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applications is incorporated by reference herein.

10 TECHNICAL FIELD
[0002]  The present disclosure relates generally to reverse osmosis systems,
and, more specifically, to batch-operated reverse osmosis systems using manual

energization.

15 BACKGROUND

[0003]  The statements in this section m.érely provide background information
related to the present disclosure and may not constitute prior art,

[0004] Reverse osmosis systems are used to provide fresh water from
brackish or sea water. A membrane is used that restricts the flow of dissolved solids

20 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

25  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 calied permeate. As
a given body of saline solutien is processed by the reverse osmosis membrane, the

30 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.



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 25 mass to water
mass times 14,000. A one-percent solution of salt would have an osmoticgressure of about 140 psi.

Ocean Watve}ﬁﬂ':’g{I‘f?"ﬁgs a 3.5 percent concentration and an osmotic prg E{}P%Z%‘g%%ﬁsi.

[0006]Water extracted from a reverse osmosis system is called pelt' eate. As a given body of saline
solution is processed by the reverse osmosis membrane, the 30 concentration of the solution is

increased. At some pai, it is,ne_longer practical to recover permeate er[m the, solytion, .The rejected
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illustrated havmg a membrane array 12 that generates a permeate stream 14 and a brine stream 16
from a feed sfeeamurs $hequrlsieanettypicRIRF KRG dEDfarkishcamst, tDates. raarded pump 20

coupled tp a meiQie 2 RIesruHzasthenteae-sireamitd tiothe required Spressure flow which enters the
membrane array 12 p[%?OS]The permeate stream 14 is p ifiedq f,Ié;i flow at a low ﬁgress . The brine
stream 16 is a highe( 8L surdhSReAme A SR Ral A tRUE 168 HHIG M 8 6 SRRET B iSe f¥mbrane.

The pressurempintherbiing Steatightriprosdyrs|iglaty ihwesdmamdnisiebadd materials blocked by
the membrane. The pressure of the brine stream 16 is only slightly lower than the feed
stream 18. The membrane array 12 requires an exact flow rate for optimal operation. A

10 brine throtile valve 30 may be used to regulate the flow through the membrane array 12.
Changes take place due to water temperature, salimity, as well as membrane
characteristics, such as fouling. The membrane array 12 may also be operated at off-
design conditions on an emergency basis. The feed pumping system is required to meet
variable flow and pressure requirements.

15 [0009] In general, a higher feed pressure increases permeate production and,
conversely, a reduced feed pressure reduces permeate production. The membrane array
12 is required to maintain a specific recovery which is the ratio of the permeate flow to
feed flow. The feed flow or brine flow likewise requires regulation.

[0010] A pretreatment system 21 may also be provided to pre-treat the fluid

20 into the membranc array 12. The pretreatment system 21 may be used to remove solid
matertals such as sand, grit and suspended materials. Each of the embodiments below
including those in the detailed disclosure may include a pretreatment system 21.

[0011] Referring now to Fig, 2, a system similar to that in Fig. 1 1s tlustrated
with the addition of a feed throttle valve 30. Medium and large reverse osmosis plants

25  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

30  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.



stream 18. The membrane array 12 requires an exact flow rate for optimal operation. A 10 brine
throttle valve 30 may be used to regulate the flow through the membrane array 12. Changes take

place due to“\;\bagﬁzr tg@ggrature, salinity, as well as membrane chara'cte_rils,ti% s;&(c)&ﬂas&ouling. The
membrane array 7Y may also be operated at off-design conditions on an e?ne%ency:’gagis. The feed

pumping system is required to meet variable flow and pressure requirements. 15[0009]In general, a
higher feed pressure increases permeate production and, conversely, a reduced fccd pressure
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membrane arfgy 12mlBg BIEHRmMaNs SHRISR A yde-pagdio rem igl {gteriala guch as
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[0012]Referring now to Fig. 3, another syStem for solving the pressure/flow characteristics is to add a

variable frequEBerrvENSS ruperatethdtmdtsiopoinieh Srmuhs, bartrretRerspsilior sl the feed
pump 20. Thuge thevfeedaptisnR2Q isaramtadRtwariakle.spesd dedmatehitbe merbrase gressure

requirement. fhe yariable recjency Ve FE.2re Xpe e Wi aror capaciics and gonsume
energy efficiency of the system. The booster 40 generates a portion of the feed pressure
15 requirement for the membrane array 12 and, thus, the feed pump 20 and motor 22 may
be reduced in size since a reduced amount of pressure is required by them.

[0014] Referring now to Fig. 5, a membrane element 60 that is suitable for
positioning within a membrane array 12 of one of the previous Figs. is illustrated. The
element 60 includes leaves of membrane material wrapped into a spiral configuration and

20 placed in a thin tube 62 of material such as fiberglass. Each membrane leaf includes two
membrane sheets glued on three sides with the fourth side attached to a central permeate
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

25 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 iosses of the flow of
feed material through the membrane.

30 [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 clements are disposed within the pressure vessel 78.



power that would otherwise have gone to the pump motor. [0013]Referring now to Fig. 4, a system
similar to that illustrated in Fig. 1 is illustrated using the same reference numerals. In this embodiment,
a hydraulic pressure booster 40 having a pump portion 42 and a turbine %ortion 44 is used to recover
energy 10 fr R thE Bl stream 16. The pump portion 42 and the turbine %%’r‘tﬁ%%@ﬁﬂ%%é%oupled
together with a common shaft 46. High pressure from the brine stream passes through the turbine
portion 44 which causes the shaft 46 to rotate and drive the pump portion 42. The pump portion 42

raises the feeg pieRsuiG LN, feed ssant 18, TS SIRaper lhgienergy gficiencof the system. The

booster 40 generates a portio e feed pressure 15 requirement for the membrané array 12 and,
thus, the feedjsurhp 0 delaniot6PR 20 ayide tedigredipv&ize sinte redusetearbouft of peessure is

required by them[Q0J4IRefRHRY QY #RFighd%-3 Membrang flemment GQMatdssyitabie far
positioning within a membrane array 12 of one of the previous Figs. is illustrated. The element 60

includes leav8® S FstafiecthBERndnrap fEa heorscepiraresyhiguiatisnesiand HREeaT s a thin tube

62 of materiakguch as fiberglass. Each membrane leaf includes two membrane sheets glued on three
sides with the fourth_gi ttached to a central permeate pipe 64, Space rigqs1 (not shown) keep the
membrane sheet fro[rﬁbdé%lfaps A USSR “’a%i%lacﬁfélg %?%8@81%%%%' ftér& 8%518c nd of the
membrane arsene60 iEthk dileetiomindicated bytarrows &talldressalutionbipteedflowssaxibdy along the
membrane element. 25 60 and between the leaves 68 and exits thr he high. re brine outlet
ecedt;\lll\%a}@%]é %ue 10 an mcer sntlg dp %)0§C ﬁ)reqsare an% é’%?@agmﬁ %}gﬁ;ﬂ&%ﬁ%ﬁge

as indicated 6’; arro rmeate is collec rom the leaves roug eate pipe 64. The
pressure of thrypednhyatictinod dssbrevibe 64sisnesduminiiererdssideethensppliadeptbeding is used to

overcomg the psruriedraas HRARA (isionat psasad! thediou shfessoelerialiouahdie

membrane. 30[0015]Referring now to Fig. 6, aﬁ%res_sure vessel 78 thatincludes a p 'u"rality of
membrane el&iiaresherbtre enbBmscioBIsiftPRietence numeral 60 is illustrated. In this example,

three membrane elefpents arewdighesed Withindhe M aSsER YRSSRS 78 .o Wikktant pressure that
2009/097176E%E4g1§§£d03/81%0f%§& pump 20. The result is that an excess of applied pressure at the
first membrane array may result in an undesirably high rate of permeate extraction which
15 may allow the membranes to be damaged. The final membrane element 60c may have
an undesirably low rate of extraction which may result in permeate with an cxcessive
amount of salt contamination.
[0018] Referring now to Fig. 7, a manually operated reverse osmosis system
100 is illustrated. A reservoir 102 may be filled with seawater or other brine solution. A
20 manually operated pump 104 having a lever 106 draws feed from the reservoir 102. The
pump 104 raises the pressure of the feed and provides the pressurized feed to a pressure
vessel 108 having a membrane 110 therein. Permeate produced through the membrane
exits the pressure vessel 108 through a permeate pipe 112, Brine, under high pressure,
lcads the pressure vessel 108 through a brine pipe 114, A control valve 116 1s used to
25 reduce the pressure of the high-pressure brine stream in the brine pipe 114. Once the
pressure 18 reduced in the brine stream through the pressure-reducing valve 116, the
brine stream enters a drain 118,
[6019] A control valve 122 may be used to controi adjust the feed pressure
and flow required for proper operation of the membrane 110.
30 [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



Each is denoted by a numerical and alphabetical identifier. In this example, three membrane elements
60a, 60b and 60c are provided in the pressure vessel 78. The pressure vessel 78 includes a first end
cap 80 at the input end and a second end cap 82 at the outlet end. Feed._is introduced into the

pressure veSEBIAMNUI ifection of the arrows 584. [0016]In this example,l)fﬂgqﬁ%gg!ﬂ%gﬁhrane

elements 60a-60c are placed in series. Each subsequent element extracts a smaller amount of
permeate than the preceding element due to an increasing osmotic pressure and decreasing applied

pressure causeAyiglonaliosses il e Membyans SPMANIs, AR senseatence, e fna

I T Strea ‘ 11¢
10element 60c may produce ve meate. The permeafle pipe glﬁ cpﬁe%j_ts permeat%yfrom each
of the membreasevsionmienies 60HL 661100 17 Atymiclibretbeshigsmesisrsyitem mperhiés akle constant

pressure that g deyvelopedhal e eednumpr . IR eRYILISINALAR FrrsssohaRR!IEk Rrgssure at the

first membrane array may result in an undesirably high rate of permeate extraction which 15 may allow

the membran@¥igeaduina gistprrHE fbal ineapmieing WIenfedtBIe iy RafehtiaEaRanly low rate of
extractiors whigfy mayhsesiit ipipRIMeatenthar excassiveiameynteh Sal ¢tamisation «
[0018]Referring now tq Fig. 7, a manually operated reverse gsmosis system 100 is illustrated. A
reservoir 102 %W%ﬁ‘éd’%ﬁ%@e §fe¥‘6fr Other Bri Ebfiﬁ‘(tf?é?ﬂ% % aﬁﬁgaﬂn{?aﬁ?eé‘ﬁ)&%a‘%ump 104
having a levepip@edraws feed from the reservoir 102. The pump 104 raises the pressure of the feed
and provides the pr ized feed to a pressure vessel 108.havi embra 10 therein. Pelineate
produced through t aan%é bréﬁlg 8&?{@%@“&‘%@3 urgv\lﬁéesg%(iei\(l)eﬁtcrggitgﬂfgoggpe?mq%%aep Hi%:‘ 2. Brine,
under high pragschés lsafisidhepressurtivesdd] 1gstmbueperacarihepigduid 4ntarecgrohsrave 116 is

used (o 2§ reduge.pepissis ahieiplRIess(e prns straaman s Hine.aips dif goce the
pressure Is reduced’in the brine stream through the pressure-reducing valve 116, the brine stream
enters a drairenagy recovery device 140, the valve 152 closes.

[0022] The cnergy recovery device 140 has an outlet feed pipe 154 that is in
fluid communication with the energy recovery device 140 through a valve 156. The
valve 156 may also be a one-way valve. The valve 156 operates in the opposite direction

15 than that of valve 152. For example, when the pressure in the feed line 150 is higher
than the pressure within a chamber 160, adjacent to the piston 144, feed fluid is input
into the chamber 160. When pressure is high within the chamber 160, the valve 152
closes and valve 156 opens and provides a higher-pressure feed into the pressure vessel
108. Valve-timing equipment 164 admits high-pressure brine to the energy recovery
20 device 140 resulting in movement of the brine piston 142 which causes the feed piston
144 to increase the pressure of the feed info the high-pressure feed manifold 166. A
shaft seal 168 seals the connecting rod 146 to prevent losses between the high-pressure
side and the low-pressure side of the encrgy recovery device 140. When the pumping
stroke is complete, the piston assembly is moved in the opposite direction so that new
25  feed is admitted into the chamber 140 through the valve 142. This causes the brine to be
giected 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

30  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.



[0019]A control valve 122 may be used to control adjust the feed pressure and flow required for proper
operation of the membrane 110. 30[0020]Referring now to Fig. 8, another embodiment of a manually

operated reverse osmaosis system 100 is illustrated. Many of the compongaﬁ B%Egﬂgjgggg 1to those set
forth in Fig. PoR S 2 provided the same reference numerals. In this

2009/097176PCT/US2009/030431 embodiment, an energy recovery device 140 is used in the brine
stream. The energy recovery device 140 receives the brine from the high-pressure brine pipe 114. The

energy recovery deyj 0 has a recirculation device such as.a pi on as Hl?|¥h%3 gg includes a
brine piston 142 that@%necfgd %peacfe?a% Iilgtrorﬁeﬁ%?/vﬁﬁn}o\%ggn%gcgﬂa r%g 5 146.%heg%5§rine piston
142 may haversairgert diagnesanthznstues fdeckloptdnby4doferst ornfod ateapralss ire tlisses that occur

in the membrang L1 anckile Intercanascing BiPing-1A93L b fackay (REa¥ely devicr.(eceives fecd

through a feed pipe 150 which is in fluid communication with the fluid reservoir 102. Fluid enters the

energy 10 redssstycié vielitd otiheobrioaian 8L RVERRE DS 2R 3G [ SERBSHS ATGRTHTR he energy

recovery glevigs, 140, tae vaivg 152 closes [R02REhawenaigy racoreprdaice4fibasxanputlet feed
pipe 154 that is in fluid communication with-the energg;r/g[e ov§fré/ device 140 through a valve 156. The
bsioffer

valve 156 ma$PRILEHE S Bn BRI AP R e ORAREVIRRE TR Bl RSRE iR RTEAPE S than that

~ of valve 152. farnsxaprgiaryhenihernresatedn thddaed lined5is bigherathian thikigressure within a
chamber 160, at\:l#acent to th% pis{ n 144, feed quié:IIi1 _ir}p;yfeigto trrlr%xgat%%rrpber 160. When pressure is
high within th&™E 1&%68?%, VAR ETEY Go e and vive T opens and provides a
higher-pressure feed into the pressure vessel 108. Valve-timing equipment 164 admits high-pressure
brine to Iae energy recovery 20 device 140 resylting iR grovement of the brine piston 142 which
causes the feed piston 144 to increase the pressure of the feed into the high-pressure feed manifold
166. A shaft seal 16i§888ls théhsormexstirselsiurd oy siesve rigtessaspenieatithethgrligressure side

and the low-pigssyire sideof the, snerow recovedg iea A th¥hen thewnningwsiake iscomplete,
the piston assembly is moved in the opposite direction so that new .
pressure energy wasting excessive pressures can be avoided, as well, a high enough

pressure for good quality permeate may be maintained.

15 [0026] In one aspect of the disclosure, a batch reverse osmosis system m fluid
communication with a fluid reservoir includes a first housing having an inlet valve in
fluid communication with the fluid reservoir. The system also includes a pressure Veséel
having an elongated liner with a first end and a second end, a membrane disposed within
the second end having a membrane inlet, a membrane outlet disposed at the second end

20  and a permeate outlet. The system also includes a recirculation piston disposed within
the first end of the elongated liner. The recirculation pision defines a fluid volume
between the recirculation piston and the membrane adjacent to the membrane inlet. 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

25 further includes a holiow pipe cdupled 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 fiuid between the chamber within the housing and the fluid
volume within the pressure vessel.

f0027] In a further aspect of the disclosure, a method of operating a reverse

30 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



25 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 30high-pressure brine. [0023]The embodiments of Figs. 7

and 8 may alsg be pravided with.a multiple memprane element pressyre vessel as descrihed in Fig. 4.
WO 20093/09“?‘%)86 }ﬂ%’z‘aﬁﬁf&@ﬁ%ﬁ?ﬁﬁ]ﬁngﬁ% et B |osefeyé}%én8§%¥)a§1§d%€e%f§tis that the
process opefatesat a swosthrfitqreSdurendivel apedibyhiiesférthpiympflindaroplies: okthiscaredlustrated
in Figs. 1-4. g{s traecseultfotfh% consi arr&]t resgiure feed pupgt.is that Esi(cess. resi}ljg’\%‘}el IS applieg at the
beginning of the Mmembrane Array Wherd the BERBHEE & iR R ESTatlydty TRV PRI nialsult in an
undesirably digletrate @hpemeataeXtnatiion whichbanidaspaestite marmibignks pRagheiother hand,
the final.membrane element where.the osmotic pressure is high may have an undesjrably low rate of
s i KhE B s s e e R

10SUMMARY {0025 itret prebedt ditaios yresprevides: dledelseuntindosia aysient thatiallows the
pressure at the mgmbrane tg be varied.during the batch process. By varyin gue ressure energy
wasting excé?&%ﬁ %?25%?1%%85’5 i) %dvf%?&e" , tglg We ,%ar%laﬁoé“ﬁa ﬁ‘.;%ep?{eéé%grrl f%f?té‘gdg?fﬁ‘éﬁﬁy
permeate messie thadniginde. 45{0026]haobe appettcofdhecdiselastitenabateh revebsmosmdsis

system in fluid commlgyicaajon with a fILf|id reservoir includes.a first housing having an inlet valve in
. comr{lumc gﬁl% C, Rjegneate IO ﬁgresmtn‘e VG?SG - .
fluid communication with the Tfluid reservoir. system alsoincludes a pressure vessel having an

elongatéd liner witf&F&lend ahd ensespad, ehetedsnpeovidiane Hisposed:withimitedssegond gnd having
a membrang,inle tcém%%%}téa 108 A lgtéj Iﬁ%zods %gs%t\ftgg S(:%%?Frgsgl%g a pressure vessel having an
elongated liner with a first end and a second end, a membrane disposed within the second
end having a membrane inlet, a membrane outlet disposed at the second end and a permeate
outlet, wherein the liner and pressure vessel have a fluid clearance therebetween whereby
15 brine fluid from the membrane recirculates to the first end through the fluid clearance; a
recirculation piston disposed proximate the first end, said recirculation piston defining a
fluid volume between the recirculation piston and the membrane adjacent to the
membrane inlet, said recirculation piston having check valves therein permitting fluid flow
into the fluid volume and preventing fluid flow out of the fluid volume; a plunger disposed
20 within a housing that is coupled to the pressure vessel, said housing and said plunger
defining a chamber, said plunger coupled to an actuator; a housing having a first one-way
inlet valve in fluid communication with the fluid reservoir; 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 baving a port, said hollow pipe communicating fluid between
25 said chamber within the housing and said fluid volume within the pressure vessel

through an outlet valve.



20 and a permeate outlet. The system also includes a recirculation piston disposed within the first end
of the elongated liner. The recirculation piston defines a fluid volume between the recirculation piston
and the membrane adjacent to the membrane inlet. 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 25 further includes a hollow pipe coupled to the actuator, whereby the
plunger, the hollow; g} d thepi ove inr ; nﬁﬁé I ipe.has a port.
The hollow pipe coLﬁgnkﬁinBlgates f}ﬁi %%}%%v}e%ﬁét%’e csﬁggr%sb%r& Qv,\}%]ﬁ?in%t e %gs%-fllgﬁjgr? tl%%luig volume
within the pressoss vesse! 0023 Hn eldugthet aspane obthd bistigsufestendetiodoot pérasiana reverse
30osmosis s Vi d re vessel having a first. end, a.second.end and an outer
wall, a perm%{gt% %ﬁg&ﬁ%@%%%%%%)t%tp%%?%i%uoglet\é férming an anﬁu?ar space baet\lfveen a liner and the
outer wall. Thgenwiiba: fontheranelrd 8smpbsitimameppomisrtiyr dimet suithih fepinetsppessite thid first end
of the pressijeyesrehUNeDamprane.as alisliaee.andha meendieep IR maian alsp ncludes
forming a fluid volume between the first face of the membrane and a piston, actuating a plunger in a
chamber in affifst ditadtions eotrmrasisaliriopfigichiato abchiamp beitng s phrrgetoadutliatingRheénplunger in
the 5 first digectio in epln i@lﬁ e%{ﬂg]gir I%iog, sommy i%tfpg flééi fr&mﬁ@& chamber
into the quidﬁ\(/%gfﬁun?%lgglys%%ﬁgg(é?inelmig&#roug% the membrane, recirculgtting brine ﬁluid from the
second facecofrtpesmendsreatongolvarsicinefivistre devostetire sorbesihe vegs@isthiivegivthey annvikg
chamber, praduging, pe "RHI, ang.And communicping eRsHpsAis o the
%‘%‘@lﬁ%& %@?fér‘]l?gw eﬁ;@%ﬁ'%ﬁ@%&( 'i‘i‘ég ; . S0

pressure vesse 0027a spect, there is provided a batch reverse osmosis system in fluid
commuficatfba aithvafluidveeisethvohoosimp ishaspar s e iveg Sed hhwigy anthioirgheetdimey; with a

first end anda@t&aﬁ%%‘é}ei : gem%@%&eﬁddaﬁ%%s& withinbe-se50nd LA aving A, memirane inlet, a

membrane outlet at the second end and a permeate outlet, wherein the liner and pressure
vessel have fuftlicdizasafveudterdise tidon whiere byessBubrisrinfiuiduitb rihepechh eheb rapa Yesirculates to

the first end Droughy hediid slagane: dessicupionpIsiaRPASEhPRKINA (NG sk, said
recirculation piston dle Ining a fluid volume between the recirculation piston and the membrane
adjacent to twmmbiﬁﬁ@nﬂétf@&im?é@immm@hﬂpmgh mmm@bmbwemﬁwém pamsiting fluid
flow infis thefligorolyne, AR RERY RN J gt b Aelure: aplupeetaisreseq 20
within a housing that is coupled to the pressure vessél, said housing and said plunger defining a
chamber, saitrpiighgercogpledutrast-actuator; a housing having a first one-way inlet valve in fluid

communication wit uid res%wgragg% h(glllqd\ﬁ( i&%ggyp{gﬁt%ggrﬁé:t%ggewhﬁ%pytﬁ@e plunger,

the hollow pipe and the piston move in response to the actuator, said hollow pipe having a port, said

hollow pipe dorarmisieatnyideddisetivect 2Benld bhavdresiaitifhehdbsolrsieigpang saddgidisolume
within the pr@?ﬁ’ﬂﬁ?ﬁ:&’%ﬁ%{gﬁg&g@o?%%ggésvgbﬁﬂustraﬁon only and are not intended to limit the

20 scope of the present disclosure.

DRAWINGS
[0029]  The drawings described herein are for illustration purposes only and
are not intended to limit the scope of the present disclosure in any way.
25 [0030] Fig. 1is a schematic view of a prior reverse osmosis system.
[0031]  Fig. 2 is a schematic view of an alternate prior art reverse osmosis
system.
[0032] Fig. 3 is a schematic view of another prior art of a reverse osmosis
system.
30 [0033] Fig. 4 is another schematic view of a prior art configuration of a

reverse 08mosis system.
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[0027Db]In another aspect, there is provided 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, a

brine output, an annular space between a liner and the outer wall, a membrane within the liner

opposite the first end of the pressure vessel, said 5 membrane having a first face and a second face,

and a fluid volume betvveen the first face of the membrane and a recirculation device, a housing

having a plunger {{gﬁl e mélwd communication.with the fluid volume and a onelwaé/ valve, said
tin

method comprism tBie PedirclIREER EaVice TS HamBBISh AHirQt ahe&iSn %S movmg the
plunger, thezkmﬂ@&mglnethﬁﬂrtbeamston communicating f|UId into the chamber through 10 the one-way
valve in the housing, actuatlng the er in the first dlrectlo actuatin unger in
a second direction;ijgélrjn um%s Sting fidlddm S‘fﬁ%‘%ﬁi?ﬂ Ber .ﬁﬁol’(ﬁ"’ésﬁw Ve%? H’r%ug% ollow
pipe; passingfhtiaatiuid thealighs theimsnikranduseckeliatinig. brmdidtdgmﬁhhtmpmssure vessel
from th%second fa 8 gf(#? r% ?ranet ward_the. first end of th%?rte sure vessel througgtl the annular
chambetr; producmg 8 eate'$s hlrsoﬁigfﬁ ‘ﬂ'g&,% mMbrafe® AN Eonhtnits ({Fﬁas ﬁw%é‘?rﬂ% $from the
pressure vesseldhrough a permeate outpost. [0028]Further areas of applicability will become apparent
from the descrlptk&rbdQﬁwd h%reln It should be un rstooddt% tge descri ptlon and specific
examples are inte r purb%se%s Slﬁu%?}gtt]i%ﬁ”(%‘r’%’ly ahdSrE ot Orﬁfé%tet fimit the s&%pe of the
present disclgsttie. HARAVINGE [BbR 8 TiRecdrawirgscaescribed herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way. 25[0030]Fig. 1 is a

schematic view of a prior reverse osmosis system. [0031]Fig. 2 is a schematic view of an alternate
prior art reverse osmosis
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system. [0032]Fig. 3 is a schematic view of another prior art of a reverse osmosis system.
30[0033]Fig. 4 is another schematic view of a prior art configuration of a reverse osmosis system.
[0034]Fig. 5.is a @%s ective view of a prior art membrane elements according to the Brior art.

[0035]Fig. 6 Y%f "Héctional view of a pressure vessel having a pluraﬁfifT WeHBARE elements

such as those illustrated in Fig. 4 according to the prior art. 5{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 o | sy(?tem avin iston energy recovery devige. WO
2009/097176PC|M§§8§§03 i%l&ls a gc%e@natﬁc VICW %boglmcn (%ea atCil ProCess reverse

0smosis system according to the present disclosure.
[0038] Fig. 10 is a schematic view of an enlarged top portion of the batch

process reverse osmosis system of Figure 9.

DETAILED DESCRIPTION
[0040] 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

10 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. Tt should be understood that steps
within a method may be executed in different order without altering the principles of the
present disclosure.

[0041] In the following disclosure, a batch process in which applied pressure

15 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
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 1s desired.

20 10042] 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

25  ahousing 210. The feed fluid provided through the feed pipe 206 is provided through a
ong-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

30  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 lmer 230 may be disposed



[0038]Fig. 9 is a schematic view embodiment of a batch process reverse osmosis system according to
the present disclosure. [0039]Fig. 10 is a schematic view of an enlarged top portion of the batch
process reverse osmosis system of Figure 9. 5 DETAILED DESCRIPTION OO40éThe following

description igv%é?%?gg%ﬁmplary in nature and is not intended to limit the BF B ?é‘@%‘?&re,

application, or uses. For purposes of clarity, the same reference numbers will be used in the drawings
to identify similar elements. As 10 used herein, the phrase at least one of A, B, and C should be

construed to mean,a logical (A or B ),.using.a -exclusive Io%ic OR. It ShOﬁJ Ee nderstood
that steps Witﬁ?nt%%gtﬁél q%éjf%%égijesgulfselg i gﬁ‘&égrﬁeoepd%re \\é\]iﬁ%ro&% teri ﬁéelff%ap‘r%cipllz‘s' of the
present disclasaredifgoha tasshgefolovilng disglosurbstay tratchemroeews in2dhied tisplied . pldssure 15 is

varied as neefled ipmalniain RerReate produgtioniah Hifeshedvale ASINGQNANERIESSIe incCreases

is set forth. Various parameters and operating conditions may vary depending on various
characteristic¥ thefSdihg Hé2fyBacéf membrane. As mentioned above, operation of the system at a

pressure ghat does obyugste Aanapbm Oy keahioh enihatia ok land far gaost aualityopgrmeate is
desired. 20[0042]R%Ierr.ing now. to Fl;;gis. 9 and 10, a rev§r§e osmosig.s stem 200 that uses a batch
e A - iefs

process in wih AppiiBd 5888 feQUAs Eiral PEoRARS IR e ARSI BYSRGESh at a
desired rate adttheieRmakictpressuleriggieada’ ibHsetdocthaths mahtiotiedpabove, thesebetse osmosis
system 200 ingludes %fluid.r_e ervair 202 that provide f§ed ﬁluid 204 thro h.g Ie%% ipe %06 and a
fiter 207 to & CRARBLY 205 WA 25 B RSLINY ST The (e I Srovied HrbUR R ed pipe 206
is provided thivadghcanoersweayevsil/ @221 2 Awhenetite presgdiecmiherfieedspiiser2esignigB4E than that in
the charpper 208, he.QRGpNAY !%V&?&%H’J’S{&sﬂpé’%%l@fo?h@%@ﬁgegt%%ﬁﬁ&%wg%ﬁ'ﬁ@ feed fluid.

[0043]The reverse osmosis system 200 includes a pressure vessel 2 aving
one-way valve that allows permeate fluid to leave the pressure vessel 220 but prevent

backflow. A drain pipe 246 and a drain valve 248 cause brine fluid from within the
pressure vessel 220 to be drained into a drain 250 when the drain valve 248 is opened.

[0045] A fill pipe 260 having a fill valve 262 is used to provide feed fluid

I5  into the pressure vessel 222 prior to starting the permeate producing process.

[0046] Details of the housing 210 are illustrated in further detail. The
housing 210 and outer wall 222 of the pressure vessel 220 may be integrally formed with
the end cap 224 or a wall therebetween. The housing 210 may also be spaced apart from
pressure vessel 220,

20 [0047] A plunger 270 is movably disposed within the housing 210. A seal
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,
25  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 phinger moves in a linear
motion. As is illustrated, the plunger 270 moves in a lincar 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
30 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

comrnmunicating the fluid into the pipe 300. The pipe 300 may extend through the



30 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. WO
2009/097178‘%??@%5669/030431 so that an annular passage 232 is pr&ﬁag@%ﬂlg?\ﬁ%{gﬁ]the liner and
the 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 liner or tubular liner and cylindrical outer wall,

is an annular space, 41A membrane 236 hayi n.input.end 238 .and an outlet end.240 is
dispoasd wit e A R LSty o
the annular spare3282+#ur e shdatativhinibisiantheapré s tranarsse farDirhewntkimhraneisudisposed in

the liner oppogitg o Where, RigssHEiaRd flslichis #poduced into the pressure vessel 220. A permeate

pipe 242 communicates permeate fluid 242 10 from the membrane 236 out of the pressure vessel
220. A permeate oulRf4%lve Fha holosnaisagNarertingudows perstiesiadididto U pressure

vessel 220 bufaprevientipackilowaAvdrinpipacdioang-adraiedalve 24&aavsabiing floidifrom within
the pressure vessehﬁz\io to be drained.into a drain 250 when the drain valye 248 is (?en d. [0045]A fill
Gt §é*b‘{;

pipe 260 havifil} ORE PEST TS S PIBYice T RBRUTAPESTRRS fHE FHEEsURVEEELI 5% prior to
starting the pérrheade peatlyeing processs loca{odohdetaiswoitiiethe dsiigvad Lonara2lustraged in

further detail.e:rge ggl%ﬂ%‘zvlo and og{%}eﬂrl nglL?ZﬁZ of .th%aéessure vessel 220 may be integrally formed

with the end cgpa of & wall therebetween 8%8ifseing 210 may also be spaced apart from

pressure vessel 220[083@104 7 agphisige a0 is moskinizadisposettdvithitieieodMing T 1A seal 272
prevents luid,jeaks, iapdahe shambetaR8osidR ohihe HausipR.2i0 2T AIURGRL g mges 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 FBVRE AsEiFeaPfiditind DB0oTRBA&NEIRYZ6 may be manually operated or may be

operated through th Pf amactialcliiie YEAUESEnEP MATRUS IO Yement mecharisms would be
evident to those skilled in the art. What is important in the movement of the plu%r%ger 270 is that the

plunger movedsnP&itteat InBtfoHnA <0 e hte B th e Sid§ et 2P MEVEETT fitreathdtih on or
parallel with thelelengadeskaxs Hbthelausing:Pdbantkthevpressweivesaettade {3848]The plunger

movemart of the pICOTR. ThU BTG DS 00 RTay 1QAReSAHE 0L FEEN AN o withi
the chamber pé8axrd ddMrhunigatihg thediuiddntocthet pilpev300niTHe pipe:BOOmsagex@dhddhrough the
ultimately enter the fluid volume 320. The check valves 330 may be one-way valves that
prevent the movement of fluid from within the fluid volume 320 column back into the
annular passage 232.
20 [0053] In operation, an upward movement of the lever 276 causes an upward
movement i the rod 274. Movement of the rod 274 moves the plunger 270 and the
hollow pipe 300 also in an upward direction. As the plunger 270 moves in an upward
direction, the chamber 208 has a volume that increases and a pressure that decreases
which cause the valve 212 to open and fill the chamber 208. Prior to the upward
25  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
30  also move in a downward direction. The downward moving plunger 270 increases the
fluid pressure within the chamber 208 and causcs the check valve 314 to open. The

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

10



WO 2009/097176PCT/US2009/030431 chamber 208 through the first end cap 224 and through a
recirculation piston 310. The pipe 300 may be sealed within the end cap 312 to prevent fluid from
within the pressure vessel 222 from entering the chamber 208. [0049]The hoIIow(Pi e 300 may include
an outlet val&@ 344" %utlet 5 valve 314 is a one-way valve used to aliGl/ B%"s&?r%%@d fluid from the
chamber 208 to enter the lower pressure fluid volume 320 when conditions are such. The outlet valve
314 may be disposed in various locations including within the fluid volume 320 at the end of the hollow

pipe or within the hollow pipe 300..[0050]The pist b icall I he pipe 300.
Tt s, 10me e B a e By e S om0

move in a cotttssfrsddingl diesiornant thinsantd 00 itnefthidoenirag 200 subiineddbytihe space
between the hatiam ofHERISIOR 3H0iBeHEGIR3R andtheirst Sad2384f i pembiang.236. The

fluid volume 320 may be about one to about two times a volume of the membrane 236. 15 [0052] The

recirculation [SRRIGIY 870 RRIERIEY dHerorrdrE ShatkambeS 338liimpissdbeLun2 tRfEGHHHe piston
that permyt flaydigm dhe:annanpassage 33 31e itineadely enterdRerfuicyolome33Qidha check

valves 330 may be one-way valves that prevent the movement of fluid from within the fluid volume 320
column back HeETAE il AP 8LRG 40T 5 BB & o ST B BRI GVThERY Bithe lever
276 causes ath¢ipatthenduetdenirinlthienod 214. payernent ofidhpreechi27 4asselethetplungger 270

and the hoIIO\g% i %3380 also in an upward direction. A?u%i@'%ﬁ er270 ggo es {)rlllcag E?gv%rd direction,

TG MOVYeMens mcreases 10 a4 nressure 11 calusc t
the chamber as a volume that increases and a pressure that decreases w cause the valve

212 to open agwidilittreveianeEiR08sRriontd méhw@ﬂmﬂéf witvensHne i wetuRoicsicls presumed
that the pressiye ygssgl 420hanheauslirined qhiine-and fhathepressgyessel 4@l has been

filled with feed fluid from the fluid reservoir. [0054] A downward movement of the lever 262 causes the
rod 274 and pIEMGEFTOI84h6MEa BBRIDAAT Hitd iR PReRFE &I 00 BHechrton 310 30

also move in g,dRWnwaIhABRCIANHRE EWRWANDIIOVING BHROANR L INCIeASES e,

[0055]  As can be scen, since the brine is not depressurized as it is stored in
the pressure vessel 222, no means are needed to provide hydraulic energy recovery and

15  thus the system is less complex, less expensive and more reliable than providing an
energy recovery device.

[0056] Upward movement of the recirculation piston 310 and plunger 270
stops the recirculation movement as valves 330 open and no additional feed water is
provided through the hollow pipe 300. Permeate productions stops.

20 [0057]  The salinity of the solution within the pressure vessel 222 increases s
permeate is produced. At some point, the production of 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 vesscl

25 220 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

30 lever arm 276 in an upward direction, the feed enters the annular space 232 and moves in

an ypward direction to help displace the brine. When the brine has been replaced by the
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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 WO
20091097176PCT/US2009/030431 causes peirneate production through_the permeate pipe 242.
Excess brind Créated f#éf the feed fluid moves out of the second end 245(:3?5%0?3@?36%% 236 and
through the annular chamber in an upward direction as illustrated by arrows 360 in response to the
downward movement of recirculation piston 310. Ultimately the brine recirculates 5 through the
annular chamber 232 tq.the first of ressure vessel 222 as indicated by arrows 362. During the
Cownard et B e R A RIS, e
pressure in tHE predelpd passto g Gy Wowmmwdres drovahsdribintreases to a pressure sufficient to
cause the membranggs# to ggpRralg@olmeLlpermealscaaliciihe aRmRURL ol waisrgntering the

pressure vessel 10 222 due to the incompressibility of water. The amount of permeate that exits the
permeate pipdesvrirtierithatits bragdikretnes e attiptinspecidaieprastid Fessarowothrough the
pumping actigsrgf thelwnger REQe Thie deaipsvalvadd s gnainsclesadsics, RO ARGaNIpE seen,
since the brine is n%]t de ;g%s rized as it js sto({ed in tfg?ﬁresfggre vessellfﬁz, no means are needed to
provide hydra%ﬁéhé 8?&%5)3 AP BPi T SRS & St th TS ESH otk Ne s 4RRAE0E Bnd more
reliable than grevlding armenengy igoaverudevitth0R56HIpwr dpnofieientof the feldireidgtion piston
310 and plun%% 270 stops the recirculation movement as valves 330 open and no additional feed
water is provi e(?lﬁirough the hollow pipe 300. Permeate productions stops. 20[0057]The salinity of the
solution within the pressure vessel 222 increases as peimeate is produced. At some point, the
production of 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 25 220 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
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30 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 WO
2009/097176PCT/US2009/030431 feed water, the valves 248 and 262 are closed. Thereafter, the
process is complete and a new batch of peimeate may again be formed as described above.
[0058]Those skilled in the art can now appreciate from the foregoing description that the broad
teachings; ofifhe disclosure can be implemented in a variety of 5 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 the skilled practitioner upon a study of the drawings, the
specification angrthesfalpreing:claims. CLAMS What is claimed is: 1. A batch reverse osmosis
system in fluid communication with a fluid reservoir comprising: a pressure vessel having an
elongated liner with a first end and a second end, a membrane disposed within the second end having
a membrane inlet, a nefritrhrresuderdizpssadtantie Sesbrdrentnita peteatbrdutistrwirerein the
liner anq. pressuie vessel have a fluid clearance therebetween whereby brine fluid from the membrane
recirculates to the first end through the fluid clearance; a recirculation piston disposed proximate the

first end, said re et SHRBH AE MR MSTUPME Betive TR ECFERRGLON dist SRt the
membradigpadiheahit:thdhemémidrizvérgdeteshidneenist ulatmirbpistondiavig chbé akivalvendhedein

permitting ftid flow.intadhe:flvid, valume And.ereyening fud flaw il of fe b MM icroby 2

plunger disposed within a housing that is coupled to the pressure vessel, said housing and said

plunger bt & endba emans prifgeieiprtrtocahbictsiibe fluid clearance;

a recirculation piston disposed proximate the first end, said recirculation  piston defining a
fluid volume between the recirculation piston and the membrane adjacent to the membrane inlet, said
recirculation piston having check valves therein permitting fluid flow into the fluid volume and
preventing fluid flow out of the fluid volume;

a plunger disposed within a housing that is coupied to the pressure vessel, said housing and said
plunger defining a chamber, said plunger coupled to an actuator;

a housing having a first one-way inlet valve in fluid communication with the flmd reservoir;

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

through an outlet valve.

2, A batch reverse osmosis system as recited in claim 1 further comprising a fiiter

filtering fluid from the fluid reservoir.

3. A batch reverse osmosis system as recited in claim 1 wherein the permeate outlet

comprises a permeate one-way valve.
4. A batch reverse osmosis system as recited in claim 1 wherein the hollow pipe extends

through a first end cap of the pressure vessel and a seal fluidically seals the hollow pipe to the first

end cap.
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a housing having a first one-way inlet valve in fluid communication with the fluid reservoir; 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 through an outlet
valve. 2. A batch reverse osmosis system as recited in claim 1 further comprising a filter filtering

fluid from the flyid resgrygis, revers%-dé\ﬁ%%cé}{t%}ﬁeéé&i&ém%ﬁiﬁ}’ ?é%‘ér@iﬁ FREUGRD AR B tpudagrein the

permeate outlet comprises a permeate one-way valve. 4. A batch reverse osmosis system as
recited iA G141 V#&rein the hollow pipe extends through a first end cap of the pressure vessel and a
seal fluidically seals the hollow pipe to the first end cap. 5. A batch reverse osmosis system as

recited in claim | wherﬁig %c e outlet valve com{[%rises %eg)ne-w%ylvw Iv A{‘pﬁtch revers 0SMmosis

e. 6.
o, ALCH reVerse OSIN0SIS SVSiem as rect clar rein the put ve 15 d1spose:
system as recitéd in claim Wherem The ootist VANVS 1s éﬁsposed adjacent to %%e piston. PO% A batch

reverse oynsosiisodhsmstras recited in claim 1 wherein the outlet valve is disposed within the fluid
volume. 8. 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 f}gidﬁ/olu e.

9. A
batch reverse dsmosié SYSTER SEAEREY HWLFAIR CARGFRFRRE SrREn B AUsEr LR B Wi hipe and

drain vakithin the I0idAdbateh reverse osmosis system as recited in claim | wherein the pressure vessel
has a fill pipe and a fill valve communicating fluid from the fluid reservoir to the pressure vessel.

11. A batch reverse osmosis system as recited in claim | wherein the fluid volume is about 1 to about 2
times a membrane volyfsich 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.

9. A batch reverse osmosis system as recited in claim 1 wherein the pressure vessel has a

drain pipe and drain valve.

10. 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.

11 A batch reverse osmosis system as recited in claim 1 wherein the fluid volume is about

1 to about 2 times a membrane volume.

12. A batch reverse osmosis system as recited in claim 1 wherein the recirculation device

comprises a recirculation piston.

13. 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 outputi, a brine output, an annular space
between a liner and the outer wall, a membrane within the liner opposite the first end of the pressure

vessel, said membrane having a
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12. A batch reverse osmosis system as recited in claim 1 wherein the recirculation device comprises a
recirculation piston. 13. 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, a brine output,
an annular space between a liner and the outer wall, a membrane within the liner opposite the first end
of the pressure vessel, said membrane having a first face and a second face, and a fluid volume

betweencthe first fage QL INgMEMbIaNG anda LREHCWalandgYIGe AAQUSING NAING 4,PILNGET &

hollow pipe in fluid communication with the fluid volume and a one way valve, said method comprising:

actuatingFthearedriirsnidevagioxian apisarsh A miktaricisnBif AovirE HEBRGeRetRehollow
pipe and #nerRiskan;one “fg@mﬂuém@atmgtmu@dﬁ@megphamber through the one-way valve in the

housing in response to ctuatln lunger in the first direction: actu t|n the rin a.second
direction; commutnlca%’mij11 f}” hgec ga?rllta}e%flr‘?f the ﬁwdglE ﬁ?ntlg h?ou0 ?:)Hﬁglll%\}% ﬁ?%le passing

brine flut@!ﬂhvomghambthﬂemmane recirculating brine fluid within the pressure vessel from the
second face of themembraneioway thihefirst.end fithe Bressiyrerassahthrouah the.anaslas

chamberi}oroducmg permeate through the membrane; and communicating the permeate from the
pressurdSELE BBl Y hermeate outpost. 14. A method as recited in claim 13 wherein prior to
actuatinghe fipldgertiona first direction, filling the pressure vessel from a fluid reservoir.  15. A method

as recited in clg&ﬁﬂﬁég&&q@ﬁg@ﬁggﬂ&g Lid into a chamber comprises communicating fluid into

the chamber through a filter. A method as recited in claim 13 wherein communicating fluid
from the chamlﬁ@%?ﬁlfﬁ@ﬂ@iﬁw ebrmprrsae tsrmirbatmnravsh fHoRHAE Baf chamber into the
fluid volume thrgidghy aperhin ol lewnpipe:ane;

recirculating brine fluid within the pressure vessel 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 through a permeate outpost.

14. A method as recited in claim 13 wherein prior io actuating a plunger in & first

direction, filling the pressure vessel from a fluid reservoir.

15. A method as recited in claim 13 wherein communicating fluid into a

chamber comprises communicating fluid into the chamber through a filter.
16. A method as recited in claim 13 wherein communicating fluid from the chamber into the

fluid volume comprises communicating fluid from the fluid chamber into the fluid volume through a port

in the hollow pipe.
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17. A method as recited in claim 13 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 mechanically coupled between the plunger and the recirculation device. 18. A method as
recited in claim 13 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 sposed, RSB ATV AR BRI ARRAHHIR SamerRng graining

the pressure vessel through a drain valve.
fluid volume comprises communicating fluid from the fluid chamber into the fluid volume through a

holiow pipe mechanically coupled between the plunger and the recirculation device.

18. A method as recited in claim 13 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.

19. A method as recited in claim 13 further comprising draining the pressure vessel

through a drain valve.
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