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[0001]  This application is & continuation of U.S. utifity application

5 12/342,198, filed December 23, 2008, which claims the benefit of provisional application
61/019,110, filed January 04, 2008, and provisional application 61/024,750, filed

January 30, 2008, the disclosures of which are incorporated by reference herein.

TECHNICAL FIELD
10 [0002]  The present disclosure relates generally to reverse osmosis systems,

and, more specifically, to batch-operated reverse osmosis systems.

BACKGROUND
[0003] The statements in this section merely provide backgroun& information
15 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
therethrough.

[0005] A reverse osmosis system involves pressurizing a solution with an

20 applied pressure greater than an osmotic pressure created by the dissolve salts within the
solution. The osmeotic 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 soiution of salt would have an osmotic
pressure of about 140 psi. Ocean water typically has a 3.5 percent concentration and an

25  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.

30 Typically, about 50% of recovery of permeate from the oﬁginal volume of sea water

solution reaches the practical himit.



20 applied pressure greater than an osmotic pressure crated 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-percenrygaluinmafsalt would have an osmotic pressure of about 349,psinfPseaiswater typically
has a 3.5 percent concentration and an 250smotic pressure of 490 psi. [0006]Water extracted from a
reverse osmosis system is called peiteam. 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 ref#iBH peikdeatenfromvthie Sodution. fﬁhﬁqtej@maesimas@ﬁml li8 callbdtbriee or the
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{0008} The permeate stream 14 is purified fluid flow at a low pressure, The
brine stream 16 is a higher pressure stream that contains dissolved materials blocked by
the membrane. The pressure of the brine stream 16 is only stightly lower than the feed
stream 18. The membrane array 12 requires an exact flow rate for optimal operation. A

10 brine throttle valve 24 may be used to regulate the flow through the membrane array 12.
Changes take place due to water temperature, salinity, as well as membrane
characteristics, such as fowling. 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 1s 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 membrane array 12, The pretreatment system 21 may be used to remove solid
materials such as sand, grit and suspended materials. Fach 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 is illustrated
with the addition of a feed throttle vaive 30. Medium and large reverse osmosis ptants

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. 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

30 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



[0008]The permeate stream 14 is purified fluid flow at a low pressure. The brine stream 16 is a higher
pressure stream that contains dissolved 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 ratg fof,Rtigagl operation. A 10 brine throttle valve 24 may begdisegd tasequlate the flow
through the membrane array 12. Changes take place due to water temperature, salinity, as well as
membrane characteristics, such as fowling. 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 pressiste pagiirgments. hoidPESHngentmisabighenfeetyr essiigincreasesparmeate
production an% &%nxgrsely, a reduced feed pressure reduces permeate production. The membrane
array 12 is req ‘|rec¥l to maintain a specific recovery which is the ratio of the peimeate flow to feed flow.
The feed flow or brin®#b4¥ lik&efseireqarerBigufatimatO06ApFetrehtire egystewrlbmay also be
provided to presfigaithediuidieQdntothemembiane, ARy 16 J BeRICURAIMRRISYRIgM, 31 may be

used to remove solid materials such as sand, grlt and susgended materials. Each of the embodiments
below including oS8 EHEPREREP RELRS Jar8 AP intiudB s Jrefredmmam & damrpied &
[0011]ReferringariavctepEdg. 12, masystermmsimbamtopthatiin Figuildsdlustiatedanithidhe-adgition of a feed
throttle valve 30, Medium, andaioe [ayefe.OomasiapIans 23, Picaly lclude ceifugal type
pumps 20. The pumps have a relatively low cost and good efficiency, but eypmay generate a fixed
pressure differeidlthttavgieéatfiowirafe anepspéethorromtioneTo change the pressure/flow
characteristic, the raje@fapump seiatignsmusting. ahanged-Qaeway REOHsYFIaM s rgre designed was
to size the feed pump 20 to generate the highest possible membrane pressure and then use the

throttle 36ValvE 38 86 et Ree ih S 8Y ok LE Prestme i sm Bt e o iBIaet Srakaniie PESSFEment. Such
a system has adosecapiialiogst pdvaptagenbilt saciificeepergyreffidiencyl NGRS energy

from the brine stream 16. The pump portion 42 and the turbine portion 44 are coupled

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.
15 The pump portion 42 ratses the feed pressure in the feed stream 18, This increases the
energy efficiency of the system. The booster 40 generates a portion of the feed pressure
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
20 posttioning 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
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
25 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
30 pressure s used to overcome the osmotic pressure and frictional losses of the flow of

feed material through the membrane i1s performed.



WO 2009/088866PCT/US2008/088348 feed pump generates more pressure and uses more power
than s required for a typical operation. [0012]Referring now to Fig. 3, another system for solving the
pressure/flow characteristics is to add a variable frequency drive 36 to operate the motor 22 which. in
5 turn, controls the operation of the feed pump 20. Thus, the feed pump 20 is operated at variable
speed to match the membrane pressure requirement. The variable frequency drives 36 are expensive
with large capacities and consume about three percent of the 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 10
illustrated using the d8fidlefeFafiomrmineeraisHin this ereisodimesnt] 28Hydiandiodesessrelibposter 40
having a pump, poitiag-4¢ andhe-rRiReRAYIAR A4S HSCHEC LRCOYET RRRIQY P Higbrine stream 16.
The pump portion 42 and the turbine portion 44 are coupled together with a common shatft 46. High
pressure from thébTineSlsatiia SeaabIRs UG PR UFBI A RRIRTo i ihichr essrse et JRaft 46 to

rotate and drivesdte ipuBRarion42umktbickhejauanshapstion 4Zrases the feed-piessureniathe feed

stream 18, This increases the energy efficiency. of the system. The booster 40 geperates a portion of -
the feed p?essﬂnreem(ri:éraﬂslrgsfr%%ﬁ ?fqorgé ‘e%%r%r}ﬁiraér{])é\' gjrr“?a{}%f%erﬁidfntﬁges,ptﬁés?lé%a' f)%?‘g? 82 iﬁa motor 22

may be reducedsinsizecsicelandulrsediashouhtof Phessiranisitegd et dnztheinfDebMReferring now
to Fig. 5, a membrang elemeat 60 that issuitahle for,2Q pesiianing within amephrane qrray 12 of

one of the previous Figs. is illustrated. The element 60 includes leaves of membrane material wrapped
into a spiral co?ﬁiguration and placed in a thin tube 62 of material such as fiberglass. Each membrane

leaf includes two menuigresle sheeis ghueshon threr-sidaswtihthedausth sidesattachsrdcte acentral
permeate pipe 64. Spacer grids (not shgwn keeg the mcérrtxnh%rane sheet from collapsing under the 25

applied ptéssutE Eeed LOILTTIERTEISSAE EnFEr S InSRMIANEBHAY S0 AR irdéhofindicated by
arrows 66. Thesohdmneabirferdiflowsaxiathz atgngteimembranediement:6apitt Heteesn the leaves

68 and exits thiguah fhe:high pressur %g{%eﬁ euﬁ%kﬁ%ﬁ'éji&%e?%

tg_y arrows ZO Pera[n%at% islcollected
from the leaves 68 through peimeate pipe 64. The pressure o fle pé;rmegtea%%%gh'&enﬁbe 64 is

essentially zer8!&isdé tHe BppRERfatprasslitit isusedito dbe romethelsiotd pressurecsnd frictional
losses of the flgunpidaesrmatarabibrough:the aemgbrane is performed.

15 [0017] A typical reverse osmosis system operates at a constant pressure that
is developed at the feed 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
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 ex&essive

20 - amount of salt contamination.

SUMMARY

[0018]  The present disclosure provides a reverse osmosis system that may

reduce pumping energy but allow a sufficient pressure to be generated at each of

25
the membrane elements.



[0015]Referring now to Fig. 6, a pressure vessel 78 that includes a plurality of membrane elements
referred to collectively with reference numeral 60 is illustrated. In this example, three membrane
elements are disposed within the pressure vessel 78. 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 epghibpedis dnb agead indthenpessiia assek prihridireetionof the arrows 84,
[0016]In this examEIeéttrrlrtla.th e Er(l)em%ell(pa : gemggtﬁu@%go% are B'%%%Q _ig 1I%sssegies. Each
subsequent Slement extratts a smaller amount 6 permea?e Ran th pre%ed?ng elément due to an
increasing osrsstldpriagsurenidnddevesasingisppliseisrEsslny dat Sod gsshteibrgd ifggses within the

membrane elgents. AR CRRSEHHRNGEING fiRdl slemenARGMAY PradusRYany.littie permeate. The
permeate pipe 64 collects permeate from eaglg of the membrane elemﬁents 60%% Oc.,15[0017]A typical

reverse 0smBSTEA TR it e SPU B AR R SR R TS IS 10 SRR T8Ed pump 20. The
result is that asmexdess cfappliedipréssu kst dhe first mémitrau elewrdytaray hesultdissen undesirably
nah rate of Relmeata.xuASIARURIE MRWE iU SR MEMBIRRGS.IA BR RMAGRd.d he final membrane

element 60c ' may have an undesirably low rate of extraction which may result in permeate with an

excessive 20/difoit HISLRERtEMHSRiEHI AL ATIIARIpation \with BT PFeSER{dEclosure provides a

reverse osmegis:gy stemWhatsnay ek cei PHFIpHAG RRepgn b biiditon axspitficientaressure to be

generated atgach, of 25the membrang clements, 10019110, 9n¢ aspedt of e, pesgat invention, there

is provided a reverse osmosis system in fluid communication Withra fiuid reservoir comprising: a

pressure vessebhavingsd widlnhahiehthersine aafigis prastire tarddnistn, hadw pressite fluid input, a

permeate ou{pikang snbsineRURM saibigh pressweaverianingi first opansaiate.and a first closed

state; a low prgssure valve having a second %ggistate and a second closed state; a brine drain valve
state,

having a third BPEf SIS AR PGS 4R PGS BTe BETR-CBEA A RORP &3 Unication with
the high pregsudedaput/thiohg bethertigheprass i e Visd ves andd laskol vt pice Ssulregls ptasserin fluid
communication with ihe. 181 BIEFSHES INPHIBEAUARRC.I0W; PISERUR.Y BlY§&S@if high pressure pump
and said low pressure source’in fluid communication with the fluid reservoir, wherein said low pressure
source fills the pressure vessel while the high pressure valve is in the first closed state, the low
pressure valve is in the second open state and the brine drain valve is in the third open state during a
filling cycle and recharge cycle, and said high pressure pump operates during permeate production
while the low pressure valve is in the second closed state, the high pressure valve is in the first open
state and the brine drain valve is in the third closed state.

4a



100201In another aspect of the present invention, there is provided a method comprising: opening a
brine drain valve of a pressure vessel; filling the pressure vessel with low pressure fluid from a fluid
reservoir through a low pressure input using a low pressure pump through a low pressure valve; 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 pymp; and raisjng a pressure in the
pressure vessel Jg?ﬁgfthe g PESsEre Bg%pp[%ﬁ?#éﬂvﬁﬂ%ﬂhﬂ%’g Se?ﬁ%@tee %QB?E% ced. [0021](blank)
[0022](blank}of@23}in epéuntberbaispectinf the pfesesisimyentioh [dhegdhs peevidedasnethod of
operating a reyense 0NOSISRYSm SAmPrag iR APesIUsRNERSELIItIRW Rressure fluid from a

charge reservoir through an input and low pressure valve, closing a brine drain valve of the pressure
vessel, wherPHF& 57 S48 Brruehal RTmsss Eroshg iR oRrprssttire Parl s TeFir8iessure vessel is

filled, pumping:agditianahfiuich ubdenbighi pressune iremitheehaige, Wseryoie ipiadhdeinput of the
pressure vessel using.a high pressure and raising. a pressure in the‘preﬁsurfenvgssel using the
high pressurga%ﬁr_ﬁlp%ghgt‘i(foé%lnégr%%}ﬁﬂo‘?r%ﬁertrﬂr%géqtsesﬁgegﬁg%ﬁc\gé?@gﬂﬁﬁ%%o% ?eer %Slsbgcf of the present
invention, theresnsreidiisaad Heikbiom sembysiTpstermveden prebingsaieHaiye Fesdersiraving low
pressure fluighthereine arlawRressurevalyaid prasswpugsseliinspmippicationiith the charge
reservoir through an i%%}{t and Iovxf1 essure valve; a brine drain valve in fluid co Qg&mication with a

brine drain oP e TaEETHE VRS I MR S IR PR S B FB|H AR S AAUPIERSH with the charge
reservoir and the [} of tfidaptgssure vessel; said pressure vessel having a recharge cycle, in which
the low pressureg&ﬂg IS %B?aql%g and the brine drain valve is opened until fluid in the pressure vessel
is flushed therefrom; Said pressure vessel having a permeate production cycle in which the high
pressure pump pumps additional fluid under high pressure from the charge reservoir into the input of
the pressure vessel until an amount of permeate is produced. [0025]Further areas 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. WO
2009/088866PCT/US2008/088548 [0028]Fig. 2 is a schematic view of an alternate prior art reverse
osmosis system. [0029]Fig. 3 is a schematic view of another prior art of a reverse osmosis system.
5[0030]Fig. 4 is another schematic view of a prior art configuration of a reverse osmosis system.
[0031]Fig. 5 is a perspective view of a prior art membrane elements according to the prior art.
[0032]Fig. 6 is a cross-sectional view of a pressure vessel having a plurality 100f membraneelements
such as those illustrated in Fig. 4 according to the prior art. [0033]Fig. 7 is a schematic view of a batch
process reverse[%ﬁbsis%ﬁsﬁém?r aspect of the present invention, there is provided a method of

operating a reverse osmosis system comprising filling a pressure vessel with low pressure
fluid from a charge reservoir through an input and low pressure valve, closing a brine
drain valve of the pressure vessel, when the pressure vessel is filled, closing the low
pressure valve, when the pressure vessel is filled, pumping additional fluid under high
pressure from the charge reservoir into the 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.

{0024] In another aspect of the present invention, there is provided a reverse
osmosis system comprising: a charge reservoir having low pressure fluid therein; a low
pressure valve; a pressure vessel in communication with the charge reservoir through an
input and low pressure valve; a brine drain valve in fluid communication with a brine
drain of the pressure vessel; and a high pressure pump in fluid communication with the
charge reservoir and the input of the pressure vessel; said pressure vessel having a
recharge cycle, in which the low pressure valve is opened and the brine drain valve is
opened unti! fluid in the pressure vessel is flushed therefrom; said pressure vessel having
a permeate production cycle in which the high pressure pump pumps additional fluid
under high pressure from the charge reservoir into the input of the pressure vessel until an

amount of permeate is produced.

[0025]  Further areas 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

[6026] The drawings described herein are for illustration purposes only and

are not intended to Himit the scope of the present disclosure in any way.

[0027]  Fig. ! is a schematic view of a prior reverse osmosis system.



[0034]Fig. 8 is a cross-sectional view of the pressure vessel of Fig. 6. [0035]Fig. 9 is a schematic view
of a second embodiment of a batch process reverse osmosis system. 15[0036]Fig. 10 is a schematic
view of a third embodiment of a batch process according to the present disclosure. [0037]Fig. 11 is a
schematic vi f h embodiment of the reverse osmosis system. [0038]Fig. 12 is a schematic
view of a fiftmgﬁ@d%%nygﬁt of a dual brine tank 20system according to th['écbrr/gézeﬁr% H&tésure.
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 25 same

reference numbers vyilbpgjusestdn the Graningsdo idenlin:simiALEIeMENtS: Asusedherein, 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-exclusiveﬁ?’éﬁf&al OR. It should be understood that steps within a method may be executed in
different order withoi6@2®¥ringftiae priinciplearof theipresenidiselpaurenr86{R040HRthefoliowing
disclosure, a bS%(EQTProcess in which applied pressure
5 [0030] Fig. 4 is another schematic view of a prior art configuration of a
TEVErsSe 0SMmOsis system.
[0031] Fig. 5 is a perspective view of a prior art membrane elements
according to the prior art.
[0032]  Fig. 6 is a cross-sectional view of a pressure vessel having a piurality
10 of membrane elements such as those illustrated in Fig. 4 according to the prior art.
[0033]  Fig. 7 is a schematic view of a batch process reverse osniosis system,
[0034]  Fig. & is a cross-sectional view of the pressure vessel of Fig. 6.
[0035]  Fig. 9 is a schematic view of a second embodiment of a batch process
reverse 0Smosis system.
15 [0036] Fig. 10 is a schematic view of a third embodiment of a batch process
accordmg to the present disclosure.
[0037] Fig. 1] is a schematic view of a fourth embodiment of the reverse
0SMOSis systen. |
[0038] Fig. 12 is a schematic view of a fifth embodiment of a dual brine tank

20 system according to the present disclosure.

DETAILED DESCRIPTION

[0C38] 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

25 same reference numbers will be used in the drawings to identify similar elements. As

used herem, 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-exciusive 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.

30 [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



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 WO
2009/08K866PCT/US2008/088548 depending on various characteristics including the type of
membrane. A@ 5@? t'%gseg above, operation of the system at a pressure 'E)hat does not waste energy by
being too high or At 1860 low for good quality permeate is desired. [ooﬁﬁﬁ}é?%??(ﬁﬁ‘%&/\/ to Fig. 7, a
batch-operated reverse osmosis system is 5 set forth having a pressure vessel 102. The pressure
vessel has end caps 104 at the input end and an end cap 106 at the output end. The input end has a

high-pressure japuts38Anth AJeW:RIBS sYIGiIRAKEIL AR, The highprasswiedoput 108 and the

low-pressure input 110 may be formed from pipes. The pipes may enter through the end cap or in the
sidewall of the?BPEERRE L] thD 2 LTRMAASNF SHE AR Ay B &LE R HBUR L BE&achigh10
low-pressure inptidlit Galevinfearesdupidatioamwithai fladgreservoir 114. The fluid reservoir 114 may be

a sea-water reservoi is used to store filtered sea water. A fluid path from the reservoir 114 to the
high-pressure input g@%ay i?}‘g%ﬁien 3 %?é‘fh’:%er%?%szré Sﬁ}%t%ofi%afgﬁ\%ﬁe S§7 LSS T1E™8AY a valve 120
that allows thestiufeth ey e therrgiicpresssUean g OB hecslosed ordpen. | Ohe txample of a

suitable pumpchdGiig anlBRQsiivedispiRcementPe RUMRLOMRIA seeand duid 9@\#& figan the fluid

reservoir 114 may include a low- pressure gump 124 that'is driven by a motor 126. The fluid path may
also include a YHIVel T8 S e Fiyh Dl sdire P isathcthryah® 196 HralpBerioeatedBatween the
pump 116 anditifedughpressutefinpubipOl. Ththeitewrpressire fuidpath: the valver 128120 may be

located bet""e%{aet%npo%@ ];i%gsu%'gdvé?s%il?&_.pﬁﬁ%]artglyi/r,] gg%h]tgig high-pressure input 108 and the

10 low-pressure input 110 arc in communication with a fluid reservoir 114. The fluid
reservoir 114 may be a sea-water reservoir that is used to store filtered sea water. A fiuid
path from the reservoir 114 to the high-pressure input 108 may include a high-pressure
pump 116 driven by a motor 118 and a valve 120 that allows the fluid path to the high-
pressure mput 108 to be closed or open. One cxample of a suitable pump 116 is a

15 posttive displacement-type pump.

{0C42] A second fluid path from the fluid reservoir 114 may include a low-
pressure pump 124 that is driven by a motor 126. The fluid path may also include a
valve 128, In the high-pressure fluid path, the valve 120 may be located between the
pump 116 and the high-pressure input 108. In the low-pressure fluid path, the valve 128

20 may be located between the pump 124 and the low-pressure input 110,

[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,

25 {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

30 end. Asis illustrated, the membrane 142 is positioned near or proximate to the permeate

output 140 and the brine output 130,



[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. 25 O(())gf{m])The output end of the pressure vessel 102 also mcludes ap err/r(theate output 140
that is used to remove permeate created by the membrane 142 within the 5(%%33% ¥8&el 102. Both

the peimeate 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 oppRgigeihe b a0asK. ds [pdlisvaled: the:mermiane i AizPsiioned near o

proximate to the permeate output 140 and the brine output 130,
2009/088866PETNIE 1008/08EH: S TOOAEI o5& ATAT thélqafiesért}?e‘%ﬁeﬂttzn@tméawﬁh fluid from
the reservoir hkdd io ﬁ'ﬂtﬁ/ﬁﬁ’ﬂh@dﬂm&ﬁtﬂsﬁ'&rﬂvﬂ;@fd&]%m [Hhertawhpressirespemps kAdds ysed to
provide the sea Wate[ the reservair 1 4 thr?jt] h co r%l \éfalve 8 Wh ch ﬁgopen The
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5 allow air or brme from the previous cycle to escape from the pressure vessel 102. When
the pressure vessel 102 is filled with sea water, the low-pressure valve 128 is closed.
Operation of the high-pressure pump 116 is started and the high-pressure valve 120 is
opened. Also, the brine drain valve 132 is closed. The pressure within the pressure
vessel 102 rapidly increases until the pressure exceeds the osmotic pressure which causes

10 the membrane 142 to produce permeate which exits through the permeate output 140 of
the pressure vessel 102.

[0047]  The feed pump 116 continues to pump more sea water from the fluid
reservoir 114 through the high-pressure valve 120 and into the pressure vessel 102
through the high-pressure fluid input 108. The continual addition of sea water and

15 pressure makes up for the permeate removed through the permeate output 140 and to
overcome the increasing osmotic pressure due to the increasing concentration of the
brine within the pressure vessel 102. 7

[0048] One example of suitable pressures includes an initial pressure to
produce permeate of about 500 psi during the permeate production cycle. As the

20 permeate production increases, the pressure is increased to maintain the permeate
production. If a fifty-percent total recovery is desired, the final pressure may be about
1000 psi. Thus, the average pressure 18 about 750 psi. 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%.

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 inctudes a first membrane face 144 and a second
membrane face. A volume 146 between the end cap 104 and the first membrane face

30 144 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 i one batch cycle. The membrane

144 is disposed within a tube 148. The second face 145 is disposed toward the output



5 allow air or brine from the previous cycle to escape from the pressure vessel 102. When the
pressure vessel 102 is filled with sea water, the low-pressure valve 128 is closed. Operation of the
high-pressure pump 116 is started and the high-pressure valve 120 is opened. Also, the brine drain
valve 132 is %';852%99 /&Q& pressure within the pressure vessel 102 rapidlypi ﬁ%@%&%g&gﬁ% the pressure
exceeds the OSMOLIE pressure which causes 10 the membrane 142 to produce permeate which exits
through the permeate output 140 of the pressure vessel 102. [0047]The feed pump 116 continues to
pump more sea water from the fluid reservoir 114 through the high-pressure valve 120 and into the

pressure vessgl 402 th ?%alarmeekﬁahr@z.e&%@%w@ InPuUipOBisThe somtinaladitienotigea water and
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15 pressure makes up for the permeate removed through the permeate output 140 and to overcome
the increasing®SEHotRE BidLs aFasiia Y558k iﬁEFet&g‘?n]g‘j’%SﬁE?élﬂfrBWéﬁthgfﬁgngrlfﬁ%e\M‘t% {h® pressure

vessel 102. [OR48f@are example of suitable pressures includes an initial pressure to produce permeate

of about 500 psi durﬁﬁgoé@j Pefﬂ]eaé%a@g&g{%? EXF 'S AR NG [P RETMSRIS RIP

g <t it t?g%@gggdpec_rease_s, the
pressure is increase aintain the permeate production. I a fifty-percent total recovery is desired,

the final pfesstiesthiiZbé Eumimeoo 0 peit THiEtHeaveragepresséisregvbiersdifsi. Prior known

systems that use copygstionahflow R Qspracessing deauiieAcaRstant HA0R Bbobhusithe, feed pump
pressure requirement has been reduced by 25%. 25[0049]Referring now tq Fi

: . 8, a cross-sectional
view of a presifffeeREaIHH5 L5IITHEF 18t HAGRH Y RSB0 RE METh 5P fﬁ%iiﬁgéﬁﬁé at the
ppposite end midinbreimﬁ@ét&dfpmt&fﬂegﬂqidmmnm highwprdssufé mputd B landithedow-pressure
input 110. Theﬁg&@%@@%ﬁ%’ﬁ%ﬁ E‘e rssmemirans flare sﬂnﬁiﬁ and.a seappdmembpane face. A

volume 146 between the end ¢ the first membrane face 30 144 may be at least equal to
the volunh@é of Bsametisnanéel D sdrthdta Fiiastiihie BiNbLIH ST fe St wbterest Bed WAtEE can be

processed in gRadaiah.eyele ikheimembiane.ddd is.dispesedwithing tube 148. The second face 145
's disposed toward P 00 150 ths (e Inpelfan 19300 ehcuate brine fuid from the
membrane 142 between an annular passage 160 between the tube 14.8 and the outer wall
of the pressure vessel 102. The direction of flow of the brine fluid pushed by the
15 impeller 152 is from the second end of the pressure vessel or output end of the pressure
* vessel 102 toward the first end or input end of the pressure vessel 14, as indicated by the
arrows 162, The brme fluid enters the tube 14 through a distributor plate 170. A
distributor plate is used to distribute the brine evenly across the face of the flow tube 148
and allow the flow to have a minimum turbulence. A flow diffuser 172 diffuses the
20 high-pressure input fluid from the high-pressure input 108 evenly across the face of the
flow distributor plate 170.

[0053] Choosing the proper circulation rate of brine from the impeller 152
through the annual passage and back into the tube 148 is tmportant for the operation of
the system. If the rate is too low, the axial velocity along the membrane 142 may be

25  insufficient to prevent excessive concentration of salt along the membrane surface
resulting in excessive polarization which adversely affects the permesate 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.

30 [0054] A stratification of concentration in the flow tube 148 is desped. A
water column within the flow tube 148 will develop a concentration gradient with the

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

10



end of the pressure vessel 102. One end of the tube 148 is positioned proximate to the output end of
the pressure vessel. The tube 148 extends past the second face 145 of the membrane 142. [0050]The
permeate output 140 extends out of the sidewall of the pressure 5vessel 102. The permeate output
140 receives permeate through the membrane 144. [0051] A motor 150 is used to drive an
impeller 152 P%gtzl{g’%?gﬁ%ged within, near or proximate the tube 148 adjaBeR G BFfFdKinate the
second face 145 of the membrane 142. Of course, different positions of the impeller 152 outside of the
tube 148 are possible. A high pressure seal 154 is used to seal a shaft 156 extending between the 10

motor 150 andl%e img@l&ggéggt%fcggg%&gﬁ %@9‘%8”?%291“" may %qigé?f;g* %;[}vr\{ge%réggnrqotor 150 and

the impeller 152 so that the seal may minated. [0052]The motor rives the |mpeTIer 152 to

circulate brineFTaiENfratth&thmbramemsnpipisehtanhanneiar phsdiyeb160 betweshate tube 148
and the outer walleltherpressure vassehios The, ditestinp: offlow.of the-bunefuid pyshed by the 15

impeller 152 is from E(he eit:dor_l%rend of the pressure vessel or output end of the pressure vessel 102
toward the first S P IRpOFERT S8f the pressure vessel 14, as indicated by the arrows 162. The brine
fluid enter§ the tube [00fbughte fistrifutbien late<&0.cén tistdbuter piatects ised teedibtsiute the brine

evenly across i face.afihe flow twhe,4g.and allow.the. figy 1o haye A minimum furbulence. A flow

diffuser 172 diffuses the 20high-pressure input fluid from the high-pressure input 108 evenly across
the face of thelfiw distributor plate 170. [0053]Choosing the proper circulation rate of brine from the

impeller 152 throughjtisennuat-passagewnd hack, inte.thadube.ddSsisinpostant foL the.pperation of
the system. If the.rate is too low, the axial velocity along the membrane 142 may be 25 insufficient to
prevent excesaive ConceRtration’d E‘é‘qﬁ gfd’ rgigﬁﬁge‘irl?%vr%g?a 855U FES UG IR ExcdB¥ide polarization
which adVérsetyafiectythealpdrmidategoality, raeminfare@raductilinhdndfaulinipce Jistance. By

controling thespegsholithe MAtF=0. aai@ahAie akculation s genuplied IRREIMI fige tuning of

the circulation rate. Rates used depend on various désign considerations of the system.

described above in Fig. 8 Thus, the internal structure and the motor 150 are thus not
illustrated. In this embodiment, the fluid from the reservoir 114 may flow into a charge
reservoir 21¢. The charge reservoir 210 may be located above (relative to the earth) the
15 pressure vessel 102, In one constructed embodiment, the charge reservoir 210 1s located
directly verticaily above the pressure vessel 102. This allows the use of gravity to fill the
pressure vesscl 102 from the charge reservoir 210, A valve 212 disposed between the
charge reservoir 210 and the pressure vessel 102 is provided.
[BO57] A high pressure is developed at the high-pressure pump 136 which is
20 driven by motor 118. In this embodiment, a low pressure pump is eliminated since low
pressure filling of the pressure vessel 102 is provided through the valve 212 due to
gravity. After filling of the pressure vessel 102 at low 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
25 mput 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 reservor 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
30 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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30[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 WO 209/088866PCT/US2008/088348 170. The average
concentratior{min%egseg%(with _time but the lowest concentrat?on is present at theﬂface of the membrane
closest to the IRput. The distributor plate 170 and the flow diffuser 172 réducE MRS HEween newer,
more concentrated brine and less concentrated older brine. 5[0055]The flow of older, more
concentrated brine products by the membrane is indicated by arrows 174 and the new sea water flow

direction is indigatadiby @RW hiSHOPREIReteNing oW oo In A feVAlSE: OSIPsis system 200

having many similar components to those described above in Figs. 7 and 8 is illustrated. Similar 10
components WIFTHRShEG i Sighrarratsiafiey HurHErRARE R JiodsstEeitihel OFig. 9 includes a

pressure vessel 102 [0GEIhay be:cosfiguted iniatsimianprasner, lodhatdaserikedaboyedn Fig. 8.
Thus, the internal i_gruc%,llre gnd the Inotor 150 are thus n@t iIIusglattegﬂOI& m‘lj embodiment, the fluid

S
t t' i - i e 0 Ty C
from the reservoir 114 mgyC oW Into & chpacrge r8servorr 210" The ¢ arge reseRoir 2107 r{[”lhély be located

above (relativetessire easth)) 98 DShsresaisre themsdl 1e2divevere wonstiitaavenhdbdinhery; the charge
reservoir 210 igdacated girectly. verlically @hevethe s wRYVesSel 19ar.Ihisalawsihe;use of gravity

to fill the pressure vessel 102 from the charge reservoir 210, A valve 212 disposed between the
charge reservBIF ST EnHE Phesdure Vek¥efruoneaiohtas. [Bbs PpAHigrrpredsars issdeveloped at
the high-presstkerpuimipriihé wiiahdse28 grivess by moatord 18:dnthis embedimentiaclonipressure
pump is eliminated since low pressure filling of.t ressure vessel 102 is provided through the valve
212 due to grar{j/ﬁ%/.a%\ gr%iﬁ?rtlegpé%ﬁgdr eeées“’l%éo\}re}%qs(gl f%% at o r%%’“é%l%?g,b ?éﬁPﬁFégsufgg'ﬁuid from the
charge réServdie 2185 ereateld! 82 tiher patvp2i 26sth Brprovideddmsitheathgid 33 pun2id ofdredralve 212 is

closed after filling apdai0e High-Rrassult.tiuid ds RLRYIdadINIQUARIRE: vessel 102, Sea water

under Jow pressure 1s thus used to fill the pressure vessel by gravity., A flow distributor
plate 170 illustrated in Fig. 8 may be used to ensure the water pushes the brine out with a
minimum of mixing. A concentration meter or timer 230 may allow a determination of
15 whether pure sea water is flowing through the brine drain pipe 130. A flow meter 232
may be used to measure the amount of fluid discharged through the pipe, since a known
amount of fluid is within the pressure vessel 102,
[0060] A small reservoir 240 is positioned on the permeate pipe 140. The
volume of the small reservoir is substaniially less than the volume of the pressure vessel
20 162, After filiing of the pressure vessel 102, valves 212 and 132 are closed and the
diverter valve 216 diverts hagh-pressure fluid into the pressure vessel 102 to initiate
another permeate production cycle. The small reservoir 240 allows for storage of a small
amount of permeate to prevent permeate flow reversal. During a time period between
the depressurization of the pressure vessel 102 and ending with the repressurization,
25 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 experimentaily,
[0061]  Referring now to Fig. 10, an embodiment of a reverse osmosis system
30 300 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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25 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 backtOWAFa 30the diverter valve 216 into the charge reserv&’i?yfézg@W%ﬁ% 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 WO

2009/088866-?\/6 W%%Q%é@@%%%@ﬁﬁi%ﬁgv%ﬁ%\%mméﬁ% FHIC YESSEl A1 the, alternative,

the diverter va 16 may open and allow the high-pressure fluid to return back tothe charge
reservoir 210. 310 o BoIBEEbES WAteT i SIHHEY Eolréssmieo b ss e sy HBamAwsY prior to

starting the chafige TyCleTRipeRBR praxiees arthavs paiido alave high-prassprel inrthealb pressure
vessel 102 to be ventﬁlc% through the divgrter alve 216 to.w%rd the charr%g reservoiriflo. The amount

of fluid to be bled Back td'tha cﬁg?grger%esetr({/%{fr Ao |se[§ireesféera8ﬁ/m§?)’ﬁ1élelIpsmclflgt%?lilsbﬁf’ﬁ @/]ctgﬁcentrated

brine. TheSbufférpipls 2R0ehberas reseeiwis 26riibipressuraeliehprocéss. Thesefordldittle or no
concentrated byine fllyi%m@mcgtg@gmle%ﬁggiﬁmn@t&gQh@eﬁsavgirmnéﬁﬁﬁénﬁe%eaﬁu{ﬁ fgs been
, the v

relieved from 10 the pressure vessel alve 212 and brine valve drain valve 132 may be
opened. ConcBfFStEdPHinéfs thus allowed to drain out of the pressure vessel 102. Sea water under

low pressure is thus jg$édito filfihe-pressutaviessakby grasityaidlom distribsieeplaielyQ illustrated in

Fig. 8 may be used sure t:ge ater pushes the brine out with a minimum of mixing, A
concentration %ﬁtﬁért%re{?ln%zpic Ovar‘\évwvaeyggl%}\ﬁegbcfé g’ﬁrﬁﬁﬁ‘gﬁéﬁ%ﬁ‘fg lvsvﬁlé%qé?%]ﬁtré]%g ] I\1/'?/§t]§r is flowing
through the brindhdreiespijse 480 WioWhaidtera8? theay dseusedssel HBasureathovanrotsstmof fluid

discharged thrﬂ%hl@%iﬁ%@’éiﬁ%ﬁ knowinAmeunt,of fuid s yithin the, pressuse,yesse! 102. [0060]A

small reservoir 240 is positioned on the pel'Gate pipe 140. The volume of the small reservoir is

substantially IESSIHAFHHY Juidd st e srestan Yesurr 360 g5 Rae vilitigof thelpteksure vessel

102, valves 212 and[@#8g3are ciasedrandithedivaitar yalvalGiivertshigh-pressuie fuighinto the

pressure vessghl 102 to initiatq Wti}er permeate roduction cycle. The small resErvoir 240 allows for
4 PI‘GSSUT@ VCS%E WEFI} € Prossury vesset 18 atﬁl oW pressure e to the (‘{}"ﬁ&ﬂm .
storage of a smalt amount of permeate to p'?even permeateé flow réversal. During atime period

between the debtssutizatlion ofttizd pressureiyassetat02vaitid exdimgavith thendcprassatrization,
produced as described above,

[0064]  The recharge cycle is initiated by a signal from the flow meter 320
that indicates that a desired amount of permeate has been produced and the permeate
production cycle may be terminated. The speed of the pump 310 is reduced to zero,

20 which allows the check valve 324 to open since the charge reservoir 210 is at a higher
pressure. Gravity may be used to provide low-pressure sea water into the pressure vessel
until the brine has been fully flushed as described above using the timer or concentration
meter 230 and/or the flow meter 232, When the pressure vessel has been flushed, the
valve 132 is closed and the variable frequency drive 314 causes the pump 310 to increase

25 speed to raise 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 compieted.

10065] Referring now to Fig. 11, a high capacity reverse batch-operated
reverse osmosis system 400 is set forth. In this embodiment, clements similar to those in

30 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 ciements 412 may be disposed tightly within the
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25 osmotic pressure may draw permeate into the membrane 100 illustrated in Figs. 7 and 8. By
providing the small reservoir, enough petlocate may be provided to accommodate the brief peimeate
flow reversal. The size relative to the pressure vessel may be easily deteimined experimentally.
[0061]Referring now to Fig. 10, an embodiment of a reverse osmosis system 30 300 similar to that
illustrated ab® ezf’ﬂgﬁﬁsgf‘@is illustrated and thus will have the same referéhde RUMErals: A positive
displacement pump, as illustrated in Fig. 9, may not have enough capacity for a large reverse osmosis
process. Thus, the positive displacement WO 2009/088866PCT/US2008/088548 pump 116 of Fig. 9

may be replacedwith 3 contiifHanl RUmR %@oﬁ@%ﬁ%ﬁ%@%&%‘é@@ xﬁ%élélr%%. beydrivenpy a motor 312

which in turn is controlled by a variable frequency drive 314. The variable frequency drive 314 may
change the puffiicsgeBdrgraticiuny uhtredeenhisreletratas b diuitshdhie v bR dstired
peimeate produetios; kasedwrhinedsfawaratersignat fiomi atlawsmeiar 32Pwithin the pegmeate output

140. Thus, the flow meter. 132 provides a signal corresponding to the fLW amount of permeate
within the peresrﬁcegfgdp}%eJT ) ?)é’f[ his gngwsﬁ%dﬁ%oeﬁf |ns%' ké%sm;% %Se‘%: QVaﬁ\&éﬂ&ﬁf ?ﬁr}étsF@blaces valve
212 of Figf 9. Tthenbreek wédver34idPemd whewtlat lower réssurédsprodided ht thistinpaue214 10 to the

pressure vesse]d0g, Hhat ds Whgh WeRRSSHIe VERSaldQ2isal adower frgstis ke charge

reservoir 210, the check valve 324 opens. When the input 214 is pressurized by fluid at high pressure
from the pump"8itrith&endér Par@auipld diddsduidicaliysesniere sireste Wroduction cycle thus
allows low-pressure [idgisiio filltheipressuryesspblidwperdhe4ressureaessghisiat adow pressure

vl oot i SR BT O RS S e P G permct
320 that dicdestthavaideditednarsumtoppenieaté-has Beermprodadedvand tsepdmbate
brine tank 440 may include an upper flow distribution plate 446 near top portion 442 and
a lower flow distribution plate 448 ncar bottom portion 444, The upper flow distribution
plate 446 and the lower flow distribution plate 448 act in a similar manner to flow
distribution plate 170 of Fig. 8 to reduce turbulence and mixing. A brine feed pipe 450
15 extends from the top portion 442 of the brine tank 440, Preferably, the brine feed pipe
450 1s positioned between the top of the tank and the flow distribution plate 446, Brine
fluid from the brine tank 440 is fluidically coupled to the input manifold 430 through the
brine pipe 450,
[0067] A brine input pipe 452 that is fluidically coupled to the outlet
20 manifoid 432 and brine tank 440 receives brine from the outlet manifold 432, The brine
inlet pipe 452 may be positioned between the bottom 444 of the bring tank 440 and the
flow distribution plate 448, A booster pump 460 driven by motor 462 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
25 manifoid 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.
{0668] The high-pressure pump 310 pressurizes fluid from the fluid reservoir
114 to the desired pressure to preduce a desired amount of permeate that exists the
pressure vessel 410, The flow signal from the flow meter 320 provides feedback to the
30 variable frequency device 314 which i 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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production cycle may be terminated. The speed of the pump 310 is reduced to zero. 20 which allows
the check valve 324 to open since the charge reservoir 210 is at a higher pressure Gravity may be
used to provide low-pressure sea water into the pressure vessel until the brine has been fully flushed

as described\&?%\){a%béﬂgg the timer or concentration meter 230 ancUor %FJL%%B%E%‘ 1_32. When the

pressure vessel een flushed, the valve 132 is closed and the variable frequency drive 314
causes the pump 310 to increase 25 speed to raise 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 thegggmeateedustionaysieagainds sampleteds«[0BealRpieripgm@s to Fig. 11, a

high capacity reverse ba ch-opeé?ted re\ér%ﬁ? [
ﬁﬁé H
p

%sm0315t§ s;zm 408 is set fOI"tlg. In th(iis etmbodiment,
elements similAFtdTRAEE M 86 B P provig Sl 1A S G SPErSR TR STASHATE" IR this
embodiment, axpluratityedf AEmbrabeelendents 412 mayobedispaselk withmanfentangeddpressure

e aaos e TRodmeNt: i RMbrARS flsmens Al aday b disRosgg Uglyiinin the WO
2009/088866PC 1TUS2008/088548 pressure Vessel 410 and against the outer wall of the pressure

vessel 410. THisHRasstrePiidset ¥104HaynifeRde fhultiBlecmBRBERNS elbfhefitatiagliltidbated, this
embodiment iRgludesipuE strshambearsitildaz4idbadlac and 414d as shown. A partitions 416 may

be used to divide the pressure vessel into the sub-chambers 41 ithin each sub- 5 chamber, an

inlet space 418 and%ﬂ)gﬁﬁet%a@@rﬁ%m@ lﬁélﬁ?o\?ﬂgé?‘%}é ﬁpect space&h d ?%’b&fﬂé%’ to an inlet

manifold 430. Fhewinfef spadeszs 20chre Toupled toadddutepmnahifpleb482g ThelinlelvmEifold 430 is

fluidically COU%L?&%?;}J‘%BUl Wi Hing, mEO9REL RS 10K AAG Davingra.lon.pgrian:dda.and a bottom
uidica

portion 444 may be fl ally coupled between the input manifold 430 and the outlet manifold 432, 10
The top pBrtiold sxgubirifive horehPptitiB s ehashstiidt te BHReHs fhdosartht™Mebrine tank

440 may incluge ap-spReTflaw distribvtienplaia448 nealtopRerion dA2andadeavendlew distribution
plate 448 near bottom. partion 444. The upper flow distribution plate 446 and the Iqwer flow distribution
et e St (o

plate 448 act ifFSSHHRAAF RRRTER TSV AStIBITE SR (A £7 Bt t:i’gb.rg“fcgare uce turbufénce and
mixing. A brinérfeeddgipesis0ikss e svirain ithiestofpertip thi2ofitheddnp rark UGLPreferably,

the brine feed pipe 450:i%;nagitioned between, he 1op.0f thejapk.and ibeflow distributionplate 446.
Brine fluid from the brine tank 440 is fluidically coupled to the input manifold 430 througz%he brine pipe

450. [0067]A BAREHBILRISABS et TRdididany BHIpBE G iRei bl 2 small reservoir

that acts in a similar manner to that described above in Fig. 10.

[0071]  During the recharge cycle, the pumps 310 and 460 arc stopped which
lowers the pressure m the system. Valve 132 opens and the pressure m brine tank 440 1s
reduced. This causes the pressure to be reduced in the brine tank 440. The check valve

20 324 opens and fresh seawater enters the brine tank 440, The check valve 324 and valve
132 are closed at the start of the next permeate production cycle.

[0072] Referring now to Fig. 12, an embodiment of a reverse osmosis system
500 using two brine tanks 440a and 440b is illustrated. Common elements from the
embodiment of Fig. 11 are given the same reference numerals. In the embodiment of

25 Fig. 11, the system is down for recharging of the brine tank 440. In the embodiment n
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 iniet manifold 430 and a
three-way valve 500. The three-way valve 500 is positioned between the top of the brine

30  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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20 manifold 432 and brine tank 440 receives brine from the outlet manifold 432, The brine inlet pipe
452 may be positioned between the bottom 444 of the brine tank 440 and the flow distribution plate
448. A booster pump 460 driven by motor 462 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 brne 1fom the outlet 25 manifold 432 through the brine tadTHISERIFEHES 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 perees@t@b@a@am%tﬁnm%rﬁﬁ&%ﬁ{%ﬁaeﬂsﬁlﬂ i i EL%N/B{Q'L%MB‘&MQ?J% Meter 320

provides feedback to the 30 variable frequen ‘)2/5? evice 314 which in turn adjusts the speed of the

motor 312 drivir§ tREUAT 8Ye: atleer dhsdtint Bisdamedt@anbiscrerms el HPeénbolling the

motor 312 as measkieg bytcth@lﬂ@m&lgnth&a@&&/m%@{%ﬂ@za%/@%%ﬁﬂ& [GQ6R]The flow
distribution plate 446 an 448 allow non- turb%JIeth ecptr Bfélow into %n g t of the brl e tank 440 to
?6 & i fy

maintain a favotabie concentration gradient in the brife Y dsétngé n%?sposmoned

at the bottdm @ﬁ‘?&?tz{nkr@ndﬁhgm@rctlessﬁwﬁbéhwa@é@ BARe isspositiovath ab¢Heitopaktiéttank 440. The

flow Sdistributign, piatesA440: /4 BIRYEMLORERdHCEMIING 90 1hat Hatifirdhing.consentrations are
formed with the brine tank 440. LnOYO]In operation, the brine tank 440 is filled with salt water at the
the reservoir 114, equalization valve 520 that is fluidically coupled between the

tanks 440a and 440b is slowly opened to bring the brine tanks 440a and 440b to the same
pressure. The three-way valves 500 and 510 are operated to change the flow direction so
10 that the brine recirculation loop is through the second brine tank 440b. The cqualization
valve 520 1s closed thereafter. The process then continues using the second brine tank
440b tn the loop.
[0073]  After the loop is started using the brine from the second brine tank
400b, equalization valve 202 is closed. The drain vaive 132a under the first tank is open
15 and permits brine to pass through to the drain 134, Gravity allows feed from the
reservoir 114 to flow into the brine tank 440a. Once the tank 440b reaches maximum
salimity or the desired amount of permeate is produced from a tank, the process is
switched to provide brine from the tank 440a.
[0074]  The system then continually repeats. By using a centrifugal pump
20 310, the pump is always discharging at high pressure aliernatively into one of the brine
tanks. The membrane array is continuously pressurized which eliminates significant
mechanical movement and stress during pressurization and depressurization required in
Fig. 11. A number of independent arrays, each equipped with its own brine circulating
pump 460, may be operated in a continuous mode using one or more high-pressure batch
25 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] Thosc 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
30  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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beginning of the charge cycle. The brine tank 440 is opened by opening check valve 324 and valve
132. Upon filling, the check valve 324 is closed and the feed pump 310 begins 10 to circulate fluid to
each of the membrane chambers 414a-3. Permeate is formed through the permeate outlet 140. Brine
is collected in the outlet manifold 432 where it is recirculated using pump 460 into the lower or bottom
end of the brine tANK 442 The dense brine 444 pushes the salt water whiGF RS HEMEe up through
the outlet pipe 450 to the inlet manifold 430. The process continues until an amount of permeate or a
particular 15concentration of brine is achieved. The system may also include a small reservoir 240 that
acts in a simil ar ] i in, i [0071]1During the rech cycle, the
pumps 310 a%ﬁ%ﬂﬁﬁﬁgﬁégﬁﬁgﬁﬁxﬁgb p?egég%g%%g%{] ‘%%Lf%%ﬁ?\?}%ﬁ%i ?%Vﬁyélﬁs and the
pressure in brifB&hk 440 is reduced. This causes the pressure to be reduced in the brine tank 440.
The check valve 20324 opens and fresh seawater enters the brine tank 440. The check valve 324 and
valve 132 are closed at the start of the next permeate production cycle. [0072]Referring now to Fig. 12,
an embodiment of a reverse osmosis system 500 using two brine tanks 440a and 440b is illustrated.
Common elements from the embodiment of Fig. 11 are given the same reference numerals. In the
embodiment of 25 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 30 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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WO 2009/088866PCDUS2008/088548 feed reservoir 114 into the inlet manifold 430 as in the previous
embodiment of Fig. 11. The three-way valves allow the first brine tank 440a or the second brine tank
440b to be used during batch processing. When og:zrd& k is off-line, the other tank is on-line. Each
system operates in a similar manner to that descri e in Fig. 11. Atthe end of a 5 batch
(permeate produtiiniseyaigydhie valve 132b associated with the brine tank 440b may be already in the
closed position and check valve 324b prevents flow &1 k toward the reservoir 114. An equalization
valve 520 that i$ fluidi ||§%%’i§6|é’c§%%%e%’ﬁtfﬁ% {Bn @468‘5??&1&&%% H51g JhuAetrieRiRg the
brine tanksp#itnand 440b to the same pressure. The three-way valves 500 and 510 are operated to

change the flow direction so 10 that the brine recirculation loop is through the second brine tank 440b.
The equalizatioh FEivE520 580 %‘G‘Iﬁe?‘e‘&ﬁ’é’r{?rﬁ% Cls MU AREIES fuifgthutsécdid brine

tank 440brigsie faog 1007 3] pfieidhe tuofissia eaniesiagsihe brine from the second brine tank 400D,
equalization valve,. 202 is closed, The drain yalve 132a undey the first tank is open 15 and permits

brine to pass thiSHHh RS TRE GVAN L2 B8 ATHY ARSHSHEB 4o T asst €114 to flow into the brine

tank 440a. Onceldie pastisdd Qalredchasmaxioniosalisitycoiihe seskediaseaupkef permeate is
produced from a he pr%@e s is switched to Es)rovide brine from the tank 440a. [0074]The system

tank, |
then continually FIPEATESRY YR B B R TTG RSt Ta otnd Ao iR SeRfh Y&tiways discharging at high
pressure alternatinglyprigeeeahthn dline danksuibsimnembrane WgRyis:saatingoush-prasayrized

which el%ates signifi anﬁ?lr%fchanical movement and stress during pressurization and
depressuti Hot ﬁlﬁ? dif"Eig. 11. A number of independent arrays, each equipped with its own

brine circulating: posnpré&Qrdnayoe @pRiaiedihiseatioy ouEIRIR WSINEQIRE b ehelighiressure
batch 25 tanks than thle number of independent arrays. The valves may thus be provided in a similar

arrange EhE SRS UIA Bfs0 be noted that the three-way valves and the pressure equalization valve
may be provideghith ki ginglessinit. f@bhhdosedskilegissiiradean nowappmsaiaifmiheaderegoing
descriptia}n\%;;lt the broad teachings of the disclosure can be implemented in a variety of 30forms.
TherefordWiie g Yi€tlosure includes particular examples, the true scope of

' wherein said low pressure source fills the pressure vessel while the high pressure
valve 1s in the first closed state, the low pressufe valve is in the second open state and the
brine drain valve is in the third open state during a filling cycle and recharge cycle, and said
high pressure pump operates during permeate production while the low pressure valve is in
the second closed state, the high pressure valve is in the first open state and the brine drain

valve is in the third closed state.

2. A system as recited in claim 1 wherein the high pressure pump comprises a

positive displacement pump.

3. A system as recited in claim 1 wherein the membrane 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.
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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 and the following claims. CLAIMS What is
claimed is: 1. A reverse osmosis system in fluid communication with a fluid reservoir comprising:
a pressure vessel having a membrane therein, a high pressure fluid input, a low pressure fluid input, a
permeate output and a brine output; a high pressure valve having a first open state and a first closed

state; a low pregsure velue fiaying.a,seeand gpen sfate Andaseaond closied state:a,brine drain valve
having a third open state And athird closed sta e; a ng pressure pump’in uith comntinication
with the biigjh dasguhaimpgtahtoegrethednigkspressure valve; and a low pressure source in fluid
communication with the low pressure input through the low pressure valve, said high pressure
pump and said low pressure source in fluid communication with the fluid reservoir, wherein said
low pressure sdurce fills thstgmessureivas selaldiife thelinghmptésshitd viaduaisei ptinepfirsisetoded state,

the low pre gﬁ’r%ei\égltﬁe is in the secothg%%grgg%% %Qd the bnneﬂ%r in \égslg\slgrlsy the third open state

during agﬁﬁng cyc an rreéscsﬁﬁelrg‘éeScs)?cIe, and said hlgﬁr%arseuslgu{r)(sa pu}ﬁ opera‘fesuallﬁll%qﬁeggrmeate

productigmodiniteothe low pressure valve is in the second closed state, the high pressure valve is in the
first open state and the brine drain valve is in the third closed state.
8. A system as recited in claim 1 wherein the pressure vessel comprises an
elongated 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 is disposed within the pressure vessel to form ar 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; and
a recirculating pump recirculates 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.
9. A system as recited in claim 8 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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2. A system as recited in claim 1 wherein the high pressure pump comprises a positive displacement
pump. 3. A system as recited in claim | wherein the membrane 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 whersihwhlamebebrane ibedisposed within fine: prassuyenydssaroppesiguiiadow pressure input
and the it“n%?; B{gggrgoﬁ%uet. 6. A system as recited in claim 1 wherein the brine drain valve has
the third open state durlng draining of the pressure vessel. - 7. A system as recited in claim 1
wherein the high pressure pump raises the pressure in the pressure vessel to overcome increasing

osmotic pressurge, during permeate production. , . 8. A system as regited in claim 1 wherein the
pressure vessel@bmpfdi%esg %{egmelgﬁgléet%%é %ré%sﬁlr%u\r}e sé’%%r\?fﬁg tg‘?irgt?zhd%fssgéf&]ﬁhn &"BRd an
outer watlhmmunirestesFliné imghthor €esu ratftuin-svphtaadidither low pressure fluid input are disposed
proximate the first end; wherein the brine output is disposed proximate the second end; a flow tube
is disposed within the pressure vessel to form an annular space between the flow tube and the outer

wall;  whereihithe mempitane is: dispiesedwithainhe fleletehie tRPosie thediistendiaf theupressure

vessel, said membrane, producingpermeate, fluid and brine fluid; and a recirculating pump
recirculates brine a?%%tg%ov%’e%ﬁ%&% A e R ﬁgw%fﬁ%@g%%ﬂ%?e%‘fn@%?&i 8¢%he flow
tube towanthiheofirstenichies thenpriscire thieshek whe Arduglsiendiasitecitadbiatelaim 8 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

12 A system as recited in claim 8 wherein the high pressure fluid input

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

13. A method comprising:

opening a i)rine drain valve of a pressure vessel;

filling the pressure vessel with low pressure fluid from a fluid reservoir through a low
pressure input using a low pressure pump throngh a low pressure valve;

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 1s produced,

14. A method as recited in claim 13 wherein raising a pressure comprises raising

the pressure to overcome increasing osmotic pressure during permeate production.
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second volume between the first face and a first end cap at the first end equal to or greater than the
first volume. 10. A system as recited in claim 8 wherein the high pressure fluid input
communicates fluid into the flow tube through a diffuser. 11. A system as recited in claim 8
wherein the high pressure fluid input communicates fluid to the flow tube through a flow distribution
plate and the reticulafiomgbodpasoreeiadicateaibring furthto thenfoisttigbershidhghathecdisteintition
plate. wi%l%'n Aﬂ%slypsfteesmur%s E‘Egé}%d in Scllt%imealhwﬁerein the.hi t@ pressure fluid input communicates fluid
to the flow tube th ough'a flow digthBition p ate and & aiffuser. 13. A method comprising: opening
a brine drain valve of a pressure vessel; filling the pressure vessel with low pressure fluid from a
fluid reservoir through a low,pressure input using a ssure pump through a low pressure valve;
when the pressttljét)é veégserfl\léé}% e c:rl%%ﬁ%lgl ng%ei%%r%{%%v% bk ﬁuﬁ’ﬁ?&g 158 RifAHETEV
pressurevitbir; thiosiegthevbsiet arainivatize ovflpidseom mpuication 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 vetgel usingrttisligh preissdiia planp UAtifuthamouni:ofipemedttng profdudedne 14, A
method %&ﬁﬁiftﬁd in claim 13 ghereggitrtaa{gglﬁ)% gressure comgés&sé alli '%ﬁi the pressure to overcome

. . £ Pressure vessel o TESSHIE Input cssure .
Increasing osmotlgpressure uri djpelmeate pr tiction. P nput

18. A method as recited in claim 13 wherein closing the brine drain valve further

comprises closmng the brine drain valve during permeate production.

19. A method as recited in claim 13 wherein opening a brine drain valve

comprises opening the brine drain valve during filling and draining of the pressure vessel.
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15. A method as recited in claim 13 further comprising providing a membrane within the pressure
vessel opposite the high pressure input. 16. A method as recited in claim 13 further comprising
providing a membrane within the pressure vessel opposite the low pressure input. 17. A method
as recited in claim 13 further comprising providing a membrane within the pressure vessel opposite the
low pressure inpit andsthvethighdressutae gwputverse dsdodinmittion asmedted:in claim 13 wherein
closing the brin% %Elainavarlvg J%rt‘beesg gom ri?(%% cllpsiq]g t%]%rigg rj[c]irgli(r:’ij\éﬁall\éeredsurirgg pt%rme%te
production. i "Ahethod as recited Ih claim 13 wherein opening a Brine %lnrvaf\c/’gg:o?rﬁprises
opening tgbameldvajimezatve hlvierg filling and draining of the pressure vessel. 20. A method of

operating a reverse os%%?%gug%%e‘%%g?%glnlgéssumfl‘!rlelrggsp pressure vessel with low pressure fluid

from a charge reseno, an input an fow pressure valve; closing a brine drain valve of the
pressure vesselyhehehethepressuasalessalad, filledngldsi hovthedowrpredsere valve; when the

pressure vessel is filled, pumping additional fluid under high pressure, from the charge reservoir into
the input of e Sh e A e B SR R R el R
pressurethessalgasirgritierhigh {hessurte ptheprastilravased usingfpdgheatesisppodycedd 21. A
method as recited in claim 20 furﬂhﬁr com rlsm%saef]ter.thetﬁtei% qu; raisin éé[éerforlrpnlglg a rech%:ige cycle.

Taising o Pprossyure 1 € Pressure v ST JEsY Aok .
22. A method as recited In claim 2 erein performing-are CycCle comprises TN ng high

pressureofipict flewdmtbdipedssure vessel

21. A method as recited in claim 20 further comprising after the step of raising,

performing a recharge cycle.

22. A method as recited in claim 21 wherein performing a recharge cycle

comprises terminating high pressure fluid flow into the pressure vessel.

23. A method as recited in claim 21 wherein terminating high pressure fluid flow
into the pressure vessel comprises communicating high pressure fluid into the charge

TESEIVOIr.
24, A method as recited in claim 21 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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23. A method as recited in claim 21 wherein terminating high pressure fluid flow into the pressure
vessel comprises communicating high pressure fluid into the charge reservoir. 24. A method as
recited in claim 21 wherein terminating high pressure fluid flow into the pressure vessel comprises
communicating high pressure fluid into the charge reservoir using a diverting valve. 25. A method

as recited in claid 21 fArthethod rrprésing! dukihgrth] réotiaey eonyptizive dtiriggties sevleafiapittie, pressure

vessel. %6. A method. as recited in claim 211 further comprising during the recharge cycle, venting
pressureVFr 11 ressure rom the .

om tHe pressure VeSeRIShIS & Butrer pipe. 27. A method as recited in claim 21 further
comprising during the recharge cycle, venting pressure from the pressure vessel into a buffer pipe

toward the charge reservoir 28. A methaod.as recited in claim.21 further comprising during the
B ming pr R T e R e e R B S et

recharge cycle, Vénting pressure throug
as recitedanticiaimedifarfloer denpprising prietltmthe bedhangipccycle, communicating peimeate fluid to a
small reservoir in communication with a permeate output to accommodate peimate flow reversal
during the recharge cycle. 30. A method as recited in claim 20 wherein pumping additional fluid
under high pres3ure franmitteochar gecedanvalaiint@ tHerthpritahihrisipresstirg vessethisingeadigh
pressure pump comprises pumping additional fluid under high pressure from the charge reservoir into
the inputv(%1 ﬁ:g Fgg%ﬁ?ﬁ&ﬁé?gg.ﬁ% |E")r((“:5sésiﬁvlév“llJt |§:lf§c§ﬁ1%%f3 g%‘?ﬁ% the g??%erﬁeé% "as recited in
claim 20 wherein pumping additional fluid under high pressure from the charge reservoir into the input

of the pressure ygssel ysing a high pressure.pump.c rises pumping additjpnal fluid under high
? Ikl meghoci] a% ﬂ%{%%fm Clgi ﬁ) CF CO T151 s%e%ual&ﬁéﬁg 6% ?,F%{’g%’%

pressure from the charge reservoir into the input 6f the pressuré ve ?gh

pressurevpung, @essiuctiencgmpdisinggerderating th fldwrsigrakoariesponding 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 32. A reverse osmosis system comprising: a
charge reservoizthaving lowtigréssueeifldiththiaieir?, ] fulohepreaspieinvalivweor to thepredsupe vedsel in
communigalion Wil e eharge RS Lravol.an eyt andlou ress v alve:

‘ permeate output

to accommodate permeate flow reversal during the recharge cycle.

30. A method as recited in claim 20 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 positive displacement pump.

31. A method as recited in claim 20 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.

32, Areverse osmosis system comprising:

a charge reservoir having low pressure fluid therein;
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a brine drain valve in fluid communication with a brine drain of the pressure vessel; and a high
pressure pump in fluid communication with the charge reservoir and the input of the pressure vessel,
said pressure vessel having a recharge cycle, in which the low pressure valve is opened and the brine
drain valve is opened until fluid in the pressure vessel is flushed therefrom; said pressure vessel
having a permealewiwdsistionayele in which the high pressure pump pumps additional fluid under high
~ pressure from the charge {}g&%ﬁ’v&ll’é&]ﬁm é@%ﬁ%@eg%ec sal%_%% v%seselmurntll an ﬁmag%gt gg gttla({meate is

produced. 33. Areverse osmosis system as recited In clai 37 Whétem the oty pré)ssure valve
comprisesva pipsek vahlee; 34. A reverse osmosis system as recited in claim 32 wherein the charge
reservoir and thepressiire vessel.arg yerfic riented. . <A revers maosis system as recited
in claim 32 where%%he C‘Ehargaé reic,erv%f? is°§é%ﬁ$é%e%&’ rét‘))g\slé %ﬁ“ﬁ?e@%a&?e‘%ggg Farative ?Sos?ﬁe earth.
36. A revasxde osmosis system as recited in claim 32 wherein during the recharge cycle, the fluid under
high pressure i (ij1 g'myﬁn?%r%r %grvoir. 3l ATeverse osmosis system as recited in
claim 32 Where?% g@ﬁ% #he recharge cyéfg, tﬁg?ﬁﬂlcfﬁtﬁo e?ﬁ%%%gﬁr%sasrgreerfzss ffié\;fﬁ%%na%t fhtPHe
pressurecghegressuragsteleverse osmosis system as recited in claim 32 wherein during the recharge
cycle, the fluid y high pressure s dir cteld iﬂ;? the charge reservair, 39. A reverse 0smosis
system as recite%qlﬁ%la% 32 wierehln dnﬁir?g the r§8h5¥8é3 ’c%%lgﬁﬁé %u?d }‘Bﬁfdg}r Slsg rep?’es‘éeurl‘é is
directed ipentde asisathe heervisirithraligh ia divertdr vatilefluid 40 (# revessecosmodissyhigmdas
recited inglaim, 32 wherein after the permeate production cycle venting pressure from the pressure
vessel. ’

said pressure vessel having a permeate production cycle in which the high pressure
pump pumps additional fluid under high pressure from the charge reservoir into the input of

the pressure vessel until an amount of permeate 1s produced.

33. A reverse osmosis system as recited in claim 32 wherein the low pressure

valve comprises a check valve.

34. A reverse osmosis system as recited in claim 32 wherein the charge reservoir

and the pressure vessel are vertically oriented.

35. A reverse osmosis system as recited in claim 32 wherein the charge reservoir

1s positioned above the pressure vessel relative to the earth.

36. A reverse osmosis system as recited in claim 32 wherein during the recharge

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

-37.. - A reverse osmosis system as recited in claim 32 wherein during the recharge

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

38. A reverse osmosis system as recited in claim 32 wherein during the recharge

cycle, the fluid under high pressure is directed into the charge reservoir.
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41. A reverse osmosis system as recited in claim 32 wherein after the peimeate production cycle
venting pressure from the pressure vessel into a buffer pipe. 42. A reverse osmosis system as
recited in claim 32 wherein after the permeate production cycle venting pressure from the pressure
vessel into a buffer pipe toward the charge reservoir. 43. A reverse osmosis system as recited in
claim 32 furtheP@ompHishsyeasssinesiserdiine spatvhiatlaimnith whserm datengitputediarge

accommetate B Mg e N RN ELANINa e BRNAOR BV Elfrsc ArAPHEISE PSRRI AYStem as

recited in claim 32 wherein the pressure pump comprises a positive displacement pump. 45.
A reversB¥%&mosis system as recited in claim 32 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. 46. A system as recited in claim 32
wherein the pre¥sure Yesaedrepnprisss ays€loniored pfessgleivesdalhavimgaiidirsbepdimestcond end

and an Wu% cycl\é’b@ﬁﬁﬁh §Q%W@{é§ﬁ§s@99 Ppressure fluid input and the low pressure fluid

input that are disposed proximate the first end; wherein the brine output is disposed proximate the
second end; a flow tube is disposed within the pressure vessel to foim an annular space between

the flow tube ang the quig(wall ;osmoéﬁ@%;ﬁghlt% %@mr%%ﬁiﬂ'%@o%%r%{

hig th gov(\é opposite
the first end of the pressure vessel, said membrane producing permeate It%diand?gri elﬁﬁ?la ;eand a

recirculafiffgwstiion sedivcisnties brinefiftore s ssisouresolviaticanbuffer fispetube so that the brine
fluid enters the flow tube toward the first end of the pressure vessel. 47. A system as recited in
‘claim 46 wherein the membrane has a first volume, a first face positioned toward the first end of said
pressure vessefand a’séepHEcfasEpesitprien wwarileddsaldm Ehavbenie plessheeprosselc said

pressureygssaldias arsecanthygbuaRemEenibsLRCe A0d sk AeARAL IR/ gd equal

to or greater than the first volume. 48. A system as recited in claim 46 whe e high pressure
fluid inputeEEAARSPIERies fluid into the flow tube through a diffuser.

43. A reverse osmosis system as recited in claim 32 further comprising a small
reservoir in communication with a permeate output to accommodate permeate flow reversal

during the recharge cycle.

44. A reverse osmosts system as recited in claim 32 wherein the high pressure

pump comprises a positive displacement pump.

45. A reverse osmosis system as recited in claim 32 wherein the high pressure
pump comprises a centrifugal high pressure pump controlled by a variable frequency drive

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

46. A system as recited in claim 32 wherein the pressure vessel comprises an
elongated pressure vessel having a first end, a second end and an outer wall;

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

wherein the brine output is disposed proximate the second end;

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

the flow tube and the outer wall;
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49. A system as recited in claim 46 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. 50. A system as recited in claim 46 wherein the high
pressure fluid input communicates fluid to the flow tube through a flow distribution plate and a diffuser.

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; and
a recirculating pump recirculates 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.

47. A system as recited in claim 46 wherein the membrane has a first volume, a
first face positioned toward the first end of said pressure vessel and 2 second face pdsitioned
toward the second end of the pressure vessel, said pressure vessel has a second volume
between the first face and a first end cap at the first end egual to or greater than the first

volume.

48. A system as recited in claim 46 wherein the high pressure fluid input

communicates fluid into the flow tube through a diffuser.
49. A system as recited in claim 46 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.

50. A system as recited in claim 46 wherein the high pressure fluid input

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