TI TLE OF THE | NVENTI ON [ 0001] Brine Seal For A Filtration Device
BACKGROUND CF THE | NVENTI ON 5[ 0002] The present invention generally
relates to water filtration apparatuses. In particular, the present
invention relates to a cross-flow water filtration apparatus that

i ncludes a brine seal having a bypass. Filters to which the present
invention is applicable include reverse osnosis, ultrafiltration,
nanofiltration and mcrofiltration filters. [0003] Typical filter
apparatuses 1000 (Figs. | and 2) of the prior art include one or nore
10t ubul ar filter assenblies 1002 housed within a tubular pressure
vessel 1004. Such tubular filter assenbl.i 8@?% repl aceable filter
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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
bypass of feed liquid between the tubular filter assembly 1002 and the tubular pressure vessel

-side to prevent the

25 1004. The brine seal is typically desxgned 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.



[ 0005] The configuration of conventional brine seals is problematic,
since tubular filter assenblies with conventional brine seals can
only be inserted and passed through a tubul ar pressure vessel in a
single direction. Thus, should a single tubular filter assenbly need
to be replaced, the entire series of tubular filter assenblies within
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ly slide within the tubular pressure vessel. However, such lubricants

[0008]  Furthermore, the areas directly behind traditional brine deals 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.



30extraction, and elimnates the use of l|ubricants. BRI EF SUMVARY OF
THE I NVENTION [0010] I n a first aspect, the present invention provides
a filtration device that includes a tubular pressure vessel and a
tubular filter assenbly. The tubular filter assenbly is housed within
t he tubul ar pressure vessel. The tubular filter assenbly includes a
filter elenment and a 5 split ring seal. The split ring seal
circunscribes the filter elenment and includes an annul ar body forned
froma hard polyner. The grmH arMiRpdy OraHBRS/ENTIONSt end, a second
end opposite the first end and slidably engaged with the first end,
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wel |l as the foll W|ng detail ed description of the preferred
embodiPmen{™€ ‘6‘*5“{ & |nvent| on, will be better understood when read in

conj unct i ?(ﬂ) ﬂ B %? cpg&d;ﬁgsegtrlmnﬂ%pmﬁ@és 4 fGatirosethaf includes a
i 1Tustrat ¥t h nvenat o ere are shown_in the ud
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 clement 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:



drawi ngs enbodi nents of the invention which are pr

It shoul d be understood, however, that the invenfigiePglonrF{ﬁ{{gg-
to the precise arrangements and instrunentalities shown. In the

drawi ngs: [0014]Fig. 1 is a schematic representation shomﬁng a
partial, cross-sectional, side elevational view of a conventional
filter apparatus having nultiple filter assenblies installed within a
pressure vessel; [0015]Fig. 2 is a partial perspective view of a
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i n\éentl on%]fhlogé@@reqves f is an enlarged, partial, cross-sectional
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appar
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[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 isa front elevational view of one embodiment of an anti-telescoping device
of the filter apparatus of Fig. 3;
[0019] Fig.4Bisa cross-sectional, side elevational view of the anti-telescoping device of
Fig. 4A;
[0020] Fig.4Cisa cross-sectional, side elevational view of the énti-telescoping device of
15 Fig. 4A assembled with a brine seal according to one embodiment of the present invention;
[0021] Fig.4Disan 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. SCisaside elevational view of the split ring seal of Fig. 5A;
[0025] Fig.5SDisan 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;
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DE%AILED DESCRIPTION OF THE INVENTION
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[0031]  Referring to Fig. 3, in a first aspect, the present invention provides a filtration 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 aﬁ 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
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[00311Referring to Fig. 3, in a first aspect, the present invention
provides a filtration device 10 that includes a pressure vessel 12, a
filter assenbly 14 and a split ring seal 16. The pressure 10vessel’12
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[0036]  The split ring seal 16 is configured, as best shown in Figs. 5A-D. Preferably, thé
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
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pr ef @ abl gcpurb@tdhn@m@mnstoé phelsPiineaeat t%%fﬁuraﬁﬁg%eg g rublar progsire Vessel’

of the spli
d'co eH&nﬁ?%mWe?tb@er @padahtsion e sphierifgisedt wal | 24 and
the second wa % 26, "respectively. Spacing the 25split ring seal 16

fromthe O'f%ﬁt AN/ 18 Fhe2B6MNEa A lahd Adid na@Greadviersphgeesedl yoraiefl Ham ahgrd

the fl ow
polymer, the split ring seal retains its annular shape. Thus, the split ring seal can be flexed to

d al sur ace

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

spht 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.



feed liquid along and around the gl and 0037] The con

surface 32 advantageously allows for the[fiItLr assgn%ﬁ§ 2zt$g be
inserted or renpved fromthe 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
30second end 36 that forms a split or overlap within the split ring
seal. The first and second ends 34, 36 are nutually engageable with
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an opening 38 that extends throug theea%gtr;l I%%S '2§ OleFL‘%M&Mbﬁarﬁﬁﬁ?Mallel toa
longitudinal axis of the annular body. The opening 38 allows for a diminutive amount of liquid
feed flow to bypass around the tubular filter assembly’s exterior. In other words, the opening is
sized to control a certain amount of liquid feed flow to continually travel through the tubular

20 pressure vessel thereby preventing any languishing or stagnant liquid that can amass or form

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



20 dianeter. That is, the split ring seal can flex for assenbly onto
the tubular filter assenbly and col |l apse about the circunference of
the tubular filter assenbly 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 assenbled to the tubular filter
assenbly (e.g., the tubular filter assenbly's glad) the split ring
seal is biased and springs radially outwardly to fill an annul ar gap
formed betveen the 23fub L1t EX0asseutl 0rs thbaitd dohef thaiieuid e lowf
t he tubul‘ﬁ?r‘ﬁrséggﬁrogg\? §ésé%ﬁ£1%%élpr eferably. the s{)l 'bt rj nﬁ SeAllightly
A ety Al by Al Y
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due to manufact uri tol.er O QAL AkesR@wbly andRthgmbul8hpresside 4C,
the spl i t™f4<f esaé‘ﬁﬁngrlggpif%m%g% gured to ext end proud of an outernost
surface ofesgehe tubular filter assenbly 14. For exanple, a typical 16"

di aneter tubular filter assenbly can be configur to irde
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DUt eLITPS Sl 878 Sy 2R ARy Sl guatant fos I IHEATE <
. i or the 0
e 31 e st RS o oot ef

overal | dfane .
seal 16 mouwit, gk spacibg berwers tag Bistfl en nounte

within th e KB thebpdngssal has its inner surface 30 in
f; e
cont act 1gnch,$r {ﬁg first surFace 22 of the gland. Moreover, as best

shown in Hids SBigtdiusildsta spiitr}gxgsealll@ﬁgcaxndanp%withgﬂ@@r?%f’tOéQFé’FFd'%“t

t hrough t he annul ar body 28 in a directian b i I ghb a@lst éa
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through t Qg el UhES afhe 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]  Inthe 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



20pressure vessel thereby preventing any |angui shing or stagnant
liquid that can amass or form biological residuals. As a result, the
opening inhibits biofouling growh and accunul ati on 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 tubul ar
pressure vessel to pass through. [0043]Referring back to Fig. 3A the
split ring seal 16 can alternatively be configured wth 250r w t hout
an opening 38 and wi.th.i Ve Xh O Fin S saf @G0B Aigws facedtapar t
from an ipg i Sersseslﬁrlét%éde&%&l%gl? The iﬁheslrsl%re Vefflﬁ' 1‘%. Pr efeeorf@etéhyﬂbw
the spli tdepeagf saasuch thastha s iapsget ddes BehcprBlcieht Mo e 8 FECe " about
0.01 inches to about ' S assMAkIS. RE B! @Ot rihfiscabiphibits patengfal
seal is %&%é‘bﬁ e&g"'é‘r‘) Oé)tqu%%b{ﬂﬁrgﬂ%ntasesri (_)r?. surface sufficie L _t‘[r&;l%gta
gap openivigfodbpubo 1@tions patxinate thesphitame seabdiedp 18- SPEYLL ¥t ona
surface grea K | ong a pl ane perpendi cular to a | ongitudinal
30axi oﬁ{(’t“h%ftfa dbuvgr pressure vessel. Alternatively, the split ring
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the presstiféVeSse advant ageousl| Y allo fgr fl Ui‘ddrfic%f"lg dyl19W hBtaeah
t he t ubul disc-lkeabagne sinalodr Hesapksdta ?‘f?eforr’é\gpd - e pRadiss |(£jmrqil ng g‘}eal991
so as to 3i nhiBit., s; e MeQYiishrRRAboaP NEag Uenglal 120iinsimilkinepn§eus h
and Z%cun‘ﬁ?ngpizgrt\}?at%%g%\%e,sh{eﬁg struct ujraal and resilient nature of

t he spl i tasrglang 26 dedoribgd abare fof ATR $pring outwardly to further reduce

t he annul ar gap fornmed between the tybul ilter ad wifhd th

t ubul ar pioe4dur & Wé@%@l‘?scm]’%s bgrﬁfon’BSBéfé ﬁtbf"cl)e %?’Sﬂ%y‘"?%e slpl it

ring seal g]%r?i. RS LAnd iduB11 608 b@dontiiatd bdascribes atve ifarShe sphiinersgeld 049 be
a

and first nge 46 that extends fromthe first Faeraapl it
ring seal tepfigeredntpnePraingsedl htg taerégmaf%%@a%ﬁy 2s“ﬁ"r ’fhggg‘% %Sﬁﬁb%‘ E%rcogd

fFl a”?? SOngxf%c?%gjaH%f o QR MR e SBSORicS tekedg @roddy rediming Gomplexity of hrRgling4n

is prefera nfigured to substanti al f gk HRcetchd
The fi r st a fitldereVioRBHL 6’@&%M‘B‘ﬂﬁ@?a#‘ﬁé‘”ﬁﬁgg“g%@% st%ﬁg‘ggg‘gilnd Pl ange

to allow %@fah?t)iltwa?d‘})’\fr&hiamrithh@néizlé}si: turfaice (225 ik Tisst gp@m@wr%ﬁ*dl@&ﬁteg(g

assenbly onto” the ATD. However, each of .the fir JEeGRNAG
f1 anges apasaljst tsfelopgivginebiifs bfﬁli‘eeac?%ét%}&?%‘)?lﬂ%? e‘{l%é%%f?@%%?én & 46 1

spaced apakdaiki et B SAGoRMI:S wirfaae €33bSaralnsl profer gbkyecos B e ROf aéenﬁéeag gne

is spaced apart fromthe first surface 4 S ekl spdebtfapaR@@ing
bet waén t hethe jagesal Sfﬂ]f%ﬁdé%ﬁé‘dé‘?ﬁf“?‘#& SHY %"83}33{@ ace 48 or thga second

flange 50, andubidstvaiunh s dotevaln €26 Neore paiiiraigy, dgth the lateral surface

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



[00451Fig. 6 illustrates a split ring seal 116 in accordance with
anot her aspect of the present 20invention. The split ring seal 116
includes a first end 134 and a second end 136. The first end 134
includes a first surface 144 and a groove 146 extending fromthe
first surface 144. The second end 136 includes a second surface 148
and a flange 150 extending fromthe second surface 148. The groove
146 and flange 150 are configured to nest in a tongue and groove
conf i gur 3, %ﬂpcan T ofrbbiiideS AR Gaxcli4Mreqkistoat fesih byed faraealdingier loppinpe
surface 1 25 0046?Alternat|vely, the split ring seal can be
conflguremhayﬁamédéd"Pﬂﬁﬁwﬁlé as shown in Fig.?. 100471ln the fully

assenbl ed state, as_ best I Ak panhseal
16 C|rcuMﬁ@HﬂbeE‘WHéeﬂﬁﬁﬁW§? yﬁhﬁ%ﬂ“&é@%ﬁﬁ%&q%% §Q§§?§§§§‘ proud of
an out er JmMshHinsdhksS RERibed aiohe withitau deartfrig|fitoer thasme'ﬁrbll\";ﬂﬁt"é CRICBR| }Eféeo Itis
barrier against feed flo hrou h the [ ssi€hisclosed,
However , whderstoditthaetgys ihf‘t tLiS (@lsoél‘lls ot mltlr#i ?10 thggﬁﬁaﬁgrgrrn%gd@m ng .from
the tubul g i iPRESEM B YRS ﬁﬁshlf'ﬁatldﬂk e/rthmtthew@irit asiquOB‘t@ the m@segtmeem?‘} g
seal advantageously allows for a certain degree of play such that the
split rindpfisehby Bearpepdtd & | etely hinder the passage of feed flow
about the exterior of the tubular filter assenbly. As such, the split
ring seal inhibits potential biofouling about |ocations proxinmate the
split ring seal due to e.g., stagnant or non-turbul ent 5fl ow of feed
flow. [0048]1n accordance with yet another aspect, the present

i nvention provides an anti- tel escoping device 118 for a spiral wound
filter elenent, as shown in Figs. 8A-8C. The anti-tel escopi ng device
118 includes a cylindrical body 118a and is generally configured to
have a disc-1ike shape as simlarly described above for ATD 18. The
cylindrical body 118a includes a 10gl and 120 that circunscribes the
cylindrical body 118a. The gland 120 is simlarly configured as gl and
20 descri bed above for ATD 18. [00491The anti-tel escopi ng device 118
al so includes a brine seal 116 positioned within the gland. The brine
seal 116 can be configured as descri bed above for the split ring seal
16, or be configured as an O-ring seal 116 that is nolded directly
into the gland so as to be integrally

11



15formed as part of the anti-tel escoping device thereby greatly
reduci ng conplexity of handling in a field/use environnent. The gl and
includes a first wall 124 and a second wall 126 that extends radially
outwardly froma first transverse surface 122. The first transverse
surface 122 extends parallel to a longitudinal axis of the
anti-tel escopi ng device. The brine seal 116 includes a | ateral
surface 133a and a nedial surface 133b, and is preferably configured
to have at | east one 200of the lateral surface 133a and the nedi al
surface | 33b of the brine seal spacedAaddart fromeither the first
wal | 124 or the second wall 126. Mrre preferably, both the | ateral
surface 133a dnd t hAdilmatinalvisa{lDacenpt3d6: of the brine seal are spaced
apart fron1th%t&ﬁﬁst 9M§I 12?139d the second wall 126, respectively.
[0050] The spl Pt ARG ERE VI8 6 brine seal 116 of the above
enbodi ment s canmutmpt ifiberadsseynbiye( 12 bloomndd wjthiedke tubulanprkssdee vassbl, teitehalar filter
agent to;é%k&ﬁ eQ}}nhibit.biofouling of the filtration device.
Exenpl ary bl o i&é1gagents applicable to the present invention can
i ncl ude, but afiBeradé¢mdnt (iS),@ddt o, bi oci des based on detergents, dyes,
hal ogens, heayy.. [ ' ary
annnniGnlconp%éﬁ%%%ﬂgggqé?#%ggg%géﬁs%@?gggi&ﬁkﬁgggggpgfa?ﬂgﬂ%?%gida
agent i s eSteadihpradially prond agpwhirmsoptiereo Beilfed¢mqtl so known as
Tricl osan). hi.ocl dal : gf@w 9?23 1

) Suz{iﬂelg tf?ecﬁrgq@ seal g&?g{‘léﬁm | ﬁgr%);a ) :ﬂngﬁgg @'m%ﬁ Q{BIBEH Q‘l@l_dthat the

directly into the resin use ng the split rlng
‘'seal 16 epniribpdy kpsalfirgzed (F900BD prd 2 shcpid apé (Hp 1 ePraskiel thsyirst pk the Tirst

skilled iy %b&dacﬁl_ﬁsﬂi mERABOERa&ALE Vil RadFRAR: [l split rRFHOMWARALS

descri bed above w thout departing fromthe broad inventive concept

t her eof . movablebatyieraereigweitiop hasrieg vt divmeer apdp secppd/RAFitionkayias firond
limted H4RmRE R@rticul ar enbodi ments disclosed, but it is intended
to cover nodifjcations within the spirit and scope. of the

invention as WeFFREY spyt inescdliplrnediien aippgmen vhish jogutfctent} Fgid o etin
jts annular shape and sufficiently resilient to allow the split ring seal to flex for assembly by
collapsing about a circumference of the tubular filter assembly and biased to spring radially
outwardly to fill an annular gap b}etv;feen the tubular filter assembly and the tubular pressure

vessel.

2. The filtration device of claim 1, wherein the split ring seal is configured to extend
radially outwardly from the tubular filter assembly (14) and spaced apart from an interior surface

(42) of the tubular pressure vessel.

3. The filtration device of claim 2, wherein the split ring seal is spaced apart from
the interior surface (42) of the tubular pressure vessel (12) to form an annular gap sufficient to

allow up to about 5.0% of a total fluid flow volume through the filtration device to pass through.

4, The filtration device of claim 1, wherein the annular body (28) further comprises

a planar inner surface (30) and a convex outer surface (32).

12



I.Afiltration device (10) conprising: a tubular pressure vessel
(12); a tubular filter assenbly (14) housed within the tubul ar
pressure vessel, the tubular filter assenbly having: a filter el enent
(15), and ‘a brine seal (16, 116, 216) assenbled to an end of
the tubular filter assenbly and extending radially beyond an
outernost surface of the filter el enment, wherein the brine
seal conprises an-annul ar body (28) having a split therein such that
t he annul ar body has a first end (34, 134) and a second end (36, 136)
opposi te the fsirst Thaglratibieddvice 8f claindl, sacendhefieisend €34) incndeLafidsysurface

o000 3 A SRRPSHAS 2 LOEM AL LIRTERY JELSD i AN

posi ti on Rawdnfgpomn tiedtandrfthean®h sicondafftige (50) extantefremnhd daeond phriface, it g
seal is farmed from.a pol.yner which is sutficiently rigid to retain
its annul ?ﬁreé‘hglﬁgr%gan%ﬁ’%% gﬁ?geﬁk}fegg‘iopgéﬁxfget o allowthe split ring

seal to flex for assenbly-by collapsing about a circunference of the
tubul ar filtef assErdfilirationdlemicnstdaime, wherpingne efthafifsyandisespad driges 3o

Fill an agnubar..8aRm | ftﬂkl:eﬁrgzt%&r h%&%é %u}tfac%g (A §§fliehb{in§5}doﬁehﬁg 38)

t ubul ar pressure vessel . iltration device of claim1,

wher ei i teiiendipg through thy agaular hody €23 1 aydireetipntngralk te adoneipgingl pyis of the
an 1t er Lo REHEC " (42) "o the tubui ar pressute vessel g
The filtration devjce of claim?2, wherejn the | i i : seal -
'spaced apart from hﬁémir?f’toé‘rq%}ﬁ‘fx %ﬁﬁ‘ﬁ‘"&’éewk‘%ﬁ? g&fﬁ%{ﬁgéf{%ﬂﬂﬁll"&ﬁ? éilsmzﬁl}r%ce
5% of n LBt T Vo e L onen oo Ll LAt ar eyl e b
. 0% ui WV . [ ati .
pass. ¢ BT 046) Sty SRt Briiiar PR e @RV R RO R e,
annul ar pedyst 6@Bce isuetdied vadipthe gadva pl anar inner surface (30) and a
convex outer surface (32). 5. The filtration device of claim
1, wherein the fir : oy 10es i 448 #)spaced
substanti al | ;}e f aciT?ftS ﬁgtp%é)%gg‘) cés_(tg}ﬂaglgg’ v(vgeé%h g%tﬁtrﬁgﬁ}g%gglrldﬁeﬁgacf Saé)art
wher ei n forithesecndgnefece((443) defininmasorening(18h exterding theoygh the g bedy ina

second f ange, (21 &4 BRGRANPIE SensSaGARG aYr f ace, and wherein the
first flange slidably engages the second fl ange. 6. The

filtration device, of claimp5,. erein one.of the first and,se¢o

fl anges (46, 750) 7-i]ge §B¥f6‘8’ad§‘6§r‘{ °¥ar‘”6r]n ‘G}P'Féel?)fhet“a’éﬂalriﬁﬁtgrtas%f’r’fl lys@@ofﬁgher
sur f acescopfphisesdSlirca@ferdritiapglan @PEmbrighale 38 pneoftipnaibuigr filker ewghbly e

annul ar bod\y%%t 8) litn. a dilr ection parallel to a |ongitudinal axis of

t he annuf*&™ %‘9.891 NNESCA7  The filtration device of claim1, wherein
the first end (134) includes a first surface (144) substantially
facing a secdfd siihé ltion d®jicestl clahe 9 susenieithe ncymBetial ghad {30) egmprises
‘surface hayj g A, - ith@¥A1 Agis of hoABUBr
(150), vd:g\rgé#%d ?rﬁg;%gﬁ%]u{gﬂ%%l%ndl r%ggﬂs ?{%jrqn&? gtroﬁll%?fsa?&%tljrface IS

r ecei vecbody (28). tha Yehged syass-section haviig: The filtration device of claim

7, wherein the.dbLalosWkiatRs (dd) cufivasiRGed apart fromthe second
surface (148) defini ng} an opening (38) extending though tg,e ann(?il ar
B Ehii

body in a di Pesendialhiaispased epprifing Higifesh el and atndingrradipl Frond

body. wherein the split ring seal is spaced apart from at least one of the first wall and the second

wall,

13



9. The filtration device of claim1l1, wherein the tubular filter
assenbly (14) further conprises a circunferential gland (20)

proxi mate an end of the tubular filter assenbly for receiving the
split ring seal. - 10. The filtration device of claim9, wherein
the circunferential gland (20) conprises a U shaped cross-section
taken al ong a pl ane extendi ng through a |ongitudinal axis of the
annul ar body (28), the U shapcd cross-section having: a first wall

(24) extending, radially outwardly; . an secqnd wal | . (26 aced
apart fromthellir sﬁe\féﬁnoﬁ wriesdtshim ggw SHr &elwlyfﬁﬁf ‘F%E%t‘i}i,s&%g’e group
wher ei n t bsnsithd 6f polypebpsRat, vitthizpattduRpatight job@ihglend, @alyphenplenodxidehe
first wall .and the second wall . . Il.. The.filtration device
of ol ai m RO ERSPREPIRE 61 SR ecide AR I GhHRE 5 S BB ot | ng
of pol ypr apyibsinite, polyethalehglerephihaiat) aelamini Girinajdehyde i/ ¢oaridnations thereof.
pol yphenyl ene oxi de, pol ycarbonate, polystyrene, polyvinylchloride,
acrylonitril c-gut adi - St e, . AR ethylene
For opht hal at o, o aey uropay WERG or Shith FAGRREY LS ok Seol RAIPAEL WRIGRE
12. The fageptr ati on device of claim1l, wherein the split ring seal
conprises a biocidal agent. 13. The filtration device of claim
(1,20;Aher eidn WL hgst ub ;ﬂﬁ@ﬁlnfaiﬁbrg 88viRD$ elm&lk Y, vibkfein ifhtg E\Ié)hﬁ? tﬁﬁ@rmfinsgqlm fgkand
, an erein the split ring seal js unt e hin the ng,.an
i s bi asedOPRHFEIY &G et YRA YT Uk celdg s Stmfém&ﬁ‘ém@%n ine fénd’ an?ASfjb*aﬁﬁ‘g

filtrati qpdideveERa@ly 6lriend fom'\thadl@idn t he pol yner has a Shore
*hardness of D or higher.

14.  The filtration device of claim 1, wherein the polymer has a Shore hardness of D or

higher.
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