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.di sclosure describes filter constructions for filtering fluids, such as
gas or liquid. In particular, this dis¢losure describes a filter elenent,
a pre-filter, a housing, and nethods particularly useful with gas turbine
syst ens. Background Gas turblne systens are useful in generating
electricity. These types BLT SRANGIRIGEN AHDPSconveni ent in that

t hey can be constructed quickly; they are also desirable because t hey
produce fewer harnful em ssions than coal or oil based turbine systens.
Gas turbines utilize air for conbustion purposes. Due to the precision
noving parts in these types of sy§¥§§ﬁ ltﬁgldcorrbustlon air needs to be
clean. To ensure clean air for ir filters have been used to
clean the air taken into the gas turbine systen1 In prior art systens, a
series of panekpuid; §c%s§ré1@é’s%[19§§ﬂte\’ %%tﬁjgtlﬂs?mllfeﬂé&mﬂg's'chh 28 af éls tems
becanme nore sop |st | cat ed alrr was re absd n

i ncrease ligyid dn@tarttcmaprtbe@lmlmssrel desciiteesrd filtpr alemelnhtaak&f' lter; @ hgasing,.anki ne
systens i§, %hﬂﬁgggﬁf“mpéaéﬁﬁ§5%§ﬁ%§ﬁ dre In one aspect, a filtration
systemis escrl Irsing:“a tilter arrangenent including: (i) a
plurality of flrst filter elenments, each first filter elenent having
opposite first and second ends; an axial |ength between said first and
second ends; and a plurality of flutes conprising filtering nedia; each of
said flutes having a first end port Bagkaemduadent to said first filter

el ement first end, and a second end portion adjacent to said first filter
el enent second end; selected ones of said flutes being open at said first
end portion anéasltubie systenwsiate seefolid geperdtinpelectdcity. hebestgpecofeystenss of

d flut d
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In prior art systems a series of panel filters have been used to clean intake air. As

systems became more sophisticated, cleaner air was required. This caused an increase
in cost.

Improvements in cleaning air intake into gas turbine systems is desirable.

Summary of the Disclosure

In one aspect, a filtration system is described comprising: a filter arrangement
including: (i) a plurality of first filter elements, each first filter element having opposite first and
second ends; an axial length between said first and second ends; and a plurality of flutes
comprising filtering media; each of said flutes having a first end portion adjacent to said first
filter element first end, and a second end portion adjacent to said first filter element second
end; selected ones of said flutes being open at said first end portion and closed at said second
end portion; and selected ones of said flutes being closed at said first end portion and open at
said second end portion; {ii) a plurality of sleeve members each of the sleeve member
circumscribing one of the first filter elements of the plurality of first filter elements; each sieeve



circunscribing the first filter element and the sleeve menbelO;Mapedossai d
seal menmber pressure flange including fArst and second opposite axial
surfaces; a seal nenber secured to each said first axial surface of said
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each of tlaecftskwd)ﬁrgﬂ”aﬁabblmmcb@fssaad s¢at meebeeprbssurefangaiand pitaunabiiting thé sl eeve
menber s r B, e@%ﬁﬁp&“ﬂe? ng‘fghgﬁhg%;é%hg&#g erein; (i) there is one seal

menber presse seal menber pressure
fl anges and saia} tulaecfsm&ttleeveaﬂmnlmo@cxs:hlaeve menbers of the plurality of

sl eeve rrenbers as o]af=N Q% {i}%&a!.rﬁérlﬁgrr %S%Fe@nggfl%hécﬁqagl urality of first

fitter elenent secured erein: is al so descri bed.
Pref erably, thé)prekath said sbameerhbérpressumy/Bdrige andsaiit srroupding ealand a a
primary filter el e”@{r}él VBi .n a sleeve nenber. Methods of assenbling the
prefilter are descri g. Stens for using preferred filter arrangenents
are descri bed. (Bar t each saill gealsadrober NmeﬂarigmalxtadldsgaﬁstannebjmaZSsg/stems

Anot her aspect i ncl Hgﬁgs ﬁ]ﬁretsqqgm T’ror?netﬁé/lm% gr?!?\?véaieﬁﬁeerrat I on system as

descri bed above; dco I'Sin 'of the first
filter el ementé)w t hedidi Itfatlossyﬁérecs/fer mrfb:ecrlea‘nmgnmtakeeaw infa gabdurbine syémhol es

i_n t he tube sheet; g‘dv\ﬂgtaﬁpﬁé)%%% Hgﬂ&#g‘?'@é@é’f% ﬁ,h?lgl ;errent wth a second

filter elenent secure eco Phe second filter
el enent havi ng(fbpposeacheofitie thtough toles baomeeerdsemizar ofsdidiplulaity gf Hledet ween t he
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()] there is one seal member pressed between and against each of the
seal member pressure flanges and said tube sheet ; and
(i) each sleeve members of the plurality of sleeve members has one first

filter element of the plurality of first filter elements secured therein.

A prefilter element is also described. Preferably, the prefilter element is removably
mounted upstream of a primary filter element within a sleeve member. Methods of
assembling the prefilter are described.

Systems for using preferred filter arrangements are described. Particularly useful
systems include gas turbine systems.

Another aspect includes a method of servicing an air filiration system as described
above; the method comprising:

(a) removing one of the first filter elements with the first sleeve member from one
of the through holes in the tube sheet; and

(b) replacing the first filter element with a second filter element secured within a
second sleeve member; the second filter element having opposite first and
second ends; an axial length between the first and second ends; and a
plurality of flutes;



(c) 2a (i) each of the flutes having a first end portion adiladdan20@sp t he
first end, and a second end portion adjacent to the second end; (A)
sel ected ones of the flutes being open at22he first end portion and cl osed

at the second end poptiop; S ones. af the fl ut ei-ng closed at
the first end portigpl angaCh%gg"ne@‘{t%%ag%geac@%c?ngﬁan%FFJiaS?\”,E&({gle)ﬁrs?ﬁ%’second
sl eeve nmenber incl udi ng andecenchdseral portentadjacent éstbasecontileadige ext endi ng
radially therefrom the secon e flange ,ncludi ng an
axial surface with a second sgéf ﬁ‘l‘eeriw‘%%%g)cg{eeé F@%ﬁﬂ{egg?@?(??gﬁ?{&h?Tﬁ)r?gﬁrﬁg a
seal with the second seal nenipertichehdelered didhe smond esdpdrtiomandsslegsdssur e
fl ange and the tube sheet. Pr s i.ncl construct.i ons
configured according to pri nc%&ggeéﬁﬁ‘a@@%?lg%g clﬁ%erdgéiﬁ?e@%}ieggp 'g%f“?cbtion of
the Drawings FIG 1 is a schempenatthesecantl eadodiinodi nent of an air intake
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el evational view of one dabgdéremiingaadialythénefrorarthe aecond geatemimben ptegbilired

within a tube sheet, the ' gi r. el nt..bein isible, FIG 3 is a
schematic, rear elevati orﬁlg\['ée'\r/rilﬁée!g\(/j'{])Slf1 g'%' %’ga[gﬁuﬁ% \P'fhee} seacg piﬁ%aéwgmbeag?ﬁuge[ded I n
FIG 2, the pre-filter eltmrentardei ng visible. FIG 4 is a schematic, side
el evati onal vi of ' ik [ nt_of FlL GS. and 3 ipstalled
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cross-sectional view© e ar TiFte I&r g K&ht of FIGS. 2-4, taken

along the line 5-5 of FIG 3. FIG 6 is a schematic, enlarged, top plan
vi ew of one enbodinment of a latch wutilized to hold the air filter

arrangenent of -4 0in- t ] 200 WO 01/ 34278
PCT/ US00/ 42131 Fgéf%ed ?nefhdd@. n%?@de &%@trﬁ&%ﬁ% cor%f%u%e&/accordﬂlng toprinciples

described herein.

Brief Description of the Drawings

FIG. 1 is a schematic view of one embodiment of an air intake system for a gas
turbine system having air filter arrangements constructed according to principles
disclosed herein.

FIG. 2 is a schematic, front elevational view of one embodiment an air filter
arrangement installed within a tube sheet, the primary filter element being visible.

FIG. 3 is a schematic, rear elevational view of the air filter arrangement depicted
in FIG. 2, the pre-filter element being visible.

FIG. 4 is a schematic, side elevational view of the air filter arrangement of FIGS. 2
and 3 installed in the tube sheet.

FIG. 5 is a schematic, fragmented, enlarged, cross-sectional view of the air filter
arrangement of FIGS. 2-4, taken along the line 5-5 of FIG. 3.

FIG. 6 is a schematic, enlarged, top plan view of one embodiment of a latch
utilized to hold the air filter arrangement of FIGS. 2-4 in the tube sheet.



FIG 7 is a S‘@@zﬁyc perspective view of the air filter artOeMaed@dt of
FIGS. 2-4 an 8d fromthe tube sheet, the primary filtePCE&USARE31bei ng
visible, FIG 8 is a schematic, front elevational view of the air filter 5
arrangenment of FIG 7, the primary filter elenent being visible. FIG 9 is
a top plan view of the air filter arrangenent of FIGS. 7 and 8. FIG 10 is
a schematic, expl oded, ?iﬁ'e ers ective view of, a ¢lip and a sl eeve

for hol di ng the filter S, %@SISPT‘F“tVﬁ@e&’quﬂanr"E T FARETEEReNt of

-10 FIGS. 2-4 ayfkIGSR- 4Eﬂ1cﬁremfbﬂzed ﬁ’c)rﬁtI'ﬁ:‘i‘b@"ﬁtaétCthea&Jﬁﬁ’laﬁ;I AR VefnHeidne
enbodi nent of a.pre- filter utilized in the air filter arrangenments of

FIGS. 2-4 and MsbleF|G 12 is a schematic, si de el evati onal view of the

prefilter of FIG 11. bot t vi ew of the
prefilter of FIGS 11 angldi;zgqs &%ée}n%f‘l%ng&sc Igprdétvfeév @H]?)Elb?ﬁ?f vi ew of
anot her enbddi rmrangmienaofmﬁev|ﬂxémimary|ﬁlltezzaetn¢m beig visible.f i | ter arrangerrent S

of FIGS. 2-4 and 7-9, dug@g asse .. FIG 15 is a schematic, top plan

vi ew of another step of nh e fRP anZ‘GC‘YHEthﬁlaEfﬂlqe{@?anéFmﬂ}t@fFﬂﬁ Trpd. 16 s
a schematic, peyspective view of one enbodinent of a portion of filter
medi a usable in the primary filter elenent depicted in FIGS. 2, 7 and 8.
Det ai | ed Descri ption 25FK3 1PliG scmc;msicst‘)qﬂocteﬂ dibegeiyerspective visanefta clip

arrangenents and.caonstr ns d| sed herein.a abI e in a variety of
systens. FIG Alagdaoleeve & ‘gf’mg%%'t“gﬁegphﬁ‘f’ﬁ‘iré% terarpanggment S ¢ ur bi ne

system schanatMImaﬁd?.Q In FI G 1, airflowis shown drawn into an air
I nt ake system 22 at 30 arrows 23. The air intake system 22 includes a
plurality of air filter BiG dhifcrschematizgtop planaiiew pfoteenmboriment ofgmesheet 36.

In preferred syjtaiized H8nd éipﬁltégﬁ'ﬁﬁgeﬁ'@n&”ok‘h& AR Phe34278 10 May 2004

FIG. 12isa schematic, side elevational view of the prefilter of FIG.
11. - '
15 FIG. 13isa échematic, bottom plan view of the prefilter of FIGS 11
and 12. ' '
FIG. 14 is a schematic, top plan view of another embodiment of a
prefilter utilized in the air filter anangements.of FIGS. 2-4 and 7-9, during assembly.
FIG. 15 is a schematic, toﬁ plan view of z%nother step of assembling
20  theprefilter of FIG. 14. '
FIG. 16 is a schematic, perspective view of one embodiment of a
portion of filter media usable in the primary filter element depicted in FIGS. 2, 7 and
8.

Detailed Description
25 A. FIG. 1, System of Use

The air cleaner arrangements and constructions disclosed herein are

usable in a variety of systems. FIG. 1 depicts one particular system, in this case, a
. gas turbine system schematically at 20,
' ' In FIG. 1, airflow is shown drawn into an air intake system 22 at
30  arrows 23. The air intake system 22 includes a plurality of air filter arrangements 24

generally held in a tube sheet 36. In preferred systems, the tube sheet 36 will be



PCT/ US00/ 42131 4 constructed to hold the filter arrangementt Kdy a604n

angl e, rel atWVPLIBH#78 vertical axis. Preferred angles wll| DRCIse30pEBAI 5- 25,
for exanple, about 7. This permits liquid to drain fromthe filter
arrangenments 24 when the system 20 is not operating. The air is cleaned in
the air filter arrangenents 24, and then jt flows 5 downstream at arrows
26 into gas turbine tg{(fnerator 28 wher e |'§ Is used to generate power. B.

Overvi ew of A FOsipgted todioldyibg BfferarapgranenisAdat an apela felaivie 9 ¢ verdieal a¥i.angenent
24 usabl e In_syaieam:aeleswPAON A SIS Bruhord B2 Rlis s Bl 11"

arrangenment 24 includes a first, or. 10’ prima y and a
second filter &l dmmdton8the ﬁl\ﬂalr amngcmmtsa% whqurthé-syistear 20 iBylott dperatigg. m

"prefilter”, it is neant r at hat osi tione pstream of the
main, prinmary filter el e'ﬁ?f “ ea'feﬁéﬂtthf: éJ’tl e’b%ﬁ"*“@?)m?r@?%«ré“qséiﬂb’é%‘éf?t icles
fromthe gas bW AN ANArdis 2880 chi huttithe %n@ﬁ%ﬂtzz;&@hdrénw@%'g%nérﬁeF' G 2,
while the prefilter 32 is viewable in primary filter elenent
30 and the prep¢¥erer el ement 32 are 15 preferabl y secured within a sl eeve
menber 34 that is rermvaé) mount a erture 38. in tube sheet 36.

In general, air flowis 4 nt ake system 22 and

flows first through the (pﬁeeéxaﬂnpﬁrofe;hﬁfrﬁnéra%ﬁn nt DefsabRAPMERE J8s Primary
filter elenent 30. After exiting the primary filter elenment 30, the air is

directed i nto sheemjeRisai’of- peenoml the %@t@ﬂﬁﬁ%ﬁme@te% imludes Adirstoorr of er ence
now to FlI uredto
v 0 E By e A ekl S0R0A ARLd Bl n BHPEE Dtjchels e o RIS

megnt that .t heBjltheitetnf Tpefited, itécmbant b heparmdr thdvds ddsitioned wiseeanss tBé) ent er| ng
at an inlet, face 40 a iting.a n oppositely disposed Qutlet face 42,
Sheroin e’ di Bty pines ftsEspmet 40 Ahes HnalBBs B stme thISieR PETicles SUn A 598 | 1 ¢ e
same directi ongtbmf b Enﬁlla@/ﬁl% blem@gt 3018 vie@Hbik & FIR2EwHiZe tht Prefiltép324s 11

shoul d be understood that the outlet face 42 is shown schematically. That
i s, only a porYipwmplom Elge3 s Zaepppary fitstelomenti3P and thgpesfilter glemens 3R dre be

under st Qod 4 " etk LB i BN Y FlBDe bR dhdeSe LR GanlrlludmPi bl 11 €0 The

filter el emen |rs 44 and an opposi econ 30 46. In
the arr angenerﬁpedmpﬁémethbe shelet IE 18 geiidpsl, 4it flow ictakkerdd thwbhgh thoif mtghond to an
et eam end | ieh 27350 1% ¥ rugh e S1ORRE 1Smeie S5 and then g 3™ 1© 2
_primary filter element 30. After exiting the primary filter element 30, the air is
directed into the generator 28.

20 C. The Primary Filier Element

In reference now-to FIGS. 2, 5, and 7, the primary filter element 30 is
configured to permit straight through flow. By the term "straight through flow," it is
meant that the fluid flows directly through the filter element 30, entering at an inlet

' face 40 and exiting at an oppositely disposed outlet face 42, wherein the dﬁection of
25  fluid flow entering the inlet face 40 is in the same direction of fluid flow exiting the
outlet face 42. In FIG. 2., it should be understood that the outlet face 42 is shown-
schematically. That is, only a portion of the face 42 is shown with flutes. It should
be understood that, in typical systems, the entire face 42 will be fluted.
. The filter element 30 has a first end 44 and an opposite, second end |
30  46. Inthe arrangement depicted in FIG. 2, the first end 44 will correspond to an
upstream end inlet face 40, while the second end 46 will correspond to 2 downstream
‘end outlet face 42. The straight through flow allows gas to flow into the first end 44



end outlet face 42. The. straight through flow all ows gas td0fMay200% o t he
first end 44MQONEY79004 \\' O 01/34278 PCT/ USO0/ 42131 5 anacesistes2hs
second end 46, such that the direction of the air flowinto the first end
44 is the sanme direction of air flowthat is exiting the second end 46.
Strai ght through flow patterns can reduce .the anobunt of turbulence in the
gas flow Attent onl rect to FIG 1 FIG_ 16 is a_schematic,

per spective iiéw RIEG §]§ ‘f%’l(ju‘fhﬁ atdpe @F%“@t@albﬁ@l’&ﬁ?%f@ﬂ erdt4 ai n
preferred nEd' %t&%@%@dir&uoh BP&IPﬂbME&Y]S ekitlh?'fhe%k@dﬁ@@hd 36)- st et lrhﬁso éx

filter nmedia in the formof a fluted constfuction is genera de | gnat ed
at 50. Prefer alfloy, pattﬂqmsmrmeeiulcedbmmwumof torbu!'ﬁ@cemrllmdgasé]sw a Iayer 52 of
corrugations having a plyrality .face sheet 56. The FIG
16 enbodi nent shows two ggg?mgr%815?°Eetdﬂ%??%§§ gﬂge]t% i8¢ SHHEMAG BHFRECEY 10 on

top of the gor Wi@ﬁd@ﬁbdsﬁmﬁfg thpririflesaif oﬁﬁﬁlﬁdﬂﬁérﬁl@ﬁeﬁﬁle@%eﬁﬁ%sm ihugat ed
| ayer 52). Typica the preferred fluted construction 50 will include

t he corrugat edﬂleeﬂfﬂ?arygfe’é‘ﬂ%‘?féaot@Elﬁ*elﬁsé'tltﬁb‘ﬁﬁdl&whsﬁ?e‘mtda@tedv%en usi ng
o it o0 CORBAMEAIOR ekl i ghfd 0. CPRALINE M ned lonlkRHERE) Y W |1 D

wound around itsel suc ace hee er the

top of the cor inclsiesda lagyrei2 moﬂgmaﬁﬂmelnghmalﬁﬁ oﬁﬂu@@9£Mdflg‘a&élﬁe& op of
t he corrugated_

ayer IS icted as 56A. oul d be understood that
the face sheet SEGiﬁ%ﬁgg 48 “%P@mceﬁtes ‘3&5’“"5?‘?&%‘1"55’% the\ipreishent Ry A (demicted pe of
fluted congbr ueh ke ofIks 4 W e Phanbesss rnating
peaks 60 and ;t/\égu% 6206&&%2 trgughz 62 gﬁd?%ggﬁde%g{ﬁgﬂ%é?%@a?ﬁgiy%Fut es
into a tw ro

iqgBy.rthe profored iied consfraasiontSOwall frichndeii@ coﬂrﬁgajschlayéio or on
top of) the ot nf i i hown i.n
the upper flu 2%1 Wto t}’tog‘g%lhanbsié? gk@, %8%3 n%&“ ﬁ'ﬁ feetian, ’é‘r?d
while flute cmmeomﬁ&lmnmamwm buwaﬁﬂmmn&af@hgsm hObstohhe | over
row of flutes. el};ﬁ_ %ﬁﬁ cha ers 66 are cl osed Sé first end bead 68
that fills a p@F%‘ £ fopoitherrgragatedayar|Sgt dhefaeqehsat I6he f1 uti ng
sheet 52 apsl t&ﬁreﬁﬁ%ﬁi&%ﬂé’ﬁh@&rﬁ&?ﬁ& Iﬁért@%dep?‘ftaaaﬁéﬁ,n% 3RGNd end bead -

r en

70 cl oses the downstreamend of alte usi ng nedi a
construct ed i nundeestdodsthatdlie &mﬂhe@tﬁérastlﬁﬁﬁmedheﬁmeshdnﬁﬁng use, unfiltered

Shaded arrows 72, he. 1 el Sl oot R sonfien o e Bl s ¥ Cpen

preferably form altematmg peaks 60 and troughs 62. The troughs 62 and peaks 60

O

divide the ﬂ11_t‘_:s_~mto_ atwo r_ows, one being positioned adjacent to (in FIG. 16 over

20  or on top of) the other row. In the particular configuration shoﬁ in FIG. 16, the
upper flutes form flute chambers 64 closed at the downstream end, while ﬂﬁte
chambers 66 having their upstream ends closed form the lower row of flutes. The
fluted chambers 66 are closed by a first end bead 68 thlat fills a portion of the
upstream end of the flute between the fluting sheet 52 and the second facing sheet

25 56B. Similarly, a second end bead 70 closes the downstream end of alternating
flutes 64. ‘

When using media constructed in the form of fluted construction 50,
during use, unfiltered fluid, such as air, enters the flute chambers 64 as indicated by
the shaded arrows 72. The flute chambers 64 have their up;stream ;;:nds 74 open.

30 Thg unfiltered fluid flow is not permitted to pass through the downstream ends 76 of
thg flute chambers 64 because their downstream ends 76 are closed by the second
end bead 70. Therefore, the fluid is forced to proceed through the fluting sheet 52 or



30 The unfiltered fluid flowis not permitted to pass throudgh Mag2004
downst ream eNY207B2Ef the flute chanbers 64 because their dEWEAISIEIBEENdS
76 are closed by the second end bead 70. Therefore, the fluid is forced to
proceed through the fluting sheet 52 or 10 May 2004 WD 01/34278

PCTI USOO' 42131 6 face sheet 56. As the u flltered fluid passes through the

fluting sheet 0 hee f I ui aned or filtered. The
cl eaned fluid |t2°qshftﬁt§§t éﬁﬁwnﬁ-ﬁﬁre‘i&ﬁ&%ﬁ% hé‘?'igg\f\?"fﬁmnﬁﬁ]éeefp%u?fcfa?%en passes
through the fl uhe.shanbania iSGeanthbrilterbBVeLe!d@hid MRS I ifAMESSm80 ¢l osed to
fl ow t hrough the open downstream ends out 5 the fluted construction 50.

Wth the confi gmslededbarreahdinThe fad ﬂwhlpbssa‘rﬂnbugh thedlutesahambére Wbt whidugh t he

fluted sheet 5 e. upper. facgi t 456 he | vver facin heet 56B
and into a fl ut%'@ %E‘glﬁﬁg e%'@ en%n%tg‘fl ﬂ%‘ﬁ@gf’ ct%‘? it Wf@re?ﬂ?pq“g%?q%y wound
into a roll ad afie f@td &shstrictio50.S Wath tﬁ@ccﬁﬂ@%tlbmsrﬁhﬁ thé unfiiteted fl@H ¥arPf Ways
can be used to-coil or roll the 10 fluted construction 50. The fluted

constructi on 50lovefrayeh hedlitrdehagt 9drihie Bpres facing|sheet 664 or halevanlieiogl v, t he
fluted construc}lO8e@QudBl PR tEHﬁa%'ﬂ%?%?] Referring again to FIGS. 2, 7, and
e

8, note the cross-sectiona ape 0 ilter element 30 is generally
circular. The cross- sectTbmﬂmb&oommlﬂtmnbém@pmﬂl}r\cmﬂnaﬁntoiamoidﬁdfmcoﬂed
errbodi ment s

oby ound cetrac e rou
"racetrack shag.%‘c'fl'n BUGass °‘?fb’é‘rﬁi&ig gﬁ’&f’e%f ?”F‘-‘t’ gF é??gﬁ?c o 7a gETI ne a
curved (in morr&queeaizeﬁdurﬁeméso SR Bhkd LRictRA%0 x@a%e%a@e@%hh@a apaed (N

sonme enbodi nents, semcircular) end. The curved ehds would be joined by a
pai;r ~of strai gwpresdwnvdy, ther: ﬂetcdﬁmauﬁﬁ)n(ﬁ@nnmeaomsye%@fmyﬁmmm ic

rredla a nmedi a r cell ul ose bIe S of mat rlals
One exanpl e of ﬁégezl 2 égng}sr g?%& cf?lgs'r'?ﬁﬁmgal apc P E‘rgﬁ%r %mérﬁ %tﬁ BRI 45-55
| bs/ 3000 ft' ( Bicularg/Thk crobLsectiumilps ouldBe foh- cd‘cbﬁr BB dnibddirdentd)hiwkness of
about 0.005-0.015 in, for frazier

| bout 0.010 i
perneability of SHBW%OMQWWTGH& "%g’r"055?ﬁ%lc:§nra&%ﬁlfS}E*Ee‘f_'znmi?thﬁfﬁe% 7.
M mn); PORE Sz, Aiterddhint %ul@sieml 4 Olied i £0}3§‘€@{E%hﬁnenf’§39éﬁfnc SH)S&{ dons,

wet tensile strength of at | east out /7-1bs/in, for exa ‘bs. /|n |
(3.9 kg/in); banden @O&tertmn@dlﬂmmmeambodﬁnentsesemnuhé enfl. %ocnrvm-:enﬁs psi ,

00 A 03 5k ol HBRe L ose Tl can be peated
or less, and "in sonme i NRiAREESS50 M@mteﬁsyﬁ&{eﬁ@ﬁﬁdia, a media made from
cellulose, or blends of thes;e types of materials. One cxaniple of usable cellulose -
20 mediais: abasis weight of about 45-55 IBsJ3000 fi? (84.7 g/m?), for example, 48-54
li:s./3000 fi%; a thickness of about 0.005-0.015 in, for example about 0.010 in. (0.25
mm); frazier permesbility of about 20-25 f/min, for example, about 22 fi/min (6.7

m/min}; pore size of about 55-65 microns, for example, about 62 microns; wet
tensile strength 'of at least about 7 lbs/in, for example, 8.5 1bs./in (3.9 kg/in); burst

| 25  strength wet off of the machine of about 15-25 psi, for example, about 23 psi (159
kPa). The cellulose media can be treated with fine fiber, for example, fibers having
a size (diameter) of 5 microns or less, and in some instances, submicron. A variety

~ of methods can be utilized for application of the fine ﬁi)er to the media, if it is
desu'cd to use fine fiber. Some such approaches are charactenzed, for example, in
30 US. Patent 5,423,892, column 32, at lines 48-60. More specifically, such methods

are described in U.S. Patent Nos. 3,878,014; 3,676,242; 3,841,953; and 3,849,241,

. incorporated herein by reference. An alternative is 2 trade secret approach



of nmethods can be utilized for application of the fine fiberlkMay 2e04edi a,
if it is desMO3¢H8use fine fiber. Some such approaches arepchusmetsni zed,
for exanple, in 30 US. Patent 5,423,892, colum 32, at |lines 48-60. More
specifically, such nethods are described in U S. Patent Nos. 3,878,014,
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the filter el eWfthirgspiett tb thelmnﬁ@satfoﬁdoﬂtbe fike efeiviast, iffit D @esireiheti® fife NO

particul ar preﬁ repce .for fin? fi bers are_made; and, what 5
particul ar tggred%’é‘ﬂp‘ir%c gﬁ e?"f?rﬁ% qrj hew fhedaedibers ot mRds ané Whaber

typically woul &m@ﬂaﬁﬁ&hda‘%ﬁ’ué&ﬂ%ﬁﬁf{t | aF’ﬁé? éré Neh o Hg@hﬁe gg&gﬁ;ﬁ&ﬁ |y dvoul d

have the follow ng properties I Ci enc rage, with
no i ndi vi dual bm@llbéumd/tm%ultngemdwoaﬂnmnm wonld bavgAhe ﬂﬂlﬁﬁ/ﬁg usi ng SAE
fine dust; and_an over.al.l ficie 99. 98% avey a rd| ng to SAE
J726C. 10 Exan%ﬂ"%""ﬁ?s JELiRh e Sﬁfﬂ?w o Sé/%" 25cages iR 20 Idivichial st bl Oy, 3. Pat
No. 5,820, 646testedidebrddad 18'SIAE JT2601GHMhE SAR M da; 5Bl B RBGA ewx&icgofD The
Prefilter El errent Attention is directed to FIGS. 3 and 11 e prefilter

el ement 32 i s9399%8vqrescetrcodingite SABNY26G.he prefilter element 32 is a
Do e oMt ueL O, 20 EiambRUR Licble MhePodbbiblcbhd o QlsoliflH iy Pac ic2 ] > 92

The pleats 92 are arrange n-a zi % FLGS.
3, /11, and 13, 5Wdérwhnbhpaterituéinempahe%mefer&&ehaelﬂ have a generally
circul ar cross-section. The pr ef| | ter eI enment 32 is configured to permt
strai ght through flow. D tthe air flows directly through-the

prefilter el ement 32, eﬁt@ﬁﬁdﬁ%aﬁe&é&v\%ﬁbﬂ» @'aﬁg ¥ 3§9Tﬂé1 l%ﬁﬁereéi%rfnéd?gzat an

opposi tel'y disposed outlet face ereint vectfon of fl ow
entering the |1ﬁilbl§trﬁtafbePI§&rabls(,thwptmelsdemermmacatplwedﬁonﬂmmdnvoow exiting

th tlet f th b t
| east 15 piear ot ASTEHLE EpB i AGY L IRE PR e weedinasis. So
pl eats 92. Thezaplfshicad Acensbe seer inFIGS2H 190and 93} ?rétenéd préfBerdishentd that is

Folded T the e shently ciroular eross-seotion. . -
The prefilter element 32 is configured to permit straight through flow.
In other words, the air flows directly throu;gh the prefilter element 32, entering at an
20  inlet face 94 and exiting at an oppositely disposed outlet face 96, wherein the
direction of ﬂﬁid flow entering the inlet face 94 is in the same direction of fluid flow
exitihg the outlet face 96. o |
In certain preferred embodiments, there will be at least 15 pleats 92,
no greater than 80 pleats 92, and typically 30-50 pleats 92, The pleated construction
25 90is made from a media 98 that s folded in the form of pleats 92 centered around a
central core 100. Useable types of media 98 includes fiberglass, or alternatively, an
air laid media. Specific properties of usable media 98 include: a dry laid filter
medium made fiom polyester fibers randomly oriented to form a web liaving a
weight of 2.7-3.3 oz./yd® (92-112 g/m’);.a free thickness (i.e., thickness at 0.002 psi
30 compression) of 0.25-0.40 in. (6.4-10.2 mm}; and a permeability of at least 400
- ft./min (122 m/min).



central core 100. Useable types of nedia 98 i ncl udes fi ber gl Hxday 8804

al ternativelYO0H#278%ir |aid nedia. Specific properties of uFsB/ESOpdHBh 98
include: a dry laid filter medium nade from polyester fibers randomy
oriented to forma web having a weight of 2.7-3.3 o0z./yd3 (92-112 g/nB); a
free thickness (i.e., thickness at 0.002 808I 30 conpression) of 0.25-0.40

in. (6.4-10.2°'m); and abilit a ast 400 A /mn (122 mMmn).

1 0 May 2004 WO 011342%&%9&%%/&%%5‘565 V‘lﬂié’l‘:@rdreéd"ltﬁ?%'f’}"l“it%rrhrﬂenents 32

wi Il include arf biiedst &Uﬁ@@ﬁ@ns@&aﬁﬂs%@fﬂqge fifir s ord ext{t@cqm’)\@St ream side
0

96. The filter support- or |iner 102 can be constructe an expanded
mesh, made f romnpir@md of aopxmsdtall mesht madeduiml phgtiomtredalt fiabodliée hotedr 102 i s

over 4 cer tar nUBrt 1o 167 st piemelvap I e W sheReedemicnar 1 ne

liner 102 cpvesdly bite a@Bitdin fortibh bifthe btk £26 96.| This & dodbesthrltRAMRL linée
enbodi ments, the inlet face 94 can also have a filter support or liner.

Still in refer HRCovers theegire putletifaceidfe Imeastain aliemative erabadiraents, theislet at ed,
there is an ad in the prefilter element 32 in
t he shape of aﬁg%%ygﬁn}%élhg%éi ?ﬂgﬁj‘aggﬁg érrtajlctlon 90. In particular, the

seal ant 104 can be a beSﬂlllﬁ)ﬁ:méncehDFIGmll,tmtﬂlmqireﬂiISeraEﬁienm iligstiated, pl eated
nto a circular confiquration. The bead

construction 90 after e|n a geg
106 sol i di fi esNeffids MAdpesivet 0 gtz ﬁ%"’&l"éﬂd’i‘gﬁprﬁ@%ﬂe{?&% it 8 shapejof @
circul ar- canf i gnRt plefted bohs@EiaEH 80, I fARidAlE thd eafan? f@ﬁbe%ea{dﬁo&%ﬁvvab' Y,

and repl aceably 15 nountable in the sleeve me e sl eeve nenber
i s descri bed ilwtingitithalis apab@fhtplthﬂldtamdconstnwpm a@ aﬂmmgmhapedﬁtﬁo prefilter

The end ¢ 1 ps 10505 b aalt arggead fhe BERRE et el AR RE At "ol beve.
menber 34. |nmhhﬁrcummltstchmmrdoﬁagmﬁddter element 32 is preferably

constructed to have an initial, free-state, outernost dinension (in 20 this
case, dianeter) that isBe@siabihenrefiter plemenisiZie remoyshly and gplaceablis | eeve

menber 3415 Wigbinblfc thd el ficfibeldle g%kgﬁwemgsﬁ a0 fhobbDS 108
the nmedia 98 are squeezed, conpresse ent, or snas cé tween the inside
wal | of the sI@W@elqmrfbecrtz@zlmwdlsnhepmﬁﬁenﬂemmBEharimﬂdﬂzﬂﬁnﬂﬁml@lvt ernative

€ m.)Odl ment  of nqen%e?gh L)tf g«{uegzl:iggn&%tomb?eséizllé %teglg EI Id8nof the media 98 agamst

the inside wall of the sleeve member 34. In other words, the primary filter element
32 is preferably constructed to have an initial, free-state, outermost dimension (in
20  this case, diameter) that is éreater than the inside diameter of the sleeve member 34.
When placed inside of the sleeve member 34, the end tips 168 of the media 98 are
squeezed, compressed, berft, or smashed between the inside wall of the sleeve
member 34 and the end of the liner 102.
Ah alternative embodiment of a prefilter element is illustratcﬁ in
25  FIGS. 14 and 15, generally at 120. The prefilter element 120 is analogous to
prefilter element 32, in that' it comprises a pleated construction 122 of individual
pleats 124. The prefilter -clement 120 is assembled differently from the pi'eﬁltér
element 32. In this embodiment, the preﬁltpr t;,lement 120 is constructed by folding
a sheet of media 126 intd a series of pleats 124. This forms a generally rectangular
30  sheet 128 of pleated media. The sheet 128 is inserted into a mold co.ntaining ‘
polyurethane. The polyurethane is cured, to form a solid, rectangular end 130 of



25 FIGS. 14 awd 01B427general |y at 120. The prefilter el enent 1&113 sﬁgg;s}
anal ogous to prefilter elenent 32, in that it conprises a pleate
construction 122 of individual pleats 124. The prefilter elenment 120 is
assenbled differently fromthe prefilter elenent 32. In this enbodi nent,
the prefilter elenent 120 is constructed By folding a sheet of nedia 126
into a series ofoniprésibke pblfhretiTdlieS THidha%el 23 VSRR Yetasde BB ARG A heet
128 of pleated nedia. The sheet 128 :bs i nserted ir?t(s')ea r?ol%gé%rﬁr%ﬁtﬁ?ng
pol yur et hane. T‘H%m%ﬂ%‘@xr ethane is cured, to forma solid, rectangul ar end

130 of WO 01/34278 10 My, . PC: 2 ressj bl e :
pol yuret hane. Thi s panel Aitég%:halﬁdﬁéﬁ?@séﬁ@&eﬁﬂ@@@% $Perf | ter
el ement 120. At4sesntbiling thespatielriSg ti0l tHe@réfil@r eld@entTb6 Tﬂéenhlllsu%éﬂiﬁé;g t he
steps of assenbling the panel 132 into the prefilter elenent” 120. The end

130 is pi nched B83RE&R foam acerer 134 mEad plspts 136438 Bredhas meied ta@8d eddStier e t hen

noved toward e hes 1 i reetian. of arrows. 14 142, 1n thjs
manner, the pl gg'?he %g{?l%r\ d%@?é ’eﬁ%’egﬁﬂksél{ PRy ng&tg?pwﬂ iplﬁ?aé‘fl?ci ter
el enent 120. THe fendhpticalds pidikentlendRa20r Bhd didpleaisqBas 1508 R With a
clip. The-prefiJlt g{# eltgrrent 1%0 is convenient, in that the prefilter

el ement 10 12d°REhO8EEL WA g shi pped to the end user in the form of
panel 132. Just before iAstREI&td P ACH ut to
formthe resulting circul arﬁ refi I%Meb}mi%ﬁéﬁgﬁﬁ?@bﬁt@%&%%&mmer
and O anpi.n§ Sy'dP&mn I sered prskshiriped &y tha endnsgeimein forf 4f pameb 132U Jugt defosec or di ng

to principles i L |J,-have, sl eeve o er .34 secured to and

ci rcunscri bi ng Iﬁaeiﬁgéllgnﬂger 7 IIS?é:?n%‘T & "ntoug%%ﬂﬂﬁéﬁéﬁ'&ﬁ,cufﬂériér?ﬁ@&e menber
34 functions t@ldmentl2the primary elenent 30 in place in the air intake
~system 22. Preferred slegve nenbers 34 will also hold the prefilter

el ement 32 in place upstFed®es dembeignd\Clamhping8yst@®. 20 Attention is

directed to FIGS. 7-9. s illustrated,
hol ding the primry el e%%{%gmiﬁgg%é@%%ﬁwcgﬁé&m&ﬁk_ooprgl,c’f’?qﬁe

sl eeve nentdér darcprwildubilyeveaember Bosusd of amdivitchaioribhigaheprithits filter
Cross-section %% eh{'fo' primary filter elenment. -In this case, the primary
filter el enent Jeus” a general ly : :

In general, the sleeve member 34 functions to hold the pnmary

element 30 in place in the air intake system 22. Preferred sléeve members 34 will
also hold the prefilter element 32 in place upstream of the primary element 30.

20 | Attention is directed to FIGS. 7-9. One preferred sleeve member 34
is illustrated, holding the primary element 30. As'can be seen in FIGS, 7 and 8, the
sleeve _member 34 preferably has a cross-sect_ion that matches the cross—sectioﬁ of
the pnmary filter element.” In this é;é.e, the pmnary Hﬁlter eie;ﬁent 30hasa generélly
circular cross-section; therefore, the preferred sleeve member 34 hasa génerall_y_

.25 qi;cular_cross-sgction. It should' be understood that in other embodiments, the
primary elexﬁent 30 may hé.ve a cross-section of a diﬁ‘erent shape. In those cases,
the sleeve member 34 would have a cross-section that would match the cross-section
of the filter element 30. ' ,

As can be seen in FIG. 5, the sleeve member 34 includes a

30  surrounding wall 150 that is curved in a form to result in a surrounding ring 152,

The wall 150 has a length that generally extends from the end 153 (which, in this

case, is even with second end 46 or outlet face 42 of the primary element 30) to an



circul ar croswesegirpn; therefore, the preferred sleeve nenﬂ%@ﬁ%@%%%ﬁna
generally 25 circular cross-section. It should be understood that in other
enbodi ments, the prinmary elenment 30 may have a cross-section of a
different shape. In those cases, the sleeve nenber 34 woul d have a
cross-section that would match the cross-Bection of the filter el enent 30.
As can be seen dppodile@nd $54. Theslsdveenentee BDBIpraddrablp otitidabreRtiddtodhy r oundi ng
wal | 150 that is_curﬁﬁd inaformto result in a surrounding ring 152. The

wal | 150 has a Rriswy Hltenpamegbiblosxiepd aldewsh 3@ of barxipdengfiontBSpimych, i n
hi , L i or 0.0 I '
ol ement 30) 1o i st pas SERREY SRfer Bpflertitle b bR Tndtihel 4 MIERRERTROY .

154. The sl eevegreateritieam 8% ¢fshquaxdf] dengtil of the prividre Glteredlaieny®0, tladdetign pri mary

filter ele t 30 to_extend at Ieaﬁt 30% of the axial |ength of the primary
filter el ement BeFt PIFHrEATeReHeRts) theslpeys dusmbet 34 Wilkeatead aidgest el 34 wil |

gxtend  great eneiRlinad oo} e a e Bl e il clfRbY 30 I h by ] ement

30. Indeed, in 5 nost preferred arrangenents, t eeve nenber 34" wil |l
ext end at | easttypibal applicatiens, theslgtve njdnhizt 34 will H00 %yadifs of heleast i dinchesngt h of

th ' filg | t .30. . typical ' | , th I
monbor 54 vi || RSP RNGEsapd th AP ek, A swalt b TLRERR ' 15 30"

i nches, -and i.n some inst IACHSove RRnibef M Bprdfbigsly sbhshriGBPMd alhifAlvalVE Nember
34 is preferably constructed and arran eé) with a 10 sealing Systemto

al | ow for SEcursalipgsweerpite som for sacpng & primaty HEr elomeni 30 te the tefissheet 36,
Wi t Hout per m t t4eng: 440 | o L1 i primary
el enent 30. In%thltgﬂtgﬁrg{g{&nggf'ﬁg%g?%fe R Oﬁﬁégswgs?ﬁgrw%the sl eeve
menber 34 i nclelmhamt 30.skhdhe arrnpanenp degsicted i FIGEIR) o, &67-9, Dieslédvangmbat0 at
| east partially,,.and, in nost . preferred e di ts, fully cirguoscrjbes
the wal | 150 of34t'ﬂ€“‘lﬂlséé?lag%f3‘b prezgnes eéﬁggﬁ?ﬂeﬂﬁﬁf‘t- ?%P@Pf%g;an&
enbodi nents, thigalokBiteRrrdnbodirRett, %ﬂﬁ%iﬂ%ﬁa&ﬁb&ﬁﬁa%lhsdéﬂﬁém&ew ngl e

e

extrusion 151, and then curved into a’'shape that natches t

cr oss- sect il@nalmemsher B4ulndesdoin nst pregeryediembipgimehtesth flarge 160 krcexgradad withhber

pressure flang r st to support.a seal 162 in
order. to creat g_ﬁ%&ggégﬂ_f%&%%e%%@%ﬂgg%daré(g |ﬁ§‘fry?(ﬁ§%fﬁsga_ ceﬁia‘éﬁﬂ‘gﬂr%ﬁ{ehe t ube
sheet 36. Pref exasblsyctiondl eondipufation g€ tht Goint @afent BOOTH deyl théraberpfeesueal | 150

of the sl eeve rEIr{Eg

{603c$e%?eg az]:. zli Lallc)f:stop 'to support a seal member 162 in order to create a -
seal 164 between and against the flange 160 and the tube sheet 36. Preferably, the

20  flange 160 extends radially from the wall 150 of the sleeve member 34-and fully
circumscribes the seal menhlber‘ 34. The flange 160 will extend radially from the wall
150 a distance sufficient to support the geal member :162. In general, tlus dlstance
will be at least 0.1 inchcs; f&picaiif 70:25-2 inches, and in some émbodiments may
extend no greater than 10 inches . -

25 . " Asmentioned abové,'preferably, the flange 160 and the remaining
portions of the sleeve member 34 are extruded as a single piece of material. In many

" applications, it is convenient to extrude the sleeve member 34 and flange 160 from -

plastic, such as high impact polystyrene. After extruding, the wall 150 with
extending flange 160 is cut to the desired length. The wall 150 with extending

30  flange 160 is bent into a curved shape in order to support the primary filter element
30. The bending can be accomplished by a cold rolling process. The ends 166, 168

of the extrusion 151 are not, at this sfage, joined together.



ci rcunscri bes WReU/EeHW nenber 34. The flange 160 wil | exten&og‘é%%%&mfrom
the wall 150 a distance sufficient to support the seal nenber

general, this distance wll be at least 0.1 inches, typically 0. 25 2

i nches, and in sonme enbodi nents may extend no greater than, |10. inches. 25
As mentioned aboeve, preferably, the flangelll60 and the remaining portions
of the sleeve nenber 34 aﬁéteret)@mnudlle@tesl@ﬁl@uagm} p0 eleevsahe wWEll @54 @ith | n many

i cat t d mber. 34 and fl
T80 from pi ast 12bg SRABG R, BRELE 66 LR F B Suon Iskererieg, Che.
wall 150 with ewgestreithepihan Geeddondns 36 Winddlich RanRasi §1€&eh{%%%#‘34 CT}HE wal |

150 with extending 30 flange 160 is bent into a curved shape 1 n order to
support the pri f@%g appliceidonshe pamery e@mcnﬂ{bhabedittslmgappdmd bditsasicamwallj shed by
a cold rollinRg S of the ex ru3| 51 are not, at
this stage, joi %Iiet ?%Sﬂ % Sﬁg\%a@ ﬁ% %lnﬂféﬁ“‘gﬁﬁﬁi‘ ﬂ@i /42131 11
Attention is di mitemativelyaftetive kQppddGo bad t itk sttiRe WRthk phiR@r\iiddenebyit t i ng
ends 166, 168. Beﬁ[lr&ee t he nds 166, 168 of the extrusion 1517are pushed
toget her, the p@t MWF'F eof Bawall 139 The nrimaraelement AP isthen pasiionedeve
menber 34. In SR PR dpdirk 996 forn has adhesive
applied to its outer wal Nikhi ?@eor ngfby{}ﬁegﬁé%dﬁ%@ggg gglduﬁ"lgéaac Bng the

i nner surface oﬁhﬂmmesmlﬂquaﬁﬁaadﬂwelndalﬁ&/mw;me&ﬂahﬁl@dr!{:ﬁabu&mgmgageﬁheﬁto bot h
the outer sypfage.of .t.h imary el enent 30 _and the inner surface of the
wal | 150. Tﬁg p?? fo ;}mgfle%erﬁp%%‘ qraetpiping cipd74 is diraplacpdiayen thedeint b taper t ur e
170 f oamed by t becusd thevieeviRieater 34 in i) i PETAK Beka il HE aﬁéb? t he
end 166 and the_end 168 .t oward each-ether—in- a%ut 1(:\(|mn or g%n@%ﬁqgét
joint 174. A paf¥ o?g?!@{aélymrﬁgar@u{ama)t@nb spmﬁmhlypmac@dnmg@hpﬁﬂkgsm nt 174

h h |
to secure the sg&%ﬁlﬂﬁ “}fg}téﬁé {egr %%ﬁ'?ﬁféu {r%%ﬂgp e—ﬁbfé’f'e e exarrp e

et
LJ

shown in the - FIGS. enera circu t he
retaining clip Qﬁ’mlﬂsmajsmmaddtmhawmmmmem&as&ﬁuﬁdumg]e sl eeve rrenber 34.

For exanpl e the ret a| ni 172 may,. . be_secured to the wall 150 by
ultrasoni c Wel di ng. N(I}tg‘g fbﬁé e n&t"HP ﬁ?%ﬁcﬂﬁgﬁI@ﬁW@%&ﬁJP@&}% to

overlap the joi asm;ilé’tely&waaheﬁ&isséaﬁfeﬁ@meﬂf&bé%e 1ﬁ}ﬂsiéﬁnen |s, the

clip 172 has an,end 176 that is generally flush or ‘evéen wt 3. The
clip has an endisgeperaliy ory ¢ng 153, The(_:llphasanendl'?Sthatls generally

flush or even with end 154. The clip 172 also has a protrusion 180 between the ends
176? 178 that overlaps and engages the ﬂénge 160. Preferred shapes of the
20  protrusion 180 wiil be sometl_ling that defines an inside pocket 182 in the negative
shape of the flange 160. In the embodiment illustrated in FIG. 10, the protrusion
180 is U-shaped.
Attention is directed to FIG, 5. ft can be seen that the flange 160
includes first and second opposite axial sides 190, 192. One of the axial sides, in
25  this case side 190, supports the seal member 162. The séal member 162 generally
comprises a circular gasket 194, The gasket 194 is preferably secured to the flange
160, by adhesive between the gasket 194 and the side 190 of the flange 160. The
gasket 194 is positionéd on the flange 160, such that the gasket 194 completely

circumscribes the wall 150 and the primary élement 30.

30 The arrangement depicted also includes 2 system for clarping the
sleeve member 34 to the tube sheet 36. In the embodiment illustrated in FIGS. 3,5,

| and 6, the clamping system includes a plurality of latches or clamps 200. There

o form



flush or evep with end 154. The clip 172 al so has a protrusiMaBR0kkt ween
t he ends 17%901’?é27ghat overl aps and engages the flange 160. FEFEfeY42&1
shapes of the 20 protrusion 180 will be sonmething that defines an inside
pocket 182 in the negative shape of the flange 160. In the enbodi nent
illustrated in FIG 10, the protrusion %%O I's U-shaped. Attention is

directed to FI t eflan udes |rst and
second opposi t¥ Olé[%bgleno |g§2 %éﬁrcfg‘?shfog% Qi‘tg'seaélgégéemgw %5 this

case side 190,f5dpPey isi m@mbsg@htmwﬂ%théﬁ%evemnw@u iBrERdly hedugsneral Iy
conprises a circular gasket 194. The gasket 194 is preferably secured to

the flange 16b¢ tuby sheghdhilndharmbndinent showgas K86 3 daeraang 4tclpanpsi2@@ 190 of t he
flange 160. T 160 ch that the
gasket 194 corrpcglgﬂelfdg% aﬁ??g%gﬁ%ﬁtéﬂ ?%F&dﬁp}’hﬁ%t ?P%gﬁth tpﬁgﬂﬁ el enent
3? 30 Thﬁb sar r%ﬂg;émi;hﬁr dﬂmdt bcmeaﬁ; &b&@:anb?mﬁmmﬁﬁg},\aﬁp@d aﬂ?ﬁjfleﬁdl n@pmt Iﬁ'?mdt he

sl eeve nenber o.the tube s n the enbodinent illustrated in
FIGS. 3, 5, dﬁi@d“@ I prtagn) %fﬁfa H@ é%ﬂ@n‘hf’fﬁéﬁ‘&uh%gewéf thap Aslamps 2689. | at ches or
clanps 200. There 10 '\/Bmé%lsmc%/téﬁ?déf dsP tlﬁuﬁﬁé@%&%}:?@e qQul d be

enough | atches or clanps. 200 to forma goo ight “seal’ 1 en the
fl ange 160 andhewm it erbss-ssttinmt Eaéh ofitheclamnpe20d iseludesradatre 2034 riose 20der abl y

installed in l.n .t odi own in EIG 3, there
are 4 clanps fﬂg p%z%%oﬁgﬁ%teﬁﬁ%ogﬂfg JZ]”@ ?\#éﬁ%ws%%"émﬁ?%glay al ong
the periphgry fﬁﬂtexiehe,uéﬂa%ragﬁltmiﬁﬂsecdrsﬂﬁtdmllipmh@dhmeé&eettiaere can be nore
than 4 clanps 200 for exanple, 6-10 clanps. In certain other enbodi nents,

there can be fewer thanTheeqsaﬁ%omesmApmlémsaﬁet%thmﬂmléaamb FIGS. 5 and
6. In FIG 5, cl anps
200 i ncl udes acB {P@f/&%&r ﬁgg%a?ﬁ%ﬁkgrs@%g, trﬁéér:\tggi&gﬁat %ée@%& %e at%gq%

i ncl udes apermdcmemovﬁhﬂndseﬂoamrdmdammygmmthé@utfe&heaea&rf"oxsuch as a
bolt 212 to secur 2 o t he tube 6. nose 2

operates to af %@ggﬂ%ﬁ&gtﬁﬁgm 3‘2?&1&%5’%915 ﬁléelﬁ\é"é%?rerrber

162 agai ngts tbk&y{ﬁébﬁpt%&@@by §§ers6ﬂ‘kech|!uﬁb’8f hﬁ'ﬁgo 2199t MeSiosd 2’04 1§‘§|cﬁ€$ﬂo‘ﬁ3| y rmve
the nose 204 toward and away fromthe tube sheét 36. For exanple, whe

instal |ing t h&ay fivarthefuba slisetaon Thivaliows thesystemdnstaliasto Benipelats thecfiltar 202 15
may b e depr es%ﬁ'gné&ﬁeﬁt %ﬁ%ﬁhatt B‘l‘é%&é 1&@&9 b%%ogmxgedtbegw&g nzoge 264” a .

direction
and the tube sheet 36. In other embodiments, the clamps 200 can be hand-tightened,

such as using wing nuts.
20 F. Methods
In operation, the filter arrangement 24 is used as follows. Airtobe
filtered in the system 20 is directed at arrows 23 into the intake system 22. The air -
first flows through the prefilter element 32. The air enters at the inlet face 94, passes
through the media 126, and exits through the outlet face 96, The prefilter efement
25 32 removes larger particles and debris from the intake air' Next, the air enters the
primary filter element 30 The air enters at the mlet face 40, passes through the
fluted construction 50, and exits at the outlet facc 42. From there, the air is taken
into the generator 28.
In typical operation, there is an overall pressure drop across the ﬁlter
30  arrangement 24 of about 0.6-1.6 inches of water. This includes both the pnma.ry
filter element 30 and the prefilter 32. Typically, the pressure drop across the



away fromth 4@23 ﬁgeet 36. This allows the systeminstall & May 2804 pul at e
the filter ar g% nt 24 in a way that the flange 160 can BET/H6¥¥4213dned
bet ween the nose 204 and the tube sheet 36. In other enbodinents, the

cl anps 200 can be hand-tightened, such as using wing nuts. 20 F. Methods
In operation, the filter arrangenent 24 i used as follows. Air to be

filtered in th ' i t. arrgws 23 i.ntp the infake system
22. The air f%rr%?ﬁ%% omlégethﬁ%b%gahg@tﬁ?q% érfcgfsto rwaéefr’e\"rfé‘plfttg%@.e?suﬁerfgo%ir enters
at the inlet fae@sOfe pimssatemdnhl®alghe WillbenBatitd.426ch andaxi ts through the

outl et face 96. The prefilter elenent .25 32 renoves |larger particles and
debris fromthe intake affier aesged of epsratiop, thpfilisrarmrgemept J4shoyldfe| t er

el ement 30. Th jcbd ER $ ' ses through .the fluted
construction 5 ?ﬁgnd e??l?seﬁatﬁggrég&tkﬁeéel?ﬁ&gg%ﬁ%g.“Hﬁfegrlﬂr%Wé’Fees,e H&air is

taken i nt o5t héi.gamaped end 28lacdmment)yipinathd pripey alenent 30, MY Rniic MepeRRKEal |
pressure drop a ement 24 qf about 0.6-1.6 inches

of water. This eﬁa%ﬁﬁ?&élif%%% Hefﬁhgr %?9?%@%? 19 grasped ptdiwirais 33, hfendhe

prefilter 32. PTypivealiown thé Beevenfpiber $4. 0FRPCAG: b | A WO
01/ 34278 PCT/ US00/ 42131 13 prefilter 32 el 2Biic by iy BY:BRE VO | e

of water, whil élemgat 3% 2hiipm fdgtiopal engagementtvwith the inmerr sprfatesafelnt waAD1%) one wi | |

be about 0. 4- 1.4 t a ri.od..of operation, the filter
ar r angenent 24%%%@?3;53?&%%%?%@ 0 W%ﬁﬁgyb%%sﬂoﬁeé‘t&t %‘eseb‘%"éif % %’iﬂht Tenment
32, 120 Wi 10 r egtneite320020eis pRyvide@i The SrefilterRlemehCTMMAdy 16 tHeSBind6£pmAL ) than

the primary el emer;% 30, To servjce the prefilter elenment 32, 120 the
prefilter el embht aenativsly, the pasfillerelement 32 may be dmths fgm of thepramepder enpved

fromthe sl eeve qerbaidf2. HieDahd 3 PR n%fb‘?ﬂi?é’dh Q%gﬁﬁ%etipﬁvﬁ@f l1datsC

el ement 32, 120 fromfrictional engagenment” wt I'nner surface of the
wal | .150. Thel?4 ae fangéd dutcmdehdpleatt 38 25 joih2d tonthy endydleat 18S.dTgpediydendf . A

second, new prefjlt.er | ement. 32..12Q | s ovi ded The prefilter el enent
120 may be in ﬁﬁﬁet lﬁgrlsrrtl% %*&53%%?”0‘2@%08 gpkﬁahg{ﬂ-, Ve‘ggf‘}&iﬂﬁérc@?féﬁ iHLr el enent
32 may be i tHemémn0.0Thd iy peLitdreRenc3 ¢20 Bithddipblckd frRide 32the Bltvapanel 132
I s mani pul ated,- such .that the individual pleats 24 are fanned out, and

end pleat 136. Membereiinddnsupanbedopnby yadially carmpressingshe end tips 18 af thsl eat 136 is
then clipped ool Aedta bR e MrRPlurdBor hOwhs 50,1 N8s fickiGli Bheddbali! t €
'  helps to hold prefilter element 32, 120 in place. It should be noted that the pressure
of the system 20 also helps to hold the prefilter element 32, 120 in place in the
20  sleeve member34,
From time to time, the primary element 30 will also require servicing.
Typically, this will be after a pressure drop of about 3-4 inches of water. To service
the primary element 30, the sleeve member 34 is remc;ved from the tube sheet 36. '
This is done by breaking the seal 164 between the flange 160 and the tube sheet 36.
25  To break the seal 164, each of the clamps 200 may need to have each of its levers
202 depressed, such that the nose 204 is moved away from the tube sheet 36. The
sleeve member 34 is then slid axially from the tube sheet 36 along the aperture 38
defined by the tube sheet 36. o
The primary element 30 along with the steeve member 34 may then
30 be‘ disposed of. Preferab_ly, the primary element and sleeve member 34 are
cgnstructed completely of non-metallic materials, such that they can be readily

incinerated. Preferably, the primary element 30 and sleeve member 34 are at least



15 el ement 120. The new prefilter elenent 32, 120 is then pl1@dday 2008 de of
the sl eeve Whiage7834. This may be done by radially conpres®cmgstixeiand
tips 108 of the pleated nedia against the inner surface of the wall 1SO
This frictional engagenent helps to hold prefilter elenent 32, 120 in

pl ace. It should be- noted that the pressure of the system 20 al so hel ps
to hold the prefilter elenment 32, 120 in14pl ace in the 20 sl eeve nenber 34.
Fromtine to Sh¥emotreapisalinailgpstdld@mpon-mgllisi Kitempigiely, gprinears demeni ng.

Typically, thi,s wll be after ssure drop about 3-4 inches of water.
To service th@"@ibﬁﬁ?wo‘ﬁdg?gh@eg%?vetrﬂ%ne% régwaggkgﬁgeg‘r’e @ﬁmlé}%r 39%33& from
the tube sheetend&s. This is done by breaking the seal 164 between the

fl ange 160 and the tube sheet 36. 25 To break the seal 164, each of the
clanps 200 may need to Adoeondenen Seeve membey 34 with puow pripryslement 3igh t hat

the nose 2p4 Ra R r&'ed?\ﬁxs{eu‘gegﬂléslﬁtg%gsmg@dg{gggégprgﬁmﬁn&elaﬁ&f%g isTenber 34 is

then slid axi om t'he e  aperture defi ned by
t he tube sheetxidly plitel ipsidesitle sleetnrrBg of hecthimashcati36 hEtdhenfsheodampsd®iber 34

may then 30 be di,spos f. Preferabl the primary el enent and sl eeve
nmermber 34 arels I&g}ﬁgqlﬁtﬁggggegfﬁfﬁtgg&eéﬂﬁré?)o Hodetie B‘T@%&h%ﬁlé&?ﬂ"’such t hat
they can be rgadid Uembéﬁ%@ﬁ&sébﬁﬂanﬁhégvggﬁﬂh)év\gﬂgI%/ﬁeggﬁtﬁ.nﬁﬁ%ﬁ_ﬁ&é@.%ﬂ?’o and

sl eeve nenber " 34 are at |east 10 May 278 PCT/US00/ 42131 14
95% nore typineaibey 1) beheeentand 8gsimsd theflangd 160@nd Mettehershedt ety creattiseapr i mar y

el ement be r ved fram-ihe sl eeve . r.. 34,.and th l,eeve nenber
Sachmy bel0r otk pRITEY Simerad 1 Dl o e BRI et mbtiPg Pt
element 30 is ' 5 then pridbdesspedificationpeiatplios daa dad$rdvidedi dignplidie pri mary
filter elenent 30 is. axially placed inside of ,the aperture 38 of the tube
sheet 36. EacHessriptioreofdhemprifayge andusesdh thednventen. dylenysmbodunsnts ofifee | ever
200 i n order irﬁre@ﬁfn@ah L {lange 160 to be placed between the nose 204
and the wall o he tu[l))e sheet 36. This places the seal nenber 162 between
and against the flange 160 and the tube sheet 36 to create seal 10 164. A
prefilter elenment 32,120 may then be installed in the sl eeve nenber 34.

The above-specifi-cation, exanples, and data provide a conplete description
of the manufacture and use of the inventi.on. Many enbodi ments of the




i nvention can be nade. 10 May 2004 15 1. A filtration syst erOddayp200i ng a
filter arrangenent including: (i) a plurality of first filter elenents,
each first filter elenent (30) having Ofposite first and second ends
(44,46); an axial Ilength between said irst and second ends; and a
plurality of flutes (54) conprising filtering nedia; each of said flutes
having a first end portion adjacent to said first filter elenent first end,
and a second end portion adjacent to said first filter el enment second end;
sel ected ones of said flutes being open at said first end portion and

cl osed a} saj 0, elg™ sel ect.e nes.. of I d.flutes being
cl osed aﬁ‘ S aﬁh glt%ﬁ@s{}ggﬁg&ﬁ&q{sm%rhgﬁggrgaﬂ]gﬁmgm ’Efg‘i“ﬁ"% Z'?:% R[Hraiﬁc?g B'FSL tjﬂ‘hieE)n; (i)
a pl ur atlemngntefessh dest iltarelebrent(30 B vinganpposife firdiand bemend ensnfdd 46); an axial
circunscyhbi n f fiirst filter  elenents of the plurality of first
i1 vor cphibiufRs Bl fotalsb Codisondon a SIRLITLE: (44 SoforrBiénhofiads
filter etamofitaidfutexhavinh afirst erabtorBOCediHcestdo daid fisafiitel elogibht findt eadiathdfal r st
filter e : ' | eeve nber incl uding, a,surroundin |
(150y . oSBT ena BT Siclou P oYy T B eatit ot BB PR S B
sai d sl elsing opemzt said fidt énd poytian andwdinsed atsaitsdcbed émd edrtidn; bhdeseledtehmrs of and
t he sl ee - ch .sal. rher pressure. flange jncl udi. first
and sec o%agd ﬁ%%%@éﬁ'q ‘ggséagi agsélg Lﬂfsfgédeg& Eoﬂﬁf'd %Sﬁf{fsaéd %eggrlmg étfon( dfg%) secured
t o eachsplumdlitfy iof sleevexnahbera (34 each ¢f186 sleefe sambesarelimaaibingronp beths tirstfilfdr ange
and circ . b nber: the,filtration. syst aracterized
by ( 2 GRS B RGPy BL A Her Sty ot Sigebe el Prpo S Rb AT ARR e 1
menber philesslamenttb ariged atli6dst 30% of isaid aikial lendti pf sdtfirstdiliercklasait; emerbaid
pressure 0 d i [r ] |1 (150 are a single piece;
(d) eac hslé%@&ﬁ%gée?f‘?n@uﬁﬁ%ra %”?’8@2??‘5%‘”3‘?’@%8@%6%%&9 R?{Bprﬁ%‘“%ﬁ%l}g?ﬁﬁﬁe of
0. 25-2 eéexweridesg radially from édchreajd daevemtentbenand fulil Suimetribirnyethes firetfitter etennietr
(34); (e Lr fj at i |.s,.f r. ¢l eani i,ntake air in a
Gas. t ur EFELE bl e ok bbb T Bor st SRR D PR o
t hr ough tpposite 88 puriqdel (K8 H92)fa sdad membeudh2sEcasd hasachsaid 6t axiatsodiee of
said plu j f._sl 3 L vap. and repl aceahl unt ed
t herei n; ﬁ?éﬂ)&ft)éﬁ@ rsgﬁingé?%ﬁeer pg%gﬁ gﬁérr%eaﬁd(cirg%s%%ééhee ﬁjeﬁé’? &Egﬁ e%ﬁ‘ﬁ*ﬁ%ﬁ%st
each of system dwedctemeediey: pressure fl anges (160) and said tube sheet (36);
and each sleqﬁ? ne&kg&gmgkegggmﬂng@hhg&K%Ersleeve menbers has one first
filter ’
' (b) each said seal member pressure flange (160) is circular;
(c) each said seal member pressure flange (160) asd said surrounding wall {150)
are a single piece;
(d) each said seal member pressure flange (160) extends a distance of 0.25-2
inches (6.4 — 51 mm) from the wall (150) of the sleeve member (34);
(e) the air filtration system is for use for cleaning intake air in a gas turbine system
including a tube sheet (36) having a plurality of through holes (38);
(fH each of the through holes has a sleeve member of said plurality of sleeve
members (34) removably and replaceably mounted therein;
(i) there is one seal member (162) pressed between and against each of the
seal member pressure flanges (160) and said tube sheet (36), and
(ii} each sleeve members of the plurality of sleeve members has one first filier

element (30) of the plurality of first filter elements secured therein.

2 A filtration system according to claim 11 further comprising:



el ement (30) of the plurality of first filter elements securl®@Mah20@i n. 2.
A filtration systemaccording to claim11l further conprising: 10 May 2004
16 (a) a clanping system (200) to provide axial pressure on each of the
flanges to press each of the seal menb¥r s (162) between the flange (160)
and the tube sheet (36). 3. Afiltration systemaccording to any one of
clainms 1 and furt efeluy A ralit Sec dfi

el ements (32) Eat%el nagc?'g%gl%ﬁ%}ngbg) Pé)ﬁ%vé(gee%ﬁlﬂﬁresﬁ‘ﬁéﬁpgac HF ga'?feémess
menbers (34) eaaljhasfdhet seabmemberki(162) bétinwete thedlrge160) dridrtsé tubb dheet436)A
filtration systemaccording to claim3 wherein: (a) each of the second
filter elements (32) conprises pleated nedia (92). 5. A nethod of servicing
an air fBIt raAiﬁﬂmtusyWs@m acoxiingi to gnyt anecdf akaimslt arﬁd@furtﬁémdwpﬁﬁﬁ@ri sing: (a)

removi ng one the fi fi It gen W th t Geve menber
(3t om - on@of TRkt B SRR oh e feriuelf e FeplasgaiEng ()
repl aci ng t hembunist! irf the sleeveeinembars (34 )tadjaserst &cibis dirst fi Iléreren@nfsrmﬂtenmcur ed
within a (c) second sl eeve nenber; the second filter el enment having
opposite first and second ends; an axial |ength between the first and

second edAds; Aritirafiorpystemh adoprdirig totclainh 8suhefel): each of the flutes having a
first end porjon adjacent to ¢t n portion
adj acent to t#ﬁg se‘?gh(??%ﬁ&ec?nﬂ) E?I@E?@a@g&m%‘saﬁﬁ?aﬁqdﬁ?@@a @)ng open at

the first end portion and cI osed at the second end portion; and sel ected
t he rst. e ion apd open.at the

Second e g PeHAS g fa % Bitafe FBmasitingds oRRL i W P50 SBRtNTe: cal
menber pressu(® f femrgmgeme efitie figt fledelainkbyts (30) with treirst ishevesmember (3¢ptom
member Secured. t nerargne BFeRsPRe B B b8heR dhed il Sna seal menber
bet ween t he sgtx)ondrwmlng mﬂnﬁrﬁltermmwm 4 beguge fikrdlchivet sadDedstiiia 6. A
o 200y B et LU0y SARH ol AhaliFT B APl e
: second ends; an axial length between the first and second ends; and a plurality of
flutes; 7
(i) each of the flutes having a first end portion adjacent to the first end, and a
second end portion adjacent to the second end;
(A) selected ones of the flutes being open at the first end
portion and closed at the second end portion; and selected ones
of the flutes being closed at the first end portion and open at the
second end portion;
(i)  the second sleeve member including a second seal member pressure
flange extending radially therefrom; the second seal member pressure
flange including an axial surface with a second seal member secured
thereto; and
{c) forming a seal with the second seal member between the second seal member
pressure flange and the fube sheet.

6. A method according to claim 5 further comprising:
(a) removing a prefilter element (32) from the first sleeve member; and
(b) replacing the pre-filter with a second pre-filter by compressing ends of media of
the second pre-filter against an inner wall of the second sleeve member.



(b) replacing the pre-filter with a second pre-filter by corfitrMayx2eR¢ ends
of nmedia of the second pre-filter against an inner wall of the second

sl eeve nenber. 10 May 2004 17 7. A nmethpd according to claim6 wherein: (a)
said step of replacing the pre-filter includes: (i) providing the second
pre-filter as a pleated panel; and (ii) fanning the pleated panel to forma
circular, pleated pre-filter. 8. A nethod according to claim5 wherein: (a)
t he step of renoving the first filter elenment with the first sleeve nenber
fromthe’ hol émﬂhqq(%cw@tset%ﬁ@@tﬁwhwmes breaki ng a seal (164) between the

first sl eeve gronhgig ﬁagomslam@mesm@q&erm%;udesrret hod according to any one
of clainms 5-8 further conprising fjagl ng a clanping system (200) to

press the second s8hl REMNSHG b‘?é%%lﬂﬂ@fe -flieaAga pleglagmanehand ube sheet. 10. A
et hod accor ding ) anYar@ig 6 plEk@h Bnehkfoa bRSJor GASRE] Sbtifer (2) bef or e
irst fi

said step of renoving the er element (30) w he first sleeve
menber (34) fromthe through hole (38) in the tube sheet (36) rel easing a

cl anpi nggsyst Amdtr AcchbRing @6 8aRES5 Whsemeal nenber pressure flange of the
first filter elenent fromthe tube sheet
(@)  the step of removing the first filter element with the first sleeve member from the
hole in the tube sheet includes breaking a seal (164) between the first sleeve

member and the tube sheet.

9. A method according to any one of claims 5-8 further comprising:
(a) engaging a clamping system (200) to press the second seal member pressure
flange toward the tube sheet.

10. A method according to any one of claims 5/8 further comprising:

(a) before said step of removing the first filter element (30) with the first sleeve
member (34) from the through hole (38) in the tube sheet (36), releasing a
clamping system (200) to release the seal member pressure flange of the first
filter element from the tube sheet.



