sse %te%g %& ?eca‘}ec? ir{ tc‘ll(a:"lim 1 wherein the pressure vessel comprises an
clongated pressure vessel having a first end, a second end and an outer wall;
wherein the high pressure fluid input and the low pressure fluid input are
disposed proximate the first end;
wherein the brine output is disposed proximate the second end;
a flow tube disposed within the pressure vessel to form an annular space between
the flow tube and the outer wall;
wherein the membrane is disposed within the flow tube opposite the first end of
the pressure vessel, said membrane producing permeate fluid and brine fluid;
a recirculating pump recirculating brine fluid between the outer wall and the flow
tube so that the brine fluid enters the flow tube toward the first end of the pressure

vessel.
11. A system as recited in claim 10 wherein the membrane has a first volume,

a first face positioned toward the first end of said pressure vessel and a second face

positioned toward the second end of the pressure vessel, said pressure vessel has a
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hi gh pressure valve is in the first open state so that
pressure in the pressure vessel increases. 7. A system

w@sgoopesissed in claim6 wherein further conpri SPEIUS2008/088548

brine drain valve has a third closed state during

perneate production. 8. A systemas recited in claim?7
wherein further conprising a brine drain valve has a

sécjah{i %0991%] bétrv&%&? tgéJ 'ﬁ%ﬁgfaéé Lnlld Q%I@tngn(ij%J Qﬂ ¢ ﬁlfst Ertil? equal to or
pressure vessel systemas recit I'n clai
gmh&rdumthhﬁmhw@hnmressure punp raises the pressure in

the pressure vessel to overcone increasing osnotic

pressure during permeate production. 10. A system as

reci ed in ¢l@imal MERIICINNCILAL 10T SREUEHhY &R SE Iplressulre ﬂuld input
conprises an el ongated pressure vessel having a firs
cemthungate flontingnitic dlow tabe thuowgh adiffuserwher ei n t he hlgh
pressure fluid input and the | ow pressure fluid input

are di sposed proximate the first end; wherein the

bri ng3out putysdtdin s SBEERAinPE @K T8t @hdrom Be afngid peRlire Fluid input
flow tube di sposed within the pressure vessel to form

cemmanisaicar flaidate thet faentubpethrously @uﬂ@Wad@U‘ﬂhﬁ@Ob uplete and the
i.n S I

rotsl BB ol o TEEY B 3 o2 YR Wik bl Gpd eRthbucion

phid. d nenbrane produci ng perneate f|UId and brine

fluid; a recirculating punp recirculating brine fluid

between the outer wall and the flow tube so that the

brine,fl uiyd flo [ Sy

of t Eg pr eAss re \?ésrggfed walkyggs‘%gé[ni?g% h% 2@%@ ggéslglhr@ Hhid input

cataiumches Woeat teithe flone tutentbroagk alksy distribngon platenmd,a daffuser.

first face positioned toward the first end of said

pressure vessel and a second face positioned toward

t he qgconQJ%g%oggoﬁﬁﬁmﬁéessure vessel, said pressure

vessel has asecond vol unre between the first face and a

fi r sbpenog @hpn@dratrhwlfe mfﬁpremree‘opﬂsdl to or great er

a0 g G e T B ool e SRR T s Brvoir through o
&0 P’{cwnir@ fip@sudihdih thv PeOsukdurhp %ﬁglbﬁloms@mkb alve;
| user.

when the pressure vessel is filled, closing a low pressure valve in communication
with the low pressure input;

closing the brine drain valve in fluid communication with the pressure vessel;

when the pressure vessel is filled, pumping additional fluid from the fluid
reservoir under high pressure into a high pressure input of the pressure vessel using a
high pressure pump; and

raising a pressure in the pressure vessel using the high pressure pump until an

amount of permeate is produced.
16. A method as recited in claim 15 wherein raising a pressure comprises

raising the pressure to overcome increasing osmotic pressure during permeate

production.
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13. A systemas recited in claim10 wherein the high
pressure fluid i nput communicates fluid to the fl ow

wao 2ive/osdssough a flow distribution plate and t hBCT/US2008/088548

recircul ati on punp conmuni cates brine fluid to the
flow tube through the distribution plate. 14. A system
as recited in claim10 wherein the high pressure fluid

I nput,co

1w 2 ot ) Bep oo as el o Cfind DEn SR 8L membrane
wathirpthe prasgure epani eypositdthe heshdiradsnreviapwte of a pressure
vessel; filling the pressure vessel with | ow pressure

fluid froma fluid reservoir through a | ow pressure

i nputigusi %gm@thb@‘ﬁ’s RIcRSPH &alﬁi"f@)ﬁﬁ'd%lo&gﬂpt‘?sd oPldERSHEmbrane
val ve; when the pressure vessel is fil closing a

within tpp @sseure vosskMeppositacibaram ipeasiro mput. t h the | ow
pressure input; closing the brine drain valve in fluid
communi cation with the pressure vessel; when the

pressore wems@bd iasrdcitkd ﬁﬁolmﬁﬂf@ﬂfﬂﬁeﬁ&ﬂhﬁﬂsﬁfg&%ro“dﬁig’a membrane
fromthe fluid reservoir under high pressure into a

whihghthe pesssure ecssabenposite thadow peessire enpyieaivbthe higghyyegure input.
hi gh pressure punp; and raising a pressure in the

pressure vessel using the high pressure punp until an
anound. of Apefettedt & tesit@l adelaga.1516herédinndbding tiksbrine drain valve
recited in cIa|n115 wherejin raising a pressure .

fergep poapdscs glosingghe hangiramsyatye %%@@%Wepmﬁw@@s. ng
osnotic pressure during perneate production.17. A

met hod as recited in claim15 further conprising

pr ov2di ng Aanmedmldr ansecued i rldidel  més s epem'sged brine drain valve

C&g&l?@égggehﬂl% @I‘]ﬁ hrT%r S?n? Efgllyle[;cg%lg é&lﬁé aﬁnlge aml% og the pressure

vBRBbrane within the pressure vessel opposite the |ow

pressure input. 19. A nethod as recited in claim15

further conprising providing a menbrane within the
re vessel ressure. in

ut d..
Phe  Rrgn O ReSuroRRRT i Snbli roxd SRS eSis st S iprising
cl ai gh LonphedeirbssGicosdstd HduSinBriaReheds dirst 3@l Mesecond end and an

outer wall;

a high pressure fluid input, a low pressure fluid input disposed proximate the first
end;

said eclongated pressure vessel housing having a permeate output and a brine
output disposed proximate the second end;

a flow tube disposed within the pressure vessel to form an annular space between
the flow tube and the outer wall;

a membrane disposed within the flow tube opposite the first end of the pressure
vessel, said membrane producing permeate fluid and brine fluid;

a recirculating pump recirculating brine fluid between the outer wall and the flow
tube so that the brine fluid enters the flow tube toward the first end of the pressure

vessel.
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further conprises closing the brine drain valve during
perneate production. 21. A nethod as recited in claim

wa2oonogssed N openi ng a brine drain val ve conpriBEBUS2008/088548

opening the brine drain valve during filling and
drai ning of the pressure vessel. 22. A pressure vesse
assenbly for a reverse osnbsis system conprising: an

I t ed | ' £ :
el ongat € é%%%ﬁl‘f 9es¥&%§§émt{?l\g|‘al$ !r&gceﬁlfﬁé 38 32 v&He?él? l‘?l{l}aldngembrane

a second an outer pressure
hanpdirst eolinaw pregsiice pdditorctdi toputd thesfiss e pf eadd matwure vessel

the first end; said el ongated ssure yvessel. housin

bR 41, 2R FEF BRSNS VAT i reecoRe S04 O itgﬁ Fesiite vesscl
hBhd, WBldS rEfBreSREUN M08 has 4 kQWnHUBRINH BRASEH (M i fice and a
t he pressure vessel to forman annul ar space between

firdtend bapatttbBrsaemt! ¢quel outr greawalthan the frstrivolne. di sposed
within the flow tube opposite the first end of the

pressure vessel, said nenbrane produci ng perneate

f1 ui dgand Abriraguie Wietkel dask@BbIC Wb afccE PMMRlaim 23 wherein the
recirculating brine fluid between the outer wall and

rqcireulptipgyemp eomprisdsan impellasdispesdd within & Row tubige 1 ow

tube toward the first end of the pressure vessel.23. A

pressure vessel assenbly as recited in claim?22

wher @bn t e pressbrcanesdabsasserhblystas vadciied, ina clalims2f aderein the

positioned toward the first end of said pressure

rerasulating pUBPNEPIARTEPCH 28 damisHer disrossd rexiBREdtheowspy! fase of the
end of the pressure vessel housing, said

pressure vessel housing has a second vol une between

the first face and a first end cap at the first end

equal,_to qr greater than the first volunme. 24. A .
reodlire (edlEmiiosae] yssEnPScht obrel ciaichiizg 25 wherein the
rA100R1iRg bilip EERFiGYlahi i PUAR: BOATHSASI AR JiTPAL ffcller

di sposed within the flow tube. 25. A pressure vesse
assenbly as recited in claim22 wherein the

1500121 R RUEP ST LSE A1 TRELLE O RS wheren

recirculating pump comprises a seal chamber disposed within the outer wall and a motor.

28. A pressure vessel assembly as recited in claim 22 wherein the high

pressure fluid input communicates fluid into the flow tube through a diffuser.

29. A pressure vessel assembly as recited in claim 22 wherein the high
pressure fluid input communicates fluid to the flow tube through a flow distribution

plate.
30. A pressure vessel assembly as recited in claim 22 wherein the high
pressure fluid input communicates fluid to the flow tube through a flow distribution plate

and a diffuser.

31. A pressure vessel assembly as recited in claim 22 wherein the permeate

output is disposed proximate the second end.
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26. A pressure vessel assenbly as recited in claim?25
wherein the recirculating punp conprises a magnetic

W@ eioves88p6 conmuni cation with the inpeller. 27.PET/US2008/088548

pressure vessel assenbly as recited in claim?25

wherein the recirculating punp conprises a sea

chanber di sposed within the outer wall and a notor.

28. A pressure vessel assenbly as recited in claim22
wherein the high pressure fluid i nput communi cates

fl ui @2i nt & tieehdd otvoparbiing hrrougbe asdodi§ ygeem 128ingAan elongated

ressure vessel assenbly as recited in claim?22. .
PRI VASSEh Hisgh T &3 whnd i ewﬁm Oufamﬁaﬁ} %ﬁtgé@ressure fluid
idpudl] afjlotxx/o}())ltegk%ré e fpRedikiYsed Shodmhlcane G & tdnl X hEAbate output, a

plate. 30. A pressure vessel assenbly as recited in
buhaionip2? athemrreilar sphec betgieepraefewrtabé land dhé nptgt wall, a membrane

C ni cat fluidt he fl ow,tube throu a. flow :
G RUER B prtedieiR HF ary Pl bt R olid pibranc naving
aVRSTRdc AN fase, sEdini@8bd dongdraidy: 22 wherein the

perneate output is disposed proxinmate the second

end. Bassing brieHbidd Broughehamcntpranci ever se osnosi s system

havi ?&H%Hlaglﬁ% %gﬁé ?lgucp h§RoHE %eélo%ﬁstﬁ%e Qﬁ}/”ﬁnrg r%blfalng %ward the first
end, a seco end and an outer wall’ "a |g% pressure

ehd of e iphBiiire vasskothrdugh sisdmufar dhamberput di sposed

proximate the fjrst _end, a perneate output, a brine

out pGETMRRICAHA PrRe ByddonbEicgeamarcamiy i Bcdiay tuse:
Out ehrdifiking ﬁg@%@gﬁﬁg&%h%é BieRibthe, fqow tube opposite

the first ressure vessel, said nenbrane
havi ngmawuhicagtg fhapermeute fromabonatsfuacesssdai d net hod
conprising: passing brine fluid through the nmenbrane;
recirculating brine fluid fromthe second face of the

menbrane LWOuRKELd N8 fdcltdd igndal oh %vlfé&_@ﬁ%&ﬁgtﬂﬁﬁ%e brine fluid
t hrough t he annul ar chanber; comrunicating brine uid

comprises iecizgnlathg brioh rmideat airate ¢o pieeiftipolerizaftvey alpngidie ahangpranc.
perneate through the nmenbrane; and communi cating the
perneate fromthe pressure vessel. 33. A nethod as

reci ged i\ Gha@héd I WRRELIIA Ele®h rRUkGIreig REirdBatidgUibfine fluid
conprises recirculating brine fluid at a rate to
comBNERt repbrErtingatdrion ey & Heterintspafel, brine production from the

membrane.

35. A method as recited in claim 32 wherein recirculating brine fluid
comprises recirculating brine fluid using a pump having an impeller disposed adjacent to

the membrane at the second end of the pressure vessel.

36. A method as recited in claim 32 wherein communicating brine fluid

comprises communicating brine fluid into the flow tube through a distribution plate.

37. A method as recited in claim 32 wherein communicating brine fluid from
the annular chamber into the flow tube comprises communicating brine fluid from the
annular chamber into the flow tube to from a stratification of concentrated brine within

the flow tube so that a least concentrated brine is adjacent to the membrane.

23



10

15

20

25

30

34. A nethod as recited in claim32 wherein
recirculating brine fluid conprises recirculating

wheionesdsbali d at a rate to control brine produck@DOSINHORSS48

the menbrane. 35. A nmethod as recited in claim 32

wherein recirculating brine fluid conprises

recirculating brine fluid using a punp having an

i mpel | er di sposed adj acent to the nmenbrane at the

second end of the pressure vessel. 36. A nethod as

reci 88d i A oilethorh a3 2coitedrieicimoitrwheeat funtheb comprifihgltaminating
conpri.ses gonqyn%iﬁting brine fluid into the flow tube
IEFERiaRe &t tF §2d PiibatghPI9FEe. 37. A method as recited

in claim32 wherein conmunicating brine fluid fromthe
annul ar chanber into the flow tube conprises

commifli cati mgthodiasecditediid daiwm2 whcmmbirther corapheng terminating
intolﬁhe {hl othég% to from atsitratifti cation @f

rEdSEaHES RO BIARE R PO R B O B S P fat a

| east concentrated brine is adjacent to the

menbrane. 38. A nethod as recited in claim32 wherein

furt B8r cénpeihefl pgopaptingvaroVpige PEBOY SN erpsingie

end. %fllg% %ﬁ}egpurg %’s%gfﬁith :fogw '&sg@r% r}ﬁﬁi(% Adnd & b&r%g rds@rvoir through
claim ereinh further conprising term natiAg

ah @giut end Rt frassukevulee; pr edet er mi ned anount of perneate

is produced.. 40. A nmethqod of operating a reverse
osno§logngprgmdsrpmrive oAEe MEsItCHESElpr essur e vessel

with [ 0 i

R P s A

br i nevhdn ahanpresduve velselt b dilfed epeupiag \addsiehal fiie mntiérehigh pressure

ressure vessel is filled, clpsing the | ow pressure
ORT {16 CHihtin RO aies (eanwsalofhe) Bessiy ERpseltit Aghieh pressure
p@fgi ddgonal fluid under high pressure fromthe charge
reservoir into the input of the pressure vessel using
a hi ghsipg esesserepunthe paesdurcayessah gismgphe dieghy prepyurg hremp until an

ressuyre vessel using the high pressure punp until an
aglﬂﬁlbtn pgfrn??i?]r‘?éjé?(gucle@' produced. 41. A method as

recited in claim40 further conprising after the step
of rai si n%, perform ng a recharge cycle. o
41. method as recited in claim 40 further comprising after the step of

raising, performing a recharge cycle.

42. A method as recited in claim 41 wherein performing a recharge cycle

comprises terminating high pressure fluid flow into the pressure vessel.

43. A method as recited in claim 41 wherein terminating high pressure fluid
flow into the pressure vessel comprises communicating high pressure fluid into the

charge reservorr.
44. A method as recited in claim 41 wherein terminating high pressure fluid

flow into the pressure vessel comprises communicating high pressure fluid into the

charge reservoir using a diverting valve.
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42. A nethod as recited in claim4 1 wherein

performng a recharge cycle conprises term nating high
wpe@gmssses fluid flow into the pressure vessel . PABUSA08/088548

method as recited in claim4 1 wherein term nating

hi gh pressure fluid flowinto the pressure vesse

conpri ses communi cating high pressure fluid into the

char rese jry- <A [ 1 1

ahor o ¢ Ao ax e EHTOE S PR IRE PR R R AL T focharge
cprlessutieg pressied fromnpe peesireoesseini cati ng hi gh pressure

fluid into the charge reservoir using a diverting

val ve.45. A nethod as recited in claim4 1 further

conpyiSi NG, Aol s BGidIShNALIAE4 £ YEhRr BEPHLRAY RFBS M Recharge

fromthe pressure vessel. 46. A nethod as reCited in
cpdlaivendng pricspurhEromgberpressiraigesdel intog tufsr pehar ge

cycle, venting pressure fromthe pressure vessel into

a buffer pipe. 47. A nethod as recited in claim4 1

further conpieitvidng rdéitddnig didigh 4 PFheHedRofpeikig MERE itRdrecharge

pressure fromthe pressure vessel into a buffer pipe
cydoarating eressaicgieomebe pyessyre wgsel Antaet hviderapipe dewarddthe charge
K%&N%hain14 1 further conprising during the recharge

cycle, venting pressure through a diverter valve into

the charge reservoir. 49. A nethod as recited in claim

4 1 further conprising prior. to the recharge cycl e,
comtiii cath AGteErargseieedsingalem 61 durhes compesiag yripethe recharge

cGQETPAR: 6 11e9§ﬁré"fh"r$1}gi1‘aﬁledi9é?{eﬁr%§1tv€ iy qw%ha;%e@%%modat e

erneat e oW reve during the rechar e. 50.
A nethod as recited in claim40 wherein punping

addi tjonal, fluid under high.pressure fromthe char
esetorr A Methoris Heiisadn S B Sschrar el oy R recharge
c?cl@,! &J?mﬁﬁﬁ%@tﬁ{ge%&%&eci@m rth S SmPlY RS i A bdhRARication with the
| uid under high pressure fromthe charge reservoir
pemueate dvgput e accoofmadate ressta flownssesdl dusing thearcppsid ¢yeks.
di spl acenent punp. 51. A nethod as recited in claim40
wher ei n punpi ng additional fluid under high pressure
fromsphe ohaededrag3&dineaiin clathClOt WEerbMAMimBhg bélditional fluid under
pressure vessel using a high pressure punp conprises. )
hiphripessuredarin thoslared 1essrioin Hue theninght qfrtg%ﬁl‘@ﬁsélﬁf veseltuseng a high
S i L] 1L.npyt e S
oS Bt BRRRH i ARG ASLHORY 4 b RUERRMSC HERFRL charge
reservoir into the input of the pressure vessel using a positive displacement pump.

51. A method as recited in claim 40 wherein pumping additional fluid under
high pressure from the charge reservoir into the input of the pressure vessel using a high
pressure pump comprises pumping additional fluid under high pressure from the charge
reservoir into the input of the pressure vessel using a centrifugal high pressure pump, and
further comprising generating a flow signal corresponding to a flow rate of permeate
from the pressure vessel and controlling the centrifugal high pressure pump using a

variable frequency drive controlled in response to the flow rate.

52. A reverse osmosis system comprising;:

a charge reservoir having low pressure fluid therein;

25



10

15

20

25

30

further conprising generating a flow signa
corresponding to a flow rate of perneate fromthe
wWper@9mssses vessel and controlling the centrifugedT/OEyns/088548
pressure punp using a variable frequency drive
controlled in response to the flowrate. 52. A reverse
osnosi s system conprising: a charge reservoir having
IOM/QE§§§H%§HEQng therein;a | ow pressure valve; a
pressure vessel in conmunication with the charge
r esenvpoessutchvessed hin anmnnidatian dvitlotheprhesgureservair vierpugh an input
H& ne drain aLve in fluid communication with a brine
“hm3?“¥?%?ﬁ$essure vessel ; a high pressure punp in
flui g GeRTURIC I Oh Wald c&rﬁ&uﬁﬁ@tﬁ(ﬁ? WhtBSEHMAL AR Q)fttH@ pressure
I nput of the pressure vessel; said pressure vessel
vl ng a recharge cycle in mhlch the | ow pressure
val ve ,i. valve i s opened .
nt 1 £ e PRSEE pAED gb dBuCFoRGuBLai ¥ Gieishy B8 S8%Roir and the
1@@@5@&59ﬁkgﬁgw&5@ressure vessel having a perneate
production cycle in which the high pressure punp punps
addi 5416 magsstrevicascl hdang lirgehapsceesis: én Mhath thadow Imsgere valve is

ggneara\ﬁaltﬁ 'bghg d%‘arﬁ? VPIVQ % gé ghu%tl&) Iﬂ%&g}ﬁrtﬁ rp?és%&rle \%Q;%ell is flushed

tles¢fasgh ;s systen1as reC|ted in claimb52 wherein the Iow
pressure val ve conprises a check valve. 54. A rever

osno§tid eryss,spemva@elr Beyipg ipﬁl’f%qaéq prashiclipie Curls ltnh‘é/mCh the high
ppﬁﬂrggaﬁ?ﬁﬁﬁo‘g'aﬁdl gﬁialgfgﬁd %ﬁ T ev h%r%?sﬁ?eeﬁoﬁrtﬁe char%e raegervonr into

vert I'ente se osnpbsi s syste
theaioputed thapredsaremes] whiel i amdune of pangeteriepeduadr i s
positi oned above the pressure vessel relative to the
earth. 56. A reverse osnpsis systemas recited in

cl ai B352 WKl oSHEdiN stdhe ad RENAT BECISHES BwhiRe the W pressure
under hi gh pressure is directed into the charge

vales eompiises axheckivalesver se osnpsis systemas recited in
claim52 wherein during the recharge cycle, the fluid
under high pressure is termnated into the pressure

vessgh. A reverse osmosis system as recited in claim 52 wherein the charge

reservoir and the pressure vessel are vertically oriented.

55. A reverse osmosis system as recited in claim 52 wherein the charge

reservoir is positioned above the pressure vessel relative to the earth.

56. A reverse osmosis system as recited in claim 52 wherein during the

recharge cycle, the fluid under high pressure is directed into the charge reservoir.

57. A reverse osmosis system as recited in claim 52 wherein during the

recharge cycle, the fluid under high pressure is terminated into the pressure vessel.

58. A reverse osmosis system as recited in claim 52 wherein during the

recharge cycle, the fluid under high pressure is directed into the charge reservoir.
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58. A reverse osnpsis systemas recited in claimb52

wherein during the recharge cycle, the fluid under
whe@b/ogessessure is directed into the charge PCT/US2008/088548

reservoir.59. A reverse osnpbsis systemas recited in

claim52 wherein during the recharge cycle, the fluid

under high pressure is directed into the charge

reseryoi r xt h AY : r : :

bamodrs sysfomracodudte St APlaieq BP ol P2 SURGein during the
réchergpeyoteathe flordahdet high peysstire 1v dintdteringy ths Shamge fresermoir through

t he reﬁsure vessel. 61. A reverse osnosis system as
ar‘iéV(?Ftt%’é&a Y claim52 wherein after the perneate

production cycle venting pressure fromthe pressure

vessel into a buffer pipe. 62. A reverse osnosis

syst éfh as A ecicredosmostd aiysted2asvretied ninatlaen $hevherein after the

ernEatemQ{oducHiontc cle veq;in pressure fromthe

pE%es SUPRINFEIOB &I NI TS r?ﬂ“g‘é RISWAFA e char ge

reservoir. 63. Areverse osnpsis systemas recited in

claim52 further conprising a small reservoir in

conmihi cath GevoRict smeres EstAmate retitcgull tloimcebivisaein eafter the
p Eﬁe’l?e@&r%dﬁc'tf&‘ﬁ’cgﬂ %E&tﬂ{ge&%shpegfr&ﬁ Ehd r%&%ﬁg\?esge\f g‘bg a b%f‘f‘er pipe.

rever se osnosi s syst®mas recited i'n claim
wherein the high pressure punp conprises a positive

di spl acenment punp. 65. A reverse Qsnosi s system as .
reci Ped i A EPETTH SIMOML SEHAM: A TRGIGH Pr 6880 22 puligsein after the

p el ];l?)?hé }ogle [d iféﬁgiﬂg pPésgtt&e R S ﬁegsgﬁ@ vERBL iR b @ frer pipe

y av requency ‘drive contro I n response
tdvoard tHd dnargeaterfdiow a fl ow rate sensor on the perneate
output. 66. A systemas recited in claimb52 wherein
the pressure vessel conprises an el ongated pressure

vessgb haw RGeeldshisisefiicnt a$ 86&GRE iBNJaifN 82 ArtRLH &mprising a
wal | ; wherein the high pressure fluid input and the
sinally rgreearumecdrhmigicatmputvithrtbe gegpaasedutpniotol ampmntddate permeate

first end: .wherein the brine output is disposed
ﬂﬁpﬁﬁYﬂﬁgghPﬂ%ﬁ§§E%W"% 8&‘a f1 ow tube di sposed wi thin

the pressure vessel to forman annul ar space between

the flow tube and the outer wall;wherein the nenbrane

i s diPdposédrenpshPmesiesyBicanas igpcdoip st 2 wirscinjthehigh pressure

. r | d menbrane produci ng
i Bl b0 RSP ER RS R

65. A reverse osmosis system as recited in claim 52 wherein the high pressure
pump comprises a centrifugal high pressure pump controlled by a variable frequency

drive controlled in response to a flow rate flow a flow rate sensor on the permeate output.

66. A system as recited in claim 52 wherein the pressure vessel comprises an
clongated pressure vessel having a first end, a second end and an outer wall;

wherein the high pressure fluid input and the low pressure fluid input are
disposed proximate the first end;

wherein the brine output is disposed proximate the second end;

a flow tube disposed within the pressure vessel to form an annular space between

the flow tube and the outer wall;
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a recirculating punp recirculating brine fluid between
the outer wall and the flow tube so that the brine

wo kaopsssnd ers the fl ow tube toward the first epcI/os20081688548

pressure vessel. 67. A systemas recited in claim®66
wherein the nmenbrane has a first volune, a first face
positioned toward the first end of said pressure

vVess c 2 X i t.1 .
end opefE S BEEAAM LARERET WG EE ARYRIK BB RARE Iy ond of
tiegoessdrenaksehsatlahewemnnt hedicing pefame fund aad biins fludnd

cap at the first end.equal to. or eater than the
firsf redicyiEng egmpAeevgfaélﬁgi@mF St B3P Qe 611 and the flow

tMaed LAt Hepihd ?uﬁir et e flow benidWard AETHL %g& eoz the pressure

flurd into the flow tube through a diffuser.

vessslt em as recited in claim66 wherein the high
pressure fluid i nput comruni cates fluid to the fl ow
tube through a flow distribution plate and the

reci peul ata §RtePHIP cERIINH R Lt @Swhdrbinghd hdhibrdre Hab@ first volume,
flow tube through the distribution plate. 70. A system

adyyst Eask teditioned Faavais e Winvraadroft saéd hregsrpressshiped i sgpend face

p#)%qﬁéiﬁegc%%cg 'tl?eaggc%n Ielrlllddoft egﬁgssf #em{fve s&?%aitdhlgr%ys%?e Yessel has a
ow di stribution plate an I]UUSGF.

second volume between the first face and a first end cap at the first end equal to or

greater than the first volume.

68. A system as recited in claim 66 wherein the high pressure fluid input

communicates fluid into the flow tube through a diffuser.

69. A system as recited in claim 66 wherein the high pressure fluid input
communicates fluid to the flow tube through a flow distribution plate and the
recirculation pump communicates brine fluid to the flow tube through the distribution

plate.

70. A system as recited in claim 66 wherein the high pressure fluid input

communicates fluid to the flow tube through a flow distribution plate and a diffuser.
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