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For A Filtration Device BACKGROUND OF THE | NVENTI ON 5[ 0002] The present

i nventi orwgenewmB4sg rel ates to water filtration apparat eegdaiS20in/0pesst i cul ar
the present invention relates to a cross-flow water filtration apparatus
that includes a brine seal having a bypass. Filters to which the present
invention is applicable include reverse osnosis, ultrafiltration,
nanofiltration and mcrofiltration filters. 100031 Typical filter
apparatuses 1000 (Figs. 1 and 2) of the prior art include one or nore
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20100041 Brjne seal s_1006 are needed on_the tubular filter assenblies 1002
to di reﬁraﬁk@HOW@Pﬁm P angdanicifilgation flieEnt of the filter apparatus 1000
and prevent feed flow from bypassing a tubular filter assenbly. Such brine
ceal 5 109883%ar d SRicehKraPPBiiS IORALIEF 1and 2) GbHIP AFIOK 31 neluda gaserIngreand
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mat er i asiges suchdf WS, 8fand 161imubrdidmdters ANCEpetitfohethe mgtatar Fidteresemblies atant er nal
di aneter of the tubular pressure vessel and the outside dianmeter of the
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tubular filter assemblies and keep the cost of the filter apparatus as low as possible, the tubular
filter assemblies are connected together in series within a single tubular pressure vessel. The
tubular filter assemblies include a brine seal 1006 at an end of each tubular filter assembly

1002.

20 [0004] Brine seals 1006 are needed on the tubular filter assemblies 1002 to direct feed water
into the filter element of the filter apparatus 1000 and prevent feed flow from bypassing a
tubular filter assembly. Such brine seals 1006 are attached to the ends of the tubular filter
assembly and preferably about its anti-telescoping device (ATD) on its feed-side to prevent the
bypass of feed liquid between the tubular filter assembly 1002 and the tubular pressure vessel

25 1004. The brine seal is typically designed to extend or expand when feed liquid flows into the
brine seal to form a water-tight seal. Such brine seals are formed from flexible rubber materials
to adjust for minor tolerance differences between the internal diameter of the tubular pressure

vessel and the outside diameter of the brine seal/tubular filter assembly.



assenblies wth conventional brine seals can only be inserted and passed

t hrough a tubul ar pressure vessel in a single direction. Thus, should a

si ngl e t WWOI2ar1/d8B458er assenbly need to be repl aced, thePemise@19ersses of
tubular filter assenblies within a single pressure vessel in front of 5the
direction of travel of the problematic tubular filter assenbly woul d need
to be renoved for the exchange. In addition, conventional rubber brine
seal s produce a significant anmount of friction when draggi ng/ pushing the
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need for plant floor space to accommodate this type of action about both ends of the tubular

20 pressure vessel.

[0007]  Further, conventional rubber brine seals must also be lubricated to allow the tubular
filter assembly to efficiently slide within the tubular pressure vessel. However, such lubricants

can detrimentally contaminate the filter assembly’s filter element.

[0008]  Furthermore, the areas directly behind traditional brine seals are not exposed to
25 turbulent flow conditions. Thus, the stagnant nature of fluid behind the brine seal allows for the

formation of biofoul growth, which is detrimental to the operation of filter apparatus.

[0009]  Accordingly, there is still a need for a filter assembly that can be loaded and removed
from a pressure vessel about a single end, a filter assembly having a brine seal which reduces
the amount of physical force necessary for multiple filter assembly installation and/or

30 extraction, and eliminates the use of lubricants.



[0010]In a first aspect, the present invention provides a filtration device
that includes a tubular pressure vessel and a tubular filter assenbly. The
t ubul ar fwbterr/@s4s8nbly is housed within the tubul ar pr@ssarseonsssst. The
tubular filter assenbly includes a filter elenent and a 5 split ring seal.
The split ring seal circunscribes the filter elenment and includes an
annul ar body fornmed froma hard polynmer. The annul ar body includes a first
end, a second end opposite the first end and slidably engaged with the
first end, and an openi IBRIEFtSHMMIR Y [oOUEE INVENTTON ar body in a direction
substantially parallel to a |longitudinal axis of the annular body. [0011]
In a second aspect, the present jnvention ov'des a antl-telescoplng
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surt ace, an ‘openi'ng rou ine sea
comuni foarheabfrofnraimrd b@lyinat eTiad anaulraf bady 1hduﬂé‘$el firsreed] @becond érﬁlcoappo@&&ﬁa] In a
third ect resent |nve provides a filtratio ice that
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t ubul arb&fyﬁﬁ%t&ﬁ@cﬁ&%ﬁsétaﬂtag paafelad a WH BT HACS tROshralr bbder surface. The
tubular fillter assenbly is housed within the tubular pressure vessel and
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understood when read. in coé;uﬁﬁtlon with the Zﬁgfgended dr awi ngs, For the
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under st ood, however, that the invention is not limted to the precise

ar Fangemedigksugiaes- i nstrunental i ti es shown. In the drawi ngs: WO
2011/ 088458PCT/ US2011/ 021552 [0014]Fig. 1 is a schematic representation
showi ngl081ar th althirdcaspest,-the ptesent afventggrgerovides a filtration device that includes a

tubular pressure vessel and a tubular filter assembly. The tubular pressure vessel includes an

outer surface and an inner surface. The tubular filter assembly is housed within the tubular

pressure vessel and includes a filter element and a brine seal. The brine seal circumscribes the
20 filter element and includes an annular body formed from a hard polymer. The brine seal is

spaced apart from the inner surface of the tubular pressure vessel.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0013]  The foregoing summary, as well as the following detailed description of the preferred
embodiments of the invention, will be better understood when read in conjunction with the

25 appended drawings. For the purpose of illustrating the invention, there are shown in the
drawings embodiments of the invention which are presently preferred. It should be understood,
however, that the invention is not limited to the precise arrangements and instrumentalities

shown. In the drawings:



el evational view of a conventional filter apparatus having nmultiple filter
assenblies installed within a pressure vessel; [0015]Fig. 2 is a partial
perspect iwe 20110088458 a conventi onal U shaped brine seal &63asRiie265n a
filter assenbly; [0016]Fig. 3 is a partial, cross-sectional, side

el evational view of a filter apparatus in accordance with a first aspect of
the present invention; [0017]Fig. 3Ais an enlarged, partial,
cross-sectional, side elevational view of a detail of the filter elenent of

the filfoer4jappag.at g sohentedtid represedliOW dftlWih@a pdrfial, Sross-fdchdal 8iRvat i onal vi ew
of one enbodi nent of an anti-tel escoping device of the filter .apparatus of

Fig. 3;clpayoulmigy 0f4§acqn§er&ioeelof§§r§@taﬁtbghav;r}gsmaléip1@! fdieapssemblicsindelieds t he
antl-tewgﬁﬁggﬁggmgggggp of Fig. 4A; [0020]Fig. 4Cis a cross-sectional

side el evati view 6f the anti-tel escoping device of 15Fig. 4A assenbl ed
with a @apige I i . ' . i jon;
[0021] AOH13 T8 2 RN Py RulP RSB abARALoRl U Menhl Gkl PUEMCLT,

vi € oftotatfdteantsemblyel escopi ng device of Fig. 4C, [0022]Fig. 5A is a front

el evational view of a split ring seal in accordance with the first aspect
of the jpoBgentFig.rvigatpanial, cZé3k-8E2dhill gde BBvit®nalnviembas ek, appattus @l , si de

el evational, view of _.the split ring seal of Fig. 5A; [0024]Fig. 5Cis a side
el evat i BAAMaRSeVIE fitshaspsgiof fhernrﬁ%ms@&?m@fl: Fig. 5A

[0017]  Fig. 3A is an enlarged, partial, cross-sectional, side elevational view of a detail of the

filter element of the filter apparatus of Fig. 3;

10 [0018]  Fig. 4A is a front elevational view of one embodiment of an anti-telescoping device

of the filter apparatus of Fig. 3;

[0019]  Fig. 4B is a cross-sectional, side elevational view of the anti-telescoping device of

Fig. 4A;

[0020] Fig. 4C is a cross-sectional, side elevational view of the anti-telescoping device of

15 Fig. 4A assembled with a brine seal according to one embodiment of the present invention;

[0021] Fig. 4D is an enlarged, partial, cross-sectional, side elevational view of the anti-

telescoping device of Fig. 4C;

[0022] Fig. 5A is a front elevational view of a split ring seal in accordance with the first

aspect of the present invention;

20 [0023]  Fig. 5B is an enlarged, partial, side elevational view of the split ring seal of Fig. 5A;
[0024]  Fig. 5C is a side elevational view of the split ring seal of Fig. 5A;
[0025] Fig. 5D is an enlarged, partial, side elevational view of the split ring seal of Fig. 5C;

[0026] Fig. 6 is an enlarged, partial perspective view of a split ring seal in accordance with

another aspect of the present invention;

25 [0027]  Fig. 7 is an enlarged, partial perspective view of a split ring seal in accordance with

yet another aspect of the present invention;



[0025]Fig. 5D is an enlarged, partial, side elevational view of the split
ring seal of Fig. 5C, [0026]Fig. 6 is an enlarged, partial perspective view
of a spliwonrongsssal in accordance with anot her aspect @®CTiUseoIpOZESENt

i nvention; 25[0027]Fig. 7 is an enlarged, partial perspective view of a
split ring seal in accordance with yet another aspect of the present

I nvention; WD 2011/ 088458PCT/ US2011/ 021552 [0028]Fig. 8A is a front

el evational view of another enbodi nent of an anti-tel escoping device in

accor dapogs|vi tHg a80lsheford eRe&Horaf vitWDT BAGRERboBMRIML b4 anti0BRobing. 8B is a
cross-sectiognal, side elevational view of the anti-tel escoping device of

Fi g. 8Adeviggdn s¢aopBopFvigh apetheraspect pighe present inyigation;si de el evati onal vi ew of
the anti-tel escopi ng device of Flnlg 8A assenbled with a brine seal

accor di 982910 dfie Shisadirersrsectivhal, pide pievational view ehtheanti-tEESTAPINEBeDESTUR PTI ON
OF THE h:NVENT] OGN [0031] Referring to Fig. 3, in a first aspect, the present

i nventiofi provides a filtration device 10 that includes a pressure vessel

12,5 a ffgbé@r %ﬁg?‘étgfs% ks 30iRar Bl Ele\r/:%t%%alsﬁngv of-Bie alf1SelRd %Siﬁgﬁgvi%é)é’tess.e' 12
I s preflerabl y a*tubul’ar "pressure vessel W th opposite ends rmng an inlet

and an Big! 8 2tsseinblet evih' £lsdriersealvess@ing td bige dmbddehert 9% eelpraseddnventiphi.ef er abl y
a tubular filter assenbly that is housed within the tubular pressure vessel

12 and inserted into DEEAIBRIDESCRIEE®N OFVESESBIVENTOOgh its inlet end 11.
Since tubul ar pressure vessels are known in the art, a detail ed description

lcjn;]d; :t @h ct Li%e&el?lgg t(? lgi%r ?,ti}lg. 1r|stsas;?ecc):%, t}?ee;?reesseﬁtai% erIti%El p?ov%gerggl fﬁ%rgtion device

10 that includes a pressure vessel 12, a filter assembly 14 and a split ring seal 16. The pressure

10 vessel 12 is preferably a tubular pressure vessel with opposite ends forming an inlet and an
outlet of the pressure vessel. The filter assembly 14 is preferably a tubular filter assembly that
is housed within the tubular pressure vessel 12 and inserted into the tubular pressure vessel
through its inlet end 11. Since tubular pressure vessels are known in the art, a detailed
description of its structure and operation is not necessary for a complete understanding of the

15 present invention. However, exemplary tubular pressure vessels include those manufactured

e.g., by Bekaert of Vista, CA, Pentair of Minneapolis, MN and Bel Composite of Beer Sheva,

Isreal.

[0032]  The tubular filter assembly 14 includes a filter element 15 (Fig. 3A) and a split ring
seal 16. The filter element 15 can be any water filter element, such as a reverse osmosis filter,
20 an ultrafiltration filter, a nanofiltration filter, or a microfiltration filter. Such tubular filter
elements are known in the art and thus a detail description of their structure and function is not
necessary for a complete understanding of the present invention. However, an exemplary filter
element of the filter assembly 14 is described in U.S. Patent Application Publication No.
US2009/0314713, the entire disclosure of which is hereby incorporated herein by reference.

25 [0033]  The tubular filter assembly 14 also includes an anti-telescoping device (ATD) 18
(Figs. 3A and 4A-4D) about opposite ends of the tubular filter assembly. The ATD 18 is
generally configured, as shown in Figs. 4A-4D and attached to the filter element 15 about the

end of the filter element to cap off the tubular filter element ahd prevent any telescoping of the



15 present invention. However, exenplary tubular pressure vessels include

t hose manufactured e.g., by Bekaert of Vista, CA, Pentair of M nneapolis,
MN and BeWwoCompssgisBe of Beer Sheva, |sreal. [0032] The t mbwitseofioktsez
assenbly 14 includes a filter element 15 (Fig. 3A) and a split ring seal

16. The filter elenent 15 can be any water filter elenent, such as a
reverse osnosis filter, 20an ultrafiltration filter, a nanofiltration
filter, or a mcrofiltration filter. Such tubular filter elements are known

in the @bhlapRfeddidttend fietal Jotch@iany b&ut,B0ciPds Witesgirapwotied tabglapilerf unction is
not necessary for a conplete understandi ng of the present invention.

However¢lemgntaxenpl ary filter element of the filter assembly 14 is described
in US. Patent Application Publication No. U52009103 14713, the entire
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2011/ 088458PCT/ US2011/ 021552 tubul ar filter elepent that can potentially
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18a and "a "spoke and wheel " configuration, as shown in Fig. 4A. A central
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the ATD. The first surface 22 also defines an exterior surface of the
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211 s SRR AR he RN olrsl STk o iipheel b hARE afefocd 0P b 1
conf i gurirglseablé)ay besa sisavsindiigd. 8Aland 40- shaped cross-secti on when vi ewed
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[0036]  The split ring seal 16 is configured, as best shown in Figs. SA-D. Preferably, the
split ring seal 16 is formed as a unitary structure to reduce the complexity of the overall tubular
filter assembly 14. The split ring seal 16 includes a substantially annular body 28. The annular
20 body 28 has a planar inner surface 30, a convex outer surface 32, a lateral surface 33a, and a
medial surface 33b. Preferably, at least one of the lateral surface 33a and the medial surface
33b of the split ring seal is spaced apart from either the first wall 24 or second wall 26 of the
ATD. More preferably, both the lateral surface 33a and the medial surface 33b of the split ring
seal are spaced apart from the first wall 24 and the second wall 26, respectively. Spacing the
25 split ring seal 16 from the first and/or second wall 24, 26 advantageously allows for the flow of

feed liquid along and around the gland.

[0037]  The convex outer surface 32 advantageously allows for the filter assembly 14 to be
inserted or removed from the tubular pressure vessel 12 in either direction, i.e., feed flow
direction or opposite the feed flow direction. The split ring seal also includes a first end 34 and

30 second end 36 that forms a split or overlap within the split ring seal. The first and second ends



15the split ring seal. The gland is generally sized and configured to house
and receive the split ring seal 16, as best shown in Figs. 3A and 4C.

[ 0036] Thewopbiossisng seal 16 is configured, as best sShoROTIUS2MHILHS1555A- D.
Preferably, the split ring seal 16 is fornmed as a unitary structure to
reduce the conplexity of the overall tubular filter assenbly 14. The split
ring seal 16 includes a substantially annul ar body 28. The annul ar 20body
28 has a planar inner surface 30, a convex outer surface 32, a |lateral
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15 accurate dlmensmnmg of the split ring seal to ensure alignment with the tubular pressure vessel,

and consequently removes the need for lubricants on the split ring seal.

[0039]  Due to the configuration and rigid nature of the split ring seal formed from a hard
polymer, the split ring seal retains its annular shape. Thus, the split ring seal can be flexed to
move between the first position having a first diameter and the second position having a second
20 diameter. That is, the split ring seal can flex for assembly onto the tubular filter assembly and
collapse about the circumference of the tubular filter assembly owing to the slidably engageable
first and second ends of the split ring seal. However, due to the resilient nature of the split ring
seal, when assembled to the tubular filter assembly (e.g., the tubular filter assembly’s glad) the
split ring seal is biased and springs radially outwardly to fill an annular gap formed between the
25 tubular filter assembly 14 and the inner wall of the tubular pressure vessel 12. Preferably, the
split ring seal springs radially outwardly to fill a majority of the annular gap between the
tubular filter assembly and the tubular pressure vessel and more preferably so as to directly
contact an inner circumferential surface of the tubular filter assembly. The split ring seal’s
flexibility advantageously allows it to collapse and reduce its overall diameter to conform to the
30 tubular pressure vessel’s inside diameter, which may vary from one vessel to another due to

manufacturing tolerances.



duroneter elastoner or a rigid plastic having a Shore hardness of D or

hi gher. Preferably, the 10hard polyner is forned from but not limted to
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oxi de, polycarbonate, polystyrene, polyvinylchloride,

acrylonitrile-butadi ene-styrene, styrene-acrylonitrile, polyethylene

t erepht hal ate, nel am ne formal dehyde and/ or conbi nati ons thereof. The hard
pol ynmer advant ageously provides for lower frictional forces in sliding a
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biological residuals. As a result, the opening inhibits biofouling growth and accumulation

behind the split ring seal. Preferably, the opening is sized to allow about 0.1% to about 5.0% of

the liquid feed flow rate Q passing through the tubular pressure vessel to pass through.

[0043] Referring back to Fig. 3A, the split ring seal 16 can alternatively be configured with
25 or without an opening 38 and with its convex outer surface 32 being spaced apart from an
interior surface 42 of the pressure vessel 12. Preferably, the split ring seal is spaced apart from
the interior surface about 0.01 inches to about 0.03 inches. More preferably, the split ring seal
is spaced apart from the interior surface sufficient to form a gap opening about 0.0% to about
1.5% of the total cross-sectional surface area taken along a plane perpendicular to a longitudinal

30 axis of the tubular pressure vessel. Alternatively, the split ring seal is spaced apart from the



ATD s first and second wall's outer nost surfaces 24a, 26a (Fig. 4D). The
split ring seal 1l0extends in the radial direction fromthe outer nost
surface ovObH/088438 Preferably, the split ring seal ext@auastelometshe
out ernost surfaces 24a, 26a about 0.5%to about 1.5% of the ATD s overall
dianeter. [0042]Figs. 3, 4Cand 4D illustrate the split ring seal 16
nmounted within the gland 20 of the ATD 18. Wen nounted within the gland,
the split ring seal has its inner surface 30 in contact 15 with the first
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The spl 134 inclndessefast sirfaec bichnd a groove 146 extending from the first surface 144. The

second end 136 includes a second surface 148 and a flange 150 extending from the second

surface 148. The groove 146 and flange 150 are configured to nest in a tongue and groove

configuration. The first surface 144 substantially faces the second surface 148.

25 [0046]  Alternatively, the split ring seal can be configured as a quad ring 216, as shown in
Fig. 7.

[0047] In the fully assembled state, as best shown in Figs. 3 and 3A, the split ring seal 16
circumscribes the tubular filter assembly 14 and extends proud of an outer most surface of the
tubular filter assembly to provide a barrier against feed flow through the tubular pressure

30 vessel. However, due to the split ring seal’s opening 38 and/or spacing from the tubular



end 36 includes a second surface 48 and a second flange 50 extending from
the second surface 48. The first surface 44 is preferably configured to
subst ant iwDI2g11f88458t he second surface 48. The first fl amrg@&/ussogoafssyured to
slidingly engage the second flange to allow variations within the split
ring seal's dianeter and for assenbly onto the ATD. However, each of the
first and 15second flanges are preferably configured such that the first
flange 46 is spaced apart fromthe second surface 48 and/or the second

fl ange fssh wpReethi@rmallfsuetdd, e shlit sig ulr ddaatagbbusipallows B8 dlckrtaih he
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conf gulzt’c(:)e(rjal surface 133a and a medial surface 133b, and is preferably configured to have at least one
20 of the lateral surface 133a and the medial surface 133b of the brine seal spaced apart from
either the first wall 124 or the second wall 126. More preferably, both the lateral surface 133a
and the medial surface 133b of the brine seal are spaced apart from the first wall 124 and the

second wall 126, respectively.

[0050] The split ring seal 16 or brine seal 116 of the above embodiments can optionally be
25 configured to include a biocidal agent to further inhibit biofouling of the filtration device.
Exemplary biocidal agents applicable to the present invention can include, but are not limited
to, biocides based on detergents, dyes, halogens, heavy and precious metals, phenolic
compounds, quaternary ammonium compounds, and silane derivatives. Preferably, the biocidal

agent is 5-chloro-2-(2, 4-dichlorophenoxy)phenol (also known as Triclosan). Such biocidal

10



as gland 20 descri bed above for ATD 18. [0049] The anti-tel escopi ng device
118 also includes a brine seal 116 positioned within the gland. The brine
seal 116 wearohesssafi gured as descri bed above for the spCTiUSecémy2s6al 16,
or be configured as an O-ring seal 116 that is nolded directly into the
gland so as to be integrally 15forned as part of the anti-tel escoping

devi ce thereby greatly reducing conplexity of handling in a field/ use
environnment. The gland includes a first wall 124 and a second wall 126 that
ext endsadeadican by c@iporated ahdidrenxad dikdcHY ifitb ASeesin S€edsfof ndkkngletFornling tHel 1 St
transverse surface 122 extends parallel to a |longitudinal axis of the

ant i - t elpdsEppFeRY 1@evhEns sealndbpri ne seal 116 includes a lateral surface 133a
and a nedial surface 133b, and is Ereferabl y configured to have at | east

one 200[000He Ilhwitkbe appractataddy1tbow skilgd imibe piidhatichanges eqdd hamadei thihve bri ne
seal sp . e i I 6.
More pre eoglzli P@E 5%88{1%8[ %é){l?%t}élrﬂz}ﬁe ?Hl %g}gﬁfh%él%g% Ve{"] ggegpﬁlg }lljé?* alét}asz 133b
of 3he Mden&)o@eﬂllere&rre, thgnalkie thvapdert 1s1’nbt)]mmttérbtofthas pdrtiowdhrd enftddingemds disdossé.cond

wal | 1 6, ectlve %0% The s rlng %fal 161£r brine seal 116 of

t he abo ‘éﬂdﬁ‘éfﬂ VELRO E‘f t&ﬂﬁ‘él“fl lrb e SRIEH AT PR PO PRI TEOHSoci dal
agent tgaﬁyab?qkzmgakﬁﬂkmghgfouI|ng of the filtration device. Exenplary

bi oci dal agents applicable to the present invention can include, but are
not limted to, biocides based on detergents, dyes, hal ogens, heavy and
preci ous netals, phenolic conpounds, quaternary anmoni um conpounds, and
silane derivatives. Preferably, the biocidal agent is 5-chloro-2-(2,

4-di chl or ophenoxy) phenol (al so known as Triclosan). Such biocidal WO
2011/ 088458PCT/ US2011/ 021552 agents can be conpounded and/or m xed directly
into the resin used for nolding or formng the split ring seal 16 or brine
seal 116. [0001]1t will be appreciated by those skilled in the art that
changes coul d be made to the enbodi nents descri bed above w thout departing
fromthe broad inventive concept thereof. It is 5Sunderstood, therefore,
that this invention is not limted to the particul ar enbodi nents di scl osed,
but it is intended to cover nodifications within the spirit and scope of
the present invention as defined by the appended clainms. WO

2011/ 088458PCT/ US2011/ 021552
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CLAIMS W claim 1. Afiltration device conprising: a tubular pressure
vessel; 5a tubular filter assenbly housed within the tubular pressure
vessel , twoe2oulnsB48 filter assenbly having: a filter el @®AiS201a/001552 a
split ring seal circunscribing the filter elenment, the split ring sea
i ncl udes an annul ar body fornmed froma hard polynmer, the annul ar body
i ncludes: 10a first end, a second end opposite the first end and slidably

engaged with the first end, and an openi ng extendi ng through the
annul ar body in a direction parall etpapvs | ongitudinal axis of the annul ar
body. 15 2. The filtration device of claim1l1, wherein the split ring

seal is configured to extend radially outwardly fromthe tubular filter
assenbM@‘&H@:spaced apart froman interior surface of the tubul ar pressure
vessel. 203. The filtration device of claim1, wherein the split ring seal

i s spaced abaﬁ¥ﬁhﬁ@ﬁﬂﬂﬁ@“i%mﬁ¥$§%1surface of the tubul ar pressure vessel to

form an annyhﬁpgggﬁgﬁﬁ%&%%?ent to allow about 0.0%to 5.0%of a total fluid

fl ow vol unme t tration device to pass through. 4,
Thed fi |l trata mbublefiltaessimbdy housed withinethe tubutan erespire vessélntye sebalar filtet her

conpri ses | anar 25i nner surface and a convex outer surface. 5.
The fi???ﬁ@? Vif8vi ce of claim 4, wherein the first end includes a first

surface subst antd akdreldndsit,pgda second surface of the second end, wherein a
first flange extends fromthe first surface and a second fl ange extends
fromthe second &t HES seahpidcuppssribing thefalter ielegient, theplit dogtcrbiapludessigages

the second fang Body formed from a hard polymer, the annular body includes:
10 a first end,
a second end opposite the first end and slidably engaged with the first end,
and
an opening extending through the annular body in a direction parallel to a

longitudinal axis of the annular body.

15
2. The filtration device of claim 1, wherein the split ring seal is configured to extend
radially outwardly from the tubular filter assembly and spaced apart from an interior surface of
the tubular pressure vessel.
20 3. The filtration device of claim 1, wherein the split ring seal is spaced apart from the

interior surface of the tubular pressure vessel to form an annular gap sufficient to allow about

0.0% to 5.0% of a total fluid flow volume through the filtration device to pass through.

4. The filtration device of claim 1, wherein the split ring seal further comprises a planar

25  inner surface and a convex outer surface.

5. The filtration device of claim 4, wherein the first end includes a first surface
substantially facing a second surface of the second end, wherein a first flange extends from the
first surface and a second flange extends from the second surface, and wherein the first flange

30  slidably engages the second flange.

12



WO 2011/ 088458PCT/ US2011/ 021552 6. The filtration device of claimb5,
wherein one of the first and second flanges is spaced apart from one of the
first andweeoonds4sar f aces defi ning the openi ng ext endi ngCrhrseuglo2tshz
annul ar body. 57. The filtration device of claim1l, wherein the first end
includes a first surface substantially facing a second surface of the
second end having a groove, wherein a tongue extends fromthe first surface

is received within the groove. 8. The filtration device of
claim7, wherein the first surface is spaced apart fromthe 10second
surface defining the opening extendi ng through the annul ar body 9.

The filtrat$-odhaditrasien devies af @eim S.wrheran ang efahe firstipngd sepond; f&“%%@ PRSPy
furthe patt oM bRESE e Bk ?ﬁdge%{) %ﬁkes@eﬁﬂﬂﬁ%@@lgﬁﬁ%ﬁéﬂ?ﬁg%r&fx Hdie filter

assenb for receiving rrng sea trat on device of
clain18muwm9mahn t he C|rcunferent|al gl and conprises a U shaped
cross-section taken along a pl ane extendi ng through t he Iongitudinal axi s

of the annula ed, Cr,0Ss 0 wal

extStendl ng ;U]adlrrgf’ ?@%‘8?&5“8? OIth}g ! fhgéeé%ng%gt &g%dégag%ér E}Sc%om the first
wal | agihsanti#ydhéifg 4 sctoad bmf@ubwedbmdandhmegmne tvmresxph tdngné ng seal is
spaced apart from at |east one %I Qe first wall and the second wall.

11. Thextendsfiogt the firg syifacs ipreceived within thh@PRYS the hard pol yner is sel ected
fromthe group consisting of polypropyl ene, ultrahigh nolecul ar wei ght

pol yet hyl ene, pol yphenyl ene oxi de, 25pol ycarbonate, polystyrene,

pol yvi nyl ch$. oﬂ“lhdéltra@onylb‘am 0f¢lalmbmlmﬁneﬁ@ firstyspefpre, is spagedppart feam heonitril e,

po et hyl ene ate conbi nati ons
(%/eo?e\éondﬂlsur%ace %%h mﬁa1t °P P?I? X&%gn tblpoc gﬁ Iﬂ% arﬁ?éa Fm 1. wherein the s plit
rlng seal conprises a biocidal agent. WO 2011/ 088458PCT/ US2011/ 021552
9. The filtration device of claim 1, wherein the tubular filter assembly further comprises

a circumferential gland proximate an end of the filter assembly for receiving the split ring seal.

15 10. The filtration device of claim 9, wherein the circumferential gland comprises a U-
shaped cross-section taken along a plane extending through the longitudinal axis of the annular
body, the U-shaped cross-section having:

a first wall extending radially outwardly; and
a second wall spaced apart from the first wall and extending radially outwardly, and
20 wherein the split ring seal is spaced apart from at least one of the first wall and the second

wall.
11. The filtration device of claim 1, wherein the hard polymer is selected from the group
consisting of polypropylene, ultrahigh molecular weight polyethylene, polyphenylene oxide,
25  polycarbonate, polystyrene, polyvinylchloride, acrylonitrile-butadiene-styrene, styrene-

acrylonitrile, polyethylene terephthalate, melamine formaldehyde and/ combinations thereof.

12. The filtration device of claim 1, wherein the split ring seal comprises a biocidal agent.

13



13. The filtration device of claim1l, wherein the tubular filter assenbly
further conprises a gland, and wherein the split ring seal is nounted

wi t hin thwoghanmds4sd i s biased radially outwardly to extemdsstegintsiz gl and.
14. An anti-tel escoping device for a spiral wound el enent conprising: 5a
cylindrical body that includes a gland circunscribing the cylindrical body;
and a brine seal positioned within the gland, wherein the brine seal
extends radially outwardly fromthe gland, the brine seal including an

annul ar body3 corlirsioAdievRe bREIBMAN, Wit ER SRS tuBul BRIt hsseHiblyARANaRRADIES t he
| ateral surface; and 10an opening extending through the brine seal to allow

fluid eslardrandarhicsnin thegplitfing seak is mounted pitharethe glanA @ndrisdiiased sadidllyce.  15.
The antj - [o30)) | C f claim 14, wherein the gland conprises: a
first é%tﬂfaﬁdéiﬁ’s%@%@gfrn‘??ﬁiel%i"a“‘éara||e| to a longitudinal axis of the

anti-tel escoping device; a first wall extending radially outwardly fromthe
first surfate;Al&ei-sksapihgdevice dout aspitiahgoursidilethént compmsingll y from the first

surface and spaced rt. fromthe first wall.;. and . . erein,at |east
ones a0 o SRR IR Inal et S elehd B RetibipE R capingrical BRbRATL Oy ' T
spaced apar § bfih®BaPpited Rethin the blan@ | Wheddifl tHehRins 660 BLte@® hdially outwardly 16.

The anti-telescoping device of claim 15, wherein _ the |ateral surface of the

bri ne &emithoglagd.dhabring ssplineluding an eprilgnbody cQmpisieg: t he gl and and the

medi al surface Oﬁk&QQsﬁﬁﬁ&ﬁ seal is spaced apart fromthe second wall of

t he gl and. 17. "The anti-tel escopi ng device of claim15, wherein the
brine seal is anafediahgrieabpnostietpcddtegl funfangdnds part of the

ant i -tel escopi ng_devi ce. . 18.. The .anti;telescoping device of claim
1510 Wher oi n ¢ he Bt faaTEsxendios P gyt PO seehigraSHaRf SRttt Tom
the group cowIatelal HEfaoé toxae weaapyireee, ul trahi gh nol ecul ar wei ght

pol yet hyl ene, pol yphenyl ene oxi de, pol ycarbonate, pol ystyrene,

Dol yet hyl enkS (B BTG R BE PSR Sy O NP ULHYASaR EImBBRS: nat i ons
t her eof . a first surface substantially parallel to a longitudinal axis of the anti-telescoping device;
a first wall extending radially outwardly from the first surface;
15 a second wall extending radially outwardly from the first surface and spaced apart from
the first wall; and
wherein at least one of the lateral surface and the medial surface of the brine seal is

spaced apart from one of the first wall and the second wall.

16. The anti-telescoping device of claim 15, wherein the lateral surface of the brine seal
20  is spaced apart from the first wall of the gland and the medial surface of the brine seal is spaced

apart from the second wall of the gland.

17. The anti-telescoping device of claim 15, wherein the brine seal is an O-ring seal

integrally formed as part of the anti-telescoping device.

18. The anti-telescoping device of claim 15, wherein the brine seal is formed from a hard
25  polymer selected from the group consisting of polypropylene, ultrahigh molecular weight -
polyethylene, polyphenylene oxide, polycarbonate, polystyrene, polyvinylchloride, acrylonitrile-
butadiene-styrene, styrene-acrylonitrile, polyethylene terephthalate, melamine formaldehyde

and/ combinations thereof.
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WO 2011/ 088458PCT/ US2011/ 021552 19. The anti-telesCoping devi ce of

claim 15, wherein the brine seal conprises a biocidal agent. 20. A
filtrati oNOodeuosgsssonpri si ng: a tubul ar pressure vessel PRAWS21/05E82 out er
surface, and an inner surface; a tubular filter assenbly housed

wi thin the tubul ar pressure vessel, the tubular filter assenbly having: a
filter elenment, and 10a brine seal circunscribing the filter elenent, the
bri ne seal includes an annul ar body formed froma hard pol ynmer, wherein the

brine seal 1% TRaGEGIaRpihg HEWBR shBaimNIBe Ivheield @6 Brifd sdah@nipHed @biopidgissur e
vessel . 1521. The filtration device of claim20, wherein the brine seal is
spacedaggphrt fromthe inner surface about 0.0%to about 1.5%of a tota
cross-sectional area of the filtration device taken along a | ongitudi nal

axis of theyj i hifidkibRBeH& ddnrising:
a tubular pressure vessel having:
5 an outer surface, and

an inner surface;

a tubular filter assembly housed within the tubular pressure vessel, the tubular filter

assembly having:
a filter element, and
10 a brine seal circumscribing the filter element, the brine seal includes an annular
body formed from a hard polymer,
wherein the brine seal is spaced apart from the inner surface of the tubular pressure

vessel.
15 21. The filtration device of claim 20, wherein the brine seal is spaced apart from the inner

surface about 0.0% to about 1.5% of a total cross-sectional area of the filtration device taken

along a longitudinal axis of the filtration device.
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