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the manifold(s). The manifold with the feed inlet may distribute feed fluid from the feed inlet
to each fluid treatment unit via the feed passage. The manifold with the permeate outlet may
channel permeate from each fluid treatment unit to the permeate outlet via the permeate
passage. The manifold with the retentate outlet may channel retentate from each fluid
treatment unit to the retentate outlet via the retentate passage.

[0002] In use, feed fluid may be supplied under pressure to the feed inlet of the fluid
treatment assembly. The fluid pressure forces the feed fluid along the feed passage to the
permeable fluid treatment medium of each fluid treatment unit and then tangentially along the
feed side of the permeable medium. The fluid pressure on the feed side is higher than the
fluid pressure on the permeate side of the permeable medium. This difference in pressure, or
differential pressure, forces a portion of the feed fluid from the feed side through the
permeable medium to the permeate side as permeate or filtrate. From the permeate side, the

permeate is forced by the fluid pressure along the permeate passage to the permeate outlet.



WO 2013/ 025441PCT/ US2012/ 050143 2 The renai nder of the feed fluid that does
not pass through the perneable nedium i.e., the retentate or concentrate,

i s forcedwbyotdmesfdiui d pressure along the retentate pas®agaSta2iobe43
retentate outlet. Either the perneate? the retentate, or both nmay be the
desired product. Summary of the Invention [0003]1In accordance with one
aspect of the invention, fluid treatnent assenblies may conprise first and
second Thppasiihdcrerthgiced Esidahat dats hatgmbs thneghlthi pertacelslt mmdfunrict, tlpmsi tioned

between the first and se ond §)?ﬂ9§ es. The flyid treatnment unit

i ncl udéCtenpleEanicat i QO BY Montu LB thiT Siane HioaG g o Betee atheand a

per neat Qeih@@utlEa M tHe} HePelhRl RNt RBRE P bYthTRYy B e earfrirsqu feed inlet
and a feed passage which extends fromthe feed i'nlet through the fluid
treatment unit to the feed side of the fluid treatnent nedium a perneate
out | et Sandnay péthedatentipassage whi ch extends fromthe perneate side of the
fluid treatnent nmediumto the perneate outlet, and a retentate outlet and a
retentat e passage which extends fromthe feed side of the fluid treatnent
medi uml 9‘8135) he Tercerdance voth praaspesi oh the inyetiop tifdisetmeas awpmlisraday ur t her

i ncl ud se the
back. pranghi sl B Sbalq BRI ARGccel ahd BB P AL RARRA St Bor MGAEENC,
aspect bofwdché¢hd fimgentd mmndmfdfmﬁgs f Bhe floidatdatmgera uhit miag include 4 perntableeat nent

assenbl ving a feed inle a rmeate outl et retentate outlet nma
oo i G Tt SR b reBE HEF ol e SEmE ety B heh TEAE A RERE by ough”
a feed aQs%ﬁ?o%gﬁlay leB REm hkb‘ Qfée&%&%'&ta @é@ﬁiﬁ@ég}é Wakeh Eﬂ@&%@drﬁkﬂeyfe@d ng a

feed side of” a perneable fluid treatnment nedium Each nethod nay al so
conpr i gkough ‘él@tﬂungtermtamet tbrtlmmfe'ecﬂneldpef thedtued gﬁa:tmemfme&lempepmtee fluid
treat men iumthro e in the. toent assenbly
to° ¢ ho SptF R edeBbe el BRFEER R R B n Bt Sideenu S LaGRETRR R f T he

per neabheifrh fﬂletpéﬁﬁéalf@mﬂem@lu lé%ﬁeﬁtra&ltﬁiﬁleﬁaﬂdai RinakepRIsRadEich th%ﬁld% fluid
treatrrent asserrbl¥ to the retentate outl et. D|rect|ng the retentate through

t he retfion dedeqsas herflyid; trrafroerd nyaiﬁyn ﬁgthte hgtentateentlat Eachfyidticamentow
restri % s%{nb'l g?ul{}l%%gtgﬁj\ﬁeed RA7 §e% sﬂnBﬁ%cF%%ﬁu %t&égkssg%ett%%'fﬂ&? skn the

ret enta ep ssa n accor
i nvent Itl@el’lbacmmsﬁlﬁbd@tlfeﬁéteﬁtafdpdllsﬂlgbr eat ment assenbly having at Ieast one

cross flow fluid treatnment, unit may conprise a body, a retentate tlet, a
r et ent d0W4has shqiecorgarpayith %;wtheééﬂrfﬁwt:?ﬁr}?e InpRBtiY, REthads forfiatiag Pé}“éﬁ’fnat e

onen 1 AL CHREE SRS BT ol o st e

t hr ouglombasdagylyingpantdet dlurctelet @teesfure from the feed inlet through a feed passage in
the fluid treatment assembly and tangentially along a feed side of a permeable fluid treatment
medium. Each method may also comprise directing permeate from the permeate side of the
permeable fluid treatment medium through a permeate passage in the fluid treatment
assembly to the permeate outlet and directing retentate from the feed side of the permeable
fluid treatment medium through a retentate passage in the fluid treatment assembly to the
retentate outlet. Directing the retentate through the retentate passage may include passing the
retentate through a flow restrictor in the retentate passage to increase the back pressure in the
retentate passage.
[0005] In accordance with a further aspect of the invention, manifolds for a fluid
treatment assembly having at least one cross flow fluid treatment unit may comprise a body, a
retentate outlet, a retentate passage, and a flow restrictor. The body may have a retentate

opening for receiving retentate from a fluid treatment assembly. The retentate outlet may be

on the body, and the retentate passage may extend through the body from the retentate
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needs to be connected to the retentate outlet and adjusted to control retentate flow from the
retentate outlet. The fluid treatment assembly may instead be quickly and easily installed and
used by simply connecting the feed inlet and the permeate and retentate outlets of the fluid
treatment assembly to the appropriate ports of the fluid system and supplying feed fluid under
pressure to the feed inlet of the fluid treatment assembly. For many but not all embodiments
of the invention, providing the flow restrictor in the retentate passage in a manifold is
especially effective and convenient.

[0007] Further features and advantages of some of the embodiments of the invention are

further disclosed in the following description and the accompanying drawings.
Brief Description of the Drawings

[0008] Fig. 1 is a representative view of a fluid treatment assembly.

[0009] Fig. 2 is a plan view of a manifold of the fluid treatment assembly of Fig. 1.
[0010] Fig. 3 is a plan view of another manifold.

[0011] Fig. 4 is a cross sectional view of a portion of another manifold.

[0012] Fig. 5 is a representative view of another fluid treatment assembly.

[0013] Fig. 6 is a side view of a restrictor piece.



[0008]Fig. 1 is a representative view of a fluid treatnment assenbly.
[0O009]Fig. 2 is a plan view of a manifold of the fluid treatnent assenbly
of Fig. IWOR0OGIRF#HIg. 3 is a plan view of another manif @Ca/USp@OOIJ1IF3 g. 4 is
a cross sectional view of a portion of another manifold. [0012]Fig. 5is a
representative view of another fluid treatnent assenbly. [0013]Fig. 6 is a
side view of a restrictor piece. WD 2013/025441PCT/US2012/ 050143 4
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[0015] Fig. 8 is a representative view of another fluid treatment assembly.
[0016] Fig. 9 is a representative view of another fluid treatment assembly.

[0017] Fig. 10 is a representative view of another fluid treatment assembly.
Description of Embodiments of the Invention

[0018] Fluid treatment assemblies embodying one or more aspects of the invention may
be configured in a wide variety of ways. One of many different examples of a fluid treatment
assembly 10 is shown in Fig. 1. Generally, the fluid treatment assembly 10 may comprise a
multilayer structure including opposite end pieces 11, 12 and one or more cross flow fluid
treatment units 13 positioned between the end pieces 11, 12. Each fluid treatment unit 13

may include a permeable fluid treatment medium 14 having a feed side 15 and an opposite
permeate side 16. The fluid treatment assembly 10 may also include at least one feed inlet 20
and a feed passage 22 for directing feed fluid from the feed inlet 20 to the feed side 15 of at
least one permeable medium 14, at least one permeate outlet 22 and a permeate passage 23

for directing permeate from the permeate side 16 of each permeable medium 14 to the
permeate outlet 22, and at least one retentate outlet 24 and a retentate passage 25 for directing
retentate from the feed side 15 of at least one permeable medium 14 to the retentate outlet 24.
The fluid treatment assembly 10 further includes a flow restrictor 26 positioned at any of a
variety of locations in the retentate passage 25 to increase the back pressure, i.c., the
resistance to fluid flow, within the retentate passage 25.

[0019] Each cross flow fluid treatment unit 14 may be configured in any of numerous ways
and the shape and size of each fluid treatment unit 14 may vary from one fluid treatment
assembly to another. For example, each fluid treatment unit may comprise one or more layers
of permeable fluid treatment media sealed within a casing to define the feed side and the
permeate side of the permeable medium. One or more feed channels, permeate channels, and
retentate channels may extend within the casing to supply feed fluid to the feed side of the
permeable medium, to receive permeate from the permeate side of the permeable medium, and
to receive retentate from the feed side of the permeable medium. The feed channels may form
a portion of the feed passage 21, the permeate channels may form a portion of the permeate
passage 23, and the retentate channels may form a portion of the retentate passage 25.

[0020] Alternatively, the cross flow fluid treatment unit may comprise at least one feed

layer, at least one permeate layer, and at least one layer of a permeable fluid treatment



[0015]Fig. 8 is a representative view of another fluid treatnent assenbly.
[0016]Fig. 9 is a representative view of another fluid treatnent assenbly.
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be modified to have, any of a myriad of fluid treatment characteristics. For example, the
fluid treatment medium may have a positive, negative, or neutral electrical charge; it may be
liquiphobic or liquiphilic, including hydrophobic or hydrophilic or oleophobic or oleophilic;
and/or it may have attached functional groups, such as ligands or any other reactive moiety,
that can chemically bind to substances in the fluid. The fluid treatment medium may be
formed from, impregnated with, or otherwise contain a variety of materials that function to
further treat the fluid in any of numerous ways. These functional materials may include, for
example, sorbents, ion exchange resins, chromatography media, enzymes, reactants, or
catalysts of all types that may chemically and/or physically bind, react with, catalyze, deliver,
or otherwise affect substances in the fluid or the fluid itself. Further, the fluid treatment
medium may have any of a wide range of molecular cutoffs or removal ratings, for example,
from ultraporous or nanoporous or finer to microporous or coarser. The fluid treatment
medium may thus function as a treatment medium of any type, including a capture medium or

a separation medium such as a filtration medium.
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30 to a feed inlet 20, a permeate outlet 22, and/or retentate outlet 24 on the body 31 of the
manifold 30. Each inlet and/or outlet may be configured as a fitting for connecting the inlet
and/or outlet to a fluid system (not shown) and may include a mechanism for opening and
closing the inlet/outlet. The fluid system may supply feed fluid to the fluid treatment
assembly 10 and/or receive permeate or retentate from the fluid treatment assembly 10. For
example, the retentate passage 25 may extend from the fluid treatment units 13 through the
body 31 of the manifold 30 to the retentate outlet 24. For some embodiments, the feed
passage 21 may extend from the feed inlet 20 through the manifold 30 to the fluid treatment
units 13 and/or the permeate passage 23 may extend from the fluid treatment units 13 through
the manifold 30 to the permeate outlet 22. In other embodiments, the feed inlet and the feed
passage and/or permeate outlet and the permeate passage may be associated with another
manifold of the fluid treatment assembly. Examples of a manifold are disclosed, for example,

in United States Patent Application Publication No. US 2008/0132200 A1 entitled Filtration



[ 0022] The end pieces 11, 12 may al so be configured in many di fferent ways.
For exanple, each end piece 11, 12 may be a blind end plate having no fluid
openi ngs WO 2bi3m2e4passages. Each blind end plate 11, 12pempus26iansaxanpl e,
have a generally box-1ike shape and nmay include a nounting surface which
faces the fluid treatnment units 13. One or nore fluid treatnent units 13
may be stacked next to one anot her between the nounting surfaces of the

bl i nd endemblédseEiltiition Manifitds, FéeetiorpEnine ahd M et dor (Elﬁﬂleein@lk:rmastsagés 21,

23, 25.0f one fluid tr atnrent al i to the

f eed, b%bﬁﬁ%‘f gtatey hafeat SPekenoall é%é?@@“@%ﬁ 2&(9 Sipepttan i ge&?ﬂedn ui d
treat Mnifdld Pladd and PRIATHAMENA PRI Eﬁént“-nch;d?t ni¥6RIP1&@d Cl ose off the
feed, permeate, and/or retentate passa ges 21, 25 in the adjacent fluid

treat rréﬂﬁ24t]1 ni tTllaﬂmd itcalondnhgnitshie arsithe mglfehdr}ﬂem@ bﬁf menuthd bttiwedn drecendl at e
11, 12. ﬁIS] e fluid treat rrent ssenblgf% }/f L%)t her. co trls at | east
one mamiFet 43 “één%o RS RRhY Yy FoREX4HIPIE; g eptiald 30:pdy b PYONSE nor e

mani f oldeye3A thBdhdifedR9 31 L 120RRE a BRit WEEIT dnBor Bidek RhigaRamdht udids 15 Bitwexanl e,
in the stack of fluid treatnent units 13 between the blind end plates. The

mani f olthf wayntse syepeoefsing cadifacgdl ead thegpountiagspdace Reomangisidsi of thaay i ncl ude
at | eagf %ﬁi @%ﬁhgﬁéﬁoﬂg RA% %%ﬁgﬁel%ge 1§ u%EmEE%E Smef;‘ Qeéév nttlfhé for

recei vi ng m or one ets for

di schamgiuagng buifateof tHehﬁhefﬂeud @m%y spand tHeI’indiLhﬁmg ’bdelicr2ndn thBoppositd sidegs. 1
and 2, the manifold %/ i ncl ude a body 31 havi n a nounting surface 32
faci ngof H@ panifold 89. eéitﬁ@ﬁ 1vehy the menifeld Wéoean&gloaﬁ Bewest HesppAsce® si de of

the ma y' &ﬂ' t?Q'Qnehe ﬁé‘encf@l%g@g%;ﬁl a ?é;?% Bhic Sﬁh%tfﬁﬁﬁtr%ﬁ{%h ts%%t e%fli’th 5in

t he bo mani . e nounting sur ace 32, allow one
or nor mcmhtmg surfazeslof the mmaébkl andribi omhelr atdgneat éthefBEcageeﬁmEﬂt, urit3, 13 25 to

ext end fromt e fluid treatment units 1 h t he mi ifold 30 to a feed
i nl et S6ch sgt BE?VYPe%fthOTSG‘P}t%Pla?i’e a ﬁ’age&rm}'é‘f‘ﬂ %‘8@“819@1%‘1’ NGHOE ViSody 31

of the gaRbd Yernde atﬁﬁfcﬂtn't éss@g%gb@r2§)95 ek Vé@éfygﬁwﬁ?éqflﬁcﬁl&{ﬁﬁga 3§ fitting
for connecting the inlet and/or outlet to a fluid system (not shown) and

may i npktadel, ar ensnbiaed s;fmaf/perrakbfpjemmgr arad soimg simbgdintmts, maai//ooalltl péthe fihé f | ui d

system S feed, fluid to the, fluid eat.nent assenbl nd/ or
Yoo VBB SECbE iufect Py hiSycratend i IR BB ReRite BaBae Ay BB 2o
exanpl gwid feathehaniat e débtogry aasthenshdiéram tagifdldWodrikeaidrent units
13 through the body 31 the manifold 30 to the retentate outlet 24. For

sone efses hbrltzsfoﬂeh@nl?lée% disebasaden Unitorbtates Peqiaipnad mppHeatioadyp.i nl et 20
th t
B T

mani folodeSﬁbthﬁaﬂd}%xpﬁlﬁﬂ‘ﬁ&ha&uf@iﬂhx&terﬂ%ﬁedea ot her enbodi nents, the feed inlet
and the feed passage and/or perr’rFate ou}let and the perneate passage may be
associ A008T wi  RGRGASATRERA RO gRaY eI 9naOT Motk idions CUPRANGIES Ex anpl es

of a Mgy E;Qa!ngﬂgrtﬁe ﬂhﬁlct{e%ﬁﬁéln L%%ﬁlggxﬁg%z%fg%n%k btk ?Eg} t FoRfls FEM

Application I 1 cati on entit ITtration WO
2013/ ommmg/tusmmmﬁﬁmmﬁs AssmabifeldsandFarlthe atd pmcelv@mﬁedbrdhgnd%i ltration

Units, Met hods f or Chnnelin Perneate and i.n .Unit. Stat t ent
Aol + e A TIACR D tas TEOReT 88 B ORBY Eh e a5 By CORPTET: el £ of d

P| ates fﬁftﬂtr@tﬁ&bﬂ aSs @ LYRDE oNo'iAITEI & rhételcHfipRYsivR b dsTbHcPht&dng the
fluid treatment units and the manifold between the end pieces. Examples of alignment rods
and compression rods are disclosed, for example, in United States Patent Application
Publication No. US 2008/0135468 A1 entitled Filtration Assemblies and Methods of
Installing Filtration Units in Filtration Assemblies and in United States Patent Application
Publication No. US 2008/0135499 A1 entitled Filtration Assemblies and Methods of
Maintaining Compression of Filtration Units in Filtration Assemblies. Alternatively or
additionally, the fluid treatment assembly may be compressively held within a mechanical

and/or hydraulic holder or press. Seals, including, for example, gaskets, may be arranged



[0024] The fluid treatnment units 13 and the manifold 30 nmay be nounted
between the end pieces 11, 12 in any of nunmerous ways. For exanple, the
mani f ol d WO 20my02b&t1posi ti oned between the end pieces 11pCTarSadiios@4sir st

set of one or nore fluid treatment unBts 13 between the nmounting surface of
one end piece 11 and the nounting surface 32 on one side of the manifold 30
and with a second set of one or nore fluid treatnent units 13 between the
nount i bgtvaigh hdpecn fluldhiecadihbi@runétk dngpoebewitéh afididitteatmaunhit agd gerhadelB2 on

t he opposite, side of e manifold 30. Alternatively, the manifold may be

1
posi ti GhayCHLPIRERI Sﬁﬂép%%%&omp@a%&wdanaéaﬂ o one of the end pieces with a

set of [@(ﬁ%l] or PRI ol kbt B8 BEPSsitiiHH St BRE YeLhrichEoMBElMohOth BT f aces of
the manifold and the other end plece. The fluid treatnment units 13 of each

set of retetatomasmpge bion axgmpey thedlaay reatrgpea 260ndy ke phisytiomedimuthic cettesaigi t h one

anot her_vi a e feed,.perneate a retentate .passages 21 25.n.a
vari eryeplis b bf FeniBRTE Sedte FEER PP &RE 3T TG e A B a1 o
manner thdRfenS@ButRA DO dF iR Sthe MBRYre@Fic@dl ma@fbetlcbefifilrbd th dnyaFtniBRtowni ts 13
may be arranged in parallel along at |east the retentate passage 25. The

fluid tveatamarcaspihe Sadkapraspprae thorpdistineotoohiad Alevt indhe wiaitade pashegondionf ol d
30 t i . f i in. Uni St at
provi s o BaR dirord ey O A R RTR oy REp PR ERG e Pibb IS P he

fluid trésprinrend rawitits flovyinbige Ri@ESEassgR] hstudaipford@ et ratrivtige Wothh t he
mani fol d _and end pi eces. [0025] The fluid treatnent. assenbly may include one
or nor 8TIAGER ATAH8ed SEBHY SREAT B Parrlfel exangTanore festiigtie dlovy EARRPT assenbl y

may in . 1 i [Wal! t o PR t ment
s s, CPRA R B R ard RO hEEe ORI A bpEe
fluid péFsadethe dlod wpteinionds naaydreapniigired ys ¢ smmilHope@hg mggtrwitivh chanackbdibt her .

The fluid treatnment assenbly may al so_i ncl ude. one or._nore .conpressi rods
f or coli B PR 61 t_ﬁ? PeT R PREAES it e a}?alft’ﬁéona?hefrs%ctbva%%%l?ﬁe end
pi eces mEXRRLES, Yen@ bl ARVEN THOGS ROKENGRIREESSY OthahRISI03AE, EEU%%&E geh for

exanple, “in United States Patent Application Publication No.
2008/ 0135upI8, 8l a smll, tloagatEd borcarittom thessentfuld bedyahidovstarsoaidl, olongated al | i ng

Filtration Uni ts\} ?;l} Fi%t@i on Assenbl i§s and i.n Unifi ed St?fies Pat ent
Appl i c&T9%9% Pabf iVeaEPeh W8ePed S o58)GTEREGOX BACHF S0 B (T ROV EE

As s enmblsingscead oMak heshsio Rf bk 3t aiheiglagm@%@gr&sg%hl@a aPfhe KlitthdeadfithmbAirdlg i n
Filtration Assenblies. Alternatively or additionally, the fluid treatnent

assenblbpdyrd) ibe versippewaysy dioy chanpleyit thin inpermadhasicehic. carfdhemamastiaar i c

w0 201 47685 SBist TR B DS 15 P e o AR Rt 4B Bt an (P " EPES
and/ or chebyen geoolvt uiddtctnadadlprnfluid nichtn@ond uhin enagdeipkakel Qaimnoctwhdpd ece to

seal these conponefnts to one another. [0026] The flow restrictor may be
posi t i dfedourtingmyrigee tg apglopethy 890Veocati ons in the retentate passage. For

exanpl ??]%17?:”{ ?@%’th%%&iﬁh&&ﬂhe ﬁ@xﬁ/e"fééfript%r Hﬁ? ik 5 QB&Hd itf‘a3c%91§iaﬁ&t Wit glce passage

25 in et ween t retentate opening in the mani fol d body
31 and dehiedreehemtatien tetdretr v@dimeFaditdtion and hay fdepeudrastactoctiocludmy flwed

configured in any of. nuner.ous to increase the back pressure or. the
rosi st AHCOIDS Rtk HIf T BRPTH PHSON Gy SR & SBSALRE PEARCIska g &Y EREH ow
restri gtQEurBBid RRJFRAN Fa8UT £0tha iR RY tHMBrifveSdpeHilgUh td MAY rdshfiGases the
resistance to retentate flowin the retentate passage, including one or

nor e r dsercises pndorf tholength ¢fi thesestiratiag geannsksin diel Yovaredirstoriincrpascalthebackr one

or nore restrigtive flo hannel.s or capillaries arranged seriall and/ or
Or o BreERt b e DA DA SR RS n Rl LRSS g Rapde 87 P
fl ow r gRiid fl6W ¥ith?:d th¥aytch@tcGRRied iM@chsas tid [HEBitc- R BRc8dside6f the ptinv@bihannel
40 that fornms a portion of the retentate passage 25 in the manifold 30. The

rest r i @9diaeofctha Anis traptmend yniemsy alsp drircaspeiphan@pg tigcppeentratien Baigr podpeni ng
bore we Pkl FHRARE ey, B8 SRR o bR ARy o 1R SUElcl s € BR9T1 °C,
V- shapecktridttve hppeidgs @ty semade sl anoughand®r tHeredpth uf fhaaestrigivg. chatidugs

o s umTatcE B g R0 EBB 53 CoTreatian fagt: 81l RLySe EUE GIAADT 6. a
oo PEFTRARLEPRERknyR: B ek ERERASH I P DRl 0

for any set of fluid parameters and operating parameters. For many embodiments, the area of



encl ose the groove. Alternatively, a fluid treatnent unit nmay be pressed
agai nst or bonded to the nounting surface to encl ose the groove. [0027] The
di mensi ors0oab1ttes4fil ow restrictor nay be sel ected i n aceordsece/opih t he
desired concentration factor or volun® reduction and may depend on factors
including fluid paraneters, e.g., fluid viscosity and solids content, and
operating paraneters, e.g., systemfeed pressure and feed flow rate. As the
si ze ofthd $mealt @=hingatstyietivapfn nigpninal 4thea¥ bow the sirgie dtont alstex 1 6as@sraimdhor t he
| engt h &L the restrictive ch nnel(izin the flow restrictor increazgs, t he
back pl&s3SIKOMIGHR) PBISIOATON t& $9Ua5 Mk -1 YWATSBI AT BOE f#sSRY may
| NCr eag@ sfigaré ﬁﬁh%&@ﬂ"&ﬁaﬁe@nfe&dﬂs?orf A3 300 Nidh (B84 hREBRLA,LHBRSE 8@LInch

i ncreases, the pressure at the tfeed side of the perneabl é nedia of the
fluid (2ehmmienns)inisbentday | &l spaicrioeleas2squertandiongbath.0dcndedts mn)dry f act or

and vol r.e tian, ner.al t he resj stance the flow restrictor may
o sor QT ERtPRUE M TuSTaRE Pt e ot oL RS B0 et 2l 158 BB "ana or
the | ergélt 00f inkh €1 .22kl bEleky® MBBANNRcBesAY. 2ken) R4t @eatRNOVeth cgiz.@_ztenhance
the concentration factor and vol une reduction while naintaining desired

r et ent &8 te plawt p andis(7.6Prawe For mans icovedimeptsh thedlaverasiriséad refphaveal |y for

tho ar oyBlio o I8 HBTEL S Rl ABadRE kiR BERL LR T i BV R0 10 Ve
f1 ow chbsuted.14ehn@)s ) onnlohe crearig éhd mange fbmubolibné thslisaidhd ofdh ih8#. 5

square m.crons) or |less to about 10-2 square inch (6.45 square nmm or nore,
e.g., aNdummuioabeyftBoysipdths glian weal-& "kr ons) or about 0.001 inch (25. 4

(32" bt oipRldls 18 ByldiafbThROTInd o pBRRYE fona fivaRiAngy e

| engt h shéwi)e thefstd indé¢ti2efithofiuid hamednt dGembly Weshowntih&ig, dngberertherfeatiout
0.51inch.(1.27 c or, |les 0 abo 4 inches .2.cm or e, e.g., about
1 inch(f@ﬂ(@ayewq%r&u%mfg%dtm&ge%}%?efﬁi.Slé%i? Hﬁﬁw PEFBOHI LS, the f1ow
restri GleQimdiBihcBRYE1Rof VR sk Aohvatl]id &rehthehhnil @gﬁorfe&%@p%tfeé& Rad

t housandths of an inch (8.1 mcrons) or less to about 0.1 inch (2.5 nm or

nmor e, enay.entdrhe feed mdet@d of tlommainiseld 38 nederinsessanedtiths fedd raessireahay va@2s mm) to
about 70 thousandths of .an.jnch . 8 ..10028]1n operation,. a feed fluid
oy be "L L0 GkER Ope B0 PER b s OPE R CREE BB Sty e oo
inl et 28&dgfredstie rﬁé%&in&h@ﬂah?@ﬂbnﬁ@o%@ﬂm ¥si bO IsH @Mboun8-hd or oreer e the feed
fluid may pass through the teed passage 21 to the feed side 15 of the

per neabreveendp asit andatmsht Thetsrd Anitamay pasa diencihe decdrinloi2d plong thafeed ment uni t
13. For a?ségé@i ﬁl’ro&gﬁﬁé Fe%g ohgrﬂhgﬁn?ﬁ/ th%%oq{ntikggur&aec%%fo'ﬁl e%%kf gige 8% thtehe mani fol d
rpres e teed pr y vary fro

30 undé essure. ssure m mone urd system and
fluid tiadforEdt inaste flid/tréamamainiern 3. Fae fedrfriemaodon@iicshrotifie tiedest
pressure nmay_be in the range from about 20 psi or less to abogt 80 psi or

more, &3gage phinibefusgrdncnipgityd3 gad tangeptiatly alpngths teedaide dagther om t he
feed i . i 33 in the
mount 1 Roihesbf ARl 116 ASEAIRRIRAREuED IINPLER SSRGS ARAR AP AT

t r eat mpnttionrifttise £8d fliklemdyethdn phasiad pmaycacofidmnbefceti soadh thioegli thed passage 21
in the fluid treat t units 13 and tangentially along.the feed side 15 of
e perphisibls hebh e e pemaste RUE 4o regtnady dnfrevs i B8 Lach oi de of the
mani f oljg230. ATROFdrneite HaytRedifced tfnvi PMBYcdtD§iBe PESE R RBEIFRAMEILROM t he

feed side 15 through the perneable nedium 14 to the perneate side 16, as
shown By thieeglathepweméate Fasgage23 tpolo2drMisete potles’Rt domayarbpledhe petedte r om t he

perneate side,16 of. the perneabl e ium 14 t hrough t.h er neat.e passage 23
Po ¢ he maursenb il ne B CEE R as 2 ot M g a6 R EE R Bllgh e
per meath@:dpas 3a9€cah fali@agathlet RET NERiBe pérEiRakpehinge ipelemalltderadhssm 14
of each fluid treatnment unit 13 to the pernmeate opening 34 in the nounting

sur f ac8237 cgeh dde pf i geangpld He Theroryrac suy theeentesthemppifold P Otviethcent er t he
mani f ol Vi ' 4 e
passagd 2y bples 2B ERABE G RER R i CRBRTE b R BB R ot
i s recehemaanifiyid Boewhdrutit [wymt@ais received by the fluid system.

[0030] The portion of the feed fluid that does not pass through the permeable medium of a

fluid treatment unit, i.e., the retentate, may pass from the feed side 15 of each permeable

medium 14 through the retentate passage 25 and the flow restrictor 26 in the retentate passage



[ 0030] The portion of the feed fluid that does not pass through the
perneabl e nediumof a fluid treatnment unit, i.e., the retentate, may pass
fromthe weediai2aa115 of each pernmeabl e medi um 14 t hr ou@hTiuseo2@t@EA at e
passage 25 and the flow restrictor 2610in the retentate passage WO

2013/ 025441PCT/ US2012/ 050143 10 25. The flow restrictor 26 increases the
back pressure in the retentate passage 25 which may i ncrease the pressure
at t he2bedtic flodercithcrof 2éaﬁ:1nea|sesrtitrehbd@pmadfajmtﬂﬂretdﬁn@ﬁpaésgélmhm&statyi ctor

26, the retentate may S th ntate utl et 24 t he

ret ent é@%@%ﬁ?ﬁﬁggww glt?gtfﬁ d e 1okt tpénﬁ%@g%@ﬁ‘?lg@ P g FEBa i do- 15
of the pehiisaR, e RENHR Ahy BAGHo tHeUb@nlat EAKIEM . Y etxaﬂ‘l?let ﬂletrgt%ntra?etrﬁgﬁ ate
opening 35 in the nDuntlng surface 32 on each side of thé nmanifold 30. The

retent @tm theopgh Herrcentagy paskegearfrdrotig 8 sifall héthue@teemabteefn@pemm Qfgscl% and
manifold 3

P et dluit Hehaloi Ol G IR el bl pishinen A nT PPt nd wifoe 52 Pa AT Races ' 06

shown e ﬂﬁaﬁfola 30.Trae fdt@uate esdyrth&t @fterdBe nRAnBold J0Rea fHRIEEAGE opRnink®Ws channel
40, increases the back pressure in the retentate passage 25 which may

i ncr eagad pirs thieagh hedlpsyrestrigtor2fan thegpanifodd 3@ f F@wap@i%ﬂm@nmmw 14 in

cach BRI 0L A S0 GA UlGn ad IR P g pregsur e

i om-about 5 psi or

| ess t @csatdaoit 263@.gnshe Q@tri?fﬁﬁ@ﬂowmiamfeegs Uh&caes tHa:&)a‘clepfksﬁjrdﬁl bt rétbitate
perneabl e nmedia may vary fromagne fluid treatnent assenbly to another and
from o@éssrag%%lwmcea{l%ﬁfreafrﬁ the fegd preseweat thetegdside af th@p%rmqamednﬁtdr%t frent

assenmbliy o, hrRY ERGmchOWif 193'561{ éa&h%{de%%eerngnlfola heng g&%%%& %ht)o‘bl‘__”ahifdsg)‘t‘ﬁec hann e'

40, the retentate passes along the retentate passage e retentate
out | et fidd reBtﬁ@@)i]ZNMRy tedu it mggsframeibastsiogsdi at &ds toi dbout Iepdi buimbrd. r Bat ment

assenblies, manif met hods that enbody. the ipvention. For anpl e,
by pr oV PG R0l Sstihe DoeR R lar@ﬁ}éﬁfratf&%ag%ﬂ@@ e Ao mhbos t he

back PrESSHRE ah ool @R RN RRESREFanothek MBS a Elﬁ%l%'fﬁﬁu pfatte feed fluid
may be forced fromthe feed side through the perneabl e nedi um as perneate.

| f t he aprembbiat Eroinsthe lewdestiicod 2praguthe resdri¢tnedomw ehainnetetOpfhetrptentdssi r ed
perrreateis avai,l abl e at the ate o the retentate is the

desi r ed pFoHRE ! the rﬁtgnﬁagr%aﬁag\?256?1@165#68%%6%“3][%&4 orced through the permeabl e
medi um@d31m natesy BBVRtRts ildQsdoeRteddesh IHRATPE freRMBt ABSbIWs! Medifolds,
concentrates the nore desired retentate available at the retent ate outlet.

Fur t heend figghotds gyt pabedy e drvertign. nerrxample, he pprvedisg p dloprresthigtor &t Bat at e

f d t
R L G R IS e
fluid theRtdtoid asseorsed fram theaoyd €bd ddoughnhes pertrﬂbablfelmwlmrﬁas pegicate. may

al so ke the concentration factor somewhat nstant with varying feed
pressuﬁg%pe%ﬁéhe doted Biodugive targsrye %e%ﬁfgeé?%ﬁ@ew igrgdlbieat | n

addi ti gf, efrhl%tg ohf ﬁatlﬂﬁgtret@ﬁ%@h{fe%sl%%&é?% la‘?%se){ﬁ;bgoftﬂ%ﬁnéﬁé’ ention

are easy 0|nsta use tn a flurd stem flurd treat nent
asserrbIfgrrcedlthlrm@sthapémwablleemdﬁﬂmEhmlnamestﬂmreroéﬂ@rlbﬁtcbsmatlm@eatetahé fluid

S exter.i r val vin eeds to b d to the
"t ent dvates PRt Oy R ap e detirRue B BRI b PETESH 8 aole O BTRE: 5t ent at o
out | et flohh@sthictér qlatyrrﬁﬁﬁﬂaﬁmle @?e‘éﬁ{f@hﬁth%%eﬁtﬁt%ﬁﬁ@s@g@ﬁea{illﬂh&ﬂélte)ﬁta%\guﬂ%@s' ly
installed and used by sinply connecting the feed

2013/ 02bdvE1(PasT/ thig20Y 2r@Bing 48 adequate feed flow to all of the ﬂuld treatment media and

providing a more robust fluid treatment assembly. For many embodiments, the flow restrictor
may also keep the concentration factor somewhat constant with varying feed pressure or
somewhat constant over time at any single feed pressure. In addition, fluid treatment
assemblies and methods embodying the invention are easy to install and use in a fluid system.
Because the fluid treatment assembly includes a flow restrictor in the retentate passage, the
fluid system may include less exterior valving that needs to be connected to the retentate
outlet and adjusted to control retentate flow from the retentate outlet. The fluid treatment

assembly may instead be quickly and easily installed and used by simply connecting the feed



11 inlet and perneate and retentate outlets of the fluid treatnent assenbly
to the appropriate parts of the fluid system and supplying feed fluid under
pressure wWo 20ise2faed inl et of the fluid treatnment assenpCy/USR@AB2(1vI | e
various features of the invention havd been described and/or illustrated

wi th respect to several enbodinents, the inventionis not limted to these
enbodi nents. For instance, one or nore features of these enbodi nents may be
el i m nailetthndrperoetité aetircamtadeuttats ofithe fliebtreatresntafscarbdy enthodppreptiatorpyrtde
conbi ned wi t h one or re feagures. of another enbodi t i t hout departing
fromt ﬁgt@éﬁﬁ% rers rad Merplies G TR Bt i 80 %ﬁgﬁ%@ﬁ% Fier ent

feat ur ega i@t BReMbiyhi n the scope of the invention. [0033] For instance, the

fluid treatnent assenbly may be nodified to include two or nore retentate
out | et $0033 eaWhile evvonsdeaursgiof dtc imegntibe hassesh alcswtibad ehd/ar diustiasedwithf | ow

resi stance .in the retentat assage. The manjfold 30 sho i ig. 31s
ol oyt soaT e PR S, BB Ton oy TRt dahes? s bedhstfe ol nove
si m | alingiHer@RER iR aalrsSs dfith&ethhbdtANNAdSay bEENRMURfd dr e diael draind 030
shown in Fig. 3 may include one retentate outlet 24A associated with a

hi gher nfareipafuss eftanseantiodineis naytbsrombincdayiguefe @aneindeaiwes Atmothearent at e
outl et eﬁfﬂfﬁgl e@?%ﬁ{oﬁ?gﬁa@g&&ﬁ%‘ﬁé scfo{a%‘r%St?r}]s%%ﬁ&;&ﬁg%g%eérnt‘fqdﬁlﬁéﬁé‘&%eve S55a9€

25. The retentdate o A associ a ow'resi stance is

al so agsfagemtfedunss bfaydelvatige thel 06 Re inveltdstk pressure in the retentate
passage 25 than the retentate outlet 24B associated with the |ower

resi st W8] EalCT ipgtnsst B dluplirpadinentgasembl mmaypermediapd odBAHIMIMRRECt h t he
flowr ?@t&?tht‘éto%ﬁet% 6nd 304 rta&ﬁtaw d ggg bl %Es?Fia?eg WY a Hﬁfe%mhbweﬁgtah& i

vari ety of ways to provi e the di ent ow resistances In the retentate
passage¢histenkade pasxagep The nhdnéfofd IshoestiniFeg. Gris 26alogousite teunkenifold30 shown

smal | -opening restrictive flow chapnels 40A, 40B that extend | aral l el .
I'n theuf F1g1'12t ﬁ%f@&r EBRRNCHI R Ve BB KT Ffeiepsynida |1%§Ptéﬁ%8$%) 3&9 VAHB rmay

ext end gidmPar BeknAwRh FigOMalendifdiHeat @n@RINIRE AR alBciblra WwiBY highd 30.
One restrictive flow channel 40A may provide a higher resistance to

r et ent dloav febistantechiarihe tegendateipassagesiy anghtangpthef tatentath anthes124BoBsociased wikhapl e, by
bei ng | on and/ or having.a small er i ng than t her restrictive

£+ ow chnAdio v BarsBerE Ay oDl 28 TR RE e PN Soal SR M Heary
CoMMUNihgee fldyirbsifthiechi P86 hssbEigicd tafCELlaf &8 ifchalsé UEbdck Préssita mele ré@hkatanhi | e
the |l ower resistance retentate outlet 24B may fluidly conmunicate with the

| ower Dawspgs ahthen theggicatiimentlct 2018 asgogiagadheith tethousnresistances Hach refontate

Cri . g iy bl ; ' dth
ni gher O/ ZP4208 i RoRIR PP BRL o ARG Gl M TR eng o
t he regbmastbo@ntiboed chanagdty ofvial etotrevidovirrdiffashisll@n esistaiceninahe out | et

may fluidly communicate with the restrictive flow channel between the ends,
e.g., FHCHRE MPdardS bPr PRENE W resustaPInon e pETe SRl PPFNEe143 12

restrictive flow channels 40A, 40B that extend in parallel. In the illustrated embodiment, both
restrictive flow channels 40A, 40B may extend in parallel away from the retentate opening 35
in the manifold 30. One restrictive flow channel 40A may provide a higher resistance to
retentate flow than the other restrictive flow channel 40B, for example, by being longer and/or
having a smaller opening than the other restrictive flow channel 40B. The higher resistance
retentate outlet 24A may fluidly communicate with the higher resistance restrictive flow
channel 40A, while the lower resistance retentate outlet 24B may fluidly communicate with
the lower resistance flow channel 40B. In other embodiments, the flow restrictor may be a
single small-opening restrictive flow channel, and the higher resistance retentate outlet may
fluidly communicate with the end of the restrictive flow channel, while the lower resistance
retentate outlet may fluidly communicate with the restrictive flow channel between the ends,

¢.g., in the middle, of the channel.



[0034] I n operation, a fluid treatnent assenbly 10 having different
retentate outlets 24A, 24B associated with different flow resistances, for
exanpl e, WO 20fsa02m4iin Fig. 3, may function in nmuch the saoe/usayi2aso1as fl uid
treatment assenbly 10 have only one rBtentate outlet 24 associated with
only one flow resistance, e.g., as shown in Fig. 1. The fluid treatnent
assenbly 10 may be installed in the fluid systemw th the feed inlet 20,

t he pel@Sad] e olmtdpetatidd, a fimid teaemaift atshmbiyet Cidvaigedifiatdnetcsen2atdpu2AB24nnect ed
to the propriate.pqris of the fluid system One of the hjgher_resistance
ot ent 208 eI BT e i sssiol exbblerBobRvage Flgut  BEY DHE"9hy be
coupl egh hitich B shindivehySESLRTY MRt ﬁs@@mgl?h@rhaQ@Bnl oner@eRdeduticFred fluid
may be supplied under pressure fromthe fluid system and the fluid

t r eat nessocasslenith gnlyranc dperrasistancs, pgews shostyinddg.cl. i DedlluiRétcamicat e f | owi ng

al ong the retentat a e 25 and enteri. the retentate openin in the
e Fofeats 5 Re RRTARA T fR (B0 welind i’ e SRt BseBBglt 8132 ne

sel ect @fd bt eNthat@cibtelontictd 24, 24B v clch o BRIPFIPHER Pols bF tetfiwe fl ow
channel 40A, 40B. The back pressure in the retentate passage may be

i ncr easederp aciof theHughr gerestance s¢tentaisoutletedddneng e dawdraesistareiretesidicect ed or
i ncrea I I s ] e t tle i t ed.
[0035] PREaErar B B AT ARGy b RS P s o S B oS BB T
may i nehdyde sappliciagideopresdued fomahefloidtsy tmf hnd Wk YluGDtigit@enttagsdnfitdy tlagw
restrictor in the retentate passage and another retentate outlet which is

f 1 ui d PPedifpsedcienshhecsereehtiatentya Slonirg Aare By peisaias nanwee Podnd estrictor.
For ex%ﬁ@hﬁ% ﬁegt%tegﬁa% (Elggglg% i ROV ahifol R0 "rna‘,sr d&ﬁﬁnﬁe{:ﬁémg tHI%{l%@'ﬁl%t her

retentate o flurdly conmuni cates wth the retentate passage
25 in tétentammiafsagd 230 thodelbgtphssaratt betlétl2dw, R¢B tvid tht @sso2ifedecgrictivey passes

the restrictive flow channels 40A, 40B. In the illustrated enbodi nent, the
bypass o8 @W%@é‘%ﬂf‘?lﬁt ?‘Ea%%_e%smﬁ BT CHRIMPISSISS TBRY SR
retent %%igl_i’&%ﬂﬁa@é rbt@ntafeouiRM 4 Ot Rted W et rd &I febdirthd 166RE ABREanas Sl y
10 is treating the feed fluid, the feed inlet 20, the perneate outlet 22,

and ei tré¢tentats qudeteiitbaisecloctefet 24A, 24B coupled to the flow restrictor 26

or, if ire the retentate outlet .24 i.ch bypasses e flow restrictor
%6y R nacbBhef SHEMEH o P Fer R et AT B G Boin B3
i s bei nhsCoRaBRAatPoftletBRidRGcIupliddo MRYIAWE réstfdd if thd Rtchhee pRSsheianiet 20 and
di scharged t hrough b?/pass retentate outlet 24C to nore effectively flush

t he retbpthatistenfaseeuticandiqhds faiiecqmbsid dlee entapa passape and byppssesbe flaw
ke 2 ‘ g " |
oottt rgitBE Ay fduaflen e lap 0 RLGDPUIE Pl A BFRCRE Shnblrb ik doct 0¥

conf i guuget 24€ thatr fagdlyi cotmdmuni@ysrwitnthe hetcinadypaefagt D& i infa@lifdld Foandexanpl e,
the mani fol d t%o shown in Fi i ncl ude ae[iostri ctor |ayer 41 attached

g. 4 may
to a syPaess theflgw reyfctopsosi g ebxdareatisdestgetiefiovssbppngls 490 0B Haiet ol d
30. Th i : i : - 41D t hat
det i ne B0 A BSEAPLRhs MRl DsrBEL Y5 236 Rl TGS, Pl fUR Snddd 2o
exanpl syitht the rdttrowie ppsiing 35 ar the2 Gnamifpldod). cCWhen therfedd asatacstmis¢mblydiing
restrictive flaw channel .40.sinmlar to the restrictive flow channels 40,
Won | o S B Regade i He B iR 2B G st e PTathe
enbodi NBAL 25B Q¥ EdtoRthd flof BRMcBAYC oA ISREREN thNRtSRAPSutIFagh valik ayer
41A- 41D may, for exanple, conprise a thin, polyneric sheet, e.g a

t her noppesséstho flowitestrivise?6 shwde coamnstadie tmublidyptten 4 When tha fuiday be
o g SRR S e A B sERL LMot b
discharged through bypass retentate outlet 24C to more effectively flush the retentate, feed,
and permeate passages 25, 21, 23, as well as the permeable media 14, without the pressure

drop associated with the flow restrictor 26.

[0036] In another modification, the flow restrictor may be configured as a restrictor layer
on the body of the manifold. For example, the manifold 30 shown in Fig. 4 may include a
restrictor layer 41 attached to a surface, e.g., on opposite surfaces, of the body 31 of the

manifold 30. The restrictor layer 41 may include one or more sublayers 41A-41D that define



[ 0037] Each subl ayer 41A-41D may have a feature fornmed in the subl ayer

41A- 41D, and the features taken together nay define the flow restrictor 26.
For exanpWwe,2ot3mesqut er nost | ayer 41D may i ncl ude a rel aPCcraisgoiRas@ge3 openi ng
42 corresponding to the retentate opelding 35 in the manifold body 31. The
next subl ayer 41C may include a first portion of the small-opening
restrictive flow channel 40, one end of which may fluidly conmunicate with
t he | atlgeflopessingordZ. | Fortehanpla] the fiost restribloa 6 mag o, cofiguméxs a smbll-ayer 41B

may include a small _openin that fluidly co ni cates w t ot her end
of t he °PFH8E "SBIHVE AoB R A st fi the il ghanggs %‘L&%,n‘@@r most

subl ay ?Eeﬁ&ﬁlﬁ@éﬁcﬁ%‘. 4ae r&t3QRRTHWPHanh8M0ah thd@nb&BhEAGhHVE if FRwachannel

40 that exterids fromthe small opening 43 to the retentate opening 35 in

t he bodyey3dmvoh seipentmershhied. Ea@D sulithgerrdd peht ey ofve wkargpl8Sconipmst arthin, f 1 ui dl y
communi cates. with the retentate ouytlet 24 he retentate npass 25 in the
T oPAOFETISBt - BN g SprtoRghfs RO B PRePH o, 2o,

e. 0., bBeoh&sl kG hbmdohli@VagNARREBI botded bAcIRAG LI BRIVhEbSHdel a¥@he 41 and t he
retentate opening 35 to the retentate outlet 24. Each restrictor layer in

t he reghehcioindithesyréasg ohthe manitebdhbedyoPeni ngs in the manifold (not shown in
Fig. 4 h r Lvely  4@&r [ ' ' | ofat
sub|ayi?@ﬁ¥a|?%%?ﬁﬁkﬁﬁé“ﬁégéhgR%SH§§%%ggﬁgﬁggggﬁgg%?%ﬁ@gbg% ’?ﬁgﬁfgﬁh fluid
t r eat metd febtidsSakcrtogdicr ey deginit kiccll®r rdsajctdr 200 d o Bearhigiopthe deterrdstt he

manifold to the feed inlet and the perneate outlet. [0Q038]In operation, a
fluid t¥ehtHemaydadnni jelatyychines apseingde SoHcnosting de g reigpigte openingoy
exanpl . -} Y i (£ .o _as
honn 15 1o RiifcEd gy U BT RULERER s PRy Thelbits TRl ok P
assenbloperifig sdsowanive flo drands] 46 sorereadiod wdilich dexs Gnidbechmrhionveate withtthe

retentate nay.pass. al ong t he retent ssage t hrQugh th | ow
restri &4T8f 0@%11 ge‘.?%l.n, tL? RHLCPRQN SHRLEYS) 2515} e@ﬁgmwﬁfﬁyaro‘[ ey Ml&ﬁetaﬁ%ﬂor
| ayer 4 erﬁﬁ% D ehaBDIdi PE SIS Anichs With tREHBA @ o iRl pAfion Sh@ck&Rii&hance to

retentate fTow and the associated increase in the back pressure in the
r et ent dloev grassedg@. Ihemnermestpnilayaed Abpay hnslide eweeamsttpoirtearoef thgresicgve t he

restricgtive fl nnel .4 in the restri r.layer 41 on each side of the
i o b 0 TR B g Rymehe e PRt 51 Bt BNSTat Poting 0k fer

enbodi meay 306f tefnhddifdld 3@ atiERtcnasSEFing 319 in furs TRy icBmbilicakes vadhet 1S
simlar to the fluid treatnent assenbly 10 shown in %lg. 1. (Simlar

conponégfertatgroutlpididat Thei regntsie pespage 2P 1p Efcanentodd 3 pavel 8 Hig. bibuk cxends ngs. )
However i ruct yr . f1 wi r I shown
B g b fE T A SHElor2h 6] oS Mioditiidy il LARITRRL raRRaEbYern P10,
44, betangdr rtfeataensheping@Ssto g relcdtaanoutbaPac Ench festrictve layeninftht ecgdsh ofe. g. ,

bet ween t he M]i)d t reat ment ,unLt s 13 gnd t he npunting surface 32 on each

si de ofthg ised prthpericgte speningingthepapideld (netshpwo an higy 4 bday By sHUVAlYt he

ret ent I F I r,11R4 i i fold 30.
The 11 ahge RRRRAAMDCAe b NGE AESHILEOIB BT foratd Blimdlt GtB T O oy
of nunexeud freaythe fluntireminmg wuty thobughhthe catrd dtoulppdriaod shaafentaimelef dfothe

restrictor,. 26 evi ousl cribed with respect to the manifold 30. For
exanpl ér}anéfggdstﬂgéﬁ%ie&lé?é&ngg,ePq’i’éle?tgﬂl Flet or piece 44 may include a _

rel atiyg3g) | ar G peldtidRCAHISE the@ingdH: aisenBRED ﬁﬁicﬂ@n&u%e@%&@stﬁ&t@ﬁla?& 41he piece
44 and a snall-opening restrictive flow'channel 40 simlar to fhose

pr evi odel exatpsys pirgsectendayerdilmy daeh vide of theemansfobdhbedye3 logseshowgsn K. 4The

retent ate passage 25 tends fromthe.fluid treatnen nits. to the

rent 1 ontiS 4R AR R SR LR B e SRLEAL MR HpeL et 1%

e.g., pinasgly deribeat eivadver, dRenidagse fhay pag ddie thesdtédtat p¥Gagd 2V channel 40
in the restrictor piece 44. The feed and_ perneate passages 21, 23 nm

ext end typpgh Gadlopnicstigior 2hee-g ederptigiveriare ehapnehAlain faeigstaigter vicrd he _
opent Nek Mehifsld 3p ”to&tgeereﬁe%w% 8&1@5&%@9 r&%'ia%%e u{ QP40 Ao QRRE A Rocididg 1y d
treat ment asse y snown 1 n kFlg. My tunction 1 n

increase in the back pressure in the retentate passage 25 may be provided by the flow

restrictor 26, ¢.g., the restrictive flow channel 40, in the restrictor layer 41 on each side of the

manifold body 31.



much the sane way as the fluid treatnent assenbly 10 shown in Fig. 1, as
previ ously descri bed. However, the feed fluid and the perneate may pass

al ong t hewbeeth/pasisage 21 and the perneate passage 23 trcoagkomhsotized
opening 46 and the perneate opening 414 respectively, in the restrictor

pi ece 44 between the manifold 30 and the fluid treatnment units 13. The
retentate passes along the retentate passage 25 through the retentate

openi ng8039% andndther drhtaimestof iadtudd tré@meet gsemlilhd OnedtominciniFrg 5 baditéhannel
40, in the restrjctor piece 44 between the fluid treatment units 13 d the
i T oSG 10 fHs 4%@%%@%%5&6@@? iorEoveimfigat o apcQEPRBit¢ KM ient at o
passagypnildHroeict REmERISRHBIEIARERS FHFRSE, thbguliBlRALRIGuRWRE 24

wi t hout “passing through any flow restrictor. The resistance to retentate

f 1 ow arliid treatmsstosieantdy 10 sbovweaseFigns tag ibdede gpresisistor giden, fohexangtlent at e

5 b i ded by .the f trict 6, €.9 ,.4h tricti
P row cRamup e b EST e ald aREepbe 2087 s firtle B2 m@iPiead Pl ce 44 on
each sibgeveeh thdBuilBRhinineumedys sl th B4 iNQkes 326hednNEM ofthe mahifbidd

treatnent assenbly 10 is shown in Fig. 7, and it is simlar to the fluid

t r eat nBAt TAs dlenbicstricor 3nowe biedoteyl inthe reGintdte pessegsrAsondhr stEictoripisatif i ed
by sim ef : i i . r

et i ehghol B BRI B, Mol e RRE B PRI UP RGBT 40 G e,
t r eat memiinyudl tudncaoh Wots, indludhig anWOf 201dh B 2R thISAO 26 8660436 15
mani f ol d. 'For exanple,. in the enbodiment shown in Fig. 7, the flow

P! g :
restri CFOTOWl ¢rsgrilsd WissiospeshEuthe manHeld 30 digr sramplaseahawnsn Fig- ondef | ui d
treat yni t. j i -l A fold
30 " e pi e B4 e R R robRulip Rrlf B K10 0Bt B bR ARG P i el
i n any obfheruererddumdwasysll-opeaingdesigetarylof chdnaclcdimgar attharprofiodste f 1 ow
restrictor. 2 reviously described with respect to the restrictor, piece 44
or the dﬁ%?ﬁlingF’g‘e%}é?g_ AR S GRS it P i ﬁ%&?%ﬁ? P&$aTD] §XIUSshown i n
Fi 9. 7 oy ik Uned ir@Rmeet (G N 34H ereSRIRINBY0 B0l dIeht Nldcitrie@t PR thassenbl y 10
shown in Fig. 1, as previously described. However, the retentate passes
al ong tréstrictert matcatde cigadhageh B refantotegipenings £5 and thesestiigiverflor6channeld® f 1 ui d
treatnment_unit. 13..e.g,,~th | uj d_treatment it,13 adjacent. t he
£ o euedigSnia S P Ged il b SR Phe et eg PSSR SRy e Bhen a o
passagenh2Rstiidfop pithe 4 i Bt EMPLmONE BhAEnEDIE, a7 il thefBER B Mk Gughok@t 24
W t hout passing through any flow restrictor. The resistance to the

r et ent 40401 | ownapgratina. the lytd tradmentmercarde 19 phayaria e ek mgy éurckion e

retent i restyi . in the

ot ont A EARZSANG AP MRt RALAERCI PEALTIRE L FDRMERY " e

mani f olddsdpivdy. Bdwe|&Dwhe f&oltié andthegdimedté maf passfdlangdtht fedtpasyage asaadrbl y 10
is sho in Fig. 8 and it i imlar to the fluid treatnent assenbly 10
shown ithe BSIEeats pagsapey éﬁrmtgilﬁg%%@ﬁtogera%“ﬁ gehthieDeEneass ORIAY 4 ref er ence
nuner a L& g W : { t : 10 shown
in Fi g&%bﬁﬁg{,}%&%gﬁ@&%ﬁ% GWWE%%@%# Hggls%dnﬁﬂ fﬁgg{llggﬁiﬁaﬁﬁ%ﬂ r%lgljt“get ween
t he end3piTaceseritite paRes alohp theghteatapd passdget?yp thifough thedetenest openingsidd tsd may be

rovi ded. . Furt her, | east one .of .t he,end, piec 11,. 12 ma a mani fold
0 ik A B ion T i B SRR VL e ham! RS 0 E3HE ot aieded Fe Ramnor

virt ualhy/fhid eRbintat uhies BWhdahe HAGIHRMBO Oh @& REhiRNEYD,AHS teis elayagk
However, the nmanifold 30 may have a nmounting surface 32 on only one side of

t he marlonglthe BEntae passigs 33 thiahgh tlecatcreatate oprning JBtorthy rdentgpositiét@ded on only

one side,of the nifgld 30. In the odi.nent . sh in Fig. t he

mani oratgt B anuh, Sy kPl HERRRTRRE o B e den deefy '1° cach
mani f olagkodfatddriatrdshcng tiet Bagk Prisalre irME REtBPaB Pasagt 25 el deproulidety d and a
flowrestrictor 26 in the retentate passage 25 in the manifold 30. The fl ow

rest ri dlogrresteicion 26 neg nimiresrigivadlavaghasaclinf Ha Fientat passpeo S Huther ous ways,
i ncl udi . any. . h fi i ! | y described. In operation, the
fluid gérkgré(?& nl?éea%s(gln%l%g S%%E%mﬁﬁﬁgﬁélgé&}p#my function in much the sane
way as [00id]f | uAdothereatvrlivher s arflalid/ trdmenht dskambly 183s ghoew ialsg. Y/, deditid bed.
However, the feed, perneate, and flow passages 21, 23, 25 may exten

t hr ougﬁm@lﬁv?é Qs f?%qi Eeﬁéle%asmblmlﬁis OWPétaFlrgeﬁt (Rtkay s9mpenestsy aaw%n%tg@ si de

of the i§.0l t:l : he retentate
s sageyni rbheihos himpldih ChiPmuldld LEWRDLAE MASRESIR G P

r et ent abstiondd ietth@tenTdiepasegdesh anc er mora iid mtcatneent lumvs andchot rethe



WO 2013/ 025441PCT/ US2012/ 050143 16 associ ated increase in back pressure in
the retentate passage 25 may be provided by the flowrestrictor 26 in the

ret ent at ewpassizges25 in the mani fold 30 which serves asPpPan/uSa@2ofEer 12.

[ 0043] Anot her enbodi nent of a fluid t¥eatnent assenbly 10 is shown in Fig.

9, and it is simlar to the fluid treatnent assenblies 10 shown in Figs. 1,
5 and 8. (Simlar conponents are identified by simlar reference nunerals
i n t he ngmafeldrdor exdrhglef inthdermbahtnmetthoavase iy, ¥, the fomomstrictor b gnaybemay

include a restrictor piece 44 having.a flowrestrictor .26 simlar to the
rest ri EPYHORdR YL At Pff?éa86|?§wnrt%f‘sﬂwﬁ&eaﬁrn%u§%®# fHagengto tBe megiiolder
bot h ofiot.hg n6Nd tRL RGRST014B0. The TRV REriCRARE ¢ R R reatRBARG: MEnh)6E

mani fol d 30A, 30B may include a flow restrictor. One of the manifol ds 30A

may i nebufd@irehm dnged numicetus 2qysnuclutheg eedf hasesigair@ionaof vl flovasestrivgor

er mea outl e 2 and, the perneate ssage 23 le t her nmanifol d
B oE e rRefobly fe T bl e RS RBA e Tbe et o705 ©1
oper at ioPratibhl@hd flkiddrehin@al BRBINbAS FRSHIW i &1 oy fudcfbin Mudimetimas in
much the sane way as the fluid treatnent assenblies 10 shown in Figs. 1, 5,

and 8. Wy vl fluifl disgtriang psgemnblysidhiiowadn Feg. thes previpasly dessribetht Hawetqs) 13

g \ . i Lo ‘ ¢
and PeUERLhSghEREIRAnt KT 05 Ll & LSRR oSy 20 RIb,RY one o
uni t ( sredttncdnliyit by, ddetho gt trévtmeitaingt 130 acdinao tied @miaile 3passhs nadndfogl t he

retentate passage 25 through the flow restrictor 26 in the restrictor piece
44 to PHethpasierdicMaomshalons erpeniai Rassage @5 dhrongh thegctentate qpsangtanee to

et ent el oMt 88y bISASIORKARE AN FASRl RBRRK REERSIIALR, e

retentate passage 25 is pr ow restrictor

restri cttomtafpifboeantithe pS0ddicAnndtrbese e hioddirassnte iofthearefentatelpdssegt2Fendy Bessenbl y
10 is shown jn Ei . 10, and_ it is simlar to the flujd treatnent assenblies
10 shoRFPYIgPcYghe flowcstgr 36 Y &R AptPpteaRIgn Ehihs ak SRR W o d By sinilar
ref er eRe& HYEI AL shahifdli®odyyiid treatment assenbly 10 shown in Fig. 10 may
include a fluid treatnment Unit 13 having a flow restrictor 26 simlar to

the fl UPM2] r eafinether ambadimentaxid fluhdtrédtomnt assimbly tlfns g®wahowng.iSendiityis 7. The

retentate, passes,along the retentat assage, 25..t hrough the flow restrictor
%6 1 n SHERRE I TP ARk Tb o 3B Bo PRET ko1 £ P af e dedniths Vel
out | et bg4imildieceRBbs hameRlstia bot @ilais ) FHieveRdhé hgidaraasimbgdmbner@ase in
back pressure in the retentate passage 25 may be provided by the flow

restri ¢hown peFignd pieg hpywerly ope uiterratmentiassembly ddneqitmredistvespdhd ¢nshat i ons
and vari.ati . rdi . i i art
oo+ BRSPS 2 RihoEf A TR ARDSE 8014 SQhARTRC o] PRfded irtncl. 1 108 57
many ewhedf terhs piccbel I, [10wdyest a meiiéold 38y Ab@apisd thadBaded 43 dnvad padcent at e
passage near the end of the r-etaznt-at e. passage .and upstream of the retentate

out | et MA¥IC OREEHIE N § ENRr oty tifeiical omay ohEIcgBRT I Gndd TPHOENE | ast

1S o L BRSSO (o0 IR G 0.

downst mesmnfold 30, and the fluid treatment units 13 may be positioned on only one side of the
manifold 30. In the embodiment shown in Fig. 8, the manifold 30 may be very similar to the
manifold 30 shown in Fig. 1, each manifold 30 including a retentate opening 35, a retentate
outlet 24 and a flow restrictor 26 in the retentate passage 25 in the manifold 30. The flow
restrictor 26 in the manifold 30 may be configured in any of numerous ways, including any of
the configurations previously described. In operation, the fluid treatment assembly 10 shown
in Fig. 8 may function in much the same way as the fluid treatment assembly 10 of Fig. 1 as
previously described. However, the feed, permeate, and flow passages 21, 23, 25 may extend
through the manifold 30 to the fluid treatment unit(s) 13 on only one side of the manifold 30.

In particular, the retentate passes along the retentate passage 25 through the flow restrictor 26

in the manifold 30 to the retentate outlet 24. The resistance to retentate flow and the



WO 2013/ 025441PCT/ US2012/ 050143 17 fromthe last filtration unit, e.g., in
a restrictor piece, as shown, for exanple, in Figs. 5 and 9, or in the

mani f ol d,we=osmss1 for exanple, in Figs. 1 and 8. HowePemr/uskée/ofi1asv
restrictor may al so be configured as art of the retentate outlet. For
exanple, the retentate outlet may conprise a nechanismthat functions as a
flowrestrictor. The nmechanism may have a fixed or adjustable opening which
i ncr easewciatve ibacksepn bsckupressure ihhiee reeneatd pissageaisagebd piatided benltsfldwhr ough
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2013/ 02844 HCH HIRORL(rRef IAcke U8 to the manifold 30B having the retentate outlet 24. The
resistance to retentate flow and the associated increase in back pressure in the retentate
passage 25 is provided by the flow restrictor 26 in the restrictor piece 44.
[0044] Another embodiment of a fluid treatment assembly 10 is shown in Fig. 10, and it is
similar to the fluid treatment assemblies 10 shown in Fig. 1, 7, and 8. (Similar components
are identified by similar reference numerals.) The fluid treatment assembly 10 shown in Fig.
10 may include a fluid treatment unit 13 having a flow restrictor 26 similar to the fluid
treatment unit 13 and the flow restrictor 26 shown in Fig. 7. The retentate passes along the
retentate passage 25 through the flow restrictor 26 in the fluid treatment unit 13 to the
manifold 30 and the retentate outlet 24. The resistance to retentate flow and the associated
increase in back pressure in the retentate passage 25 may be provided by the flow restrictor 26
in the fluid treatment unit 13.
[0045] Further modifications and variations may become apparent to those of ordinary
skill in the art upon reviewing the foregoing description and the attached drawings. For many
embodiments, the flow restrictor may be positioned in the retentate passage near the end of
the retentate passage and upstream of the retentate outlet. For example, the flow restrictor
may be positioned in the last filtration unit in the retentate passage, as shown, for example, in

Figs. 7 and 10. Or the flow restrictor may be positioned in the retentate passage downstream



CLAIMS 1A fluid treatnent assenbly conprising: first and second opposite
end pi eces at least one fluid treatnent unit positioned between the
first andweeemidsamd pieces, the fluid treatnment unit i RCras2erg/os01per meabl e
fluid treatment medi um having a feed ¥ide and a perneate side; a feed
inlet and a feed passage extending fromthe feed inlet through the fluid
treatnment unit to the feed side of the fluid treatnent nedi um a

per neatfenothic|lat fitredioa upér aipatres passageiex antdowg, for oxanifgie ip@igreabted 8) de of

the fluid treat di um_t hr ou t fluid treatnment upit to.the perneate
out | et orm the Fragp é%vvéh %t%@ggnwﬁg%- éta@ﬂ@aﬂiovrs%@gabf‘g R FE s AR om t he
feed si,dg b@fcoﬁﬂgurl d W ghrt d(ijiecﬁé F@éﬁtg@?ﬁﬂé{mpé%ﬁ%}e,ttﬂ@r&é&é@ ohfi@3tEnt unit to

n
the retentate outlet; an ' ow restrictor positioned in’the
r et ent ap@ppess agehanisnethit tincestasiadtooy reseicty. dbahicghamasn nwyihage edised t he

back pressure in the retentate pgssage. 2. The fluid treatngn ssenbly of
ot ai m £ PO OpuHs PEI G EeRaR TR dra: Brsstis Bhba e e ah PRoTr] PaT G
second 1@0dgPihe ¢eentatehiRkled. NAddRdiA@N] theliflchfic] MdRYed A1evArekions, MRliRttibes, and
the retentate passage extends fromthe feed side of the fluid treatnent

medi uman eauygHenthef thiegpbicetraaitoreerited il the deltpwing cleiins fopamitieditye retent ate
outl et bl‘lét]gwfl uid treatnment assenbly of claim2 wherein the flow

restri gP%lfcal S positioned in the retentate passage in the nmanifold.

[0046] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0047] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed

clement as essential to the practice of the invention.



4. The fluid treatnment assenbly of claim2 wherein the manifold includes a
body and a restrictor |ayer attached to the body, the retentate passage
ext endi ngwvohlwmugh4tthe restrictor |layer and fl ow restri cror/usedingsdiszposed
in the retentate passage in the restri8ctor layer. 5. The fluid treatnent
assenbly of claim2 further conprising a restrictor piece positioned
between the first and second end pi eces, wherein the retentate passage
extends through the restrictor pieddamdSthe flow restrictor is disposed in
the retentate passage in the restrictor piece. WO

2013/ 025441PCT/ US2012/ 050143 19 6. The fluid treatnent assenbly of claim
2, 3, 4 or A nWh@RLIddeseRLENEAM R | et conprises a first retentate
outlet and the manifold further includes a second retentate outlet and
wher ei n fi r dirstraad eenoat eppesittend plegésdl y comuni cates with the flow
restrictor ip a first.]ocatign that. proyides a.first increase,in the back
ressure 1 n ot teatof DhidEthiRduldRkiBh it kS Ruting Tl ol PEPEREE bBecT T ui dl y
communitigafl@g tidhintent BEit fdcidgesperhehBle flul Re3@eMNHediOadaiRB atfbat sids gyd des a
second increase in the back pressure in the retentate passage which is | ess
t han t B@cfmeade sidgicr ease. 7. The fluid treatment assenmbly of claim2, 3, 4
or 5 wherei . } e qut | et
Flurdl'y commrr ety AT bR PRk bR o Fan Tt BERERR e o1 o

f ur t hetrea@ivpt uBEH the S@AGIUL dfeheftiditeamdnk @fediunle second retentate outl et
fluidly communicating with the retentate passage and bypassing the flow
restrictor. @Pgrmegieoytcipgd ¢ peERGHINASHES SHSNYINSfirog Hiepeimeaieide af e | east

one of lieradsh AMuASHRNEh BIChRS EERMAOUR! 03RS paniTIdALO and wherein the

mani fol d 1 nc e retentate out tentate passage extends
fromthe feadetshtde mitlet drel £ fetoncht¢ pesatgrentendedi fuom therfoedyside bethe [fluid

treatnment unit and the ifold to the retentate outlet. 9. The fluid

{r oat mERPTESL Begin @fwﬂ?%gldmé%@ﬁ Upth %Fa%e?té@mﬂe&; 8Pdis positioned in
the ret ent al,§RARIARGOriPPsitiBFedBARS Rthtate %%sa@ﬁlefﬂd% sl RARRIY assenbly of
claim8 wherein the manifold includes a body and a restrictor |ayer

at t achednfiguredh ihodyse thhbadkgiressustie thparsteatyée eassagedi ng t hr ough t he

restrictor |layer and flow restrictor being disposed in the retentate
passage in the restrictor |ayer.

2. The fluid treatment assembly of claim 1 further comprising a manifold positioned
between the first and second end pieces, wherein the manifold includes the retentate outlet
and the retentate passage extends from the feed side of the fluid treatment medium through

the fluid treatment unit and the manifold to the retentate outlet.

3. The fluid treatment assembly of claim 2 wherein the flow restrictor is positioned in

the retentate passage in the manifold.

4. The fluid treatment assembly of claim 2 wherein the manifold includes a body and a
restrictor layer attached to the body, the retentate passage extending through the restrictor

layer and flow restrictor being disposed in the retentate passage in the restrictor layer.

5. The fluid treatment assembly of claim 2 further comprising a restrictor piece
positioned between the first and second end pieces, wherein the retentate passage extends
through the restrictor piece and the flow restrictor is disposed in the retentate passage in the

restrictor piece.



11. The fluid treatnment assenbly of claim@8 further conprising a restrictor
pi ece positioned between the first and second end pieces, wherein the

r et ent at ewpassiagesext ends t hrough the restrictor piece aoa/ushe2fobaws
restrictor is disposed in the retenta®e passage in the restrictor piece.
12. The fluid treatnment assenbly of claim8, 9, 10 or 11 wherein the
retentate outlet conprises a first retentate outlet and the manifold

f urt heo. i nclTihddlmidtreenomdchssatldnbatieinoQl 3,6t oranethavhiarthe retdntats butlet ent at e

tlet fluidl i cat ith the,. trict [ first | ti
Chat *peBwPtts ot Fenisan Bage i Tgobbiie: cuire o eetenilio
pass agang MkcidierirWRARASLARSIHRCT HSRAAIQ5AMAR: ABwI8aARE, I8 AR at & out et

fluidly communicates with the flow restrictor in a second |ocation that
provi déscatios gropdvides péaistendreast iethsderk preesweimethe reteriiete pesseget anndethpassage

which is less than the.first increase.., 13.. The fluid treatnpent .assenbly of
o i m aceod St by e R e e FAR G sl Foatrict i PESLT IR E AT

r et ent at&igusta RborddnatrehdeUh bR PRALNIIE &t @S rivehtitet fassakl QWidhES 1dsh ea@fth@nd
wherein the manifold further conprises a second retentate outlet, the

second firgtiggieasee outlet fluidly conmunicating with the retentate passage
and bypassing the flow restrictor. 14. The fluid treatnent assenbly of
claiml1 further conprising a restrictor piece positioned between the first

and segond damd fRiceesmeitBs@ntly bhelaineehtdadre whGsiaghe exéreatcisutldir ough t he
restrictor piece and the flow restriction is disposed in the retentate
passag&OMAripgse frgsicrntatgeutlst Suklly cammunicating withy the floyy rastictyeed vhicleidf ¢l ai m

1 wher eidinb 61§ kel 8Shpiisek AsedondROShialORER: ik Jebohd RISk IR ARRAZE 1 0 the
fluid treatnment %et. g% Asﬁeot%hod ore treétl;[bng a G%"Il%uei ?fﬁ?n a ?‘I E%g
t r eat mreomnams@nbg yithaké regendaté padagerdndtbypassperthe ibwe resstittet., and a retentate
outlet, the nmethod conprising

8. The fluid treatment assembly of claim 1 wherein at least one of the first and second

end pieces comprises a manifold and wherein the manifold includes the retentate outlet and

the retentate passage extends from the feed side of the fluid treatment medium through the

fluid treatment unit and the manifold to the retentate outlet.

9. The fluid treatment assembly of claim 8 wherein the flow restrictor is positioned in

the retentate passage in the manifold.

10.  The fluid treatment assembly of claim 8 wherein the manifold includes a body and a
restrictor layer attached to the body, the retentate passage extending through the restrictor

layer and flow restrictor being disposed in the retentate passage in the restrictor layer.

11.  The fluid treatment assembly of claim 8 further comprising a restrictor piece
positioned between the first and second end pieces, wherein the retentate passage extends
through the restrictor piece and the flow restrictor is disposed in the retentate passage in the

restrictor piece.

12. The fluid treatment assembly of claim 8, 9, 10 or 11 wherein the retentate outlet
comprises a first retentate outlet and the manifold further includes a second retentate outlet
and wherein first retentate outlet fluidly communicates with the flow restrictor in a first

location that provides a first increase in the back pressure in the retentate passage and the



supplying a fluid fromthe feed fluid inlet through a feed passage in the
fluid treatnent assenbly and tangentially along a feed side of a perneable
fluid tresomrersio2eadi um di recting perneate from arPperuse@o®sditzle of
the perneable fluid treatnment nedi um20hrough a perneate passage in the
fluid treatnment assenbly to the perneate outlet; and directing
retentate fromthe feed side of the perneable fluid treatnent unit through
a reteme@mﬂrﬁaﬂa&g&MbmmﬁhbwbhumﬂﬁmneaWﬂbﬁmfhﬁ@ﬂﬂhkynﬁmamandakmﬁbmﬂmt
outlet, in Iudlng di recti.n the retentate through a flo resﬁ o |n t he
ret ent ¥ ERdARErepI7dR shack Prate T At the prigiafyiesiage Fwé?hrlé Eht
passagqﬁylé}amghe met hod of claim 16 wherein directing the retentate

i ncl udes passing the retentate through the retentate passage |n a manifold
whi ch includes the flowrestrictor and the retentate outlet.
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r et ent bR pHIESAASt fefenutdGitick Had IRV BEnhbigicited aith AEAGMidsaicténgdt hrough the
retentate passage in a restrictor layer which is attached to the nmanifold
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retentate passage in a restrictor piece which is positioned adjacent to the
nanlfold and_includes the flow restrictor.
. The fluid treatment assembly of claim 1 further comprising a restrictor piece
positioned between the first and second end pieces, wherein the retentate passage extends
through the restrictor piece and the flow restriction is disposed in the retentate passage in the

restrictor piece.

15.  The fluid treatment assembly of claim 1 wherein the flow restrictor is positioned in

the retentate passage in the fluid treatment unit.

16. A method for treating a fluid in a fluid treatment assembly having a feed inlet, a
permeate outlet, and a retentate outlet, the method comprising

supplying a fluid from the feed fluid inlet through a feed passage in the fluid
treatment assembly and tangentially along a feed side of a permeable fluid treatment medium;

directing permeate from a permeate side of the permeable fluid treatment medium
through a permeate passage in the fluid treatment assembly to the permeate outlet; and

directing retentate from the feed side of the permeable fluid treatment unit through a
retentate passage in the fluid treatment assembly to the retentate outlet, including directing
the retentate through a flow restrictor in the retentate passage and increasing the back

pressure in the retentate passage.

17.  The method of claim 16 wherein directing the retentate includes passing the retentate
through the retentate passage in a manifold which includes the flow restrictor and the

retentate outlet.



20. The nethod of claim 16 wherein directing the retentate includes passing
the retentate through the retentate passage in a fluid treatnment unit which
i ncl udes wbeofdmassanestrictor. 21. A manifold for a fl uiPdTiuSe@e01Y3
assenbly having at |east one cross fldw fluid treatnment unit, the manifold
conprising a body which has a retentate opening for receiving retentate
froma fluid treatnment unit, a retentate outlet on the body, a retentate
passagéd 8 ext ﬁrhd ineghddhafaligm téhnehdroaydifeciamg thi eeteﬁaterimamd}:s@[ammme reterthte
retentate au and a flow restri posi ti oned eptate
passagdrorgfe! |r%tﬁ}1tf‘@§’taﬁﬁa8?H}aB‘éP%ldg‘Gﬁngélﬂﬁfé’Ean%e Sulel and rovi Pesi ot ance to
retent %t@ntﬁﬂecb‘é’sstagé RHOR s R BBl MhithEs BAR$EIR the %?anlfgﬂiean'aqﬂélﬁ&ESQh@ﬁoﬁl aim 21
wherein the body has a feed opening for supplying feed fluid to a uid

t r eat meestricioni.t and wherein the manifold further conprises a feed |nI et on
the body and a feed passage extending through the body fromthe feed inlet
to the feed opening. 23. The manifold of claim21 or 22 wherein the body

has a per neathe nRRIRSY 6¥LIdiRr 16 WEGLMI dM@cREY 118 2étenthicamdladds|pdbding theaétemate uni t
and wherein the manifold further conprises a perneate outlet on the body

and a puphghthe rgfgrisieqasege endmagifeldhevigs tlnqw@tem?dﬁyowti%ﬁmd Heoysdrtheat e openi ng
to the e N wherein
the fl r&glﬁtgigfpta?sggéér |%1e(5: rgé}éy%@g?&%g@%@g@ﬁﬁ%e atﬂ(rfllg f@ég&fetent ate
passagéndlinde e fodyestridddd. 2013/ 025441PCT/ US2012/ 050143 22 25. The manifold
of any of clains 21-23 further conprising a restrictor |layer attached to a
surface of the body, the restrictor layer formng the flow restrictor and

the ret gnt at"[%e PR AOS c@ﬁﬁlel%dx!vﬂé}eltnmn% 'Ehg ?et&llt W 1@8@%@%%%%52@ fhﬁ rét@ﬁate

restrictor layer to the retentate openihg int e mani fol d of
cl ai m 2xowgletheirctenthe passize ircd Anidlteppemerit noit wdesh mnkadmthmﬁhow ssthttayer s
formng the flowrestrictor, the flowrestrictor conprising a restrictive
fl ow channel .

21. A manifold for a fluid treatment assembly having at least one cross flow fluid
treatment unit, the manifold comprising a body which has a retentate opening for receiving
retentate from a fluid treatment unit, a retentate outlet on the body, a retentate passage
extending through the body from the retentate opening to the retentate outlet, and a flow
restrictor positioned in the retentate passage, the flow restrictor being configured to increase

the resistance to retentate flow through the retentate passage.

22.  The manifold of claim 21 wherein the body has a feed opening for supplying feed
fluid to a fluid treatment unit and wherein the manifold further comprises a feed inlet on the

body and a feed passage extending through the body from the feed inlet to the feed opening.

23. The manifold of claim 21 or 22 wherein the body has a permeate opening for
receiving permeate from a fluid treatment unit and wherein the manifold further comprises a
permeate outlet on the body and a permeate passage extending through the body from the

permeate opening to the permeate outlet.

24.  The manifold of any of claims 21-23 wherein the flow restrictor includes a restrictive

flow channel in the retentate passage in the body.



27. The manifold of any of clainms 21-24 wherein the retentate outl et
conprises a first retentate outlet and the manifold further conprises a
second revenvstesqaut | et and wherein the first retentatePoutusear2idbuusll y
comuni cates with the flowrestrictor22in a first location that provides a
first flow resistance and the second retentate outlet fluidly comunicates
with the flowrestrictor in a second |ocation that provides a second fl ow
resi st @ice Vithi ofenifeld @ssytofiahimh2l 2B fwthek ICOIWpfisiﬁgstralﬁd:ceor lag®.attdtiednani f ol d

of any of. cl ims 21- wherein the retentate outl et rises a first
r et ent AV |ﬂaﬁ bﬁuﬁmrmﬁ%%ﬁmr QEing ﬂeﬁﬁ WL EREIGPTA)dy tggfqt?%%tspa%ﬁ%? wher ei n
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retentate ou Iet | uidly communicating wth' the retent ate passage and

bypassibady.t he flow restrictor.

26.  The manifold of claim 25 wherein the restrictor layer includes one or more sublayers

forming the flow restrictor, the flow restrictor comprising a restrictive flow channel.

27.  The manifold of any of claims 21-24 wherein the retentate outlet comprises a first
retentate outlet and the manifold further comprises a second retentate outlet and wherein the
first retentate outlet fluidly communicates with the flow restrictor in a first location that
provides a first flow resistance and the second retentate outlet fluidly communicates with the
flow restrictor in a second location that provides a second flow resistance which is less than

the first flow resistance.

28.  The manifold of any of claims 21-24 wherein the retentate outlet comprises a first
retentate outlet fluidly communicating with the flow restrictor and wherein the manifold
further comprises a second retentate outlet, the second retentate outlet fluidly communicating

with the retentate passage and bypassing the flow restrictor.



