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LIGUID RECOVERY FILTER

BACKGROUND OF THE DISCLOBURE

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application caims prionty {6 U.S. Sernal No. 13/460,683 filed Apnl

20, 2012, the cortents of which are incorporated in thelr entirely herein by reference.
1. FIELD OF THE DISCLOBURE

(000 The present discloswre relates generally o filtration devices and
systems, and particuiany o a liquid recovery filler assembly having an et and
outlet. vent and purge ports for the drainage and recovery of unfitered and filterad

Hguids from the filtar housing and enclosed filter after filtering operations.

2. DESCRIPTION OF THE RELATED ART

{5003} Innumerable fltration devices and systems have been developad for
the cleaning and purnification of a wide range of gases and liquids. One area that
requires extremely high quality filtration is in the fisld of phamaceutical manufacturs,
where a number of different liquids are involved in the manufacturing processes of &
mrge number of drugs and medications. These various guids are often quite costly
to produce, and as a resull, much effort is expended to recover such liquids in a

starie manner during the manufacturing process, insofar as practicable for reuse.

{004 {ane of the means used o recover such liquids is through the use of
varicus filter assemblies. The liquid is passed through the filter assembly(s) and the
purified kquid is recoverad from the downstream or outlet side of the enclosed filter
glement. In one type of filter element used, the filter element conventionally has a
genegraily toroidal configuration, the unfiltered liquid passing through the filter
glement from the outside and through the filler material {o a hollow inner core,
aithough other filter element configurations are certainly feasible. COne probiem with

such fiiter configurations is that when the filter slement is replaced, there is a volume



WO 2013/165734 PCT/US2013/037671

of purified, filterad liqguid stilf resident in the filter element within the filter housing or
shell, as well as unfillerad liquid remnaining within the filter housing and oulside the
filter element. These liguids are often quite valuable, as noted further above, and
discarding these liquids when the filter element and/or entire filler assembly is
perodically removed and replacad results in the loss of a considerable amount of

vaiuabie reusable Hguid over some period of time.

[0005] One way o remove the resident filtered and unfiltered lHguids is o
introduce pressurized gas into the system {o force the liguids out of the filker
assembly. This approach, although effective, is problematic due to the relatively
high bubbie peoints of the filter materials used for apecific applications, such as
pharmaceutical uses. Filter materigls with abowt 0.1 and 0.2 micron pore sizes have
refatively Mgh bubble points that require refatively high gas pressures to be used fo
evacuate the fiuids, The introduction of high pressure gas can compromise the
ohysical and funclional integrity of the filter element and filter assembly by, for
axample, causing the filter element o separate from its alfachment points, or
causing the filter glement {o physically break that can lead subsequantly fo the
unfiiterad and the fillered liguids miding downstream, which would compromise the
internided sterntlity of the filtered fluid. In addition, assembilies using, for example,
parbed connectors for hoses can experience hose breakage or separation from the

Barbed connectors due o the introduction of gas at a relatively high pressure.

[0006] What s needed is a filter recovery system that provides a means to
removed valuable filtered and unfiltered liguids from a filter apparatus in a stenle
manner. What is also needed is a filier recovery system that permifs the use of a
gas apphed at a relatively low pressure to effectively remave resident filtered and
unfiltered fluids while maintaining the sterility of the fluids in both upstream and
downstream locations within a filler assembly. These and other problems are sobved
by the disclosed liguid recovery filter apparatus as described in the following

Aisclosure summary,
SUMMARY OF THE DISCLOSURE

{0a077Y The liguid recovery filter assembly disclosed herein comprises a

numbiar of embodiments, each of the embodiments including a filter housing or sheill
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containing a filter elemsant thersin. All of the embodiments have an inlet port
axtending into the upstream or inlet side of the shell, and an ocutlet extending from

the core for some filler elernent configurations, or from a downstream portion of the

iy "o

filler element. The terms “iniel,” "inlet side," "upsiream,” "upstream side," and sirnilar
ferms all refer (o the portion or volume of the filter assembly located on the inlet
portion of the apparatug, e, belween the filter housing or shell and the outer
surface of the filler element containing unfiltered liquid during operation of the filter
assembly. The terms "outletl," "outlet side,” "downstream,” "downsiream side,” and
similar terms all refer {0 the volume of the filter assembly located within the core of
the filter slement for filter slements having a core, or located at a downsiream end or
side of the filter elerment containing filtered liquid that has passed through the filter
element during operation of the filter assembly. The filler slement defings the liguid
permeable barrer between the upstream or inlet side and the downstream or outiet
side of the assembly. Thus, all iguid must pass through the filter element from the
designated inlef port o the designated cutlet port of the filter assembly.

{4008] The filter housing or shell also has an upstream or inlet side vent or
purge port or passage, and an upstream or inlet side drain port or passage. Thess
wo upstrearnt ports of passages aliow the outer portion of the filter sheli or housing
io be drained of unfiltered liguid, Le., liguid that has not passed through the filter

glement from the upstream or inlet side to the downstream or ocutlet zide of the filter.

{00093 Fach of the liquid recovery filter embodiments further includes a
downstreant or outlet side vent or purge port or passage that communicates fluidly

with the interior or downstream core or downstream endfside of the filter element.
This downsiream or cutlet purge port is normally closed during filtering operations,
but is opened when the fiiiration operation has beern compieted. The opening of this
downstream vent or purge port allows air or other gas o flow info the core or
downstream end/side of the filler element, thus "breaking the seal" or hvdraulic fock
formead within the core, or downstream end/side, of the filter element when the inlet
and outlet valves or ports are closed. This allows the valuable filtered liquig
contained within the core or downstream end/side of the filter slement to flow from
the filter assembly for recovery and reuse.

{0103 Twe bagio configurations of the Hguid recovery filter are disclosad
hergin, one having a downstream or outiet port disposed at the botfom of the filter
assembly, and the other having its downstream or outlef port disposed at or near the
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top of the assembly. The second of these configurations includes an additional
downstream drain port or passage at the bottom of the assembly to aitow liguid to
flow fram the core or downstream end of the filler element by gravity. The first basic
configuration, i.e.. having the main outlet port or passage disposed below the filter
slement, Includes three different embodiments, which differ due to the differert
ineations or arrangements of the primary inlet and outlel ports or passages. The
second basic configuration, Le., having the main oullet port or passage exiending
from the top or upper portion of the filter assembly, includes two additional
embaodiments, which also differ due to the different arrangements of the primary inlet
and cutlet ports or passages. However, each of the embodiments disclosed herein
includes means for draining filtered liquid from the core or downstream end/side of
the filter element.

0011} Also disclosed are portfvalve configurations and setfings that permit
fluid {0 be introduced into the filler assemblies in g reverse direction with the
reassignmernt of vent and purge ports 1o remove the resident unfiltered and filtered
fuids in a sterile manner from the apparatus after a filtering event. These and other
fegtures of the present disclosurs will become readily apparent upon further review

of the following drawings and detalled disclosure.

BRIEF DESCRIPTION OF THE DRAWIGS
{8013} Fig. 1is a front elevation view of a first embadiment of a guid
recovery filter according o one aspect of the disclosure, illustrating its
general externagl configuration.
f0013] Fig. 2 s an elevation view in section of a liquid recovery filter
according to another aspect of the disclosure having a generally inline flow
path, flusirating its internal configuration.
[0014] Fig. 3 is an slevation view in section of a liquid recovery filter
aocording o a further aspect of the disclosure having a generally C-shaped
How path, illustrating its internal configuration.
{0018} Fig. 4 s an elevation view in section of a liquid recovery filter
according to g still further aspect of the disclosure having a generally L-
shaped flow path, Hustrating its internal configuration.
{0018] Fig. & is an elevation view in section of a liguid recovery filter
according to yet ancther aspect of the disclosure having a generally T -
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shaped flow path, lllustrating its internal configuration.

G171 Fig. 8 is an elevatlion view in section of a liquid recovery filter
accarding to ancther aspect of the disclosure having a generslly S-shaped
flow path, diustrating its internal configuration.

§0018] it should be understood that simitar reference characters denate

corresponding features consistently throughout the attached drawings.

DETAILED DESCRIPTION QF THE DISCLOSURE
[0019] The liquid recovery filter comprises several embodiments, sach
configured for the recovery of Hguids within the filter shell or housing and filter
element after the completion of filtration operations, e.g., when a batch has
heen filtered and/fur the filler element is to be changed, ele. While the filler
shells or housings of the varnous liguid recovery fiiter smbaodiments are shown
in the drawings as being permanently sealed structures {with the exception of
their various inlet and outlet ports or passages), it should be understood that
the filter shells or housings may be construcied as reusable units, permitting
access o the filter element therain for replacement or cleaning and reuse.
[002a] Refarring fo FIG, 1, a liquid recovery filter assembly is shown
designated generally as 118, The liquid recovery filter or filler assembly 110
mncludes an outer filter shell or housing 112 having an upper or inlet end 114
and an epposite lower or outlet end 118, in addition 1o the outer cylindrical
wall 112, Filter assembly 110 will normstly be oriented as shown in FIG. 1,
with the inlet end 114 disposed above the outlet end 118, Filler assembly
110 includes an upstream or inlet passage or port 118, a generally opposile
downstream or outlet passage or port 128 for the flow of filtered liquid from
the device, an cutlet vent passage 122 serving as a vent to the outlet side of
the filter assembiy Le. to the internal volume of the filter element contained
within the housing or shell 112, an upstream vent passage 124
communicating with the internal volume of the device between the shell or
housing 112 and the filter element therein, and an upsiream drain passage
128 for draining liquids from the intemal volume between the shell 112 and
the internal filter.
[o021} All of the embodimentis of the liquid recovery device include
these various vents, ports, and passages. However, the relationship and
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arientation of the various vents, ports, and passages are arranged differently
in different embodiments. Some embodimenis also include an additional port
or passage {o sccommodate the specific arrangement or orientation of the
other ports and passages. Moreover, the operational states and settings of
the ports and assogiated valves may be varied and ports reassigned function
to permit the reverse fow of fiuid through the assemblies. The locations and
orientations of the various ports and passages 118 through 126 of the liguid
recovery filter assembly 118 of FIG. 1 most closely resemble the
configuration of the liguid recovery filter embodiment of FIG. 4, discussed in
detail below. Moreover, while the filler assembly 110 is shown having &
relatively tall and narrow configuration, it should be understood thatl other
configurations may be provided, depending upon the shape and configuration
of the filter element cortained therein, the placement of the various inlet and
outief ports or passages, and other factors. The various fitlings and
connectors, illustratively barbed connectors and quick connects, for the
various poris and passages of the filler assembly 110 are conventional inthe
industry.

{0022} Referring now to FIG. 2, another aspect of the liquid recovery
fiter is shown designated generally as filter assembly 218, lt should be
understood that while filter assembly 210 is considerably shorter and
somewhat wider than filter assembly 110 of FIG. 1, the length and width of
any of the filter eanbodiments shown in the drawings are by way of Hustration
and not imitation, and will depend upon the configuration of the filler element
nstalled therein according o the intended use and operating environiment.
Filter assembly 2180 includes g housing or shell 212 having an inlet end 214
and an opposite outlet end 216, An inlet passage 218 extends from the inlet
end 214 of the shell 212 axially paralie! 1o the length of the filter, as defined
by its indel and outlet ends. An outle! passage 220 extends coaxially {(with the
filter} from the opposite lower outlet end 218 of shell 212, An cudiet vent
passage 222 extends from upper inlet end 214 of filler shell or housing 212,
(0023} Outlet vent passage 232 communicates with the outlet portion
or core of the filter dispesed within housing or shell 242, as described in more
detail below. An upsiream vent passage 224 also extends from inlet end 214
of shell 212 for the purpoese of venting the internal volume of filter shell 242

&
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that surrounds the filter element therein. Lastly, an upstream drain passage
228 extends from outlet end 218 of shell 212 for draining liquids from the
internal volume between shell 312 and the internal filter, This general
axternal configuration is similar {o filter assembly 110 of FIG. 1, with the
excaption of the orientation of inlet passage 218 and upstream drain passags
2328

{6024] Filter shell or housing 212 defines an internal volume 228
having a filler element 230 disposed therein, The filler elerment preferably has
a ganerally toroidal configuration and a hollow outlet core 232, It shouid be
understood that filter element 230 may conform to any reguiar or irreguiar
geometric shape and configuration, e.q., pleated, hollow fiber, tibular,
stacked disc, and may be formed from a vanely of matenials, e.g., polymerie,
ceramic, of matallic membranes, hydrophobic membrane, hydrophilic
membrane and combinations thereof, with varying porosities and still be
within the scope and spintt of the disclosed and claimed filter assembly
smbodiments, 1 should be understood for filter elements made from, for
axample, hollow fiber and tubular materials, there is no “corg”, but a seties of
urmen that collectively function as a core disclosed herain. it should be
further understood that filter 238 may be sscured in any of the disclosed filter
housings via thermal or sonic bonding, adhesive, O-ring seals and any
combination of these methods as well any ancther other method used to
sgeure filtars in housings as are well known in the art.

[0028] Filter shedl or housing 212 and filler element 238 contained
therein define an upstream or inlet volume portion 234 between the filter shell
212 and the outer surface of the liquid permeable filter element 230,
Unfiltered liquid enters upstream volume 234 of filter assembly 218 via
upstream or inlet passags 218 and passes through liquid permeable fitter
element 230 to hollow outlet core 332 of filter element 238, and then exits
filter 210 through outlet port 220 as filterad liguid.

{60286} it shoudd further be noted that gach of the various passages or
ports 218 through 226 includes g valve therein. The valves are designated
as valves 218v through 228v, respectively. The valves 218w through 226v
are shown schematically in FIG. 2, and may be any sultable type of valve
known and used in the art. During normal filtering operations, only inlet valve
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218v and outlst valve 230y will be open, the other three valves 322y, 224y,
angd 228v remain closad, With this port configuration, Hquid passing through
filler assembly 210 must pass from upstream or inlet volume 234 through
perrmeable filler element 230, and into hollow core 232 of filter element 330

as filterad liquid before leaving filter assembly 210 through the downstream or
autle! port or passage 2234

00271 The above-described operation presents no problems with liguid
recovery, as long as the operation is essentially continuous. However, when
the liguid strearm must be interrupted for some reason, &.q., 1o clean the liquid
delivery lines or passages, to change batches of liquid, to replace the filter or
filter element, elc., the flow of liquid through filter assembly 218 must be shut
off. This is easily accomplished by closing the inlet and outlet passage valves
218v and 320v. This, however, lgaves some guartity of both unfiltered and
filtered liquid within the filter housing or shell 212 As this liquid is often quite
valuable, particularly in the pharmaceutical industry, i represents a fairdy
substantial financial cost or foss it is discarded when filter assembiy 2108 is
removed or replaced. Moreover, there msy be additional cosis associated with
disposing of a filter containing such g liquid, if the llquid is considered o be a
bichazard or requires speciyl handling to contan and/or discard.

§0028] The various aspects and embodiments of the liquid recovery filter
assernblies disciosed herein are configured {o address this problem by
providing structural means to drain the filter housing or shell of resident hquid
i a sterile manner when the fllering opseration is terminated. This parmils the
recovery of the valuable liquid within the filter for reuse. This is accomplished
by means of opening ong, some or all of the outlet vent passage 222, the
upstream or inlet volume vent passage 224, and the upstream or inlet volume
drain passage 226 in sequentially and/ar concumrently. When filtering
operations are terminated and the remaining liquid trapped within filter
assembdy 210 is to be drainad, the primary inlet passage valve 218y is closed
o terminate fiquid flow through filter assembly 210, Fiitration of the unfitered
Hguid remnaining within the unfiltered upstream or inlet side volume portion 234
of fiter assembly 210 is accomplished by forcing it through the filter slement
230 to drain 38 processed or Sitered liquid from the filter cutlet passage 220,
{00293 Abrief discussion of the characteristics of a conventional fitter

&
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element, similar to element 238¢ is warranted. Fliter elements used in many
areas of the pharmaceutical industry, and likewise for other industries and
operations, often utiiize extremely fine filtralion membranes having poresities
on the order of fractional micron sizes. The level or degres of filtration is often
guantified according fo the “bubble point” of the filter, i 2, the differential
pressure required to force air {or other gas) through the wetted filter element.
in general, the smaller the filter porosity, the greater the bubble point. This
pressure is squal to the pressure required to foree the fiquid through the pores
of the wetlted filter. Finer porosily requires a greater differential pressure
batweer the inlet and the outlet of a filter assembly. The bubble point test also
serves as a test or check of the integrity of the filter element. The bubble point
of many filters used in the pharmaceutical industry may be 45 psi, or even
higher, so that the pressure required to force a liquid of higher viscosity
through a reiatively small porosity filter during operating conditions 1s even
greater.

F00301 With this explanation in mind, with respect (o the disclosed fiter
assemblies, it is not sufficient merely to open the upstream vent passage valve
224w 1o braak the suction of filter assembly 210, Instead, air {or other gag)
must be gppiled to the open upstream vent passage 224 af sufficient pressure
{0 force the residual unfilfered liquid through the filter element 230 and out the
outlet passage 220 of filter assembly 248, Upstream vent passage 234 may
include an inline filter 228 thersin to preclude contamination of the liquid bsing
forced through the filter elermnent 238 by the air or gas intraduced through the
upstream vent passage 234, In this manner, most of the unfiltered liquid within
the filter assembly 210 is filtered and recovered as filtered and processed
fquid, as s accomplished during standard filter operation.

{0831} Onge recovery of unfilferad liguid has been accomplished as just
deacribad, any remaining uriltered iquid in filter housing 212, outside filter
element 230 is removed from the filter assembly by opening lower upstream
volume drain passage valve 238v while maintaining open counterpart
upstream volume vent passage valve 224y par the liguid recovery method
disclosed above. This relieves any partial vacuum or suction that may impede
the flow of the liquid from the upstream volume drain passage 228, and
pernits any remaining residuat unfiltersd tiquid to flow freely from filter housing

8
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or shell 212

f00323] The valuable filtered liquid remaining in core 232 of filfer element 230 s
recovered by opening the oullst vent passage valve 232v af the opposite end of the
filter 210, Qutlet passage 220 and its associated valve 220v are maintained in an
open condition as in the initial iquid recovery operation disclosed above, This allows
the remaining fillered liquid within core 232 of filter element 230 to drain from filter
assembly 210 for recovery. A gas (alr, nilrogen, carbon dioxide, efc., as
appropriate), may be introduced into filler core 232 through outlel vent passage 2432
to assist in the removal of iquid from the core, particularly if the liquid (s relatively
viscous. Due to the use of the accessory drain and vent ports, the pressure of the
introduced gas nesded to evacuate the resident fuid will be lower than what would
be needed if the accessory drain and vent ports were not incorporated info the
disclosed filter assemblies. To ensure sterile recovery of the downatream fluids,
outlet vent passage 232 is fitted with an inline filter 238 {0 preclude contamination of
the filtered liquid being removed Trom filter core 232 by the air or gas infroduced
through vert passage 222,

fO433) The configuration of filter assembly 218 may also perform the intended
fluid fiiter and recovery functions when the fluid flow is reversaed through the
assembiy. In this functional configuration, cutiet port 220 is reassigned as an inlet
part and upstream drain passage port 226 is reassigned as a downsiraam outlst
part. Downstream vent port 222 is maintained in 3 closed condition during the main
filtering operation. When used in this manner, fluid introduced into port 226 (with
valve 230v open), fliows into core 232 (or the lumen of the filter element if
canstructed from, for exampie, hollow fiber or tubular material), and radially
cutwardly through filter element 230 into internal volurme 228 and cut of the filter
assembly through port 226 as processed fluid, In this functional configuration, iniet
218 is maintained it a closed condition by closing inlet valve 218v. Once the
intended volume of fluid s fillered through assembly 2180, valve 220v is closed to
cease flow.

0034} To remove the resident unfilered fluid (resident in core 232),
pressurized gas is introduced info the filter assembly via vent passage port 222
{reassigned as an upstream vent passage port), by connecting a gas supply 1o port
&322 and opening valve 322v. Reassigned upstream veni passage 222 may include
an inline filler 238 therein to preclude contamination of the liquid being forced

13
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through the filter element 230 by the air or gas introduced through the reassigned
upstream vent passage 222, Once the resident unfiltered fluid is forced through filter
element 230, and removed from the filter assembly as processed fluid via port 228,
valve 232v is closed. This reversed functional use of the filter assembiy will result in
filtered fluld remaining in internatl volume 228, upstream vent port 224 may be
reassigned as a purge port or downstream vent passage port made operational by
opening valve 224y, Pressurized gas is again introduced into the filler assembly's
infernal volume 228 via port 224, purging filtered fluid out of the port 228 for
recovery. Reassigned downstrearm vent passage 224 may include an indine filter 235
thersin to preciude contamination of the fillered liquid being forced out of the filter
assembly vig the port 228 by the air or gas infroduced through the reassigned
downstream vent passage 224, Once the purge function is completed and the
intraduction of pressurized gas is ceased by closing valve 324w, valve 226y may be
closed 1o prepare for another filler cycle,

{G035) Referring now to FIG, 3, in another aspect of the disclosure, an
allamative embodiment of the liquid recovery filler assembly is shown designated
generally as 310 Filler assembly 310 includes all of the components and elements
disclosed above for filter assembly 210, i.e., a filter housing or shell 312 having
rautually opposed first or upper and second or lower ends 314 and 318 defining an
interior volume 328, and a toroidal filter slement 330 secured therein. Filter element
330 and surrounding housing or shell 312 define an upstream or inlet volume 334
therebetween. Filter element 330 has a hollow core 332, An upstream vent
passage 324 and its associated vaive 324v extend from the upper or indet end 314 of
shell 312, An opposite upstream or inled side drain passage 328 and its associated
valve 326v extend from the lower or downstream or outlet end 318 of filler housing
or shell 312.

{8038] The difference between filter assembly 210 of FIG. 2 and filter
assembly 310 of FIG. 3 lies in the orlentation of thelr respective inlet and outlet ports
or passages. It will be seen in FIG. 3 that an upstream or inlet port or passage 318
and its associated valve 318v extend radially from upper end 314 of filter housing or
shell 312, A downstream or outlet port or passage 320 and #s assaciated valve
330y extend from filler core 332 radially from lower or outlet end 3186 of filter shell or
housing 312, This configuration may be mors readily installed in certain processing
systems than the inline configuration of filter assambly 210 of FIG. 2. The liguid flow
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paths through filter assembly 310 during normal filtering operations and during the
draining or purging of filfer assembly 318 are essentially the same as those
disclosed above for fiiter assembly 216

{00377 An outlet vent passage valve 322v secured in line with outllet vent
passage 322, upstream vent passage valve 324y, and upsiream drain passage
valve 328y are closed during normal fillering operations, La., when the upstream o
irlet and downstream or cutlet vaives 318v and 320v are open 1o permit flow through
the fitter 318, Draining or purging of lquid from filter 310 s accomplished in the
same manner as disciosed above for filler assembly 218, 1 e, inlet valve 318y is
cdlosed and upstream vent passage and upstream drain passage valves 324y and
326v are opened o drain unfiltered liquid from the upsiream vaolume partion 334 of
fitter housing 312 through filter element 330. The pressurized gas may pass through
an inling filter 325 installed in an upstream vent passage 324, Once all of the liguid
that can be purged through filler element 330 has been recovered, any remaining
unfiterad iguid in filter housing 312, but outside filter element 330 may be removed
from the filler assembly by opening lower upstream volume drain passage valve
328v while maintaining open counterpart upstream volums vent passage valve 334y
as per the fiquid recovery operation disclosed above. This permits any remaining
rasidual unfitered liguid o flow freely from filter housing or shell 312, Upstream
volume vent passage valve 324v and upstrear volume drain passage valve 328y
ars then closed and outlet vent passage valve 322v is opened to allow the remaining
filtered liquid to drain or 1o be purged or flushed from filter core 332. To ensure
sterile recovery of the downstream fluids, cutlet vent passage 322 is fitted with an
infine Hiter 336 1o preciude contamination of the filtered liquid being removed from
filter core 332 by the air or gas introduced through vent passage 322

{0038} The configuration of filter assembly 310 may also perform the intended
fluid filter and recovery functions when the fluid flow is reversed through the
assembly. I this functional configuration, outlet port 320 is reassigned as an inlet
port and upstream drain passage port 328 s reassigned as a downstream oullet
port. Downstream vent port 322 is mamtained in a closed condition during the main
filtering operation. When used in this manner, fiuid introduced into port 320 (with
valve 320v open), flows into core 332 (or the lumen of the filter slement if
constructad from, for example, hollow fiber or tubular material), and radially
outwardly through filter element 330 into internal volume 328 and out of the Slter
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assembly through port 328 as processed fluid. In this functional configuration, inlet
318 is maintained in a closed condition by closing inlet vaive 318v. Once the
intended volume of fluid is filtered through assembly 310, valve 320v is closed o
cease flow.

[00398] To remove the resident unfiltered fluid {resident in core 338},
pressurized gas is infroduced inte the flter assembly vig vent passage port 322
(reassigned as an upstream vent passage port), by connecting a gas supply fo port
322 and opening valve 3232v. Reassigned upstream vent passage 322 may include
an inline filler 338 therein to preclude contamination of the fiquid being foroed
through the filter element 330 by the air or gas introduced through the reassigned
upstream vent passage 322, Onoe the resident unfitered fuid is foreed through flter
glement 330, and removed from the filter assembly as processed fluid via port 32§,
valve 323y is closed This reversed functional use of the filter assembly will resultin
fittered fluid remaining in internal volume 328, upstream vent port 334 may be
reassigned as a purge port or downstream vent passage port made operational by
opening valve 324v. Pressurized gas is again introduced into the filter assembiy’s
internal volume 328 vig port 324, purging filtered fluid out of the port 328 for
recovery. Reassigned downstream vent passage 324 may include an infine filter 33§
therein to preciude contamination of the filtered liquid heing furced cut of the filter
assembly via the port 326 by the air or gas introduced through the reassigned
downstream vent passage 324, Once the purge function is completed and the
introduction of pressurized gas is ceased by closing valve 324y, valve 336y may be
closed {o prepare for another filter eycle.

[G040] Referring now to Fig. 4, ancther alternative embiodiment of the liquid
recovery filter assembly is shown designated generally as 410, Filler assembly 410
includes all of the components and slements disclosed above for filter assemblies
218 and 318, L2, a fter housing or shell 412 having mutually opposad first or upper
and secand or lower ends 414 and 4186 defining an interior volume 428, and a
toroidal fitter element 430 secured therain, Filler element 430 and surrounding
housing or shell 412 define an upstream or inlet volume 434 therebstwsen. Filter
alement 430 has a hollow core 432, An upstream vent passage 424 and its
agssaciated valve 424y extend from upper or inlel end 414 of shell 412, An opposile
upsiream or inlet side drain passage 428 and its associated valve 428v extend from
iower or downstream or oullat end 416 of filter housing or sheali 412
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fou41} Filter assembily 418 may be considered a hybrid of filter assembliss
210 and 310, An upstream or inlet passage 418 of filler assembly 410 exfends
radially from upper end 414 of filter housing or shell 412 in essentially the same
orientation as the corrssponding componeant 318 of filter assembiy 310, However, &
downstream or outlet passage 420 extends coaxially from filter shell 412 inthe
manner of outlet passage 220 of filter housing 218, This configuration provides
further installation options.

[0042] The liguid flow paths through filter assembly 418 during normatl filtering
eperations and during the draining or purging of filter assambiy 410 are essentially
the same as those disclosed above for filter assemblies 210 and 310, An outlet vent
passage valve 422v connectad 1o an outiet vent passage 422, the upstream vent
passage valve €24v, and the upstream drain passage valve 428v are closed during
normal filtering operations, 1.e., when the upsitream or inlet and downstream or cudlet
valves 418y and 420v, respectively, are open to permit flow through the filter
gasembly 410,

{0043} raining or purging of lguid from the fiiter assembly 418 is
accompdished in the same manner as disclosed above for filler assamblies 310 and
310, ie, inlet valve 418v is closed and upstream vent passage valve is opened {o
allow pressurized gas {o force unfiltered liguid from upstream volume portion 434 of
filter housing 412 through filter element 430, The pressurized gas may pass through
an wding filter 435 installed in upsiream vent passage 424. Unce all the liguid that
can he purged through filter slement 430 has been recoverad, any remaining
untiterad liguid in filter housing 412 and outside filter element 430 is removed from
the filter assembly by opening lower upsiream volurme drain passags valve 428v
while maintaining open counterpart upsfream volume vent passage vaive 424y par
the tiquid recovery operation disclosad above. This allows any remaining residual
unfiltered liguid to flow freely from fiiter housing or shelt 412, Upstream volume vent
passage valve 424v and upstream volume drain passage valve 426y are then dosed
and outlet passage valve 423v is opened to allow the remaining filterad liguid to
drairn or to be purged or flushed from filter core 432. To ensure sterile recovery of the
downstream fluids, outlet vent passage 422 is fifted with an inline fiter 438 o
preclude contamination of the filtered liquid being removed from filter core 432 by the
v or gas introduced through vent passage 422,

{60443 The configuration of filter assembly 410 may also perform the intended
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fludd filter and recovery functions when the fluid flow is reversed through the
assembly. [n this functional configuration, outlet port 420 is reassigned as an inlet
port and upstream drain passage port 426 is reassigned as a downsiream outlet
port. Downstream vent port 422 8 maintained in a closed condition during the main
fillering operation. When usad in this manner, fuid introduced into port 420 {with
valve 420v open), flows into core 432 {or the lumen of the filter element if
constructed from, for exampie, holiow fiber or tubular material), and radially
cubtwardly through flter element 430 info internal volume 438 and out of the Siter
assembly through port 428 as processed fluid. In this functional configuration, inlst
418 is maintained in a closed condition by closing inlet valve 418v. Once the
intended volume of fluid is filtered through assembly 410, valve 420v is closed to
cease flow.

{0045} To remove the resident unfitersd Huid {resident in core 432},
pressurized gas is introduced into the filter assembly via vent passage port 422
{reassigned a8 an upstream vent passage port), by connecting @ gas supply to port
422 and opening valve 422v. Reassigned upsiream vent passage 422 may inciude
an inline filter 438 therein to preclude contamination of the liquid being forced
through the filter element 430 by the air or gas introduced through the reassigned
upstream vent passage 422. Once the resident unfiltered fluid is forced through filter
elemnent 438, and removed from the filter assembly as processed fluid via port 428,
valve 422v 15 closed. This reversed functional use of the filter assembly will result in
filtered fluid remaining in internal volume 428, upstream vent port 424 may be
reassigned a3 a purge port or downstream vent passage porf made operationai by
apaning valve 424v. Pressurized gas is again introduced into the filter assembly's
internai volume 428 via port 424, purging filtered fluid out of the port 428 for
recovery. Reassigned downstream vent passage 424 may include an inline filter 428
therein o praciude contamination of the filfered liquid being forced out of the filter
assembly via the port 428 by the air or gas introduced through the reassigned
downstream veni passage 424. Once the purge function is completed and the
introduction of pressurized gas is ceased by closing valve 424v, vaive 426v may be
closed to prepare for another filler cycle,

{0048} Referring now to FIGS. § and 6, additional embodiments of the liquid
recovery tilter assemblies are shown designated generally as $18 and 619,
respactively. [twill be seen that each of the filter embodiments of FIGS. 5and §
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includes an additional drain passage or port communicating with the downstream or
outlet core volume of the filter slement. This is due {o the placement of the
downstream or outlet passage away from the filter core, which is relatively high in the
filter housing.

{00473 FIG. & shows a liquid recovery filter assembly 8180 having an addiional
drain passage, as described briefly above, For the most part, filler assembly §10
includes corresponding components to those disclosed above for filter assemblies
240 through 4140, 1e., a filter housing or shelt 842 having mutually opposed first or
upper and sgoond or lower ends §14 and 5186, respectively, defining an interior
volume §28, and 3 loroidal filter element 830 secured thersin. Filter element 530
and surrounding housing or shell $12 define an upstream or inlet volume 534
therebetweean. Filter elermnent 838 has a hollow core 832, An upstream vent
passage 824 and its associated valve 824y axtend frons upper or inlet end 514 of
shell 512, An opposite upstream or inlet side drain passage 526 and ils associated
valve 538v extend radially from lower or downsiream or outlef end 8§18 of filter
housing or shell 812

{0048] The placement of g downstream or outle! passage or port 828
extending substantiaily radially fron upper end 514 of filter housing or shell 842
requires that the liquid passing through filter assembly 510 flows upward from the
lower porions of filter core §32 {0 aexit the filter. Otherwise. Lquid flow through filter
assembly §10 is substantially as disclosed above for the other filter assembly
embodiments, e, an oullet vent passage valve 522v, upstream vent passage valve
§34v, and upstream drain passage valve 828v are closed during normal filtering
operations, and upstream or inlet and downstream or putlet valves 818v and §30v,
respectively, are open to permit flow through filter assembly 510, However, it will be
seen that a sixth port or passage 538 and ils associated valve 538v extend from
tower end 516 of filter shell or housing 512, in fluid commurication with filter core
532. Portor passage 538 serves as an outlet drain passage for draining filter core
532, Its valve 838v must be closed during normal filtering operations. Liguid flow
during normat filtering operations initially passes through radially disposed upstream
or intet passage 8§18 and its normally open valve §18v at upper end 514 of filter
housing or shell 512, and enters interior volume 834 between filter housing or shell
512 and filter glement §30. The liguid then passes through filter element 538 and into
filter core 832, gnd then upward and out of core 532 o flow from radially disposed
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downstream or oullet passage 8§20 and its normaily open valve 520y at upper end
514 of fiiter housing or shell 512,

§0049] Draining or purging of liquid from filter assembly 510 is accomplished in
a procedure similar to the procedure disclosed above for the other fiiter assembly
embodiments, but with some differences due to the presence of upwardly disposed
outlet passage 828, Inlet valve 518v is closed and upstream vent passage valve
§24v is opened to allow pressunzed gas to force unfiltered liquid from upstream
volume portion 534 of fiter housing 512 through filter element 830, The pressurized
gas may pass through an inline filter 828 installed i upstream vent passage §34,
{0080} Qnee all the liquid that can be purged through filler element 830 has
been recovered, any remaining unfitered liquid in filter housing 5§12 and outside filter
glement 830 is removed from the filter housing by opening lower upstream volume
drain passage valve 538y while mainiaining open counterpart upstream volume vent
passage valve 824v per the liquid recovery operation disciosed above. This permits
any remaining residual unfilterad Hguid to flow freely from filter housing or sheli 512
Upstream volume vent passage valve §24v and upstream volume drain passage
valve §28v are then dosed and outlet vent passage valve §22v is opened fo allow
the remaining filtered Hquid to drain or to be purged or flushed from filter core 532,
To enswre sterile recovery of the downstream fluids, outiet vent passage 522 is fitted
with an infine filler 3¢ {o preclude contamination of the filtered liquid being removed
from filler core 8§32 by the air or gas introduced through vent passage §22.

Howaver, it will be seen that dus to the high position of downstream ar outlet
passage 520, the infroduction of a purging gas through vent passage 522 cannot
flush tiquid from fiiter core 832, Accordingly, outlet passage valve 520v is closed
and outlet drain passage valve 838v in fluid communication with filter core 832 is
opened to aliow any liguid contained in filter core 832 to flow downward, (e, in the
revarse direction of ity flow during normal filtering operations, and out through outlet
drain passage 538 and its associated valve 838v.

{0051} The configuration of filter assembly 510 may aizo perform the intended
fluid filter and recovery functions when the fluid flow is reversed through the
assembly. In this functional cordfiguration, outlet port 520 is reassigned as an inlet
port and upstream drain passage port 528 is reassigned as a downstream outlet
port. Downstream vent port 822 is maintained in a dosed condition during the main
filtering operation. When used in this manner, fluld introduced into port 820 (with
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valve §20v open), fows into core 532 {or the fumen of the filter element if
constructed from, for example, hollow fiber or tubular material), and radially
cutwardly through filter element 538 info infernal volume 828 and out of the filter
assembly through port 8§26 as processed fluid. In this functional configuration, inlet
848 is maintained in a closed condition by closing inlet valve $18v. In addition, port
538 is also maintained i a closed condition by closing inlet valve 838w, Once the
infended volume of fluid is filtered through assembly 516, valve 520v is closed to
cease flow.

{0052] To remove the resident unfilterad fluid (resident in core 532),
prassurized gas is introduced info the filler assembly via vent passags port £22
{reassigned as an upstream vent passage port), by connecting a gas supply to port
524 and opening valve 822v. Reassigned upstream vent passage §22 may include
an indine filter 538 therem {o preciude contamination of the liquid being forced
through the filter element 530 by the air or gas introduced through the reassigned
upstream vent passage §22. Once the resident unfiltered fluid is foroed through filter
element 838, and removed from the filler assembly as processed fluid via port 828,
valve 522v is closed. This reversed funclional use of the filter assembly will result in
filtered fluld remaining i internal volume 828, upstream vent port 524 may be
reassigned as a purge port or downstream vent passage port made operational by
opeaning valve 524y, Pressurized gas is again infroduced into the filler assembly's
internal volume 828 via port 824, purging filtered fluid out of the port §28 for
recovery. Reassigned downstream vent passage 824 may include an inline filter 525
therain fo preciude contamination of the filtered liquid being forced out of the filler
assernbly via the port 828 by the air or gas introduced through the reassigned
downstream vent passage 524, Qnee the purge function is completed and the
introduction of pressurized gas is ceased by closing valve §24v, valve §26v may be
closed to prepare for anather filter cycle.

{0083} Referring now o FIG. §, a yet further aspect of the liquid recovery filter
assembly designated generally as 840 has a configuration similar {o that of filtey
assembly 851G, Le., with a filter cutlef passage extending radially from an upper end
portion 814 of a housing or shell 812, Filler assemily 8180 includes components
corresponding to those disclosed above for filter assembly 510, Le., filler housing or
shell 12 having mutually opposed first or upper and second or lower ends 814 and
818, respectively, defining an interior volume 828, and a toroidal filter element 830
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secured therein, Filter element 830 and surrounding housing or shell 812 define an
upstream or inlet volume §34 therebetween. Filter element 838 has a hollow core
832, An upstream vent passage 824 and ils associated valve §24v extend from
upper or inlet end 814 of shell 812, An opposite upstream or inlet side drain
passage §286 and ils associated valve 8§26y extend radially fram lower or
downsiream or oullet end 8§16 of filler housing or shell 812,

[00584] Liguid flow through filter housing 810 is essentially as disclosed above
for filter assembly $10. An outlet vent passage valve §22v connected o an cutlst
vent passags 822, upstream vent passage valve 624v, and upstream drain passage
valve §28v gre closed during normal filtering operations, and upstream or infet an
downstream or cullet valves 818v and 820v, respectively, are apen to permit flow
through filter assembly 818, An oudiet drain passage valve 8§38v is also closead
during normatl Sltering cperations.  Liguid flow during normal filtering operations
initially passes through radially disposed upstream or inlef passage 618 and ils
narmally open valve 818y at lower end 816 of filler housing or shell 12, and then
erters the interior volume 634 between filter housing or shell 812 and filter element
&30, The liquid then passes through filler element 830 and into filter core 8§32, and
upward out of core 832 to flow from radially disposed downstream or outlet passage
6§20 and s normally open valve 820v at upper end 814 of filter housing or shell 812,
1G055] Draining or purging of hiquid from the filter 810 s accomplished
essentially as disclosed above for fiquid recovery filter assembly §18. inlet valve
818v is closed, and upstream vent passage valve $24v is opened o allow
pressurized gas o force unfiltered liquid from upstrean volume portion 834 of filter
housing 812y through filter element 830, The pressurized gas may pass through an
inling filter 828 installed in upstream vent passage 6§24

{0056] Once all the liquid thatl can be purged through filter element 830 has
been recovered, any remaining unfiltered liguid in fitler housing 812 and cutside filter
element 830 is rernoved from the filter housing by opening lower upstream volume
drain passage valve §28v while maintaining open counterpart upsiream volume vert
passage valve 824y per the liquid recovery operation disclosed above. This permits
any remaining residual unfiltered liquid o flow freely from fitter housing or shell 812
Upstream volume vent passage valve 824y and upstream volume drain passage
vaive 828v are then closed and cutlet vent passage valve 822v is opened to aliow
the remaining filtered liguid to drain or o be purged or flushed from filter core 832
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To ensure steriie recovery of the downsiream fluids, outlet vent passage 832 is fitted
with an inline filter 838 fo preciude contamination of the filtered liguid being removed
from filter core 632 by the air or gas infroduced through vent passage 822,

However, it will be seen thal due to the high position of downstream or outlet
passage 8§20, the introduction of a purging gas through vent passage 822 cannot
flush liquid from filter core §32. Accordingly, cutlet passage vaive 820v is Closed
and outlet drain passage valve 838y in fluid communication with filter core 832 is
opaned to allow any liguid contained in filter core 832 to flow downward, Le  inthe
reverse direction of its flow during normal filtering operations, and out through cutlet
drain passage 638 and its associated vaive §38v.

{0087] The configuration of filter assembly 810 may also perform the intended
fluid filter and recovery functions when the fluid flow is reversed through the
assembly. i this funclional configuration, outlet port 6§20 is reassigned as an inlet
port and upstream drain passage port 826 is reassighed as a downstream outlst
port. Downstream vent port 822 is maintained in a closed condition during the main
filtering operation. When used in this manner, fluid introduced into port 828 (with
valve 220v open), fows into core 832 (or the lumen of the filter element if
constructed from, for example, hollow fiber or fubular material), and radially
outwardly through filler element 838 into internal volume 828 and out of the filter
assembly through port 828 3s processed fluid. In this functional configuration, inlet
8§18 iz maintained in a closed condition by closing inlet valve 818y, In addition, port
838 is also maintained in a closed condition by closing inlet valve 838v. Once the
intended volume of fluid is fillered through assembly 810, valve 620v is closed to
cease flow.

[00s8] To remove the resident unfiltered fluid (resident in core 8§32),
pressurized gas is infroduced infa the filter assembly via vent passage port 622
{regssigned as an upstream vent passage port), by connecting a gas supply to port
622 and opening valve 622v. Reassigned upstream vent passage 822 may includs
arn inline fitter 636 therein o preclude contamination of the liquid being forced
through the filter slement 830 by the air or gas infroduced through the reassigned
upsiream vent passage 822 Once the resident unfiltered fluid is forced through filter
element 838, and removed front the filter assembly as processed fluid via port 628,
valve 822v is closed. This reversed funclional use of the filter assembily will result in
filtered fluid remaining in infernal volume 628, upstream vent port 624 may be
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reassigned as a purge port or downsiream vent passage port made operalional by
opening valve 834y Pressurized gas is again infroduced into the filter assembly's
intemal volume 828 via port 834, purging filtered fluld out of the port 628 for
recovery. Reassigned downstream vent passage 824 may include an inline filter 625
therein 1o preciude contamination of the filtered iiquid being forced ou of the filter
assembly via the port 828 by the air or gas introduced through the reassigned
downstream vent passage 624, Onoce the purge function is completed and the
introduction of pressurized gas is ceased by closing valve 824v, valve 826v may be
closed to prepare for another filter cycle.

{0059} Accordingly, the vanous embodiments of the disclosed liquid recovery
fiter apparatus provide an effective means o recover costly liquids used in filtering
operations particitarly in the pharmaceutical as well as in cther indusiries. it should
be understoad that the vartous axial and radial configurations of the various inlet and
outlet passages or ports flustratively depicted in the drawings and disclosed herein
are merely exemplary, and that various other arrangemenis of thess ports or
passages are within the contemplation of the disciosure that provide a means for the
drainage or removat of iguid from the filter housing or shell, and particularly for the
drainage or removal of filtered liquid from the core of the filter.

joos] {tis o be understond that the present disclosure is not Hmited to the
ambodiments disclosed herein, but encompasses any and all embodiments and
equivalents thereof within the scops of the following daims. What | claim as new

and desire {o secure by lelters patent is
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1. Atiquid recovery fiter comprising:

a filter having an upper end, a lower end opposite the upper end, and a
cylindrical outer wall exlending between the upper end and the lower end, the sheli
defining an internal volums;

a filler element disposed within the filter shell, the filter element having an inlst
side and an outlet core, the inlet side of the filter element commumnicating fluidly with
the internal volume of the filter shell between the fiter shell and the filter element;

an inlet passage disposed through the filter shell, the inlef passage
communicating fuidly with the inlernal volume of the filfer shell belween the filter
shell and the filter element;

an cullet passage disposed through the filter shell, the outlel passage
communicating fluidly with the outlet core of the filter slement;

an outlet vent passage disposed through the filter shell, the cullel vent
passage communicating fluidly with the ouliet core of the filter element,

an upsiream vent passage disposed through the filter shell, the upsiream vert
passage communicating fluidly with the infermal volume of the filler shell betwesn the
filter shell and the filler element; and,

an upstraam drain passage disposed through the fifer shell, the upstream
drain passage cammunicating fuidly wath the internal volume of the fijter shell

bedweean the filler shell and the filler element.

2. The liquid recovery filter according to claim 1 wherein the cutlet paszsage is
disposed through the lowsr end of the filter shell, and wherein the outlet vent

passage is disposed through the upper end of the filter sheil

3. The baguid recovery filter according 1o claim? wherein the outlel passage is
disposed through the upper end of the filter shell, wherein the outlet veni passage is
disposed through the upper end of the filter shell, and wharein an cullet drain
passage is disposed through the lower end of the filer shell, the outlet drain passage

cornmunicating fuidiy with the outlet core of the filter element.

4. The liguid recovery Bilter accarding to claim 1 wherein the inlet passage is
disposed substantiaily axially through the upper end of the filer shell, and wherein
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the putlet passage is disposed through the lower end of the filter shell and extends

substantially coaxially with the filter element.

5. The liquid recovery filter according to claim 1 wherein the inlet passage s
disposed substartially radiaily through the upper end of the fiiter shell, and wherein
the outlet passage is disposed substantially radially through the fower end of the fiiter

sheil

&, The liquid recovery filter according fo claim 1 wherein the inlet passage is
disposed substantially radially trwough the upper end of the filer shell, and wherein
the outlet passage is disposed through the lower end of the filter shell and extends

substantially coaxially with the filter element.

-

£, The tiquid recovery filter according o claim 1 wherein the inlet passage is
disposed substantially radially thraugh the upper end of the filter shell, and wherain
the outie! passage is disposed substantially radially through the upper end of the
filter shell, substantially opposite the inlet passage, and wherein an outlet drain
passage is disposed through the lower end of the filter shell, the ocullst drain passags

communicating fluidly with the outlet core of the filler element.

8. The liquid recovery filter according to claim 1 wherein the inlet passage is
disposed substantially radially through the lower end of the filter shell, wherein the
cutiet passage is disposed substantially radiaily through the upper end of the filter
shell, generally diametrically opposite the inlet passage. and wherain an cutlet drain
passage is disposed through the lower end of the filter shell, the cutlel dram passage

cormnmurncating fluldly with the outlet core of the filler element,

8. The liguid recovery filter according to claim 1 further comprising:
an inline gas filler dispused in the oullet vent passage; and,

an inline gas filter disposed in the upstream vent passage.
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10. The liguid recovery filter comprising:

a filter shell having an upper end, a lower end opposite the upper end, and a
eylindrical wall extending between the upper end and the lower end, the shell
defining an internal volume;

a filter element disposed within the filter shell, the filter element having an inlet
side and an outlet core, the inlet side of the filter element communicating fuidly with
the internal volurne of the filer shell between the filter shell and the filter element;

an inlet passage disposead through the fifer shell, the inlet passage
commuricating fluidly with the internal volume of the file shell between the filler shell
and the filter slement;

an outlet passage disposed through the lower end of the filer shell, the outlat
passage communicating fluidly with the outlet core of the Bler element; and,

an outlet vart passage disposed through the upper end of the file sheli, the

autlet vert passage communicating fluidly with the oulet core of the filter glement.

11, The liquid recovery filter gecording to claim 10 further comprising:
an upstream vent passage disposed through the filter shell, the upstresy verd
passage comrunicating fuidly with the internal volume of the filter shell hetween the
filter shell and the filter element; and,
an upstream drain passage disposed through the filter shell, the upstream
drain passage communicating fuidly with the internal volume of the filter shedl

betwaen the filler shell and the filter element.

12. The hquid recovery filter according to claim 10 wherein the inlet passage is
disposed substantially axtally through the upper end of the filter shell, and wherein
the cutlet passage is disposed through the lower end of the filler shell and extends

substantially coaxally with the filter element

13. The liquid recovery filter according to claim 10 wherein the inlet passage is
disposed substartially radially through the upper end of the filer shell, and wherein
the outlet passags is disposed substantially radially through the lower end of the filer

sheli.
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14. The liquid recovery filter according fo claim 10 wherein the inlet passage is
disposed substantially radially through the upper end of the filter shell, and wherein
the outlet passage is disposed through the lower end of the filter shell and extends

substantially coaxially with the filter slement.

15. The liguid recovery filter according to claim 10 further comprising:
an intine gas filer disposed in the outlet vent passages; and,

an infing gas filter disposed in the upsirean vent passage.

16, The liquid recovery filter comprising.

a filter shell having an upper end, a lower end opposile the upper end, and a
cylindrical wall extending between the upper end and the lower end, the shell
defining an internal volume;

a filer element disposed within the fitter sheall, the fiter element having an iniet
side and an outle! core, the inlet side of the filter element communicating fiuidly with
the internal volume of the filer shell between the filter shell and the filer element;

an inlet passage disposed through the filter shell, the inlet passage
communicating fividly with the internal volume of the filter shell befween the filter
shell and the filter element;

an oullet passage disposed through the upper end of the filter shell, the outiet
passage cormmunicating fluidly with the oullet care of the filler element;

an outlet vent passage disposed through the upper end of the filter shell, the
outlet vert passage communicating fluidly with the outlet core of the filter element;
and,

an oullet drain passage disposed through the lower end of the filter shell, the

outlet drain passage communicating fluidly with the outlet core of the filter slement.

17. The liguid recovery filter according to claim 18 further comprising:
an upstream vent passage dispesed through the filler shell, the upstream vent
passage communicating fluidly with the internal volume of the filter shell between the
fiiter shell and the filter element; and,

an upstream drain passage disposed through the §ter shell, the upstream
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drain passage communicating fluidly with the internal volurme of the filter shell

hetween the filter shell and the filter slement

18. The hquid recovery filler according to olaim 16 wherein the inlet passage is
disposad substantially radially through the upper end of the filter shell, and
the cutlet passage is disposed substantially radially through the upper end of the

filter shell, substantially opposite the inlet passage.

18. The liguid recovery filter according to claim 16 wherein the inlet passage 18
disposed substantaily radially through the lower end of the flter shell, and wherein
the outlet passage is disposed substantially radially through the upper end of the

filter shell, generally diametrically epposite the inlef passage.

20. The liquid recovery filter according to claim 16 further comprising:
an inline gas filter disposed in the outlet vent passage; and,

an nhine gas filter disposed in the upstream vent passage.



