FUEL TANK INERTING PREFILTER ASSEMBLIES, DEVICES, XD METHODS OF
USE

BACKGROUND OF THE INVENTION

[0001] Flammability reduction systems, such as on-boagd igas generation systems
(OBIGGS), nitrogen generation systems (NGS), flamititg reduction systems (FRS), and
fuel tank inerting systems (FTIS), are commonlydutgereduce fuel tank combustion. In
these systems, pressurized air from an engine,engine bleed air or process air, is passed
through a membrane module, such as an air separatdule (ASM), to separate oxygen
from the process air, producing an oxygen-depleted gas such as primarily
nitrogen-enriched air (NEA). The inert gas isaalinced into the ullage (i.e., the space above
the liquid fuel) in the fuel tank where it displadfe flammable fuel/air mixture to reduce the
risk of an explosion or fire.

[0002] This process air, however, typically contains uirdé$e material, including
particulate contaminants, as well as water anderibsols. This undesirable material can
degrade the performance of the ASM.

[0003] However, while some filters for filtering process @e available, there is a need

for improved filters.
BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides a fuel tamdting prefilter assembly
comprising (a) a first endcap, wherein the firdd@ap includes a first side and a second side
and a central opening passing from the first dideugh the second side; (b) a second
endcap; (c) a first hollow cylindrical fluid treaémt filter comprising a particulate removal
and coalescer arrangement, the particulate renamehtoalescer arrangement including a
fibrous pleated porous medium having a pore sizéhe range from about 0.5 microns to
about 50 microns; and an oleophobic and/or hydrbhitbrous medium; (d) a second
hollow cylindrical fluid treatment filter comprisgnan ozone depleting arrangement, the
ozone depleting arrangement comprising an ozonketileyp material (such as a deposited
catalyst); (e) a third hollow cylindrical fluid @ément filter comprising an organic vapor
depleting arrangement, the organic vapor depletrmgngement comprising activated carbon,

zeolites, and/or activated alumina; and, (f) attotmollow cylindrical fluid treatment filter



comprising a particulate removal arrangement cosimgyia pleated porous medium, the filter
having an ultra low penetration air (ULPA) filteating or a high efficiency particulate air
(HEPA) filter rating; wherein the first hollow cyldrical fluid treatment filter, the second
hollow cylindrical fluid treatment filter, the thdrhollow cylindrical fluid treatment filter, and
the fourth hollow cylindrical fluid treatment filterre coaxially arranged, forming a filter unit
having a top end and a bottom end; and, whereifirdteendcap is bonded to the top end of
the filter unit and the second endcap is bondetedottom end of the filter unit; the filter
assembly defining a first fluid flow path and ased fluid flow path, wherein (i) the first
hollow cylindrical fluid treatment filter is disped across the first fluid flow path and the
second fluid flow path, and (ii) the second holloylindrical fluid treatment filter, the third
hollow cylindrical fluid treatment filter, and tHeurth hollow cylindrical fluid treatment

filter are disposed across the second fluid floehpa

[0005] In an embodiment, the fuel tank inerting prefissembly includes a coaxial gap
between the coaxially arranged first hollow cyliiedt fluid treatment filter and the second
hollow cylindrical fluid treatment filter, prefergh) wherein the first fluid flow path includes
the coaxial gap.

[0006] In another embodiment, a fuel tank inerting prefilievice is provided, the device
comprising a housing comprising a first section arsg&cond section, the first section
comprising an inlet port and an outlet port an@alesced fluid outlet port, the second
section comprising a cavity for receiving the ftaak inerting prefilter assembly, wherein the
filter assembly is arranged in the housing, thetipbrt directing untreated fluid into the first
fluid flow path and the second fluid flow path, thetlet port directing treated fluid from the
second fluid flow path, and the coalesced fluidedygort directing coalesced fluid from the
first fluid flow path.

[0007] Another embodiment of the invention comprises ahoefor removing
contaminants from process air, the method comgyi&i passing the process air through a
first hollow cylindrical fluid treatment filter hang a first filter upstream surface and a first
filter downstream surface, the first hollow cylingil fluid treatment filter comprising a
particulate removal and coalescer arrangemenpdheulate removal and coalescer
arrangement including a fibrous pleated porous omdiaving a pore size in the range from
about 0.5 microns to about 50 microns; and an dlebic and/or hydrophobic fibrous
medium, providing a discontinuous phase concentritied separated from a discontinuous

phase-depleted fluid; (b) passing the discontinyhase-depleted fluid from the first filter



downstream surface through a second hollow cyloadifluid treatment filter having a

second filter upstream surface and a second @itemstream surface, the second hollow
cylindrical fluid treatment filter comprising an @ze depleting arrangement, the ozone
depleting arrangement comprising an ozone depletiaigrial (such as a deposited catalyst),
providing an ozone- and discontinuous phase-depfeigl passing from the second filter
downstream surface; (c) passing the ozone- andmtistious phase-depleted fluid through a
third hollow cylindrical fluid treatment filter havg a third filter upstream surface and a third
filter downstream surface, the third hollow cylirgdd filter comprising an organic vapor
depleting arrangement, the organic vapor depletrmgngement comprising activated carbon,
zeolites, and/or activated alumina, providing ageoic vapor- and ozone- and discontinuous
phase-depleted fluid passing from the third fitewnstream surface; and, (d) passing the
organic vapor- and ozone- and discontinuous phapktid fluid through a fourth hollow
cylindrical fluid treatment filter having a fourttiter upstream surface and a fourth filter
downstream surface, the fourth hollow cylindridald treatment filter comprising a
particulate removal arrangement comprising a pteptgous medium, the filter having an
ultra low penetration air (ULPA) filter rating orhagh efficiency particulate air (HEPA) filter
rating, providing a filtered ULPA-rated or filterétEPA-rated organic vapor- and ozone-

and discontinuous phase-depleted fluid passing trenfourth filter downstream surface.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0008] Figure 1 shows an exploded view of an embodimeatfakl tank inerting

prefilter assembly according to the present inmtihe assembly comprising first and
second end caps, and a filter unit comprising axarranged first, second, third, and
fourth, hollow cylindrical fluid treatment filters.

[0009] Figure 2 shows an exploded diagrammatic view ofittes unit comprising
coaxially arranged first, second, third, and fouhbllow cylindrical fluid treatment filters
shown in Figure 1.

[0010] Figures 3A and 3B show one illustrative first eag ancluding a fluid flow
channel for use with embodiments of fuel tank ingrprefilter assemblies according to the
present invention, wherein Figure 3A shows a ceestional view (also showing a step-wise
channel portion of the fluid flow channel), and tig 3B shows a top view (also showing an
annular channel portion of the fluid flow chanred a cross-sectional view of the filter

unit).



[0011] Figures 3C and 3D show another illustrative firsd €ap including a fluid flow
channel for use with embodiments of fuel tank ingrprefilter assemblies according to the
present invention, wherein the fluid flow path does include a step-wise channel portion,
Figure 3C showing a cross-sectional view (also shgwn annular channel portion of the
fluid flow channel), and Figure 3D showing a botteraw.

[0012] Figure 4A shows a cross-sectional side view, agdrei 4B shows an isometric
view, of the embodiment of a fuel tank inertingfpter assembly shown in Figure 1.

[0013] Figures 5A (full view) and 5B (section view “A”) stv a cross-sectional top view
of another filter unit for use in another embodimeina fuel tank inerting prefilter assembly
according to the present invention, showing firel aecond fluid flowpaths, wherein the
fluid flow is “outside-in,” in contrast with the rfiside-out” flow shown in Figure 1.

[0014] Figure 6A shows a cross-sectional view of an embedit of a fuel tank inerting
prefilter device according to the present inventmymprising a housing having a first
section and a second section, and an embodimenfued tank inerting prefilter assembly
arranged in the housing, also showing the firstsswbnd fluid flow paths, also showing the
illustrative first end cap (shown in Figures 3C &m) including a fluid flow channel for use
with embodiments of fuel tank inerting prefilteisamblies according to the present
invention, wherein the fluid flow channel does maiude a step-wise channel portion.
[0015] Figure 6B shows a cross-sectional view of an enrhedt of a fuel tank inerting
prefilter device according to the present inventmymprising a housing having a first
section and a second section, and an embodimenfued tank inerting prefilter assembly
arranged in the housing, also showing the firstsewbnd fluid flow paths, also showing the
illustrative first end cap (shown in Figures 3A &) including a fluid flow channel for use
with embodiments of fuel tank inerting prefilteisamblies according to the present
invention, wherein the fluid flow channel includestep-wise channel portion.

[0016] Figure 7 is a diagrammatic flow chart showing tke af fuel tank inerting

prefilter device in an OBIGGS or a FTIS system.
DETAILED DESCRIPTION OF THE INVENTION

[0017] In accordance with an embodiment of the presemntign, a fuel tank inerting
prefilter assembly is provided comprising (a) atfendcap, wherein the first endcap includes
a first side and a second side and a central oggrassing from the first side through the
second side; (b) a second endcap; (c) a first Wwathdindrical fluid treatment filter



comprising a particulate removal and coalescengament, the particulate removal and
coalescer arrangement including a fibrous pleatedys medium having a pore size in the
range from about 0.5 microns to about 50 micrond;an oleophobic and/or hydrophobic
fibrous medium; (d) a second hollow cylindricaliflureatment filter comprising an ozone
depleting arrangement, the ozone depleting arraeageoomprising an ozone depleting
material (such as a deposited catalyst, for exaneplaprising manganese dioxide); (e) a
third hollow cylindrical fluid treatment filter coprising an organic vapor depleting
arrangement, the organic vapor depleting arrangeawenprising activated carbon, zeolites,
and/or activated alumina; and, (f) a fourth holloylindrical fluid treatment filter comprising
a particulate removal arrangement comprising at@teporous medium, the filter having an
ultra low penetration air (ULPA) filter rating orhagh efficiency particulate air (HEPA) filter
rating; wherein the first hollow cylindrical fluideatment filter, the second hollow
cylindrical fluid treatment filter, the third holocylindrical fluid treatment filter, and the
fourth hollow cylindrical fluid treatment filter arcoaxially arranged, forming a filter unit
having a top end and a bottom end; and, whereifirdteendcap is bonded to the top end of
the filter unit and the second endcap is bondetedottom end of the filter unit; the filter
assembly defining a first fluid flow path and ased fluid flow path, wherein (i) the first
hollow cylindrical fluid treatment filter is disped across the first fluid flow path and the
second fluid flow path, and (ii) the second holloylindrical fluid treatment filter, the third
hollow cylindrical fluid treatment filter, and tHeurth hollow cylindrical fluid treatment

filter are disposed across the second fluid floehpa

[0018] In an embodiment, the fuel tank inerting prefissembly includes a coaxial gap
between the coaxially arranged first hollow cyliedr fluid treatment filter and the second
hollow cylindrical fluid treatment filter, prefergh wherein the first fluid flow path includes
the coaxial gap.

[0019] In one embodiment of the fuel tank inerting assemble first endcap comprises a
fluid flow channel including a step-wise channeftpm and an annular channel portion, and
a coalesced fluid outlet, the fluid flow channehwaunicating with the coalesced fluid outlet,
wherein the first fluid flow path includes the fiuilow channel and the coalesced fluid outlet.
[0020] In another embodiment, a fuel tank inerting prefilievice is provided, the device
comprising a housing comprising a first section arsgecond section, the first section
comprising an inlet port and an outlet port andalesced fluid outlet port, the second

section comprising a cavity for receiving the ftagik inerting prefilter assembly, wherein the



filter assembly is arranged in the housing, thetipbrt directing untreated fluid into the first
fluid flow path and the second fluid flow path, thetlet port directing treated fluid from the
second fluid flow path, and the coalesced fluidedygort directing coalesced fluid from the
first fluid flow path.

[0021] Another embodiment of the invention comprises ahoetfor removing
contaminants from process air, the method comgyi&i passing the process air through a
first hollow cylindrical fluid treatment filter hang a first filter upstream surface and a first
filter downstream surface, the first hollow cylingil fluid treatment filter comprising a
particulate removal and coalescer arrangemenpdheulate removal and coalescer
arrangement including a fibrous pleated porous omdiaving a pore size in the range from
about 0.5 microns to about 50 microns; and an dlebic and/or hydrophobic fibrous
medium, providing a discontinuous phase concentrifted separated from a discontinuous
phase-depleted fluid; (b) passing the discontinyhase-depleted fluid from the first filter
downstream surface through a second hollow cyloadifluid treatment filter having a
second filter upstream surface and a second fitemstream surface, the second hollow
cylindrical fluid treatment filter comprising an @ze depleting arrangement, the ozone
depleting arrangement comprising a deposited catabymprising manganese dioxide,
providing an ozone- and discontinuous phase-depfkigl passing from the second filter
downstream surface; (c) passing the ozone- andmiscious phase-depleted fluid through a
third hollow cylindrical fluid treatment filter havg a third filter upstream surface and a third
filter downstream surface, the third hollow cylirgdd filter comprising an organic vapor
depleting arrangement, the organic vapor depletrmgngement comprising activated carbon,
zeolites, and/or activated alumina, providing agaoic vapor- and ozone- and discontinuous
phase-depleted fluid passing from the third fitewnstream surface; and, (d) passing the
organic vapor- and ozone- and discontinuous phapkttd fluid through a fourth hollow
cylindrical fluid treatment filter having a fourttiter upstream surface and a fourth filter
downstream surface, the fourth hollow cylindridald treatment filter comprising a
particulate removal arrangement comprising a pteptgous medium, the filter having an
ultra low penetration air (ULPA) filter rating orhagh efficiency particulate air (HEPA) filter
rating, providing a filtered ULPA-rated or filterétEPA-rated organic vapor- and ozone-
and discontinuous phase-depleted fluid passing trenfourth filter downstream surface.
[0022] Another embodiment of the invention comprises ahoefor removing

contaminants from process air, the method comgyigassing the process air through an



embodiment of the fuel tank inerting assembly erftrel tank inerting prefilter device,
wherein the fourth hollow cylindrical treatmentéit has an upstream surface and a
downstream surface the method including passingadtinuous phase fluid along the first
fluid flow path, and passing a discontinuous phadeseleted fluid from the downstream
surface of the fourth hollow cylindrical treatméitter.

[0023] Embodiments of the method comprise inside-out fllok@ugh the fuel tank
inerting filter assembly and/or the fuel tank imegtprefilter device.

[0024] Other embodiments of the method comprise outsidiemthrough the fuel tank
inerting filter assembly and/or the fuel tank imegtprefilter device.

[0025] In some embodiments, the method further compriassipg the discontinuous
phase-depleted fluid from the downstream surfadbefourth hollow cylindrical treatment
filter through an Air Separation Module.

[0026] In another embodiment, a method of making fuel iaskting assembly is
provided, wherein fluid treatment filters can bstailed individually, or in various
combinations. For example, in one embodimentfiteehollow cylindrical treatment filter
is installed separately from the second, third, faoeth hollow cylindrical treatment filters,
wherein the second, third, and fourth hollow cytindl treatment filters are combined as a
unitary structure before installation as part & #ssembly.

[0027] In accordance with the invention, air or gas caelbaned and scrubbed of
particulates, moisture (e.g., oil and/or waterprog, and volatile organic compounds,
providing extremely clean air or gas for use inhygsensitive and highly precise systems,
such as ASM systems. Embodiments of the inverarersuitable for inside-out flow
applications (see, for example, Figure 1) and datén flow applications (see, for example,
Figure 5).

[0028] High-efficiency particulate arrestance (HEPA) fitesometimes called
high-efficiency particulate arresting or high-eiiocy particulate air filters, and ultra low
penetration air (ULPA) filters, sometimes callettallow penetration aerosol filters, satisfy
certain standards of efficiency. To qualify as BB U.S. government standards, the filter
removes (from the air that passes through) 99.97panbicles that have a size of 0.3 um. To
qualify as ULPA by U.S. government standards, ilberfremoves from the air at least
99.999% of particles with a size of 0.12 pm.

[0029] Advantageously, by including an organic vapor dépdearrangement, and

locating it in a fluid flow path between the ozadepleting arrangement and the particulate



removal arrangement having an ULPA or HEPA filegtirg, volatile organic compounds
(VOCs) are depleted from the ozone-depleted proaiesgfore the air reaches the particulate
removal arrangement having an ULPA or HEPA filestimg and before the air reaches the
ASM, thus preventing or reducing damage to theqadate removal arrangement and/or the
ASM, as they can be degraded due to the VOCs.oldanic vapor depleting arrangement is
particularly useful in reducing spikes of VOCs, wir VOCs can be released downstream at
significantly lower concentrations over time aféespike incident. For example, filter
assemblies can remove 100%, or nearly 100%, ahthial VOC spike for a period of time,
e.g., about 3 to about 7 minutes, and subsequeatigse VOCs at lower concentrations, e.g.,
about 50% or less after about 10 minutes.

[0030] Additionally, since the organic vapor depletingaaigement is located

downstream of the ozone depleting arrangement,ezbat could damage (e.g., degrade)
elements of the organic vapor depleting arrangelfeegt, elements such as activated carbon,
zeolites and/or activated alumina), is depletertoroved from the air before the air contacts
and passes through the organic vapor depletinggeraent.

[0031] In addition to being especially suitable for fumhk inerting systems,

embodiments of the invention have a variety of adidal applications, e.g., for any
application that requires extremely clean air &, gar example, SCUBA enriched air
systems, hospital oxygen generating systems, dnd aa filters.

[0032] Each of the components of the invention will nowdescribed in more detail
below, wherein like components have like referemoabers.

[0033] The filters, filter units, and filter assemblieancbe any suitable shape; in
accordance with the illustrated embodiments, thieypeeferably generally cylindrically
shaped.

[0034] In the embodiments illustrated in Figures 1, 2, 4Ad 5, showing a fuel tank
inerting prefilter assembly 1000, the first hollewindrical fluid treatment filter 100, the
second hollow cylindrical fluid treatment filter @0the third hollow cylindrical fluid

treatment filter 300, and the fourth hollow cyliredd fluid treatment filter 400, are coaxially
arranged, forming a filter unit 500 having a bottend 501 and a top end 502, the bottom
end being bonded to a first endcap 1001 and theridgoeing bonded to a second endcap
1002. As shown in Figures 4A, 6A, and 6B, the taek inerting prefilter assembly 1000
provides a first fluid flow path 601 and a secoluidfflow path 602, wherein the fluid flow



is “inside-out”. In contrast, Figure 5 shows &efilunit 500 wherein the fluid flow is
“outside-in.”

[0035] Preferably, as shown in Figures 3B, 4A, 5B, 6A, &Bdthe fuel tank inerting
prefilter assembly 1000 and filter 500 include axaal gap 1040 between the coaxially
arranged first hollow cylindrical fluid treatmeritér 100 and the second hollow cylindrical
fluid treatment filter 200, wherein the first fluftbw path 601 includes the coaxial gap.
Figure 3D also shows the coaxial gap 1040.

[0036] In the embodiment illustrated in Figures 6A and &Buel tank inerting filter
device 1500 comprises the fuel tank inerting prefihssembly 1000 arranged in a housing
1550, the housing having a first section 1551 asdcand section 1552.

[0037] Using Figure 2 for reference, the first hollow egrical fluid treatment filter 1200
has an upstream surface 100A and a downstreanteur@®B, and comprises a particulate
removal and coalescer arrangement 101, the patetdmoval and coalescer arrangement
including a fibrous pleated porous medium 110 hgvarpore size in the range from about 0.5
microns to about 50 microns; and an oleophobicard/drophobic fibrous medium 120.
The first hollow cylindrical fluid treatment filteemoves the majority of particulate matter in
the process air, and coalesces the water and todifdie air stream, so that the coalesced
fluid (the coalesced discontinuous phase) can bsgubfrom the downstream surface of the
first hollow cylindrical fluid treatment filter algg the first fluid flow path, and drained out
(e.g., of the fuel tank inerting prefilter devicah an embodiment, the first hollow cylindrical
fluid treatment filter has at least about a 99.9P&erosol removal efficiency.

[0038] A variety of fibrous materials are suitable for asethe fibrous pleated porous
medium 110 and for the oleophobic and/or hydrophéibrous porous medium 120, and
suitable materials are known in the art.

[0039] In one embodiment, the fibrous pleated porous nmediomprises one of more
layers of glass fibers, preferably laid down oroa-woven backing, such as a mesh backing
and pleated into shape. The medium, or medium batking, can be pleated as is known in
the art, e.g., the medium can include a pluralitgleats axially extending between the axial
ends of the fluid treatment filters. The pleatsyrnmelude crests located at the outer annular
portion of the fluid treatment filters and valldgeated near the inner annular portion, the
crests and valleys connected by a pair of pleat |&8dthe pleated medium may include fan-
type pleats, wherein the crests extend radiallyatdly from the inner annular portion, or
pleats in a laid-over state, as illustrated in P&ents 5,543,047 and 5,252,207. Preferably,
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the medium, or medium with backing, includes aremeylindrical support 10 such as a
perforated core.

[0040] In one embodiment, the oleophobic and/or hydrophbrous porous medium
120 comprises a polyester based felt meltblown nadteThe fibrous porous medium can be
treated to render it oleophobic and hydrophobienore oleophobic and/or more
hydrophobic, by a variety of techniques known ie #t, for example, spray coating, or dip
coating.

[0041] Preferably, the oleophobic and/or hydrophobic filsrporous medium is wrapped
around the fibrous pleated porous medium.

[0042] The second hollow cylindrical fluid treatment filt200 has an upstream surface
200A and a downstream surface 200B, and compriseg@ne depleting arrangement 210,
the ozone depleting arrangement comprising a odepketing material such as a deposited
catalyst, for example, a deposited catalyst cormgrisianganese dioxide. A variety of
materials are suitable for use as the ozone deplatrangement (including a variety of
catalytic depleting materials, such as, for examgplgrecious metal such as platinum, or a
deposited catalyst, for example, manganese digxahe) suitable materials are known in the
art.

[0043] In one embodiment, the ozone depleting arrangenomw@nprises manganese
dioxide (MnQ) catalyst, deposited on a material allowing flfia therethough, such as, for
example, an open-cell foam pad 220. If desireeloitone depleting arrangement comprising
deposited Mn@catalyst can be wrapped around a central cyliatisapport 20 such as a
perforated core, mesh, or perforated medium. Bembodiment, the ozone depleting
arrangement comprises manganese dioxide (Yd€posited on an open-cell foam pad, and
wrapped twice around the perforated core. The murabwraps or layers can be selected to
provide adequate residence time for the catalysgrteove ozone (€) from the air stream,
preferably, as residence time of at least aboubtB6 more preferably, at least about 0.8 mS.
In one embodiment, the ozone depleting arrangensembves ozone to a level of about 10
ppb or less, from an initial level of about 500 ppb

[0044] In accordance with a preferred embodiment of thention, the ozone depleting
arrangement is arranged upstream of the organr\dgpleting arrangement, so that ozone,
that could damage (e.g., degrade) elements ofrfen vapor depleting arrangement (e.g.,
elements such as activated carbon, zeolites aadfimated alumina), is depleted or removed
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from the air before the air contacts and passesigifir the organic vapor depleting
arrangement.

[0045] The third hollow cylindrical fluid treatment filte300 has an upstream surface
300A and a downstream surface 300B, and comprisesganic vapor depleting
arrangement 310, the organic vapor depleting aermegt comprising activated carbon,
zeolites, and/or activated alumina. A variety @ltenials are suitable for use as the organic
vapor depleting arrangement, and suitable matearal&nown in the art. Additionally, a
variety of filter configurations are suitable, asudtable configurations are known in the art.
[0046] For example, activated carbon particles or sphearde immobilized between
layers of a non-woven fabric, or bound (e.qg., usifmnder) into a monolith. Alternatively,
or additionally, an activated carbon fabric carubed. If desired, the activated carbon can be
replaced with, or combined with, for example, ziesliand/or activated alumina.

[0047] In one embodiment, the organic vapor depletingaeaent is wrapped around
the ozone depleting arrangement, e.g., in one emisod, the organic vapor depleting
arrangement is wrapped 6 times around the ozoretadeparrangement. The number of
wraps or layers can be selected to provide adegesigence time for the activated carbon,
zeolites, and/or activated alumina to remove th&€g@om the air stream, preferably, as
residence time of at least about 30 mS, more @efgrat least about 40 mS.

[0048] In some embodiments, the organic vapor depletirapgement has any one or
more of any of the following: an air permeabilit2@ pa of about 1500 Ifts for a single
layer; an adsorber weight area of about 520 +4/86, and/or an active surface area of
about 1000 rfig to about 2000 ffg.

[0049] The organic vapor depleting arrangement can begquda.g., as described with
respect to the fibrous pleated porous medium ifiteehollow cylindrical fluid treatment
filter above). If desired, the pleated organicaraglepleting arrangement can be copleated
with the fourth hollow cylindrical fluid treatmeetement (as discussed below), or it can be
utilized as a separate filter element. In onegrel embodiment of a pleated organic vapor
depleting arrangement utilized as a separate élment, the pleated arrangement further
comprises a support such as a woven metallic mesh.

[0050] In accordance with a preferred embodiment of tirention, the

organic vapor depleting arrangement is arrangedfinid flow path between the ozone
depleting arrangement and the fourth hollow cyiicalrfilter having an ULPA or HEPA

filter rating, such that volatile organic compourff©Cs) are depleted from the
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ozone-depleted process air before the air reabtlegourth filter having an ULPA or HEPA
filter rating and before the air reaches the ASMistpreventing or reducing damage to the
fourth filter and/or the ASM, as they can be degrhdue to the VOCs. The organic vapor
depleting arrangement is particularly useful inu@dg spikes of VOCs, wherein excess
VOCs can be released downstream at significantlgtaoncentrations over time after a
spike incident.

[0051] The fourth hollow cylindrical fluid treatment filtelOO has an upstream surface
400A and a downstream surface 400B, and compripastigulate removal arrangement 410
comprising a pleated porous medium, the filter hg\an ultra low penetration air (ULPA)
filter rating or a high efficiency particulate §HEPA) filter rating.

[0052] In contrast with the first hollow cylindrical fluiteatment filter, that removes the
majority of particulate matter in the process tg fourth hollow cylindrical fluid treatment
filter is a “polishing” filter, removing all, or reely all, of the particles remaining in the air
stream, and thus, the air passing along the sdtaddlow path from the fourth filter
downstream surface comprises a filtered ULPA-ratefiltered HEPA-rated organic
vapor-depleted ozone-depleted and discontinuouseptepleted fluid.

[0053] A variety of materials are suitable for use aspleated porous medium, the filter
having an ultra low penetration air (ULPA) filteating or a high efficiency particulate air
(HEPA) filter rating, and suitable materials arewm in the art. Additionally, a variety of
filter configurations are suitable, and are knowrhe art.

[0054] Suitable materials include fibrous materials, saslglass fibers and/or polymer
media such as meltblown media, or membranes, sipblgmeric membranes.

[0055] The ULPA- or HEPA-rated filter can be pleated ascdéed with respect to the
fibrous pleated porous medium in the first hollogliredrical fluid treatment filter above). If
desired, it can be copleated with the organic valepteting arrangement (as discussed
above), or it can be utilized as a separate #ltlement. In one preferred embodiment of a
pleated filter utilized as a separate filter eletntre pleated arrangement further comprises
one or more supports or wraps 30 such as wovernllimet@shes (in one embodiment, the
porous medium is sandwiched between the meshes).

[0056] The fourth hollow cylindrical fluid treatment filtgoreferably arranged to provide
an adequate target media velocity, e.g., of at mlogtt 10.5 ft/ min (about 3.2 m/min), to
provide high efficiency filtration to process the a
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[0057] The first hollow cylindrical fluid treatment filtethe second hollow cylindrical
fluid treatment filter, the third hollow cylindritfluid treatment filter, and the fourth hollow
cylindrical fluid treatment filter are coaxiallyranged, forming a filter unit 500 having a
bottom end 501 and a top end 502, wherein theditrdtap 1001 is bonded to the bottom end
of the filter unit and the second endcap 1002 rwlled to the top end of the filter unit,
providing a fuel tank inerting prefilter assemb30D. Suitable bonding materials and/or
adhesives for bonding the endcaps to the filtetsuarie known in the art. In one
embodiment, the bonding material is a phenoliaresi

[0058] Suitable materials for endcaps are known in the art

[0059] In the illustrated configurations shown in Figu8#s 3B, 3C, 3D, 4A, and 6, the
first endcap 1001 has a first side 1011 and a sksiole 1012, a central opening 1010 passing
through the first and second sides, and a flui tbannel 1050 communicating with a
coalesced fluid outlet 1060. As will be explainedanore detail below, in both “inside-out”
and “outside-in” flow applications, the central opey 1010 communicates with both the first
fluid flow path 601 and the second fluid flow p&®2, and the fluid flow channel 1050 (not
shown in Fig. 3D) and coalesced fluid outlet 106Mmunicate with the second fluid flow
path 602. If second endcap 1002 has a centraimgpédhis plugged or covered before filter
unit 500 is used.

[0060] In the configuration shown in Figures 3A, 3B, ar the fluid flow channel

1050 has step-wise channel portions 1051 and anchganel portions 1052. In an
embodiment (e.g., as shown in Figures 1 and 3Agdge of assembling the filters, the first
endcap 1000 comprises a first section 1001A aretarsl section 1001B, wherein the
coalesced fluid exits through a gap between thioses; the gap being provided by a lower
step of the step-wise channel portion contactiegdtess 1075 in section 1001B.

[0061] With respect to ease of assembly, illustrativahgt hollow cylindrical fluid
treatment filter 100 and inner support 10 are bdrtddirst section 1001A (e.g., to form “part
1"), and second, third, and fourth hollow cylindti¢luid treatment filters 200, 300, 400, as
well as supports 20 and 30 (20 and 30 preferabtyesing perforated cores, meshes, or
perforated media) are bonded to second sectionBL(84., to form “part 2”), part 2 is end
capped by second endcap 1002, and part 1 is ptisteegjh the hollow interior of second
hollow cylindrical fluid treatment filter 200 intoontact with the inner surface of second
endcap 1002.
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[0062] In the configuration shown in Figure 6A, the fldidw channel 1050 does not
include a step-wise channel portion, it providesraight through flow path, in the
configuration shown in Figure 6B, the fluid flowarimel 1050 does include a step-wise
channel portion.

[0063] As shown patrticularly in Figures 4A, 5 (showing thier 500 without endcaps)
6A, and 6B, the filter assembly 1000 defines & fltsd flow path 601 and a second fluid
flow path 602, wherein (i) the first hollow cylindal fluid treatment filter is disposed across
the first fluid flow path 601 and the second flfimv path 602, and (ii) the second hollow
cylindrical fluid treatment filter, the third holecylindrical fluid treatment filter, and the
fourth hollow cylindrical fluid treatment filter ardisposed across the second fluid flow path
602.

[0064] In a preferred embodiment, the filter assemblydpsessure range from 0 psig to
about 100 psig.

[0065] In the embodiment illustrated in Figures 6A and &Bjel tank inserting filter
device 1500 comprises the fuel tank inerting prefihssembly 1000 arranged in a housing
1550, the housing having a first section 1551 asdcand section 1552. The illustrated first
housing section 1551 comprises an inlet port 15®ilam outlet port 1562, and a coalesced
fluid outlet port 1563, the second section 1552 pasmg a cavity 1560 for receiving the
fuel tank inerting prefilter assembly, wherein fiter assembly is arranged in the housing,
the inlet port 1561 directing untreated fluid (pges air) into the first fluid flow path 601 and
the second fluid flow path 602, the outlet port 2%8krecting treated fluid (filtered
ULPA-rated or filtered HEPA-rated organic vapor-lg#pd ozone-depleted and
discontinuous phase-depleted fluid) from the sddbnd flow path, and the coalesced fluid
outlet port 1563 directing coalesced fluid (distombus phase coalesced fluid separated
from a discontinuous phase-depleted fluid) fromftrse fluid flow path 601 and out of the
device.

[0066] The filter devices and housings can be any suitstidge and can be configured
(e.g., with respect to one or more of any of tHeWang: the number of sections, the inlet,
the outlet, and the coalesced fluid outlet portlsdsiown in the art, and the housing can have
one or more additional components such as ports.

[0067] As shown in Figure 7, filtered gas from the dewee be passed through an air

separation module (ASM) to a fuel tank.
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[0068] All references, including publications, patent agations, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0069] The use of the terms “a” and “an” and “the” andl&tst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly
contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotfise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0070] Preferred embodiments of this invention are deedrirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaents appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.



CLAIM(S):

16

1. A fuel tank inerting prefilter assembly compmigi

(@)

(b)

(€)

(d)

(e)

(f)

a first endcap, wherein the first endcap inetud first side and a
second side and a central opening passing frorfirgheide through
the second side;

a second endcap;

a first hollow cylindrical fluid treatment fét comprising a particulate
removal and coalescer arrangement, the partictéateval and
coalescer arrangement including a fibrous pleatedys medium
having a pore size in the range from about 0.5an&to about 50
microns; and an oleophobic and/or hydrophobic fisrmedium;

a second hollow cylindrical fluid treatmentdil comprising an ozone
depleting arrangement, the ozone depleting arraegeoomprising an
ozone depleting material,

a third hollow cylindrical fluid treatment fdt comprising an organic
vapor depleting arrangement, the organic vaporetiegl arrangement
comprising activated carbon, zeolites, and/or atée alumina; and,
a fourth hollow cylindrical fluid treatment fér comprising a
particulate removal arrangement comprising a ptepte#ous medium,
the filter having an ultra low penetration air (UAFfilter rating or a

high efficiency particulate air (HEPA) filter ragn

wherein the first hollow cylindrical fluid treatmefilter, the second hollow

cylindrical fluid treatment filter, the third holecylindrical fluid treatment filter, and

the fourth hollow cylindrical fluid treatment filtere coaxially arranged, forming a

filter unit having a top end and a bottom end; and,

wherein the first endcap is bonded to the top drideofilter unit and the

second endcap is bonded to the bottom end of Itke dinit;

the filter assembly defining a first fluid flow paand a second fluid flow path,

wherein (i) the first hollow cylindrical fluid trésent filter is disposed across the first

fluid flow path and the second fluid flow path, &ijithe second hollow cylindrical

fluid treatment filter, the third hollow cylindritfluid treatment filter, and the fourth

hollow cylindrical fluid treatment filter are disped across the second fluid flow path.
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2. The fuel tank inerting prefilter assembly ofigldl, wherein the fourth hollow
cylindrical fluid treatment filter comprising a @ateed porous medium comprises a fibrous

glass medium and/or a polymer membrane.

3. The fuel tank inerting prefilter assembly ofigidl or 2, wherein the third
hollow cylindrical fluid treatment filter comprisgnan organic vapor depleting arrangement

comprises particles, a fibrous layer, and/or a riitino

4. The fuel tank inerting prefilter assembly of ame of claims 1-3, including a
coaxial gap between the coaxially arranged firffiolocylindrical fluid treatment filter and

the second hollow cylindrical fluid treatment filte

5. The fuel tank inerting prefilter assembly ofigiat, wherein the first fluid
flow path includes the coaxial gap.

6. The fuel tank inerting prefilter assembly of ame of claims 1-5, further
comprising at least one support core comprisinggamor a perforated medium, the support
core being coaxially arranged with the first holloylindrical fluid treatment filter, the
second hollow cylindrical fluid treatment filtehd third hollow cylindrical fluid treatment

filter, and the fourth hollow cylindrical fluid teement filter.

7. The fuel tank inerting prefilter assembly of ame of claims 1-6, further
comprising a support core comprising a mesh orforaed medium coaxially arranged
between the first hollow cylindrical fluid treatntdiiter and the second hollow cylindrical

fluid treatment filter.

8. The fuel tank inerting prefilter assembly of ame of claims 1-7, wherein the
first endcap comprises a fluid flow channel inchgla step-wise channel portion and an
annular channel portion, and a coalesced fluideguthe fluid flow channel communicating
with the coalesced fluid outlet, wherein the fitatd flow path includes the fluid flow

channel and the coalesced fluid outlet.

9. A fuel tank inerting prefilter device, comprigithe fuel tank inerting prefilter
assembly of any one of claims 1-8, and a housingpesing a first section and a second
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section, the first section comprising an inlet @ortl an outlet port and a coalesced fluid
outlet port, the second section comprising a cdeityeceiving the fuel tank inerting prefilter
assembly, wherein the filter assembly is arrangdatie housing, the inlet port directing
untreated fluid into the first fluid flow path amlde second fluid flow path, the outlet port
directing treated fluid from the second fluid flgath, and the coalesced fluid outlet port

directing coalesced fluid from the first fluid flopath.

10. A method for removing contaminants from proaassthe method comprising

(a) passing the process air through a first holtglindrical fluid treatment filter
having a first filter upstream surface and a fiitstr downstream surface, the first hollow
cylindrical fluid treatment filter comprising a paulate removal and coalescer arrangement,
the particulate removal and coalescer arrangemehtding a fibrous pleated porous medium
having a pore size in the range from about 0.5ongto about 50 microns; and an
oleophobic and/or hydrophobic fibrous medium, pdowy a discontinuous phase coalesced
fluid separated from a discontinuous phase-deplbet

(b) passing the discontinuous phase-depleted fitard the first filter downstream
surface through a second hollow cylindrical fluidatment filter having a second filter
upstream surface and a second filter downstreafacgyrthe second hollow cylindrical fluid
treatment filter comprising an ozone depleting rgeament, the ozone depleting arrangement
comprising an ozone depleting material, providingpaone- and discontinuous
phase-depleted fluid passing from the second filtavnstream surface;

(c) passing the ozone- and discontinuous phasetejiluid through a third hollow
cylindrical fluid treatment filter having a thirdter upstream surface and a third filter
downstream surface, the third hollow cylindric#tefi comprising an organic vapor depleting
arrangement, the organic vapor depleting arrangeaaenprising activated carbon, zeolites,
and/or activated alumina, providing an organic vagepleted ozone-depleted and
discontinuous phase-depleted fluid passing fronthhd filter downstream surface; and,

(d) passing the organic vapor-depleted ozone-deghlatd discontinuous
phase-depleted fluid through a fourth hollow cytiodl fluid treatment filter having a fourth
filter upstream surface and a fourth filter doweatn surface, the fourth hollow cylindrical
fluid treatment filter comprising a particulate reval arrangement comprising a pleated
porous medium, the filter having an ultra low peatdn air (ULPA) filter rating or a high
efficiency particulate air (HEPA) filter rating, @riding a filtered ULPA-rated or filtered
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HEPA-rated organic vapor-depleted ozone-depleteddestontinuous phase-depleted fluid

passing from the fourth filter downstream surface.

11. A method for removing contaminants from procassthe method comprising
passing the process air through the fuel tankimgeessembly of any one of claims 1-8, or
the fuel tank inerting prefilter device of claimherein the fourth hollow cylindrical
treatment filter has an upstream surface and a sliogam surface the method including
passing a coalesced discontinuous phase fluid @henfirst fluid flow path, and passing a
discontinuous phase-depleted fluid from the doveastr surface of the fourth hollow

cylindrical treatment filter.

12.  The method of claim 11, further comprising pagshe discontinuous
phase-depleted fluid from the downstream surfadbefourth hollow cylindrical treatment

filter through an Air Separation Module.



