1 +Gas Filter Assenblies and Methods for Filtering Gases
Overvi ew of the Invention [0001] The present invention relates to gas
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[0003] In accordance with one aspect of the invention, gas filter assemblies may comprise
a housing and a gas filter. The housing may have a gas inlet and a gas outlet and may define a
gas flow path between the gas inlet and the gas outlet. The gas filter, which may be positioned
in the housing across the gas flow path, may comprise a pleated filter pack. The pleated filter
pack may include a plurality of pleats which have longitudinally extending crests and roots
and a pair of pleat legs that may extend from each crest to adjacent roots. The pleated filter
pack may further include an upstream surface, a downstream surface, and a pleated fibrous
filter medium arranged to remove particulates from gas flowing from the upstream surface to
the downstream surface of the filter pack. The gas filter may also include a spacer
arrangement positioned between adjacent pleat legs along the upstream surface of the filter

pack and insert spacers positioned between adjacent pleat legs along the downstream surface



2 of the filter paeck. The spacer arrangement may include a solidified
bondi ng material bonded to the upstream surface of the filter pack.

[ 0004] I n accordance with another aspect of the invention, gas filter
assenblies may conprise a housing and a pleated fibrous filter

ot i ne. c0gaR PRY W Bl I BarhaRenen gt et SiETRBohaEe st alSohse

pl eat ed foithe @sfredrh bir€ice B dhe filfer pdakch may be positioned in the housi ng
across the %as flow path, may include an upstream surface,
downst r efP4Hur f QE%CCOESI%F%‘“& PWPHET Espes et thedayestionyigas %@&ﬁ%ﬂﬁh@s #HE| ude

| ongi t udi s¥a%ﬁs@1{%ﬂ1ﬂ9 lﬁéa?eﬁtﬁor&ﬁchlfeg’ﬁfe&uﬁf‘dfkf}%'oﬁﬁn?fnafh@\%t ég@ﬂﬁet
that extend from eac ea

crest to adjacent roots. The p r ous
filter nandiages pstltaran@\mgedeﬁ@ a 154 g@ﬁrhthﬂnah@@smlgtmnga@ gaks @uileng The

e RpBed GRS AGR Qe ARO[ ERM BHAL AG8R aeloleib kad By

nmedi um er asse€ | es ‘na I NC
hot - el t pasipacsrindedcds mﬁeaﬁn omniade, laeibmafeaﬁlds;uafamhncb:i plataht}e(g‘spl@l’sd The

bonded tq the ups ms e of the filt medi um angd corrugat ed
Choert spstbiey b e pEf et tad s ol B L g o A
downst r egiendU¥dn26Rh@lest fo@dfacért edotdTerlelpRateclitbrolsunet ieliugfis BRhndeB td
spacer beads are spaced from one another to define %es fl ow channel s

ext endi NgMoxe prbrlaes fewmes frwing foaytbe ypoisamispeacg e theslgmnattnamemistaes of
the filt@e AEChihm/ %9§As%§ar Eéslaﬁlﬁﬁeséiﬁxa;relﬂﬁhérqﬁcl Qsi¥ia otf?gt rﬁxelt spacer

i nventi on have many nt ages I rrent
i nvent i obﬁadSJIDOdeInyd bétiveart adwblyc n@hﬁgearpldrmd@hﬂoaheeupm‘cm Buifacn’: pf)uim ﬁltglas

but are a a f,.capturin l,ar nt|
ot oo eSS AR BRIl SRR WAL oSS AN AL s RE SR ol e
assenbl i esvratreoa yurﬁage bhthe lﬁrlmanédmm rrhy plafefhe;cbji htﬁimeltrsgmvbeaﬁaﬁﬁelspweat e

materi al .over a |lon ﬁserw whi ¢ hances._reli

reduces WAL APty ROGR &P %‘@0 aéﬂgglsmsle ng, dYELeAdjaqenta t{egﬁf {lane the
assenbl i @streBY sliick 8Phe ¢ider heSsmof ten. Description of the Draw ngs

[0005] Gas filter assemblies embodying the invention have many advantages. For
example, embodiments of the invention not only effectively remove particulate material from
a gas but are also capable of capturing and holding large quantities of particulate material
before being replaced. Consequently, gas filter assemblies embodying the invention may
effectively remove particulate material over a longer service life, which enhances reliability,
reduces downtime, and generates less waste because the gas filter assemblies may be replaced

less often.
Description of the Drawings

[0006] Figure 1 is an isometric view of a portion of the upstream side of a gas filter
assembly.

[0007) Figure 2 is an isometric view of a portion of the downstream side of the gas filter
assembly of Figure 1.

[0008] Figure 3 is an expanded isometric view of the pleated gas filter of Figures 1 and 2.



[0006] Figure 1 is an ksonetric view of,a portion of the upstream side
of a gas filter assenbly. [0007]Figure 2 is an isonetric view of a
portion of the downstream side of the gas filter assenbly of Figure
1. [0008]Figure 3 is an expanded isonetric view of the pleated gas

filter
filter

of, Fi.qures and 2. 3 Description of Enbodi nents 100091Gas

a@gséﬁgﬁl?rb%fé’ﬂhfgﬁwlﬁﬁ the invention may be configured in a wide
[0009] Gas filter assemblies embodying the invention may be configured in a wide
variety of ways. One of many different examples of a gas filter assembly is shown in Figures
1-3. Generally, the gas filter assembly 10 may include a housing 11 and a gas filter 12. The
housing 11 may have a gas inlet 13 and a gas outlet 14 and may define a gas flow path in the
interior of the housing 11 between the gas inlet 13 and the gas outlet 14. The gas filter 12
may have a porous, pleated filter medium 15 for removing particulate material and may be
positioned in the housing 11 across the gas flow path. A gas containing particulate material
may be passed into the housing 11 through the gas inlet 13 and along the gas flow path
through the pleated filter medium 15 of the gas filter 12. Particulate material may be
captured and held by the filter medium 15, while the filtrate gas exits the housing 11 via the
gas outlet 14.
[0010] The housing may be formed from a variety of materials, including a metal, and
may be configured in any of numerous ways. For example, the housing may be a container,
€.g., a vessel or a plenum, having at least two openings fluidly communicating with the
interior of the container and serving as the gas inlet and the gas outlet. Further, the housing
may have any of a variety of regular or irregular shapes and sizes, and the gas inlet and the
gas outlet may be on the same side or on different sides of the housing. For example, the
housing may have a generally cylindrical shape or a boxlike shape. In the illustrated
embodiment, the housing 11 may comprise a frame 16 having U-channel frame members,
may be configured, for example, as a rectangular parallelepiped, and may have open faces on
opposite sides serving as the gas inlet 13 and the gas outlet 14. The gas filter may be
positioned in the interior of the housing in a variety of ways. For example, the gas filter may
be sealed to the housing by means of a potting resin.
[0011] The gas filter may include a pleated filter pack which may have any of numerous
configurations. For example, the pleated filter pack may have a hollow, generaily cylindrical
configuration. In the illustrated embodiment, the pleated filter pack 20 has a boxlike or panel
configuration. The pleated filter pack 20, including the pleated filter medium 15, has an
upstream surface 21 and a downstream surface 22 and includes a plurality of longitudinally-
extending pleats 23. The pleats 23 may have crests 24 and roots 25 and a pair of pleat legs 26
that extend from each crest 24 to adjacent roots 25. The pleats may have any desired height.
For many embodiments, the pleat heights may be in the range from about one inch or less to

about six inches or more. Some embodiments may have a pleat height in the range from about



variety of ways. One of many differentyjexanples of a gas filter
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[ 0017] For many enbodi nents, the insert_spacers 31 nmay conprise a thin
corrugated netal or polyneric sheet, for exanpl e, a corrugated netal
foil sheet, e.g., a corrugated alum num foil sheet. Sonme exanpl es of
corrugated insert spacers are disclosed in United States Patent No.
3,914,116. The corrugated insert spacer may be configured in any of
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downstream surface of the filter pack provide enhanced stiffness to the filter pack. The larger



[ 0020] Three gas filter assenblies (GFA I-111) are made, each having
the same fibrous filter mediumwi th abbut the same upstream surface
area (110 sq. ft.). GFA | has a housing containing a gas filter
including a pleated filter pack with the fibrous filter medium a

spacer arrangenent including a solidified bonding material between
adj acent g3sifloat chappls pravidedbyihe solihifisdhanfling anairial plethe ppacerrarygpgsment o

insert s j e
of the 1 FrEieaBShHRETANAREN apBRle oFHE dndid SR MR AE
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adj acent pl eat |egs,on the downstream surface of the filter pack. GFA
111 has 2RckaB&requccdominsime ang wastg Ry extendipg thesenvisgilifo b, fikermaek 1 i | t er
pack with the fibrous filter nmedium insert spacers between adjacent
pl eat |1 egs on the upstream surface of the filter pack, and insert

spacers between adjacent pleat |egEX¥MPBE downstream surface of the
filter pack. The housings and the pleats of the filter packs of GFA

I-111 ar i | I :
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sol i di fiiedetbiondi ng material. The insert spacers of GFA 1l and Il are
simlarl nfi gured include r ted i nsert .spacers.,
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The dirt hOFdI ng capaci tﬁit each gas filter assenbly is determ ned

of
by conpatishesn pafage phthe fidfer pack, aap dnsart geasersibetveen adjsecanpirst legs onlkee

wei ght o i £ t: .
xtur e ApanEedaSydes bPhe SRESIRL ) GFATPHEC O bifabing s b3 nclugine
|, whi che gleitediiikber patlewith terdibirous, filcapedings a sprderhatadgenzent Bichdangs of | SO
test dust Al
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Il or Gréslfiiter including a pleated filter pack with the fibrous filter medium, insert spacers between
adjacent pleat legs on the upstream surface of the filter pack, and insert spacers between
adjacent pleat legs on the downstream surface of the filter pack. The housings and the pleats
of the filter packs of GFA I-III are similarly configured. The spacer arrangements of GFA I
and II are similarly configured and include parallel beads of the solidified bonding material.
The insert spacers of GFA I and III are similarly configured and include corrugated insert
spacers.
[0021] Each gas filter assembly is tested in the same filter test fixture. The same gas
containing the same concentration of ISO Fine Test Dust (ISO standard ISO1210-A3) is
directed through each gas filter assembly at the same flow rate. Flow through cach gas filter
assembly is terminated at the same terminal differential pressure. The dirt holding capacity

of each gas filter assembly is determined by comparing the weight of the clean gas filter



10 CLAI M5 1. Agas filter assenbly conprising a housing having
a gas inlet and a gas outlet and defiﬁ?ng a gas flow path between the
gas inlet and the gas outlet and a gas filter positioned in the
housi ng across the gas flow path, the gas filter including a pleated
filter pack which includes a pluralit pl eats havi ng

| ongi t ud#saemnbly tethe ailhh gl bie eat fElte agpe l:sftrgmami fépnpéherﬁl@f togl fivdere upejs

ext endi nt roots, wherein the pleated
filter B%%%ﬁﬁ%%g%%Bﬁggﬁﬁ%gﬁﬁggg%acg a domnstrean1surface and a
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arrangement including a solidified mat eri a] bonded tq the

upst r eantBigh fdée sreathibapEAtldar @Fﬁtlﬁr Tﬁagwheradia hpldingrqapagity 08 C5A 1
posi ti onﬂrebﬁés\/t@@rb@@f QEANM 11f9|f&3£§FA SR AR GHEAR fensff eam surface

of the filter pack . The gas filter assenbly of claim1l
wher ei n adj acent pleat Iegs are spaced further apart along the
upstream surface by the spacer arrangenent than al ong the downstream
surface by the insert spacers. 3. The gas filter assenbly of
any precedi ng claimwherein the spacer arrangenent conprises spaced,
paral | el beads of the solidified bonding material extending along the
upstream surface of the filter pack, the parallel beads defining gas
fl ow channel s between adj acent pleat |egs. 4. The gas filter
assenbly of claim3 wherein a bead of the solidified bonding materi al
extends continuously frompleat to pleat along the upstream surface

of the filter pack. 5. The gas filter assenbly of any
precedi ng clai mwherein the solidified bonding material conprises a
hot-nelt material. 6. The gas filter assenbly of any preceding

clai mwherein an insert spacer conprises a corrugated netal spacer.
7. The gas filter assenbly of claim6 wherein the corrugated netal
spacer has corrugations which extend generally perpendicular to the
crests and roots of the pleated filter pack.



11 8. The gas filter assenbly of claim®6 or 7 wherein the
insert spacer conprises a corrugated fftal spacer havi ng corrugations
that are spaced from one another a distance which is |less than a

di stance between adj acent parallel beads of solidified bonding

mat eri al . 9. The gas filter assenbly of claim1 wherein the

pl eated fibrous filter medi um has tBe&AlldSt ream surface and the
domnstrean1surface wherein the solidified bonding material includes

a plurality o It s beads posi.tioned bet n gdj ace
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that is |le a di stance between agdj acent _hot - spacer . beads.
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adj acentyfigbaniBirfacb 884k filter Pck] tB@SfactMirGBgedtent MOGIARS alsBEdiBES baTagRy
bet ween adj acent corrugations of the corrégated i nsert spacer.

13. The mpterigbopdaddnhaunsieahsurfce ebtde algated fiten Rapkraaf iNser 8Paseissi ng
gener al 'Iyosfh%ie& ElﬁwEéH bt e!a? gé‘@gg%]ﬁx% dBRh&chfl SR REH the ﬁl%er packl4. A

met hod for renoving p tlc ate the air of an alrcraft cabin
conprising directing the air fromthe cabin through a gas filter
assenbly of ahyThergaes &temgsantdy of caich I eheremiadgrcehelehi legearespaaed furidet he
cabi n. apart along the upstream surface by the spacer arrangement than along the downstream

surface by the insert spacers.

3. The gas filter assembly of any preceding claim wherein the spacer arrangement
comprises spaced, parallel beads of the solidified bonding material extending along the
upstream surface of the filter pack, the parallel beads defining gas flow channels between

adjacent pleat legs.

4, The gas filter assembly of claim 3 wherein a bead of the solidified bonding
material extends continuously from pleat to pleat along the upstream surface of the filter

pack.

5. The gas filter assembly of any preceding claim wherein the solidified bonding

material comprises a hot-melt material.

6. The gas filter assembly of any preceding claim wherein an insert spacer comprises

a corrugated metal spacer.

7. The gas filter assembly of claim 6 wherein the corrugated metal spacer has
corrugations which extend generally perpendicular to the crests and roots of the pleated filter

pack.
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8. The gas filter assembly of claim 6 or 7 wherein the insert spacer comprises a
corrugated metal spacer having corrugations that are spaced from one another a distance

which is less than a distance between adjacent parallel beads of solidified bonding material.

9. The gas filter assembly of claim 1 wherein the pleated fibrous filter medium has
the upstream surface and the downstream surface, wherein the solidified bonding material
includes a plurality of hot-melt spacer beads positioned between adjacent pleat legs and
bonded to the upstream surface of the fibrous filter medium, the plurality of hot-melt spacer
beads being spaced from one another to define gas flow channels extending between adjacent
pleat legs along the upstream surface of the filter medium, and wherein the insert spacers are

corrugated.

10. The gas filter assembly of claim 9 wherein adjacent pleat legs are spaced further
apart along the upstream surface by the hot-melt spacer beads than along the downstream

surface by the corrugated insert spacers.

11. The gas filter assembly of claim 9 or 10 wherein the corrugations of the
corrugated insert spacer are spaced from one another by a distance that is less than a distance

between adjacent hot-melt spacer beads.

12. The gas filter assembly of claim 11 wherein the distance between adjacent hot-
melt beads is at least twice as long as the distance between adjacent corrugations of the

corrugated insert spacer.

13. The filter assembly of any preceding claim wherein the housing generally has the

form of a rectangular parallelepiped.

14. A method for removing particulates from the air of an aircraft cabin comprising
directing the air from the cabin through a gas filter assembly of any preceding claim and

returning the filtered air to the cabin.



