MULTI - LEAF REVERSE OSMOSI S ELEMENT BACKGROUND [ 0001] Enbodi nents present ed
herein relate to reverse osnbsis elenents and nore particularly to spiral
feed fl owoererwseoosnosi s el enents. [ 0002] Rever se 0sSnDSPETIUS20m14e1s§7 used
for purifying fluids such as water. In reverse osnobsis, a feed solution
such as, brackish or inpure water, sea water, and so forth, is passed

t hrough a sem - perneabl e nenbrane at a pressure higher than the osnotic

pressure of the feed e r rified water is
obt ai ned on the otherﬁﬁﬁﬁtﬁhéAgﬁggggégg6&ﬁﬂ@§§$gﬂh§ﬂ%§§ne. [ 0003] Current
reverse osnosis systens typically include cross flow type elenents, with
feed thagaAUOrkweoanm! |y through the el enent and perneate that flows
spirally into the core. Although |ess common, spiral feed flow el enents

al so exist. Both cross flow el enents and spiral feed flow el ements include
a | eaf WOORH ar dupkpdimenss @resqriad haegin pelgtejtpdpypdse esnasisetleentp apdarqre

carrier @gﬂgﬂ%gygggggfa &ﬁo&wgw%gxﬁ%%mg%kgggﬁgane el ement and a | ayer of

feed spaCer, di‘spose j acen 0 one or menbrane el ement | ayers. In
cross flow el enents, the feed solution is fed into the cross flow el enent
axi al I'y gnohj gh Revess ososid isewideBoussd fut puoityihk diasdst fucbuglvatene lmeavbrsane

el ement, and. the rmeate flows spirally through the perneate carrier, and
into t heTHss: 3 fﬁgia?l}la?n pachigas |b54%'k@ﬁe%émpg,re Paters wadvdeh 3hd of f’Plit%vvxbs

spi ral I ypdderougBuiihe &ltimiheatl0endfhaRaLE d Pr&Qlt SGERE ihan anP&SHRAL S
channel within the core of the spiral feed flow el enent and di scharged at

one or bpeksuendstheffe¢hwagpi rdapefmatt, fidroewaeipypurifiphiwagertinebragted mnathe | s
collected.in.a separate retentate.channel within the core, and fl ows out
one or b@#ﬁr%‘H@ﬁg?s?ﬁ%@%g?gﬂ?nF@gﬁmFrom1elenent. The core in a spiral feed
fl ow el enent includes separate channels for perneate flow and retentate

flow [ OQ0431Us uadirientirdverio &isndbis G asms ftywi1B! @oRAE SrdMYloRetypersiesded in
series to_achi eve high perneate recovery. perneate is recovered through

the. or osSith e ErdiRt o Hlhcinrieh erSEr R daenasse s AornerFabdnErdAne!
g“ocneﬁbﬁgo%g?ts%@?oéigg fe%]ego%lggﬁ’,m}{@tagcﬁfédr W BEmERRL HLP Uk R, tSoth Wb ds"Fo 0T the
elements and spiral feed flow elements include a leaf wound around a core. The leaf may
include a layer of permeate carrier sandwiched between two layers of membrane element
and a layer of feed spacer, disposed adjacent to one or both membrane element layers. In
cross flow elements, the feed solution is fed into the cross flow element axially at high
pressure. The feed solution flows through the membrane element, and the permeate
flows spirally through the permeate carrier, and into the core. In spiral feed flow
elements, the feed solution flows spirally through the element. The permeate is collected
in a permeate channel within the core of the spiral feed flow element and discharged at
one or both ends of the spiral feed flow element while the retentate is collected in a
separate retentate channel within the core, and flows out one or both ends of the spiral

feed flow element. The core in a spiral feed flow element includes separate channels for

permeate flow and retentate flow.

[0004] Usually a number of cross flow elements may be connected in series to
achieve high permeate recovery. As permeate is recovered through the cross flow
element, the feed velocity decreases in the feed channel. Such a reduction in feed flow

velocities may contribute to fouling of the RO membrane surface. One technique for



overcom ng the reduction in feed flow velocities includes arranging the

cross flow elenents in a tapered arrangenent. The tapered arrangenent

i ncl udes wol2pizpls@ost ages pl unbed in series. Each stage ipaglusdes/omsstipl e
cross flow el enents plunbed in parallel. Each successive stage includes

fewer cross flow elenents in parallel than the precedi ng stage. For

i nstance, a three stage tapered arrangenent may include four cross flow

elenents in parallel in the, f%r t.sta (le feedi two cr.oss,flow elLenents in
par al | el OYHCdHAE bE JREVSPAGE, Tafi Y Wdsies Pslites, BARERG the $Lessy N
el ement ¢BmbRe ihhi faferst ag@nedrAGR Sf}ﬁg@Fé@@Q%ahé‘b%ﬁn@ti@]ﬁ&tsemﬁlﬁ%)fehﬁa Xt

stage. However, the tapered arrangenents may increase the cost and the
conpl exi pymbed ithgerR® Eget winge ndods] pultipleegrosstiinay eleagnspllumbasninpacdiclir e may
cause th ross flow el ement to expand.and,open up t f.eed, channel flow
parn. SUERTLEE Mo s Su S OO AT S0, bR 1R ORE AR Fhe: Che
cross fl QWTreQ| FOE NistReS a Nhiee B RRNGApERE alirah @&He R 188 Wi@udeC Fddg Scrbdsofow| ement s
are typically enclosed in a casing. Also, cross flow el enents nmay undergo

t el escoptlagedfsdn paratlpleinghe Airst|stieg. SepdinRdwp sepslomueicasnisriaPaipllel i

sol uti ongf.g,p %&gg, ”&zhitcﬂiﬁ‘ t%ﬁ‘(ialp%?cg Saiss%}gltlé] %ro‘é? 109/ el@&%{%ﬁ@!h@%ﬁﬁ’@is& _e.f' g?gcﬁes

di sposed at the“ends o ow el enments. wever, ant escopi ng
devi ces steghuteds hiee agéitve tartha mekt tfage.Cridsseviel,otve ehpired tarradghheos thagnd

i ncrease, conplexity of the system [0006] Spiral feed fl ow el enents have
f eed cha‘rﬁ‘ﬁ@%‘:éﬁ&oﬁépﬁ%@“g’%ﬁtﬁléﬁféh%?béﬁﬁ%xi mat el y equal spiral |ength.
To reduce perneate backpressure to a m ninum and achi eve high efficiency, a

leaf wi tﬁ)O@SEhorﬁlrtﬁ&i, ré &N NibS Jr&dier Bdy dHOVEYRY crdds IIRAY eWnkdht doshort
spiral length results in spiral feed flow e?,errents t hat have a small

ext er i or expandrenépperowp dpifeed clapael fidvopatbl ewelhtspanaivinntpoadecwagsisitbateed core

design t | ti hort | . [0007] Ther ef h ' d f
2 rever st BaRooTe Wbk aRT 2oV B Ehimeh RSt raPuth et e Sitrge
BRI EF DESGER RIW Oerb&HROBleAypRYEY Sc1ORETS IaScain@MeAlkso | &owmcé@edneﬂmla?ever se

osnosi s elenent includes a plurality of perneate tubes arranged to forma
core fr avidergrhigloseqping éufb@nf%gia@aél@ﬁmftthe fagd tsplgion pegssieies Qeplolitignitey of

| eaves ' l. - e e t core
e an TR SPONR Shs EGuRRIATA LRGSRl AR
r et ent at flowhadinaits. Hwvdver emsiaecRsipiigsdslie@rantudentht udase hteasif thadrsscond
end caps_coupled to the plurality of perngate tubes. At |east one of the
first anﬂogé‘@é‘?ﬁﬂmé’ﬁé ceyipad incesaseeemplexisy ehthg RO ssédhar ge port, and at | east

one of the first and second end caps includes one or nore perneate
di schar ggoB@f t S-Spiral feed flow elements have feed channels and permeate channels of

approximately equal spiral length. To reduce permeate backpressure to a minimum and
achieve high efficiency, a leat with a short spiral length is required. However, a leaf with
a short spiral length results in spiral feed flow elements that have a small exterior
diameter, or spiral feed flow elements having a complicated core design to accept

multiple short leaves.

[0007] Therefore there is a need for a reverse osmosis element that overcomes these

and other shortcomings.
BRIEF DESCRIPTION

[0008] A reverse osmosis element is provided. The reverse osmosis element includes

a plurality of permeate tubes arranged to form a core frame. The reverse osmosis element



[ 0009] A nested reverse osnosis elenent is provided. The nested reverse
osnosis elenent includes a plurality of perneate tubes arranged to form an
out er corwof2nexs790and an i nner core frame di sposed in amCirnisesiton7s6f t he
outer core franme. The nested reverse osnosis elenent further includes a
plurality of |eaves coupled to the perneate tubes. An internedi ate channel
is formed between the outer core frame and the inner core frane. The

i nt er nedj. a e channel | east o of .the outer ,corg frane,
(ot TonbEhr SERBESh mp el SoRa et afieh SRS tPBoR i datils e e e ¢ he
inner cog@ bf ﬂi@eeor@%n%eﬁﬁﬂ%eoﬁﬁﬁali@% of h@av@& Wl tovePthd ES¥EBINOWI¢h Qver the
inner core frane. At |east one of the inner core frane and the second ones

of the ptelmlaate toylamfell Eh@/ersvmﬁarn@%relqrf@timﬁl@ﬁe%@r% andaﬁ@Ofl@remﬂacarpétent ate
channel reverse os sis el als t and second
end caps WS BanE BETLS 5F Br RS B SR EL o BEed L sk bl G e
first anmch@eoadeRthte dRGharfe puALandal Rand@t 6f diesﬁﬂal’aﬁ@ sP&nldSendadips at

| east one of the first and second end caps includes one or nore perneate

di schar g@clydet ane BRIEE PpESRy HTghargeatfHE DRAW NGS [0010] FIG 1 illustrates
an exenplary reverse osnosis el enent core, according to one enbodi nent;

[0011] FlGoog) | | |AISEL 8l ?éve?secés%ﬁa%lssagﬁlbﬁn rSWdQci P ﬁé%‘?é%’%e%ﬁée $s 1§e

osnosi s elenent core, according to one enbodinment; [0012]FIG 31 ustrates
an exenpélamynt ieclfidssta plotalitye of perpleetd tubnsampegmb@t forrh mbe)utemccomr flaimg and one

enbodi ment; [0013]FIG 4 illuystrates an | ary | eaf ,le uctu e coupled to
a per mea‘frbl ]'0801‘6 E?&Ie)ﬁ‘r aﬁsﬁﬁefldn éHd{ltﬁ]&PI‘ 8 Cﬁ nCtO.I'e frame. € neste reverse

osmosis element further includes a plurality of leaves coupled to the permeate tubes. An
intermediate channel is formed between the outer core frame and the inner core frame.
The intermediate channel is formed by at least one of the outer core frame, first ones of
the plurality of leaves wound over the outer core frame, the inner core frame, and second
ones of the plurality of leaves wound over the inner core frame. At least one of the inner
core frame and the second ones of the plurality of leaves wound over the inner core frame
form a retentate channel. The nested reverse osmosis element also includes first and
second end caps coupled to the plurality of permeate tubes. At least one of the first and
second end caps includes a retentate discharge ports, and at least one of the first and

second end caps includes one or more permeate discharge ports.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an exemplary reverse osmosis element core, according to

one embodiment;

[0011] FIG. 2 illustrates a cross section view of an exemplary reverse osmosis

element core, according to one embodiment;

[0012] FIG. 3 illustrates an exemplary leaf structure coupled to a permeate tube,

according to one embodiment;

[0013] FIG. 4 illustrates an exemplary leaf structure coupled to a permeate tube,

according to another embodiment;



WD 2012/ 057900PCT/ US2011/ 047557 [0014]FIG 5A illustrates an external view
of an exenplary end cap, according to one enbodi nent; [0015]FI G 5B

i 11 ustratwe 2are/isngoer nal vi ew of an exenplary end cap, a®corusolg/osm5one
enbodi nent; [0016]FIG 6 illustrates an exenplary configuration of nultiple
reverse osnosis elenents, according to one enbodi nent; [0017]FIG 7
I1lustrates an exenplary nested reverse osnpsis el enent core, according to
one enbodj t; 018]FEIG 8 illustrates ap exenplary nested reverse

corost s BOBFEn: FeG 8t Buhen iy cHEaRSERe b BREOURHEN SHaTtP. COUTERE 6 o

i 11 ustrapRSerAbbdneipl ary nested reverse osnosis el ement core,

[0015] FIG. 5B illustrates an internal view of an exemplary end cap, according to one
embodiment;
[0016] FIG. 6 illustrates an exemplary configuration of multiple reverse osmosis

elements, according to one embodiment;

[0017] FIG. 7 illustrates an exemplary nested reverse osmosis element core,

according to one embodiment;

[0018] FIG. 8 illustrates an exemplary nested reverse osmosis element core,

according to another embodiment; and

[0019] FIG. 9 illustrates an exemplary nested reverse osmosis element core,

according to yet another embodiment.
DETAILED DESCRIPTION

[0020] Various embodiments presented herein will be described in detail below with
reference to the accompanying drawings. It will be apparent, however, that these
embodiments may be practiced with all or some of these specific details. In other
instances, well known process steps or elements have not been described in detail in
order not to unnecessarily obscure the description of the embodiments. The following
example embodiments and their aspects are described and illustrated in conjunction with
apparatuses, methods, and systems which are meant to be illustrative examples, not

limiting in scope.

[0021] Embodiments presented herein describe multi-leaf spiral feed flow reverse
osmosis (RO) elements. The spiral feed flow RO element may be used, for instance, in
desalination systems for desalinating brackish or seawater. Feed water is pumped under
high pressure into one or more inlets disposed on the circumference of the spiral feed
flow RO element. The feed water follows a spiral path through a wound membrane stack

separating into purified water (permeate) and impurities (retentate).



according to yet another enbodi ment. DETAI LED DESCRI PTI ON [ 0020] Vari ous
enbodi nents presented herein will be described in detail below wth

r ef er encewoaotds7meconpanyi ng drawi ngs. It w |l be apparPemtys2tiomerssr , t hat
t hese enbodi ments may be practiced with all or sonme of these specific
details. In other instances, well known process steps or elenments have not
been described in detail in order not to unnecessarily obscure the

descri pt] f di rents. The follaw hg exanpl nbodi nents and their
aepect o UPE B B da T I<ger-anbersi BOCERMeRn Epen (0 freap 4 JOks,
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limting in scope. [0021] Enbodi nents presented herein describe nulti-|eaf

spiral féedomh aworedvamne dhgpanatase (URO) 02 Insyyehgtrsanufipsuregiuping nfasasthls susly RO
el ement may pe use or_instance, in desalination t or _desalinating
o aont snippulBatifid QRS IRC L' Bl b And i REE RE R 8  bna or
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stack sePRMsRierybs AV MY haviectitapderr thsepdstase)sedivg. papineil seaped cersent at e) .
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el ement core ing to one e i ment. el enen
i ncl udesaigfofllou trédnighir sfappé createetibnbeg ehille acttargegplingoviting Idaér m a core
frame. The pernmeate tube 102 may be manufactured using materials such as,

but not ]jmted to, polyners, tals, conposites, .alloys and the |ike. The
er moat elgb "1 TR ae vy Bk 1 chdes € PBELT, BE Bt oo Bnnt ety 1.

Al ter nat pVelrbbratdddg 108 ABRAhEIuHS BRcANZhITBY 1438 dRal §RY, FHhoRr&NaREshLMess
section, an airfoil shaped cross section, a triangular cross section, and

so f ort hlikeedhawatferatighe 0402y havomigdayt gsag ddillypg thaipefradake mibes H0ZaMerear
shaped cross section.may enabl e better coupling wt .leaf. [0023] The
por hoat LUt Toes REPataERR shelr & 1B SR e e BrdienS ok Rk Al ¢y
of perfonaid hd4T rfonglond @ 04 fdc@lith@thd bR f theop@hbatd imtaltheShdrinBate
transverse slits and the Iike. The perforations 104 may be forned by gang

dri | |i ngtubhéO0p&prete deaf (itsé shoppin 6k d).conpl ex shapes of perforations such
as, slits, and polygonal perforations, may be forned using punches. The

per f or am({é@ llggaf Ie?%{%tg tgﬁén%ef % i]fs__l[f%\ﬁ[le%b.yttﬂgp&ﬁ{e%athﬁ’esi b QrtERERTRAL € tube

102 fro own 1 n
Each permeate tube 102 is coupled to a leaf. The leaves are wound over the core frame to

form the spiral feed flow RO element. The winding of the leaves over the core frame
seals the retentate channel 106. In other words, the retentate channel 106 is an open
channel, defined by the inner extent of the permeate tubes 102 of the core frame, and

further defined by winding the leaves over the core frame.

[0025] The plurality of permeate tubes 102 are coupled to end caps 108. The end caps
108 may include one or more permeate discharge ports 110 for facilitating the discharge
of the permeate from the permeate tubes 102. The end caps 108 may also include at least
one retentate discharge port 112 for discharging the retentate from the retentate channel
106. FIG. 1 illustrates both the end caps 108 including a plurality of permeate discharge
ports 110, and one retentate discharge port 112. Various other configurations of
discharge ports on the end caps 108 are possible. For instance, one of the two end caps
108 may include the permeate discharge ports 110, while the other end cap 108 may

include the retentate discharge port 112. Such a configuration allows the discharge of the



[ 0024] A retentate channel 106 is fornmed by the perneate tubes 102 of the
core frane. Each perneate tube 102 is coupled to a leaf. The | eaves are
wound ovewothe/somwe frame to formthe spiral feed fl ow ROraisesmou755The

wi ndi ng of the | eaves over the core frame seals the retentate channel 106.
In other words, the retentate channel 106 is an open channel, defined by
the inner extent of the perneate tubes 102 of the core frame, and further

defi ned by w ndi t he | eayes over.the, care ane. [0025] The .plurality of
ot moat et S0 the et P RLORF i s e hey B et oA oA e fusire g
i ncl ude &ﬁﬁuﬂﬁnﬂpﬁ@mﬁeﬂﬁﬁ&£ﬁmﬂé%ﬁ@ﬁé@@p@@§Iﬁx%ﬁ@aﬁﬁémﬁﬁQ&kh&éébBElﬁb?

di scharge of the perneate fromthe perneate tubes 102. The end caps 108 may
al so i ncwhdethgtothasged cemé0F wap mnchuds ndi dedharagepopior Sudhl 2 cofrgugitvatrdloyisng t he

retentatg fromthe retentate chapnel 106. .Fl 1 illustrate ot h the end
Caps 10ate R Thene T PR SREMR TeichBls oo Lerab b R Xl o e

r et ent at Bhelérkichapk 968 pertirtiekAescyived dsoritebn GaMfFIGUSAtina@GOSB di schar ge
ports on the end caps 108 are possible. For instance, one of the two end
caps 108 nag i nclude the perneate discharge ports 110, while the other end
cap 108 YOl ncifile 2 HEISHalER ft 1088 dFPLHar Gy P PEMPIRYCIFVESE MPIOgSr at i on

all ows t 1 r : e a t r I te ends
of the RO B mmonr S e el e eI T P T RFREY 5%, o e
diZchargmﬂpmamsu&ﬂap2§ndddog§tEﬁtah@hdﬂﬁcmap%fnﬁmnm1@4?;emhﬁ?@¢mhﬁf?therth
end cap i ncl ude n char orts. Su configur on allows the
i schar gEO2 ¢ hEe Parifate Boemil He et BHPIGr B § B Banb ool DFTERS RO

el enent . mlg%q&mé £ 38 JRSrarRrhbdit B8LieASSL i BRE pbinGB R HARDIAA0 2 thdFI G 5A
and FIG 5B. [0026]FIG 2 illustrates a cross section view of an exenplary
reverse odendsimcel edentt1G00, illagesedpmy implemantatibio ¢f menngerROt elf ghertaf200
per f or at TOMEM 04 e B PR Gaemisd e peereae 3 oon o apriils B piEtths are
each couglrgek £02,atht eRhipken@Ble mEAdriRadoL! @M&Sfewxgidaﬁlmd.e The ll@ast one
of a perneate carrier 202, a sem -perneabl e menbrane 204, and a feed spacer
206. FI Glements cqypled te sheopramenis| tebasnk03biiaeluds therpeamgepresatrics 202 hand dgf

el ements,. T f upl.ed to t. r 2aqj.nel ude the
perneate“@%&%?é%ﬁgﬁg%gﬁﬁg&igﬁglggﬁggdgremggg ﬁgﬁg%g%gﬁggﬁéﬁgheskgééﬂspacer
206. Thear®gtmehei®ynhdp cadijot eghrd teetl RpaceeElRRLS. Sublesn 10Aeral mde alsbe

pernmeate carrier 202, and the seni-ﬁerneable menmbr ane 204, but do not
i ncl ude feHEcT Be @Vt dhimetpof By RP slsmspt aplenathrelreychan prrrrgsmest BRYr a f eed

spacer - ehRBEiaeHER RIVANAASHE UndBkntSO HEIURE. A RENBESTBRifbaTet er
of the RO el ement. ternatively, such an arrangenent may acconmmpdate nore
| eaves wihtihalhlethddememe nohiyamdtder all tHoasenlanents.t wi | | be appreci ated, that al

| eaf el ements may include all three elenments. [0027] The | eaves may be
coupl ed e rmeate tubes 102 by wrappi ng each af around a, per.neat e
Cube 20210R7Y or P aeS e solvBd Rl BEBRJERS 12 Mev o igaseh fifbes 102
to facilibah® atfeemédi@vutRfl 1020e AReABAMIP thd) l@véhBapdeBRALE] td!BRSpekMdate A

sui tabl e adhesive may be used for bonding the | eaves to the perneate tubes

102. Thetubey hphtoefagiitate dic DoP ofrile paiglcaiganty BeaprmRE whey h2.| dnyitekldi nal
si des and;t ver . de.at .t n ite to t t be 102.
The- seal 96 raySaE Top naibdRu Al vbl Rt HERRThE Re e o R Ak

t her nos e¢driilR (RohyyrRicRide ARESNIBt@cthe M@ ithdiaalpedoyRat éheasifsv@ke A2 at thee seal
208 prevents the entry of the feed solution directly into the perneate
carrier SU2OPRASHRAR thdgeimisetsy Bibes! 0204 Therpeal 08| mep deafosyed paipg nvgaklpe

| eakage : f.r S i . FIGS. 3
and 41 1 ROLRE SBTElE Rk o ATk iR SRRy b B EE A kel i 020
respect i ¥&.y Thacedr 2ithgretventonbe eenpodithefited fell@Een Biranlg idtd tHeustrmaste t he

seal 208 far on the | ongitudin sj.des the transverse side. opposite
to the p%%rﬁ%rgf@ bipeen g m: reb%ﬁf@' he f'qaﬁ@% ﬁg‘e SeegtsaRe drakase of B8 500 of
an exenph@f¥a®Meb AR *@& of the permeate carrier 202. FIGS. 3 and 4 illustrate exemplary

leaves coupled to permeate tubes 102a and 102b respectively, according to one



according to one enbodi nent. The external piping connections (not shown) or
anot her el enent core 100 nmay be connected to the end caps 108, particularly
to the pewoeat2smoscharge ports 110 and the retentate diPsthsege/opsst 112,
in order to extract the perneate and the retentate fromthe perneate tubes
102 and the retentate channel 106, respectively. [0029] The connecti ons may
be screw type, including threads on the perneate discharge ports 110 and on

the retentate dis ry.112. Alter j vel th xt ernal. pi pi ng may be
bondeq +OMPHATSRE dabie SPdchbbgEis dhe Sah 1 i b e Fbe iR B g6 por
112 usi nghe 3AnaRRRSIdS ppb QR3B! farmeReithbeUgl2r at es an i nternal view 510 of an
exenpl ary end cap 108, according to one enbodi nent. The end cap 108 may be

manuf actured fromany material such as, but not limted to, plastic,
conposi t B928het &1G. A dNustrated anhexteingk viethe08nef emexeoglapayndecapahf.act ur ed

usi ng technjgue ch . W t. Limtat. I nj-ection | di 31] The
end caps&%8%ﬂ§%§)?ﬁ%e%ggﬁgﬁkéH%%ﬁg%%%gégéﬂgqﬁgﬁg%gg%Qgtfggﬁghggmggggg

t hreads @e@sendorern 00haaypbe eAicetdduidete a2 capsd 108eppecuimat & diesgdrmege ports
110. In an alternate enbodi ment, the end caps_108 and the perneate tubes

102 can ®iechsesrdRtsusOigddbe sdendar discharge goit dd ghordsro artieshthe Rei@edRd caps
108 and sﬁzﬁhp%t&ﬁg&%iow&%eﬂﬁ&t@ﬁ%f:fi@?aﬁaqhé He&fack Qﬂﬁfngf{/o%géépéé?fv@a?”e

single arrangenent. [0032]FIG 6 i1llustrates an exenp I guration 600
of multiple reverse osnosis elenments 602, according to one enbodi nent. The
confi gur B02Bh 60hestmmsctidne maplterentwat iypn, wdilingtkeadseverthe psmostes

el enent s ,6Q2a, 602b, and 602¢c. Further., .a person. of .ordi nar ki | in the
AEC T SRR o R e A S L S R
varl _ed aﬁipﬁ@mh%%e Rdddd @Tﬁl@tp%rﬁéaté fal%cﬁé@é §Bkts [1@@31%]1Tﬁ@r&élﬂﬁtbgﬁ§cﬁﬁﬂg@n 600
may include a pressure vessel 604. The pressure vessel 604 may include an

i nl et 60BRrt { &Epding an pdhgsivhe fl ow of pressurized feed water into the
pressure vessel 604. The feed water may be punped into the inlet 606 at

hi gh pr eﬁ)%)%()]e’ FIG. 5B illustrates an internal view 510 of an exemplary end cap 108,
according to one embodiment. The end cap 108 may be manufactured from any material
such as, but not limited to, plastic, composites, metal, alloys and the like. The end cap

108 may be manufactured using techniques such as, without limitation, injection molding.

[0031] The end caps 108 and the permeate tubes 102 may be coupled together using
threads present on the permeate tubes 102 and the permeate discharge ports 110. In an
alternate embodiment, the end caps 108 and the permeate tubes 102 can be bonded using
an adhesive. In a further embodiment, the end caps 108 and the permeate tubes 102 may

also be fused together, to form one single arrangement.

[0032] FIG. 6 illustrates an exemplary configuration 600 of multiple reverse osmosis
elements 602, according to one embodiment. The configuration 600 shows the
implementation with three reverse osmosis elements 602a, 602b and 602c. Further, a
person of ordinary skill in the art will appreciate that the number of reverse osmosis

elements 602 may be varied as per the requirements of the system.

[0033] The configuration 600 may include a pressure vessel 604. The pressure vessel
604 may include an inlet 606, facilitating the flow of pressurized feed water into the

pressure vessel 604. The feed water may be pumped into the inlet 606 at high pressure,



for instance 2-17 bar (30-250 PSI) for brackish water, and 40-70 bar
(800-1000 PSI) for seawater. Further, the size of the pressure vessel 604
and the pwvezsuwes7oh the feed water may be varied based @®@aTiuseo1fimerseT s such
as, but not limted to, the nunber of reverse osnosis elenents 602

i npl enented by the system the type of |eaf elenents enployed, the nunber
of leaf elenents per RO elenent, the |evel of recovery needed, and the

Dor rat doasenss dotPahtlab 5y P B R B PR 2005 B0 oI D e

present &ﬁ&a@@QRnﬂkrHH@s&@b@%ﬁfﬁ%ﬁhﬁ?w%&ﬂQ@u%nﬁHﬁgﬁﬂ%ﬁné@?ﬁw1@&?Qm&9d 602c,
al ong with external pipes connecting the three reverse osnosis el enents

602a, 602by dadvaged dasqdooB HleF{actonie pyc as @nen@tnmw ¢adhe ahmbheof wersse
osnosi s el enent.s 2 ut] et nected on
cach: endoBOTUeBPRS 207 oL e Rl TS Ak, i OB of ho TRGAT FERPER he:
end. Si mheabhpber 8 leaMgerfdils pdr RAeRnRht, thelet@\VEI&OvaSTHRSdSE, ehEienks. 602a and
602c, a retentate outlet 608 nay be connected on each end of the pressure
vessel 604 to extract the retentate fromeither end. The connection between
the per R84l outhsethowtp i A¥OP haApapdedt endi € al0§ehdying Sotht henpiimBiedone
usi ngany;cafs-de, dLemNha d & 4 82 REY RHh&ehi RE AQP-ARE t he
end caps lioélré é&pm%?ne earﬁ?%r saﬁﬁ$ﬁ§} typesggE%%oﬁnectFonsonay be
enpl oyedthi@r reenreotinogs tdiemeres efii?ai &0db satiangac, pelohg 142h aerdermhle pipesent at e

out put pi pe 608. 8336 FIG 7 illustrat an_exe ry nested RO el enent
core 700?‘?“518?8}%&?‘% ‘f“eol]e&?fée Shgsleleil ‘Pnts$ﬁ%a’ %82}1’ %@0 é@cel ement core 700

includes a two | evel nesting for performng the reverse osnmosis process.
The nest gR3RO elmRFBA af&ficCendOst dXBY of Bfe! dkE s@offdsiPEle MBAE LORL hEBIR:, hubes

702, and a set of inner perneate tubes 704. The outer perneate t ubes 702
may be | pargeatei qutldi Glemay be &ﬁ@nqcmdg@r eaCh ené 1ot élpe pmssﬁret Yrss¢lipRérto sairasiat e

tubes 70 Theeatm)funt quhe ? Silarts y engt eac f%/ I;[ehl% Qr%é %rsnllogl\éel of
t he nestea FE"%t e ne overns e S|2e an er of ner perneate

t ubes 70él1embﬁx@%1)]2§raed cﬂa)tze,ra paemeRt Qitkt 66S an@Zbede&f)mﬂ&etedl’bri ébtcﬁrdiﬁd(bfaﬁhe
channel 710. The outer l|eaf elenents (indicated by outline 706) seal the
i nt er medPEEVICHEHA04 A EXIH dhy (Riitatp eltherent s Thy ernngetion hatyvegn eage of

RO 1 ecovﬁ%eﬁ’tfe JulpE 8&?&11@&’1}; lb%frﬂélt di E&aﬁ%er %@r?st £109RE R b8 ﬂS'neI %‘ﬁ% 5&}8%5 fhe St

st age of recovery 1s co I"ect e perneate
techniques used to attach the permeate pipe 102 and the end caps 108, as explained

earlier. Similar types of connections may be employed for connecting the retentate

discharge port 112 and the retentate output pipe 608.

[0036] FIG. 7 illustrates an exemplary nested RO element core 700, according to one
embodiment. The nested RO element core 700 includes a two level nesting for
performing the reverse osmosis process. The nested RO element core 700 may include a
set of outer permeate tubes 702, and a set of inner permeate tubes 704. The outer
permeate tubes 702 may be larger in diameter, and larger in number than the inner
permeate tubes 704. The amount of permeate recovery obtained by the outer level of the

nested RO element governs the size and number of the inner permeate tubes 704.

[0037] The outer permeate tubes 702 define an intermediate channel 710. The outer
leaf elements (indicated by outline 706) seal the intermediate channel 710. The outer leaf
elements provide a first stage of RO recovery of the feed solution. The permeate

obtained from the first stage of RO recovery is collected in the outer permeate tubes 702,



and di scharged through associ ated perneate di scharge ports. The
internmediate retentate solution is then subject to a second stage of RO
recovery wonrowgis7eohe i nner | eaf el enents. The i nternedi ate/ush@neisshehaves
as a pressure vessel for the inner |eaf elenents (indicated by outline
708). The perneate obtained fromthe second | evel of RO recovery is
collected in the inner perneate tubes 704, and di scharged through

associ at ed perneate di scharge ports. The retentate_is.then collected in the
"ot ent at B RERHhuEE At ruBhe e b Paf adbE i Ed Perai e

di schar g Rt is thP03BJedh® Sicé&nPRshUTHE rred%fveltyhﬁrdu?ﬁ‘ elic iRREBAtGehdRes 704
are governed by the anount of perneate recovery obtained by the outer |evel

of the néhke ateRBdaite mbannel Feghayessagaacpresiuie tvassebueieithd awel ledt ¢lamenptést ed RO

nect od FOGHURER Syt Pl b TE R PRE TBARY REP B o 1R RO B e,

| evel toiskeggctéditn theeshel penneadd @Béd Y046 anPaisetitlrged Birdupd sberttdd gepmegkoci ty
at the inlet of the outer level of the nested RO elenent. [0039]FIG 8
i |1 ustratischagge el Bhey refertpedisRbes| elissied cgr diegtentae chprichy 2o Aot her

enbodi megi .y, %tﬂl%%l%ﬁgn %o&h&%&%ntﬁ%rcﬁscﬁ%%gip'aﬁ! udes a two |evel nesting for

performng t revefse osnDSI'S process. nested RO el enent core 800 nmay
i nclude a set of outer perneate tubes 802 form ng an outer frane, and
mul ti pl e[0988 ofThensizer aple numabdreoft thb esnd Ogbrfoate tniges M4t arpl go vermae rbyf thanes.

The operation O?f such an RO egerre%tb iﬁ Si m'har to. that cribed i

conj unct FBAUH RO FECOTHFHRBEE Dyghe PrighicEt dfsthg fedls RE e pehedi®d RO
el ement AR RCAREDLRND drany bstéd R elenRAD PV IR - ﬁfw?e&@ﬁt SmBReel enent
core 900 includes a three level nesting for perform ng the reverse osnosis

pr ocess. rethreernetbe deheR® vl efehet nestndeRO0eherd I aereqairs dnlf g manyeperpeataeat e

t ubes 90 a _set of internediat r te tubes 904 nd a se f . inner

bor meat cPEbaS THguek i SEdegorul Tl Moo ioay ety 1f o8 ey

r ecover yveldityhat tieinRe biBRatd 168] 6a8b nsd@ROMeAtr ecovery col lected in the
respective perneate tubes 902, 904, and 906. The operation of such an RO

element is simlar to that described in con'ég)ncti on with FIG 7. [0041] The
nest ed RB08PknedlS. Podlustaries, amsyeraplannassiet Rohalegent perepilnsgtwadingiPai ned

from t he, gl e{;f‘eﬁqﬁﬁhnﬁélﬁgﬁe Héstégﬂ{beéi%@ﬁtyco}eﬂgé’d{;ﬂﬂhﬁi‘%%rt%elegélgﬁbtgfglgﬁutrpor ts.

Al ternati vel{L e perneate c ected int erneat e tubes he
st ages opertdmminpegitedved enenBnirscedf0lhe8Bted R eRGntreyre B0 digcinaluded

t hrough co n perneate outl .. [ 0042] The nested l'ti, | eaf RO.el ements
descri betft et B?rm?met%%_gh%afe{% 3 BHEh o PAS HTYHPEr #itec& RS and
hi gher rﬁ&&%%%uﬁe@%%?&%ﬁ@?ﬂu%ﬁ}ﬁé irhePEhSieS t AREL RARINITRIEL HERDWSmenthe

reduced nunber of |eaves inh the inner stages aids in maintaining a high
feed f| owsueilaygd that desctihed inmosunteadwehdiel.s, t hus reduci ng the |ikelihood
of fouling of the sem -perneabl e nenbranes. The nested nulti |eaf RO

ggﬁrﬁzif E(@ﬁé‘llmbfﬁéﬁ%ﬁﬁ%tr‘apes%ncegg&i)ﬁ% %ft:siteocf1 R6i eqézrlngr{t ct096 5&? gccgrecﬁrigr j[ob§"e in
another embodiment. The nested RO element core 900 includes a three level nesting for
performing the reverse osmosis process. The nested RO element core 900 includes a set
of outer permeate tubes 902, a set of intermediate permeate tubes 904, and a set of inner
permeate tubes 906. The feed solution undergoes three stages of RO recovery, with the
permeate from each stage of RO recovery collected in the respective permeate tubes 902,

904, and 906. The operation of such an RO element is similar to that described in

conjunction with FIG. 7.

[0041] The nested RO elements 700, 800, and 900 may discharge the permeates
obtained from the different stages of RO recovery through separate discharge ports.



[ 0043] Al t hough specific inplenentations and application areas are descri bed
in conjunction with the enbodi nents presented herein, such description is
sol el y fowothe/gsmopose of illustration. Persons skill edPCchm/ush@iantssw | |
recogni ze fromthis description that such enbodi nents may be practiced with
nodi fications and alterations Iimted only by the spirit and scope of the

appended cl ai nms. CLAI VE: 1. Areverse osnosis elenent conprising: a
pluralit ermatetubes ranged to form frane; a
D tral 1 ¢ ST 48 R ER e Ly bibeS SER! Hearasst of s stal i ty

of | eaverOhgihchts PoRIsed, dna %O%Werfﬁﬁthﬁ Tg%&*ﬂ%o@éh td1embh PédldateYoRktsper meat e
t ubes; and a retentate channel ned by the perneate tubes of the

core frame and the plurality of Ieaves wound over the core frame; first and

second eW@“&hps Tdsupssied mytidppfoB Ot dempiis describe herein aravide properGee
t ubes, element htehlggaeél 1%1%@% ad! %%%%f r E&%Veﬂgt t%l% %ngve%?ggﬂ 1%219 f %Q%Q

conpriseS a réte eas rst and
second egidmeapiesgaspPThs eaiuemnlﬁﬁbdrmfeeapeg et énidi s@bey Pgés Ponbidtaining 2. The
reverse osnmosis_elenent of claiml1, wherein the plurality. of perneate tubes

have onehigh fegddiqve ielaeity ighe indiek feed shangefsy fhas geﬂuamgé%%e@@efl .06 foulige
tear - dr ogr $OARRLLGHRES e SRAMUrAEs. 3RE ndle PuftPleht ROMGEHEHE! R85 bS SGLLANn

a configuration similar to that described in conjunction with FIG. 6.

[0043] Although specific implementations and application areas are described in
conjunction with the embodiments presented herein, such description is solely for the
purpose of illustration. Persons skilled in the art will recognize from this description that
such embodiments may be practiced with modifications and alterations limited only by

the spirit and scope of the appended claims.
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3. The reverse osnosis elenment of claim1, wherein each | eaf of the
plurality of |eaves conprises a perneate carrier and a sem -perneabl e

menbr ane.wo 2012/05T9ve rever se osnosi s el enent of cl ai m 3, pamarsedm/oaisser nat e

| eaves of the plurality of |eaves additionally conprise a feed spacer.

5. The reverse osnosis elenment of claim3, wherein each | eaf of the
plurality of |eaves additionally conprises a feed spacer. 6. The reverse
osnosi s @Lg&ﬁgt of claim1l, wherein each |eaf of the plurality of |eaves is
coupl ed perneate tube by wapping the | eaf around the perneate tube.
7. A water 1pUAIrE{,&§g(5§ﬁ{bsﬁ)§érﬁé’ﬁtQQﬂipﬁglﬁg ng a reverse osnosis el enent
according to claim 1. . A water purification systemaccording to claim
7, conprising aamlwhﬂmquemeatfev@ﬁwrmn@m @r@la@mé@marranged | n series.

9. A water purlfl stem ace or din claim

di sehar ge. port s oAl Ad of SoERE e Sefieate nfid el real BF R Y S

conmmuni cat il@Res beméeoup@ed/@t(ﬁle pPiiidatd @dE bOthe PYEhRIN APEDANM@bERH afid 2 M 8,
wherein perneate discharge ports of adjacent reverse osnmpsis el ement are in
flui d comuni catijrgi§ntate channel defipaddhisie perpatestubeseqfeht cis Mgniesing ghe a
plurality orman outer frame, and an inner
frame di spg)flur é(ll tﬂ%age%ﬁgﬁgdu%gﬁ%ﬁ?r%ﬁgmg a first plurality of |eaves
wound over the dirtteind e enéagds doapled b oppasité emdstof pheuplatalityofgfermesy es

bei ng coupl ed to one perneate tube of the outer frane; and a second
plurality §¥P%eaves wound over the inner frane, each |eaf of the second

plurality of |eayRsiR&l Bkt GALBE & frQ B SRRl RRALS LRpriRls 4 Reenkhper frame;

discharge port, and at least one of the first and second end caps comprises one or

filt ate

more permeate discharge ports.
2. The reverse osmosis element of claim 1, wherein the plurality of permeate tubes
have one of a circular cross section, a triangular cross section, a tear-drop shaped cross

section, and an airfoil shaped cross section.

3. The reverse osmosis element of claim 1, wherein each leaf of the plurality of

leaves comprises a permeate carrier and a semi-permeable membrane.

4. The reverse osmosis element of claim 3, wherein alternate leaves of the plurality

of leaves additionally comprise a feed spacer.

5. The reverse osmosis element of claim 3, wherein each leaf of the plurality of

leaves additionally comprises a feed spacer.

6. The reverse osmosis element of claim 1, wherein each leaf of the plurality of

leaves is coupled to the permeate tube by wrapping the leaf around the permeate tube.

7. A water purification system comprising a reverse osmosis element according to

claim 1.
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an internedi ate channel defined by the perneate tubes of the outer frane
and the first plurality of |eaves wound over the outer franeg; a

r et ent at evoharmsioodef i ned by the perneate tubes of the ipamas26mamssand by
the second plurality of |eaves wound over the inner franme; and first and
second end caps end caps coupled to the plurality of perneate tubes,
wherein at | east one of the first and second end caps conprises a retentate
di scharge port, and at |east one of the first and second end caps conprises
one or nore perneate discharge ports. 12. The reverse osnosis el enent of

claim 10, whepgidiet fRifRhs A steyn RlcoRBEIRAIAM HREMPAFUE aPGay oF Circul ar
cross section, a triangular cross section, a tear-drop shaped cross

sect i on, rexgige asmedis ¢loinents aepegtddn 6yeessect i on. 13. The reverse osnosi s
el ement of claim11l, wherein each |eaf of the plurality of |eaves conprises
a perneate carrier and a sem - perneabl e menbr ane. 14. The reverse

osnosi s el ereAtwHér gurlicMidiBsystedcebriigdl forllaial & Wieadif set@itatecpdrge al i ty of

| eaves additionally conprise a feed spacer. 15. The reverse osnosi s

el ement BArtAfadipcany revgrwresmesis £iamang afe ipfluidheomynupigdtioty of | eaves
additionally conprises a feed spacer. 16. The reverse osnosis el enent of
claim1l, wherein each leaf of the plurality of |eaves is coupled to the
per meat e t ulbbeAbyatew @pidicatiort dysteheadcoatinmoct1dines, petferdaperntedtradischargk7. A wat er
purification system conpri sing reverse osnosis el ement according to claim
11. Rts of adieait rﬁW?%Q%&FF&%‘%“%P@#Pé]él&f’o%?fﬁljmf%}lo@r aim 17, conprising a

plurality of reverse osnosis elenents arranged in series.

11. A reverse osmosis element comprising:

a plurality of permeate tubes arranged to form an outer frame, and an inner
frame disposed within the outer frame;

a first plurality of leaves wound over the outer frame, each leaf of the first
plurality of leaves being coupled to one permeate tube of the outer frame;

and a second plurality of leaves wound over the inner frame, each leaf of the
second plurality of leaves being coupled to one permeate tube of the inner frame;

an intermediate channel defined by the permeate tubes of the outer frame and
the first plurality of leaves wound over the outer frame;

a retentate channel defined by the permeate tubes of the inner frame and by
the second plurality of leaves wound over the inner frame; and

first and second end caps end caps coupled to the plurality of permeate tubes,

wherein at least one of the first and second end caps comprises a retentate
discharge port, and at least one of the first and second end caps comprises one or

more permeate discharge ports.
12. The reverse osmosis element of claim 10, wherein the plurality of permeate tubes

have one of a circular cross section, a triangular cross section, a tear-drop shaped cross

section, and an airfoil shaped cross section.

12



19. A water purification systemaccording to claim17, wherein retentate

di scharge ports of adjacent reverse osnosis elenent are in fluid

comuni cawpan12/05790020. A wat er purification system accordirng2aia/ogisai m 17,
wherei n perneate di scharge ports of adjacent reverse osnbsis elenent are in
fluid conmuni cati on.

13. The reverse osmosis element of claim 11, wherein each leaf of the plurality of

leaves comprises a permeate carrier and a semi-permeable membrane.

14. The reverse osmosis element of claim 13, wherein alternate leaves of the plurality

of leaves additionally comprise a feed spacer.

15. The reverse osmosis element of claim 13, wherein each leaf of the plurality of

leaves additionally comprises a feed spacer.

16. The reverse osmosis element of claim 11, wherein each leaf of the plurality of

leaves is coupled to the permeate tube by wrapping the leaf around the permeate tube.

17. A water purification system comprising a reverse osmosis element according to

claim 11.

18. A water purification system according to claim 17, comprising a plurality of

reverse osmosis elements arranged in series.

19. A water purification system according to claim 17, wherein retentate discharge

ports of adjacent reverse osmosis element are in fluid communication.

20. A water purification system according to claim 17, wherein permeate discharge

ports of adjacent reverse osmosis element are in fluid communication.
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