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FI LTERI NG Al R HAVI NG PARTI CULATE MATTER This application is Q MO Izﬂﬂ]llas
a PCT International Patent Application in 5 the name of Donal dson Conpany,
Inc., a U S. national corporation and resident, (Applicant for all
countries) OWMO2H2HMne 2001, designating all countries excepr/uss/20843el d of
the Di sclosure The present disclosure is rglated to air filtering systens

havi ng housings with non ﬁh}?ﬁﬁﬁ‘ﬁi ]W@JHI CIJE‘S{IW f the
Di scl osure Many industries of Lﬁénvﬁ‘gﬁ“ﬁcmigﬁh muﬁq}g@r suspended in
t 1 at

the atnosphere. In sone indu thts—part+cti tter is a valuable
product, for exanple, starch; it would be beneficial if these suspended

particul ate coul d be Tﬁﬁi@ﬂﬁh@ﬂzsdﬁﬁg@éd%h@@l@ﬁrﬂaﬂé&l bRentNpREedsn if-Or
ot her industries, such as netal or 15 wood worKkin the particulate matter
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in order to pr ovi éq@,rfe ng an
air or other gasAig?lrliagﬁ%‘o gj(ijger(l&\%\#tk)fry‘partl cul at 1@% I ncﬁqgs(fg eg.l pgfl | ter

assenblies that have filter elenments disposed in a hou5| ng. The filter
el ement may be a bag or sock of a Sﬂieic?@tﬂeﬁﬁpfoklﬁ-eor pl eated paper. The 20
gas stream contamnated with particufate, typrcatly is passed through the
housi ng so that the partﬂhmpmsmt@séowmpswmmmﬁﬂmsyeidmbiaa\mhga filter
el enent. d eanl n] sh 9 lelsFe“ odically pulsing a brief j et of
pressurized air nf%gst‘ﬁl ? EPPOF“OY“ ™t he filter elenent to reverse the air

fl ow t hrough the filter elenment, causing the collected contam nants to be
col | ect ed. h air filter asse gs ari ggg §o§ed in, 25 for exanple,

U. S. Patent . 4,218, 227 (Frey) 4,395,269 (Schuler).
Filter elements are usual Manylaﬁdsmésoﬂ&néﬂdouﬁk&ﬁa@t[cuﬁ%xﬁﬁtt&yusbald@ﬁgptﬁgs dust
particles froman airstream Ln a standard design of air filter assenbly,

an air filter H80ewhesy- fnsoms dusidss, s paheplatematiss ds avalnablepreduet, Manber |
The two chanber sx3fy @rﬁmaﬁw&ﬁ@&&xe&mﬁﬁé?Q&%aidedgﬁﬂ;m&u &f) rred to as

a tube sheet. The tube shéet has a nunber o enin filter
el enents are al |W¢edmﬁbreﬁmbd@p@mQGMSEOEwmrMhﬂﬁQQ@GhWEM/20883

15 wood working, the particulate matter may be simply dust; it is desirable to remove

h.

dust particles from the air in order to provide a clear working environment.
Systems for cleaning an air or other gas stream laden with particulate
matter include air filter assemblies that have filter elements disposed in a housing.
The filter element may be a bag or sock of a suitable fabric or pleated paper. The'
20  gas siream, contaminated with particulate, typically is passed through the housing so
that the patticulate are captured and retained by the filter element. Cleaning is
accomplished by periodically pulsing a brief jet of pressurized air into the interior of
the filter element to reverse the air flow through the filter element, causing the
collected contaminants to be collected. Such air filter assemblies are disclosed in,
25  for example, U.S. Patent No. 4,218,227 (Frey) and U.S. Patent No. 4,395,269
(Schuler).
Filter elements are usually used in an air filter assembly to process
. dust particles from an airstream. In a standard design of air filter assembly, an air
filter assembly has a clean air chamber and a dirty air chamber. The two chambers
30  are separated by a sheet metal, commonly referred to as a tube sheet. The tube sheet

has a number of openings from which filter clements are ah'ghed. The filters



"2 suspend downwardly with or without an angle fromthe tube sheet openings
into the dirty air chanber. Particulate-laden air is intr he
dirty air chanber, and the particulates collect onto the ﬁlgzg}E zgmt
filtered air passes through the filters to the interior of the filters,
and upwar dl Wmezo2thr ough t he openings in the tube sheet 5rCmusoizogsscl ean
air chanber. Fromthe clean air chanber, the cleaned air is exhausted into
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securel y about ammﬁom@mﬂbon)m,%ssm (Rblbﬁlsd:ﬂ) 4344&,@0 (Ublchied)t A145,415S.  Pat ent
No. 4,661,131 (Howeth)_discl oses no lindrical filters_having a greater

clean air flow AREHDINYR 2@.97&1%(%?@?’5@% 344538 (Melir SplondATR488 tted within

the same dinen ye ] ter
assenbly with n?r:\&?:%hl ndr i é%g%%ﬂ?t?%t%é?%}égﬁ}edﬁ%@nﬁgﬁf% (r%% ?Mdfl ilter
el enent s si ifl y filteptlements ¢f thepleateddartidpe wpe. el enents. Wth | ess space

bet ween adj acent filter lindrical filter el.ements are
oL ated wihim a housi ng + NANCRURTRT e et s Sresfiin peed o eess Bl ot - ny
5,730, 766 (O enpaitisles GofinQieFeatrind photike i8dredde@fiBhticOfeCythindhbeslg i1 ter

el enments. I n another_ _conventional design of air filter assenbl% with

non-cyl i ndri cal than cylindrical filies glements. EOTW@FF%!P=|Q§ Ryteng Dioj 11éi30. 1081 (Clemspight s ar e
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_ In one conventional design of air filter assembly with non-cylindrical

20 filier elements, non-cylindrical filter elements simply replace cylindrical filier
clements. With less space between adjacent filter elements, more non-cylindrical
filter clements are placed within a housing than cylindrical filter clements. U.S.
Patent No. 5,730,766 (Clements) discloses this type of use of non-cylindrical filter
elements. In another conventional design of air filter assembly with non-cylindrical

- 25 filter elements, a plurality of cylindrical elements are replaced by a single non-

cylindrical filter element. U.S. Patent No. 4,661,131 (Howeth) discloses this type of
use of non-cylindrical filter elements. Unfortunately, each of these conventional
designs which utilize non-cylindrical filter elements has its disadvantages and
drawbacks.

30 It has been found that in many conventional systems, an attempt to
operate these types of dust collectors at an increased airflow results in increased air

velocities, which in turn results in a reduction of filter life. An increased airflow, for



exanpl e, 8315 cubic feet per mnute (cfm (about 233 nB/mn) o ar.e
| eads to high cabinet air/dust velocity which results in the ﬁlagbeﬁt QUUIF

particul ate abrading holes in the filter elenments or cartridges. The high
cabi net air/dust velocity may also inhiBit the drop-out of the dust
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pl ugged an t he
Di scl osur ecqthféﬁtéﬁﬁ‘éi* V%J@%'Wd’ﬁ'chfﬁw@r'ﬂ&?g@ﬁfdwﬁm@lﬁtetah@dmmlle@@éhh fler filter

assenbl i es eleflepS of SartridyR! TRy FRgH &wmemﬁduef%loe&y ;héxﬁalw ihibit 18& broplolt #8e aspect,
. the present, i.ny atlo ment conpri sing

(a)
an ext ensi OFtBFTEPY H?r%"ﬁ?‘%'%ﬁ?ﬁ"ﬁbﬂisfﬁuma' d’esf@‘éréﬁa’“gﬂ'%%‘idtaé’ éess: n (i)
sai d filt etotahdditgolleiiongirfidveat ed; (ii) said filter nedia being tubul ar and
non-cylindrical and defining an open filter interior, (b) a first end cap;
said filter nedia being potted W|th|n sai d flrst end cap at said first end;
(i) said first end cap definin he Di rovi ding access to said
open filter i nkercasyudio) aad weangetheandf mmusc&ﬁbd aliri fkltberasdmd:i:& hapag potted

Wi thirn Sa' ve?&?r%ntq %H)@Ie?r@%f % npg@' grt It 5h& Q&)e e.p dés}ant inven |on 5rg\.rflde%l f%e)rrraent

havi ng a IengI from an outernost portion o
outernost Bb fefﬁ'ﬁmS'Ft%%l‘PﬂF“@econd end cap of at Ieast 18 |nches (about 45.7

cm; (d) an inngr |ineg exten bet sald first and secon end caps;
(1) said fil ter}s)rred Bl e :}%‘fr ge ayifich st ARy Secprd)  apROSiR ¢ BHYSY i ner

circumns
ext endi ng bet ween s@) d Baidﬁtermﬂdabeml@tednd caps; (i) said outer liner

ey curct b ng, 52l ol |5 PRl 85 S84 KOG ABRES g o 2L L

fromsaid first end ca rst and second
end cap each defining aﬂF%W@"%fm s and a short axis relative to a

per pendi cul ar dpy ec fr@trén@éapt 433% fftérlﬂe@% bgﬁ&bdﬁed Wilhh s8id 'f"r@lténg & atbhi@raBREt axis

to the I ong axis being - 0. | n anot her aspect, present 1 nvention
provi des for an ai r(’)fl I P@ﬁ”%%‘@%ﬁ?ﬂ%ﬁf@@ﬂﬁ‘ﬁnﬁq'%@”m{"a‘?d'@ Wéforﬁgldloﬁ@ifl}@r ing an
air inlet, an air outl eineriér; spacer wall separating the housing into a

filtering chan‘_dcr and a clean ai.r h?rtlgjﬁ)e o (] he. hoysi ng, conpri sing a
plurality of si §e V\%f’?cgmf%@r???‘iéa'g ﬂ'& PH'e é‘?’?grfﬁkect‘?‘@l'?ﬁ@ Se?i’ﬂd ?@2‘}5{’ AR of the
side wal | s havi ng asesonwent;r ai ght wal | i ncl udi ng:
(i} the filter element having a length from an outermost portion of said first end
cap to an outermost portion of said second end cap of at least 18 inches
{about 45.7 cm);
(d) an inner liner extending between said first and second end caps;
() said filter media circumscribing said inner liner;
(e an outer liner extending beMeen said first and second end caps;
(h  said outer liner circumscribinQ said filter media;
] a sealing gasket extending axiaily from said first end cap; and
(9) the filter media, first end cap and second end cap each defining a long axis and a
short axis relative to a perpendicutar direction of the filter media:

{h) a ratio of the short axis fo the long axis being 0.7-0.9.

In another aspect, the present invention provides for an air filter assembly comprising:
(@  ahousing including an air infet, an air outlet, a spacer wall separating the housing
into a fillering chamber and a clean air chamber:
(i) the housing comprising a plurality of side walls forming the filtering
chamber, at least one of the side walls having a non-straight wall including:
a first wall portion and a second wall portion with a first angle
therebetween; '

(i)  the air inlet providing a dirty air volume to the air filter '



a first wall portion and a second wall portion with a first an Ie
therebetween; (ii) the air inlet providing a dirty air vol u g[}?ezgm,
filter 28 DEC 2004 4 assenbly, the dirty air volune having an air
direction; and (b) a filter constructioft positioned in air flow

comuni cation with an air flow aperture in the spacer wall; the filter
construction including aseeRly.disdidaibiolrie hawng mdtf@wctu‘etﬁtlomang afilter

~construction inper £f iﬁaébnﬁirdctl&hﬁdﬁiﬁﬁed ib B fidvh Edrfhurf @RS WithGdn! fAowShbAaRE! Ng

into the filtering chanber. In another aspect, the present Invention
provides for an ai rinfhg gRarerwdls s Vtef:ﬁ?ﬁﬁF'i‘%'P%ﬁ"C'“("W ag eHig0Eehef filtAcmedi? ng an
air inlet, an air odefihing a fites RBADuUCHVAl innsrePeinatil REarhite, theUsien Gonsblidlion @

filtering chanber angeﬁgn% n%atP ﬂe”'l’g%égﬁm y(l ) the air inlet providing a

dirty air volune to , the dirty air volunme having
an air flowdirection; (b) a filter construction positioned in air flow

comuni cation w E]lﬂatﬁ%P adbekt, thh Pr‘@s&i? %(/érH{)r??rbﬂdestf&‘%n Pﬁl&?gss\é@ll:lg 80&%@’{1(\5,\; ter

construction includi ng an extension o I a di SpPOsS
proxi mal end cap an%thHﬁ'E’Q igpluding@n aigjplet, ﬂrh@rchtwtxaewawewalbsep@rammmpumem. st al

end caps defining aafitblidg@harkRSid 4ddan R chdpiper Cl ean air chanber; (i) the
filter construction_bei oriented within the filter inner clean air

chanmber in air floW coliffihlnehprydingw iy pihwlupsiodie aiiditer asparably. e dirty pipwy
aperture; (ii) the fil t\mmmma\smgamairlﬂamdlkeawnng a cross-secti onal area, when
taken parall el ([)) tﬂrcon t he cros;orl t| on area having a

|l ong axis perpendicular ?trucuoné)ﬂs Of'eéi |agﬂ°"§ﬁ%ﬁmf"|"\mia a‘f‘lair QY 2REGWELT uct i on
havi ng a wi dt h al ortbe sraeerwallghediters-oasidction wickitihg @ exteysibrhd filtes hedit dlapmsd t he

llong axis width beifg.gh l%;clﬁlléi énP%Qp EE:Fdl&g\cérnB cgﬁ(kl‘%%g‘%% qu’x}ng nd d@%g axis

positioned parallel tot e alr rection. 'I'n an as ec
present invention piE¢IR§EsINNg filensarsiiurioninnes Kleaninanaber,, corrprl sing: (a)

inputting dirty airgi nie fiflerkbhstBétior B8 ieM @ (it fﬂb 'ﬂlgar'fnﬂeiad@én 9f criahBérP  7- 15,
the filter assenbly co I‘ISInt C%n housi n]c? | ter construction
according to any of cl &MV E KR e PR Y er‘fﬁl'r@RWéEﬁﬁﬁ?m cation with
the air flow apertuie ithe fileecaip@edn Miing a@fosé-ftionaParsd, N@hert Bk dakalidt ko
construction extending tﬁenta% %ct‘v? afplelrt&rg r Ithrclag c%gsqsecte ondl area having a long axis

perpendicular to a short axis; and

iy the filter construction having a width along the long axis and a width along the
short axis, the long axis width being greater than the short axis width and the

long axis positioned parallel to the air flow direction.

In another aspect, the present invention provides for a method of cleaning air,
comprising:
(a) inputting dirty air into a filter assembly according fo any of claims 7-15, the filter
assembly comprising:

(i)  the housing and a filter construction according to any of claims 1-6 positioned
in air flow communication with the air flow aperture in the spacer wall of the
housing; the filter construction extending into the filtering chamber;

(b} filtering the dirty air through the filter construction: and
(c)  receiving clean air out from the clean air chamber of the filter assembly via the air

outlet.

In another aspect, the present invention provides for a method of mounting a filter element
in an air filtration system; the system including a housing including an air inlet, an air outlet, a

spacer wail separating the housing into a filtering chamber and a clean air chamber; the air inlet



(b) filtering the dirty air through the filter construction; and (c)

receiving clean air out fromthe clean air chanber of the filtg%ﬁﬁgt?mlr

via the air outlet. In another aspect, the present invention
a nmethod of nounting a filter element ir&n air filtration system the

system i ncl udi ng a t&oum V% including an air inlet, an air outlet, a spacer
wal | separ at PRYYTHB IR, b‘meﬁf’g‘eaa"’l‘fﬂtfﬁtt'@? ?W%HBWEEA‘M@!' ipcldingeanfirstiair flow

chanber; t heamrtoreitindreit; t&eﬁeﬁE&&ﬁlﬁémga providing a dirty air volune to the
air filtration system spa i ncl] udin irst air flow aperture
therein; the net h@j co?'r’fanr"i'q]é]?ngcfe'?t %’Ph&{?ﬂlﬁf‘ éhqgiﬁﬁ%rtngf Fhamber andnfBndir iTawt he
filtering chanber and temmgnicatibrowithc themtirst aatilcmn apiidte tinethki smikerainall;f thew

aperture in the spacery g\ﬁlfthrelélp&tiﬂcfualhgfl lter element including: (i) an
extension of filter media havin Irst and second opposite ends; the

filter media being pl &ted a”tePf@"*F'P'T pidfiterrraetizhdvisiorfgst ent seeond apbsite ends; the
non-cylindrical and dai Rieae mgc)ﬁ@é!eé Ithet fafer 'rﬁHd%r béMg t&l()bllal) afly hail- %ﬁ o?l o

cap; the filter media be %Fotte hin the first end cap at

end; the first end cap® 'H}e‘%w @nawnéﬁ?fdwtarﬂorsr. ng providing access to the
open filter interior; {ijii)afirssesdep; m@dlteﬁarihdratmepdttb@thﬁmme&ré?%h@Qap%ét ed
within the second end n inner |iner extending
between the first and t?é?%ﬁ%nd it %rsg ‘?c‘i%"ge?‘f‘f‘ﬁ? %%?%”“%éﬂp%pﬁvp@gﬁﬁ%?fﬂﬁﬁ t he
inner liner; (v) an oml@nﬂt&rméerloe.xtendl ng between the first and second end

caps; the outer I|ner(mHggg%gle%ggptﬁeﬂ‘%b ? b%%gfpoft?é\n\'\lﬂlﬂ}n ecqnI reg'{l end

extending axially fromthe first en
cap and second end capr@@&thegesonfierdy a | ong axis and a short axis relative

to a perpendicul ar di r(ﬂ@t 'é?ﬂnrﬁfr IIﬁé?@)'(féllld r?%ehﬁ@é@trﬁe firét andl %doﬂfl 9@%&%)% tg%'ﬁgge;

axis to the long axis 8 formng a sea
conpressi ng the gasket %fldj% W&WSW@%%W 'Wél | . In another aspect, the

present invention provivdesar cuterdliineRixteiding Btwedreiie st GRARTNEESHINGId daBd:aRe
T e Ol n bl e o A R Sl nSRE: RRGQNC oPpostte ends: (1) said
(vi) a gasket extending axially from the first end cap;

(vii}  the filter media, first end cap and second end cap each defining a long
axis and a short axis relative to a perpendicular direction of the filter media; a
ratio of the short axis to the long axis being 0.7-0.9; and

{b) forming a seal by axially compressing the gasket against the spacer walll.

In another aspect, the present invention provides for an air filter element comprising:

(2) an extension of fiter media having first and second opposite ends;
{i) said filter media being pleated;
(i)  said filter media being non-cylindrical and defining an open filter interior,

(b} a first end cap; said filter media being potted within said first end cap

at said first end;
(i) said first end cap defining an annular ring providing access to said open fitter
interior;

(c) a second end cap; said fiter media being potted within said second
end cap at said second end;

(d) an inner finer extending between said first and second end caps;
(i} said filter media circumscribing said inner liner,
(e) a sealing gasket extending axially from said first end cap; and
(3] the filter media, first end cap and second end cap each defining a long axis and a

short axis relative to a perpendicular direction of the filter media;




(ii)said filter nedia being non-cylindrical and defining an open filter

interior, (b)a first end cap; said filter nmedia being potted mﬁg ' | Gh
first end cap at said first end; (1) said first end cap definin IB :ﬂgﬁ%zﬂ@r‘r

ring providing access to said open filt interior; (c) a second end cap;
said filter nedia being potted within said second end cap at said second
end; (d) an inner M)neﬁra&néﬁmwh9169$MHmmb§@wmbmﬁm§m?amd second end caps;
(i) said filter nedia circunscribing said inner liner, (e) a sealing gasket

ext endi ng axi al éértfcﬁﬁmﬁa“edenﬁﬂoﬁiﬂ n? pd s?r@&ﬂre?nﬁjd zgrg) gmentﬁo the %ﬁ?SW&‘%Rx. S rst

end cap and second end cap e Xrs an
relative Pidh %prsme'ﬁeww %nabt?lﬂf'wm%ﬁn@pf at F?@Sffiol"/*t mprerduat laden28, REGIZ004 4b

(1) a rat atdeast 2% enosdust ladesi arﬂb\ﬁ) cbrhﬁhrb@!&&oﬁ‘)@nﬁor@ﬁéy@&rr@ I?rp@ef&wt*edl nf t he
articul a gmp t ructures enents o

gssenbl i egsyswlrrg ?‘E%S reggénﬁ‘%@% psrg N d'sciosgfr?a{?ﬁ'yere?@é" ﬁ? iaggp ¥fInEeasLeast 10%

nor e dustgneafa@maram% Rrefpriabiyiat Vastéﬂ%l uignost pefenaicat dapst 28%diouta r f | ow :

conpar ed &u@wummahgeqﬁ&ie VS St thé‘flﬂl‘ ﬁ‘é&fnb%gpa?ré(tﬁé 6'e nlihGer3eRRADI i es of
t he presepnt, |sc aden airflow increase greater

than 10% “PVeqE rr%fi’ﬂ'r?d grthelpgeﬁg'f't dfﬁgﬁ m&ﬁﬂ' OWB% fh'SdP%(?%"’reé’B!“if by maindaiing Y806 wi t hout
a si gni f aaeunt ofdieatioemidia tivallalde fr fikdring itealirtyfairt drelebichsieg theamslmgr appar at us

or the nuilfion fedkidvhiRble, et hbABERadifik Efﬁguntzpﬂtrﬁfoﬁﬁ%% Qgél ! may

rovide this increase either by naintaini I'tration nedia
Bvai | abl Q%‘Pfefﬁﬂdtaéfﬁrwem‘éf top ?'&fwea@asemwv i ERudS imege ‘c‘fﬁ@efﬁﬁ%ﬁﬁnt of
filtrati oetentimVspalingaiiteabbisingrappdratus maaadtirhbeawRi fitgr Hah@ingrount of filt ration
media. Also, the structure and arrangenent of the air filter assenbly may
provide nore efficient filter retention/sealing, filter housing apparatus
manuf act ur i nd" 2aEereEMPedmentagisinriure prd aFrpgpBentofrthe dissro iy of theeretenuct ur e

and ar r antieieet redulté henasrserbhyhafs ét'l&stpm@@ befera %é&?bﬁa@ dn@%slsslt n-an
no

o] OW e t
pr cf er abi b 3kiekt 280 p S Hin fEh vie Pt eles S B S P o481 e of
air be|ngmﬂﬂ¥w@ﬁéafﬁvm@naé%ﬁvéht|onal air filtration assenbly. In another
enbodi nent, the disclosure describes an air filter assenbly adapted for
vol ume air stream |n one

RS Rk R BT e AT L
assenbl y removingpatioyiatavdeiter §oni@ highlviolumiemirstiedri.cul ar, an air filter assenbly
conprising a housing
In one particular embodiment, the present disclosure is directed to an air filter

assembly having distended side wall, in particular, an air filter assembly comprising a housing

including an air inlet that provides a dirty air volume to the assembly, an air outlet, and a

spacer wall separating the housing into a filtering chamber and a clean air chamber. The

housing may comprise a plurality of side walls forming the filtering chamber, at least one of

the side walls may be a non-straight wall, having a first wall portion and a second wall portion,

By the term "non-straight", it is meant that the wall is non-planar; that is, the first and second

‘wall portions are positioned with an angle therebetween. A filter construction may be

positioned in air flow communication with an air flow aperture in the spacer wall, the filter

construction may include an extension of filter media defining a filter construction inner clean

air chamber. Sometimes, a third wall portion may be included. Preferably, the housing of the

air fitter assembly has two opposite facing wails, each side wall having a distended portion

formed by the first wall portion and the second wall portion.

In another particutar embodiment, the present disclosure is directed to an air filter
assembly that uses non-cylindrical filter elements such as oval or elliptical filter element. Such
. an assembly may be capable of handling 25% more air than an air filter assembly atilizing

cylindrical filter elements having the same amount, or less, surface area avaitable for filtration.



including an air inlet that provides a dirty air volunme to the assenbly, an
air outlet, and a spacer wall separating the housing into a fi t@@ 02004
chanber and a clean air chanber. The housing may conprise a pl é¢ral @
side walls formng the filtering chanber, at |east one of the side walls

may be a nowaexapght wall, having a first wall portion ardraseeossd wal |
portion. By the term"non-straight”, it ig neant that the wall is
non-planar; that is, the first gnd.secon | .portions are positioned
with an angle therebetween. A f 5 CoR2lSbe . positioned in

air flow comunication w Fiyugdl Aiska pblsptiia@ eleviifond fypé BopeRacel indRliktiont he
filter constructjion nay jnclude an extension of filter nedia defining a
filter constructdfan airdEatiopsysigm haying niangneide panslyreeardiag to the presepd wal |
portion may be igglddged. Preferably, the housing of the air filter
assenbly has two opposite facing walls, each side wall having a distended
portion forded by the fi Fipnrodd is apespactve vne of hmtlse typedf ogdrdtiopddr ti on. I n
anot her parti cul.ar .enbodj nent resgnt. di,scl sggg(g is.directed to an air

t he.
filter assenbl yo¥FEHoR8 @Wﬁ%ﬂ%sﬁﬂ?‘? aying fisteaded s{dspapglsand Ol a5 oval or

el liptical filteyifkeaPMtor cfoehts aBrddfiSt M prediBYIiRBosEAPabl € of handling 25%
nore air than an air filter assenbly utilizing cylindrical filter elenents

havi ng the sanme anmpunt, oFiguedkis aside plgvasiopplarieva paitiellybiokenorvay; 9ftonat i on. 2 8
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Figure 1A is a perspective view 0O of “operati onal ation of
an air filtrigti eplisdrcbEiltdn alemaggs;pl anar si de panel s according to the present
di sclosure; 5 Figure IB i:s a %e.rs%ecti ve . vi ew of another. tyﬁe of
operational installati onf§Peah 18 Topf qlevatien Bisw e teaih HEHORGYEH ™Rt ended si de
panel s and non- deMbieds Figade 1fAl [ ter el ements according to the present

di sclosure;, Figure 2 is a_side elevational view, partially broken away, of
one enbodi ment of the ai Fighfe3Brige froni clgvstiamyiew obtenirilipasion systerand | B

utilizing non- Jd??’?ﬁ\éh"lpﬁ%’“%ﬁ:'f‘ff' |ter elements; Figure 3Ais a front

el evation view o e al ration system depicted in Figure IA; Figure
3B is a frorld el evati on vFiguredfis & ba@spctivefvidw bhd pationyiaoantide piraizedentn

Figure 1B; 15 Figure .4 is. erspective _yiew of a portion of amounting
otz o e winatration Sysivps ofEigwes A el i gures 1A and 18

arrangenment uti
Figure 5A is a top view of a portion of an air filiration system
showing a planar side panel for use in the air filiration system of the present
disclosure;

20 Figure 5B is a top view of a portion of an air filtration system
showing a distended side panel for use in the air filiration system of the present
disclosure;

Figure 6 is a side perspective view of an embodiment of a non-
cylindrical element utilized in the air filtration system of the present disclosure;

25 Figure 7 is an enlarged end view of the non-cylindrical filter element
shown in Figure 6;

| Figure 8 is an end view of a row of non-cylindrical filter elements
mounted in an air filtration system according to the present disclosure; and
Figure 9 is an end view of a row of cylindrical filter elements

30 mounted in an air filtration system.



Figure 5A is a top view of a portion of an air filtration system show ng

pl anar side panel for use in the air filtration systemof the 2{?5@@[: 2[][]4
di sclosure; 20 Figure 5B is a top view of a portion of an air filTtration
system show ng a di stended side panel for use in the air filtration system
of the presemoezaizec! osure; Figure 6 is a side perspectivecuiusw/mhssan
enbodi nrent of a non- cylindrical elenent ut6| lized in the al r filtration

system of the present di scﬁgsgr@ 25 Fi a 17, .S eBI end vi ew of
the non-cylindrical filter gL e 8 is an end
view of a row of non-cyli lR@fdnﬁi@toFig'uf@f‘lAeJlﬁr[Bnﬁxﬁalrﬂl&ldﬁﬁlﬁéirsﬂefﬁ(ﬁ@ss@mbly
filtration systemaccording to present disclosure; and Figure 9 is an

end view of a ro‘ﬁ/déﬁm%‘}lgﬁ’%ﬁp)’é@lo aﬁlflllﬁ)e?esléqcémtrgh@@ﬂ%%m 8§ depicted 2z r
filtration syst @E& r?o%% k d
Description of t e Pre err eg%géngﬂ& rresg Sgﬁétgé% @9@8?%3%%@;&%5@8 an
air filtrati dn sVt emngemes sarii @rexanﬂepf%mjthgtﬁtemhgtmter]bjwmmtarw
respectively. The systens, 10, .10! e with three units or
nodul es confi gure®® 658’39%@Pprp’ﬁm§65’e6e%‘9t eta%?E’Véﬁg‘?mn 5 This arrangement
can be, for exanple, of aE‘é(bhzxﬁodulﬁhPfigdr& 1A 1B i3 &ﬁi‘@lﬁn@ﬁae%hdﬁ@"o?ﬁb&y 3
met er space (approxinmately 6 feet by 10 feet by 18 feet). Each nodule in

Fi gures 1A and mdul%cl'gi@ﬁemwppywalwamnlel%mb@walbpam&1791th'|-ﬁcﬁma@§esan upper
wal | panel 16, 3 and
a secondary access goor ‘A{%LJ ?‘ﬁ\g@egsc%oeggﬁ?%thgéﬁgn ogg%lgr%% %ﬁ%lﬂ’%&g%l e 10
f or pur poseslof fofmpman@foegxammﬂemmmﬁce Eachmodude foethéningihdes aiconduitdes a

conduit 11 for [receivi.n t or cont m nated air
particul ate natt]relrf%’fﬁﬁ"rlggﬁaﬂw pogitaTy patp Flf@re é’gé"e‘ma&w}‘ﬂtelql"rg@r@ﬁﬁ’?ﬁlt 12 is
provi ded for venhigige ﬁl‘t&%@sel%llyf Al 1R rcBAkuitI 2 is proiiled R vEdiink @leaRSSRIMREY 10.

Al so shown in Figures |IA and is a notor and chain drive 15 assenbly 118
of standard consﬁmﬁ@ﬂﬂ@rﬁlﬁbﬁs@ﬁ-‘&b@l on of an auger screw in the base

portion of the assenbly. %er agtﬁnéésﬁgaﬁdol grr?r\llo ﬁ&kﬁ%&gdﬁoartlcul ate

fromthe interior of the arr Ion asse a8 scussed in
detail |aterl5 assembly 118 ofstandard construction for operation of an auger screw in the base

portion of the assembly. The auger is used to remove collected particulate from the
interior of the air filtration assembly, as will be discussed in detail later.
Referring now to Figure 2, the filter systems are shown in side
elevation with one side wall panel 17, 17 being broken away to facilitate description
20  of the arrangement of the various elements of the assembly. In this embodiment, the
upper wall panel 16 has an inner wall surface 16' with an air inlet 20 positioned in
the upper wall panel 16 so that entering dust-laden air or other contaminated gas is
introduced in a downwardly direction (ieferred to as air flow direction 101) into a
dirty air chamber 22. A typical volume of incoming dirty air is about 500 cubic feet
25  per mimute (cfim) (about 14 m*/min) for one cylindrical filter element; in accordance
with the present disclosure, a typical volume of incoming dirty air may be at least
about 550 cfm (about 15.4 m*/min), preferably at least about 600 cfm (gbout 16.8
*/min), and more preferably at least about 625 cfm (about 17.5 m*min). In many
industries where air filter assemblies of this type are instailed, the amount of dust or
30  other particulate contaminant in the dirty air stream is about one grain (0.0648 gram)
of particulate per each cubic foot of air. Filtered, or “clean air” has less than about

0.001 grain particulate per each cubic foot of air.



- Referring nowto Figure 2, the filter systens are shown in side eI evatlon
with one side wall panel 17, 17' being broken away to faci Iltat%ﬂ
description 20 of the arrangenent of the various elenments of the assenbly
I'n this enbodi ment, the upper wall panel 16 has an inner wall surface 16
with an air wobmp2@0 positioned in the upper wall panel k6012068
entering dust-laden air or other contam na?ed gas is introduced in a
f

downwardly direction (ref S.air recti to.a. dirty
ai r chamber 22. A typi cal OﬁOBHéle@aPﬂE’%WFﬁﬁelaﬁy ?/u%lfzter&?estogﬁ%@{] Y R ubi c
feet 25 per mi nuhMgJﬂ'lb&l)stflﬂwtthddésdiﬁﬂﬁl@ﬂotﬁ@éoﬂeﬁﬁmfaydal rrﬁéuﬁt?laufl I ter

ca

el enent; in accordance t he present disclosure, a typi vol une of

inconming dirty aﬁhﬁmhﬁy? Wegpeq%@pdo%éuﬁegmrwﬂpane{ b W@ paiss. of opisiEn) |

preferably at |egsl ' "?&b r‘]%, r

preferably at | east about ls (5i7 @Lmé gy Vﬁ‘?afﬁg’%‘% perﬁ%l%)s%ped

i ndustries whder gulx shedtistriodure a&@mmmmmmgmqmmra@wmmpmgd@m he _
s about one. gr dPFEED 20 ts SHP RS E oo P BN R SRR Bt ot of
air. Filtered, Qfoppeilzsmmtn bdidpo ﬂu@ﬁ%fﬂx@ﬁsﬂelﬁﬂ?UThe QrtY QL cRiRbR PR | cul at e

per each cubic foot of air. 2 8 C 2004 WO 02/ 02206 "~ PCT/ USOL/ 20883 7 The
top inlet 20 al %#ed emberds aifist ip Preyent any escapq dfeontemineted gfr og faidiprigr ton

t he dust I dirt
rovi g, the dust iBegyBekhe SIGIRK AAgbPrbEaF LA B BiSA i 011
pai rs of opp@sirig, I%HﬂaymatalblepmwrﬁﬁgneﬂMbWMepmmk febovaBees shaledf r om

t he upper panel st epped ube .sheet , struct shovvn in phantomin
Figure 2), and &0[?1&51115 P‘U’Eﬁiﬁ? Fny%’ﬁ?lﬁ‘%é“é‘%é] m% Broyalnee

surfaces 23, 24 ;pahhhirhy 1sdg%ﬁérﬁl?y Féssctﬁéﬂ 6kt 198 cﬁ!ﬁ@?ee? Emd L epneily %ﬁou‘l?"’?‘:t hin the

base portion of the assenbly. dirty air chanbe Is a Sealed chanber

in order to preveml @h&ﬁféﬁjmﬁeomfcomafmumn@@u@wb@WNm@feml or to its
panels 10 17 a7 in any SorpaBr e 173 kiR Bnich RAREE I AelitaRL 0F 1
frame 26 is 1Sealchainber 02.t Bide pardel Wal'is paieallysmide, of, 16t exiaﬂipbnmeﬁtllbﬂlﬁzhhe,

standard manner._ The vol u of gi r]';?y ajr chanber 22 1S generall | ess than
about 176 cubi ¢ TORAEEWS &gy ane | g sEse e Fieres 04 apd pBe B EIEFeekY, with

one conmon vol U%dh%hbg%ﬁdsabmgﬁm%h%@sﬁ fhB &ide p§leﬁ;qm?é1ﬁ£na}2heeé%r is the

structure which encloses and encases dirty air 15 nber 22. Side panel

17, 17" is typi cals yWhﬁu@ewdﬁ@mﬁhw@mpr@thmtﬁlhamnmtamth%the sifopanglsews of

si de panels 17, Ei whi ch

corresponds to %éﬁr@é%ﬁ%\é%alé% pltla%e Side parﬁltfmC'rJ‘f“lcSIJEie ar%ralﬁa{lrlasheets or
20  include a single stiffener 29 or mulfiple stiffeners 29, such as rails, bars, and the like,

which strengthen the side panels 17. These stiffeners 29 are preferred becaunse the
strength inherent in planar side panels 17 themselves is typically ineffective at
securely resisting the large volumes of dirty air that pass through dirty air chamber
22. Typically, such stiffeners are placed internally and extend vertically from upper
25 wall panel 16 to bottom panel 26 (not shown in Figure 5A), although horizontal
stiffeners may be used in some embodiments.
Still referring to Figure 5A, the distance “a” between filter element 32
and side panel 17 is approximately 10.4 cm (4.1 inches) and the distance “b”
between stiffener 29 and filter element 32 is approximately 5.3 cm (2.1 inches).
30 Figure 5B, which illustrates an alternate embodiment, shows
stiffeners 29 and planar side panel of Figure 5A removed and replaced with
axpénded or distended side panel 17; distended side panel 17' is a non-straight side



wal I s. When viewed fromthe exterior of the air filtration system 10, the
side panels 17 are two dinensional, i.e., planar or flat. Th

side panels 17 may 20 include a single stiffener 29 or nultipﬁ%ﬂg$$¥;g§£y£
29, such as rails, bars, and the Iike, which strengthen the side panels
17. These swddéanmes 29 are preferred because the strengrhrivsheosst in

pl anar side panels 17 thenselves is typica%ly ineffective at securely

resisting the |lar vol of dirt ir that pass through dir i
Chanber 2o 1y eBgof §ettelsRisandihaPlofm ik HopBBERaY tF SeiEed o' diferlid eno
vertical |y fromgigrbels2r WdomefaifcesliBmhp b adstraMonaietwo2ShpbsiRlsids o 1 n
Figure 5A), although horizontal stiffeners may be used in sone

enbodi nent s. St igsdisteeftsidapmels, Hidgppnel bR s divendgd Somftier clgmenadlvendn fil ter
element 32 and iﬁaﬂ&s%{a@cﬁal@n BRI ﬁ%&iﬁh&' . stéld{é&'gén”abis'afs fisds 2N the
| an 11t

di stance "b" Dbetween s ener er el enent I'S approximately
5.3 cm (2.1 inchiisiince 3¢ dit fromewleB; a planar kide phneb 17 @t eovann Figues Svsveould

enbodi nent, sho stiffeners 29 and.pl anar si nel .qf Figure. 5A renoved
and repl aced wi t4 BBSHR agpaxgren, e@?tﬁ 6‘*3@??5? e’ﬁ‘,ﬁ%aiagilg‘ﬁﬁﬁ‘éf Sidge
panel 17" is a T glghtgisd 20 /20883
8 panel or wall %%lﬁbsciﬁdg'pséﬁﬁeeﬁ?a%ﬂgtg %%thﬁag\éﬁ%%séné% %g‘f/h%g@ggg éllﬁéd as
di stended si de paagldl svoulskbel Asseereinifigrait.egortionndyide paied il 7' ethyrandiave t wo

opposite side pane di.stended si de,.panel s, Side.panel .17' is, distended
fromfilter el erf’éﬁhlgl t%%ﬁ%%em'%gi gongfflgﬁt@gd-pgﬁgplﬂfgg@ﬂaé ﬁ%%?aé‘ﬂdgd panel
19. Distende@d pangtasdsthé &eﬂih&ﬂigﬁ@ﬂﬂc_h&h@di&g%ir%ﬁl@ﬁo&Q&wﬂuﬁeréﬁﬂmvﬂﬁ]@tﬁq a

pl anar side panel_ 17 (as shown in Fiqure 5A) would be, thus providing a

maxi mum di st anc&cletxelche air freveling p ffiltgpeletpents i} 2sand paraddisg & incpasrdl  17'  of

"c". Sloped pan “g]%' Dl ﬁﬂfﬁ& %%g - i de
panel 17 woul d ?g? Sbgaélgnﬁfn |g%1€§s ,h?‘?ﬁg‘%ﬁ%n@%ﬁéﬁég’%ﬁgﬁé% " may
remain par al | elas slown ih Fegures & veother3@ctafeatures arediosheedetibid stréhpdirealihe, siddi st ended
side panel 17' 10 increases the area throu ich the dirt ir can flow
down, t her eby |é’\?@‘?1£ﬁ°§“ft © shppg profspd Y@eﬁggﬁwa&eg&&eww&esﬁﬁ%ges filter
el ements 32 1gnd spfss.di ng for increased volunes of air. By utilizing a

di stended feature within side panel IT, stiffeners 29 as shown in Figure.
5A or other such feat ur esPEadeftideRaseldd’ ipejudss varieps el noREons priectigagnel
because the sha Qe ;1?5@9' - ' esired 15
stiffness. Di stgﬁ‘% SP pgﬁle%iﬁ? |r(11§(?%a§212®| \’/%ﬁ%ﬁfsﬂﬁﬁ Qg%?l%e?glﬁlg or
sections, such pagiosl7dbpbrh pafeakd é@bedtinien) ntlepaatt] pathportinf 71 ambidistended ncl ude
a parallel wall

panel 19 are parallel to filter element 32, and sloped panel 18 is positioned at an

20 angle to each of wall portion 71 and distended panel 19, Typicalty, the angles
between wall portion 71 and sloped panel 18 and sloped panel 18 and distended
panel 19 are the same.

The distance “a”, shown in Figure 5B between filter element 32 and

parallel wall portion 71, is at least about 5 cm, less than about 30 cm, typically about

25 51020 cm, and in one example, about 10 cm, but is usuvally similar to the distance
between side panel 17 and filter element 32 in the planar embodiment shown in
Figure SA. The distance “c”, between filter element 32 and distended wall panel 19,
is at least about 10 cm, less than about 50 cm, typically about 10 to 25 cm, and in
one exampie about 17 cm. The length “d” of "d™of wall portion 71, if present, may

30  be less than about 20 cm, typically less than about 10 cm, and in one example, about

8 cm. In some embodiments “d” may be 0 cm (zero). A wall portion 71 may be

present on either end or both ends of side panel 17. The amount of distention of side



portion 71. Jn a preferred enbodi nent, both parallel wall portion 71 and
di stended panel 19 are parallel to filter elenment 32, and slgg?grfggngggﬁS
is positioned at an 20 angle to each of wall portion 71 and d d el
19. Typically, the angles between wall portion 71 and sl oped panel 18 and
sl oped panewd@/memt di stended panel 19 are the sane. The pdiraisaimmess a",
shown in Figure 5B between filter elenment 32 and parallel wall portion 71,

; 3 .

is at |east about | ess .t han abpoyt. 3Q"cm. typical ly about =25 5 to 20
cm and in one X% Igg%,mnéﬁ"é'atpo%ncﬁ! Suit aﬁ%“h%h?&(fﬁmgﬂe?gtp E%PP} 20188 di st ance
bet ween si de pangpicaiif 266t 5 fol 15@m, GhERBDAL exdenpldabollEs Hh2TaE BRI iFBALd Shown
in Figure 5A. The distance "c", between filter elenent 32 and di st ended

wal | panel 19, dnshengeltbebmawall@otdion 71 esdsloprdpandl dds thiGmglmis t ypi cal |y

about 10 to 25 c d i ne .ex | e about, 17 cm The ] ength "d" _of

"d"' of wall portgr%?‘urgﬂ}iigr efr&Fr ‘%?%%bé’ﬁfﬂ?%i?s ﬁsg@nlgggggr?ﬁsa?ﬂl ’B’B’gfﬂg’?@m&trﬁm
typically | ess tiaig@bsUrhebdmendistaitd bbtieO i@ ¥RIRhES2 MAVHousPadddrsidd some
enbodi nents "d" may be O cm (zero). A wall portion 71 may be resent on
either end or bdeReldAdElidr lagelx depamdent Qﬁiheﬁﬁ@“@trﬁéﬁpﬂceéf’wébbtf@ﬁﬁﬁ @firetir si de
28 DEC 2004 WO a%ﬁ%i e - . I jon 71,
"e", Is at Ieas?agéebo t Zti(::(}%rfl’g%;iét aﬁﬁ%t%&?@ﬁ@e%fﬂ%m%e&%ﬁlﬁﬁpﬁnﬁgé 2 to
15 cm and in oribe ©ichizpkd ofibide patl tTh onfhelength befikdreienent(breahd oarhd he angl e

"a" between wall rtion 71.and sl.oped. papel . this angle is neral |l y

greater than ab&ﬂfg%?c’tjd‘éag]r@&?nnﬂe@gs%ﬁﬁ@@%@é?@@é@%ﬁ‘n%ﬁig&%@gq%out 5

to 5 20 degrwes.thab®omdisyain, %%%H*‘%upﬁj 10800 ofnl kddSh o EXRIMe abuit3m/ar | OUS
e

parts of side panel 17" wll ,argely dependent on the amount of space
avai |l abl e for t H@sepg ¢rplodiments, ae distagiled nanelt Odigving fengtin & lispreteht; tathedi st ended

panel 19, is ge | f _side panel 17', on
the I ength of f?ﬁsgilpi)%ﬁl@?Ngﬁgﬁggﬁeﬁ?ro%ﬁ%%&%%ﬂmﬁ%g%pﬁg%rﬁa'mlI portion 71
and sl oped portion 18. Th&hd disigidas bétweenHilter slepemalahl yny patonldr diskmbedbout
150 cm typically, ab , A0 to 100, ¢m  and_jn one exanpl e about 65 cm In
sone embodi nent S%aeﬁvﬁﬂg%sé%ﬁ&%tﬁp ffe|°® ?nﬁ]_é??ieﬁF&‘an%_ Walﬁporﬁ“gl_ﬂr@gent;
rather, twassl opeskrpntilRPsleh8nt M ehd didfeR*dHoRDna of SHARMY AdasibBianasd
area. The distances between filter elenment 32 and any portion of distended
side wal | 17 (PornEspdifhrce megsurepentipashicr¢d. thor exanmie e Basemmientahduldor t i on
7L and 15 "C" " BelaeeRe bl St 6 B0 Henlt Bnflucl LERASAPAT L1 00 49) shoul d
be neasured so that a ninum di' stance rneasurenent 1s achreved. For

exanpl e, the neaswicankisidncs foutadurethe t aken perpendicular to filter el enent

2, rather than n an
32, rather than at an a gﬂneo’ne gr%bcg atent} t%gdistance “a” between filter element 32 and

20  the end of side panel 17' is approximately 10.4 cm (4.1 inches), similar to that
distance in the planar embodiment shown in Figure 5A. In a particular preferred
embodiment utilizing the side panel 17' of the present disclosure, “a” is 10.4 ¢m (4.1
inches), “c” is 16.7 cm (6.6 inches), “d” is 8.6 cm (3.4 inches), “e” is 6.4 cm (2.5
_ inches), “f”, the length of distended panel 19, is 66.0 cm (26.0 inches), and angle
25 “o”is about 14.2 degrees. These dimensions are preferred for a filter element 32
having a maximum width (when measured perpendicular to its Iength) of about 38
cm (about 15' inches) and a length of 132.1 cm (52.0 inches), In another preferred
embodiment, “a” is 11.0 cm (4.3 inches), “c” is 17.3 cm (6.8 inches), “d” is 8.6 cm
(3.4 inches), and “¢”, “f”, and angle “0” are the same. The filter element 32 may in

30  factbe two stacked filter elements 32 each having a length of about 66 cm (about 26

inches).



shortest distance is neasured. In one enbodi nent, the distance "a" between
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mnimze the floor é)lace needed for assenbly 10'; however,
preferable to i RERraie tq igreasedle apa ofidirfX A ghpmberFiAn dp Sezaeanrﬁtré% air
filtration assembly designs, it may be desired to design side wall panel 17" to have a long, yet

20  thin, distended panel 19 (i.e., long “f” and short *“c™), or a short but thick panel 19
(i.e., short “f” and long “c”), or even multiple distended panels 19. In some
instances it may be preferred to taper or slope the top or bottom portion of distended
panel 19; see for example, Figure 3. Distended panel 19 may or may not be centered
within side panel 17!, either vertically or horizontally. Further, distended panel 19,

25  sloped panel 18, and other features of side panel 17' may vary along the height or
width of side panel 17'.

Referring now again fo the overall assembly 10, 10", sealed to a
structural frame member 27 along each of the side wall panels 17, 17' is mounted a
spacer wall or tube sheet structure 28 to which are mounted the separate filter

30  eclements 32 of the assembly. The tube sheet structure 28 is sealed on all four of its
sides to hermetically seal the dirty air chamber 22 from a clean air chamber 60. The

volume of clean air chamber 60 is generally less than about 35 cubic feet (about 1
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and a | eg menbercoinuens eneisivgs eitthe stgPoriditinesedldelf BUW: ithad baeik irember  30.
The tube sheet structure 28 js p‘referablgj%construct ed from.a single piece

of sheet steel and thus, H&9RANYisdraR 34 apd Horths Bt clgments 38 mavnied i
extensi ons of t%&h@&m&ep&;ﬁmﬂ'tﬁéwaﬁ%@eﬁzﬁfk@eppgd,%iaﬁy As shown

in Figures 2, 3A and 3B, the filter elenenhts 32 nounted the structure
28 are posi tiSonadetappingaclationskip.aiThe Eltexelvaent2 32 nray St ppyieched poa ganatally 15

overlapping relatjionship. The filter el epents 32 be positioned.in a
general |y domn\?\d}g%wﬁlardgrgﬁogﬁtgfacg aﬂ@ﬁ?@%ﬁ@%@“?ﬁ%ﬁ@?qtﬁ%@ﬁgﬁnﬁu r espect
to the horizont glane pf the@ppd sirle PRRET6. S tiafanRANAistAutioh BpdcBBS jsTanner, a

distribution space 33 is defined in the uppernost portion of the filter
assenbly 10 by Sqdn thesmperaostpettio of the filier assembly 10 by an inclined baffle 50,

the side wall panels 17, 17", the upper wall panel inner surface 16", and front access

20 door 13. The inclined baffle 50 is positioned to dissipate the incoming air flow
throughout the dirty air chamber 22. As the dirty air enters the assembly 10 from the
inlet 20, it is received into the distribution space 33 prior fo its being filtered.

Dust particles are removed from the dirty air by filter elements 32.
The individual filter elements 32 typically comprises a pleated filiration media 35

25  extending essentially the length of filter element 32 and an outer liner 36 that
prétects the filtration media 35 from physical damages. Likewise, an imner liner 34
is positioned inside the filtration media 35 to protect and support filtration media 35.
Each end of the pleated media typically has an end cap thereon. The filter elements
32 used with filter assemblies 10, 10" of the present invention may be cylindrical or

30  non-cylindrical. Additional details regarding non-cylindrical filter elements are
provided below. Additionally, details of construction of non-cylindrical filter
elements 32 are disclosed in U.S. Patent No. 4,171,963 (Schuler).
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Wien nounted on structure” "28 via yoke ., Pproxi ma cap S
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di sposed between_t xi.mal .en ap 82 and the structure 28. By pressing
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and sheet structure 28 to grevent air | eakage. An _exanple of how a filter
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20  is shown in Figure 4. Back member portion 30 of the structure 28 has an opening
(not shown) through which is disposed a Venturi element 70 (shown in phantom in
Figure 2). Venturi element 70 is positioned on the tube sheet structure 28 in relation
to the filter element 32 such that the Venturi 70 is disposed in the clean air chamber
60. A yoke assembly 36, constructed to extended through the Venturi element 70

25  and into the center of filter element 32, is used for supporting the filter element 32.
The yoke assembly 36 includes steel rods attached to (for example, by welding) and
extending from the structure 28. Yoke assembly 36 is positioned to extend from
structure 28 into the dirty air chamber 22. Altematively, although not shown in the
figures, steel rods of the yoke assembly can be threaded at the proximal end and

30  extend through notches in the Venturi bell-mouthed-portion and apertures in the
flange of the Venturi element 70. In such a case, a rod can be struciured so fhat it
can be secured to the tube sheet structure 28 together with the flange of the Venturi
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Patent No. 4, 218’b2 7 éFre%%. In the enbodi nent shown in Fiqure 4, each
yoke assenbly 36™ gdzjmf ts Erel0%K Qs paspls veiralh de EPTEIcHigRiost r uct ur e
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30 may be vertical, «i ..£. erpendi.cul t ori zont.al qke assenbly
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20  thereon. Preferably, all of the filter elements 32 on structure 28 are parallel to one
another.

Figure 2 illustrates the placement of a pair of filter elements 32 onto
sach yoke assembly 36; two filter elements 32 are positioned axially in relation to
one another. An annular distal end cap 44 having a centraily located opening is

25  aligned with the end plate 39 so as to sealingly cover the outboard end of the second
filter element of each pair. This allows the removable attachment of a clamping
arrangement for axially compressing the gaskets (not shown in Figures 2-3) of the
filter elements 32 to seal them to the tube sheet structure 28 as well as to each other.
Also, a fastening bolt 46 with its special héndle 47 is inserted through aligned

30  apertures in the end plate 39 and end cap 44 to secure the two together.

Directly behind the tube sheet structure 28 is the clean air chamber 60
which is defined by the back surface panel 62 of the assembly and a portion of the

1]
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Filter element 32 has a non-cylindrical sleeve of filtration media 35,
20  preferably pleated, extending from proximal end cap 82 to a distal end cap 44.
Typically, proximal end cap 82 is annular, providing for access to the clean air or
filtered air chamber. Distal end cap 44 may be annular or continuous, depending on
the embodiment. In the context of this disclosure, an “annular end cap” is one where
the end cap is ring-like and allows access to the interior of filtration media 35, and a
25  “continnous end cap” is one that extends across the span of filtration media 35 and
does not allow access to the interior of filtration media 35. Generally for twé
stacked filter elements 32, distal end cap 44 will be annular for the first of the
stacked filier elements 32 and distal end 82 will be a continuous cap with 2 central
aperture for passing a bolt therethrough for the second elements. A central aperture
30  (minimal in size) may be included in a continuous end cap to allow passage of a bolt
or other fastener therethrough so as to provide attachment of the filter element 32 to
stepped tube sheet 28, however any aperture is tightly sealed by the fastener.



Filter element 32 has a non-cylindrical sleeve of filtration nedia 35 20
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20  aspect ratio of about 0.8 for a non-cylindrical filter element provides an increase of
airflow by about 25% over that of a cylindrical filter element, while keeping the
cabinet velocities the same. However, as the aspect ratio for non-cylindrical filter
clements decreases (i.e., the short axis 76 decreases in relation to the long axis 75), it
becomes difficult to pulse clean air backwards through the elements 32 to loosen

25 compacted particulates, due to the narrowness of the element through which the air
pulse must travel.

The exterior dimension of end cap 82 (and end cap 44), when taken

along the long axis 75, is at least about 15 cm, less than about 60 cm, typically is
about 27.9-45.7 cm (11-18 inches), and preferably about 33.0-38.1 cm (13-15

30  inches). The interior dimeﬁsion of end cap 82 (and optionally of end cap 44), when
taken along the long axis 75, is at least about 5 cm, less than 55 cm, typically about
20.3-38.i'cm (8-15 inches), and preferably about 25.4-30.5 em (10-12 inches). The



results in less damage to the filter elenents 32 and | onger elenent life.
Al so, an 20 aspect ratio of about 0.8 for a non cylindrical filter el enent
provi des an increase of airflow by about 25% over that of? 8B (n@f04al
filter elenent, while keeping the cabinet velocities the sanme. However, as
- the aspect ™M I2f06r non-cylindrical filter elenents decreasse/ssse., the
short axis 76 decreases in relation to thejdong axis 75), it becones
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end cap 82 (and optionally of end ca e-long axis
75, is at |east ibdaxis56.dsmt l¢astabontiaem I8ssdhmn abgysiS atul, typibbyis ab@@.13:738. 1 cm

(8-15 inches), ora about .25 4- 30, 10-12.inches). The 2 8
DEC 2004 WD 02/ %@@%@%&F‘?ﬁ%@ﬁ%ﬁb&ﬁ@ﬁ@é W&é‘ﬁéﬁ‘%ﬁgof‘%ﬁnd cap 82
(and end cap 44)dimeduns boke proxired @nd b A thealdid end fap 44Swvilltush L8R SE tiRbout 10
cm but | ess than about 55 (_:n‘il typically is about 20.3-38.1 cm (8-15

i nches), pref er 2pP§: B# &t fyprgliy thgdilisr elgmentd2 will poicdigdappredGar dorgpmy . t he

interior di m3nsénﬁiadﬂ{enfsf&%aﬂ’ef‘ﬂlaﬁﬁpfa&%e(d%%dppti onally of end cap 44), when
taken along the 5 short axi's 76, 1s at least about 5 cm |ess than about 50

cm typicall¥ is about 12Inaprelred embqdindR of mudres)indaved fijeredeuneablys itmbout
17.8-22.9 cm (7-9. i.nches). Th i mensi gns, ,of roxijmal. en ap .82 and
the distal end cegtﬁnﬂ%ﬁ%e%ﬁwnﬁ§§g?t|q37nn%‘éapf ﬁg M@ﬁm(ﬁé&@@ q“g‘ﬁﬁq&fﬂng {Pet he
filter el ement 3@ngnixid 75N@id 30E08tcRPEN B4 ikHis) hiohg £:0 BBort BHP ]I IMBRLE] sapliaper
may in fact be desired. 10 In a preferred enbodi nent of a non-cylindrical

filter el ement Jomulnyihe inderiosdimgusignsielrithersnd 610 Foth aie?d - S8aps(18976 44 are
37.70 14. 844 | i ) . 1,844
o 2t BT, o0 7y 3

i nches) along the short " axi [ e Interior
di nensi ons df eithhémgind thedfteBdemdut 32riem2@Zr-B8 about(6bA) @7 Q6 inctea)s \Thas, ahg t he

| ong axis 75, and . 2 7.976 jnches | o he..shaort axis 76. . 15 The
| ength of the f?ﬁ”?é@m&%%ﬁgﬁ’%m g*“?%‘f B’Pé’#&r)?‘é@ﬂnﬁtﬁgﬁh?&teﬁl@%%mﬁ?ﬁ @‘é"’?lﬂéﬁes).
Thus, if two eligP®RinY53ckie).€). Th AEMEL préf@ifedQuBodiklent, BRI RBF ditRgsidds! t er
elements 32 would he 132.1 cm (52 inches). ). In another preferred

enbodi ment, t he C&HRSF Frshoap B A Arosd7 ar (iR arches) glona fredong ads & aud36. 47 cm
(14.360 inches) 23k9vg (i NSs in0AE) A%hStnd SnorPR 76.

20 The air filter assembly of the present disclosure is designed to filter
particulate from an incoming dirty air stream at a rate greater than conventional air
filter assemblies that utilize cylindrical filter elements and planar side paneled
housings. One embodiment of the present disclosure provides a method of filtering
dirty air to provide clean air. In particular, dirty incoming air, having a particulate

25 contaminant concentration of af least 1 grain per cubic foot of air, is passed through
an air filter assembly, preferably having non-cylindrical filter elements. The volume
of incoming dirty air is at least 550 cfin (about 15.4 n*/min), preferably at least 600
cfin (about 16,8 m*min), and most preferably at least 625 cfin (about 17.5 m®/min).
The clean air exiting the air filter assembly has a contaminant concentration less than

30  0.001 grain per cubic foot.



28.85 cm (11. 36 inches) along the short axis 76. . 20 The ai r fiIter
assenbly of the present disclosure is designed to filter plﬂ@t@[]m.om
an incomng dirty air streamat a rate greater than convent arr

filter assenblies that utilize cylindrical filter elenents and pl anar side
panel ed howee mge2060ne enbodi nent of the present di scl osuperpsaxosies a

met hod of filtering dirty air -to provide ﬁlean air. In particular, dirty
incomng air, having a particulate 25 gontam nagnt concentration of at |east
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dirty air is at least 550 cfm _ (about 15.4 n8/mn preferably at |east
600 efm (aboutP@BISSCHH#?FPﬁ)Veﬂt&F\'dSWTSFYP@F%#@ ediside pansls, el m (about
17.5 nB/mn). T, NG44 [ f r I

cont am nant conc t%tl on ess nhh i u@@d%&t Théﬁﬁd%%%%ggg%emgﬁg 28 CeC

2004 WD 02/ OZiZOGCchﬁﬁﬁtdﬂSﬁdlfmamnatﬂﬁZs (B evitware Canmetctally nogiRbief@mElaentun to
conpare the sha ane internal verticals stiffeners
versus a di _stenglﬁ&?gﬁ%b V@F@ﬂ%?dhﬂiwmﬂwﬁeag@w%mg nly gpedder

non-cyl i ndri cal inhlgﬁaﬂ b famiddiQn@RARIER SuilERwle0RelY, NHAGPPLR Yt alional

Fluid Dynam cs (CF software commercially available fromFluent, Inc.
(of Lebanon, Novvomantsgmthéti MIGRAPTEPESHasS ‘aaw@fbtoamﬁ@mﬁmg used for

anal yzi ng Iam nar and tur EFb édlcttéﬁbvgtl{rm?‘ﬁ’artrroﬂ%e V\ilﬁrtusm kar d

V-Cl ass conputer with 16 gﬂoprocessor§ Was usex ef i ng. CFD

predicts flow t hgeaihs: Qhé/dlzlntiﬂiﬁt)(dquﬁaon %A%Q%zﬁ)vz Q)éohb‘iéﬂt‘@;vﬁet“@p isht fgaat i ons:
the continuity equation, ="¢onstant, where p is the fluid

p, A
density, Ais trftsn%%éssféeewwmmw @raa, apthylisthe ﬂmtiwelomtsuuanﬂthemmengm and

the nomentum copservation t put +
Pjj1- +p&+F, CORcevaf °’}<?q“§f“%k§}5t i +86//%5 fpg“%ﬁh’ 5‘%@& ?%{/B’fa i*é’" Wd‘etes the
axi al  vel oci tyyigfrfstatic bfesduh& uid ﬂa@%ﬁalt\%&%@,ﬁ defib fetstOR té}fsor CﬁB’c

velocity), p& is the gravitational body forcCe,’and Fj 1s the exter naI body

15 force. CFD ahcﬂﬂ:ulasesloctltye,@;:attuk@rdntandna%odmﬁdeé ahd)Fpiselesttelﬂallbudyt hr ough
the domai n. The standard k-s npdel is_ a sem-enpirical nobdel based on nodel

transport ekuatPBhs F%@Pﬁﬁst%%@déﬁqtk‘@ﬁ%? RrRgictiny W@ghﬂ@@@aﬁ on rate

(8). The nodel 0 ( fro he ex

equation, whil e_'lthhe {tst?&aa%fslsgr em 1o on &e’olrbaS ognd%)te;?n&? si ng

physi cal reas Onlquatiohé’lfoi' he tdﬁmeﬂtaatlb@p (lé)fand fedissipaion Fate (€). The model
transport equation for k is derived from the exact equation, while the model transport

equation for € is obtained using physical reasoning. In the derivation of the k-¢

20 model for the present system, it was assumed that the flow is fully turbulent, and the
effects of molecular viscosity are negligible. Based on the above equations,
velocity, pressure and turbulence at any point of domain, flow path, can be
predicted.

The various models (i.e., distended side panels and planar side panels,

25  and cylindrical filters and non-cylindrical filters), were created using GAMBIT
software package from Fluent, Inc. which is designed for building and meshing
models for CFD. Each model utilized 16 filter elements to form eight rows of filter
element pairs; each model with 16 filters used 1,457,024 Tet/Hybrid cells. All
models were programmed with a Standard ABR (abrasion resistant) inlet with 18

30 inch (about 45.7 cm) diameter inlet duct and 37 inches by 20 inches (about 94 cm by
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Two models were created as described above using non-cylindrical

filter elements and an airflow of 9145 cfin (about 256 m*/min). One of these models

used a housing having flat side panels and the other model used distended side

panels. The distended side panel was dimensioned, as per Figure 5B, with
10.4 cm (4.1 inches), “c” at 16.7 cm (6.6 inches), “d” at 8.6 cm (3.4 inches),

1741

a’”’ at

T4

e at

6.4 cm (2.5 inches), “f” at 66.0 cm (26.0 inches), and angle “o” at 14.2 degrees.
The model showed that combination of the non-cylindrical filter

elements within a honsing having the distended side panel provided an air velocity

of about 700 ft/minute, which was a reduction of approximately 30% when
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housi ng havi ng iaa‘gﬂbea‘i?é‘ﬁé’bn‘ifﬁ@‘%%&swwagaﬁﬁ e eg PEAESH) ¢ er

el enents had a tdnghboaySi6uat/mid). Thereadis of &b ndibing $hdRedHhaPYBilar¥Blo8iy1) and

the non-cylindrical elenment systemhad a total systemairflow of 9145 «cfin
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assenbly with c;ﬁlﬁﬁ%@l}ﬂga %qf.?’i‘?%?‘“e %%?\et%sm%%gﬁ gg’?(}ﬁ?gh%ﬁh?l ﬁPr ?ﬁlletnéern{sassenbl y
wi t h non- cylli0ndrlihe ablukid dfair pedsinpebegh thOmobe with theBoradyliaiticapfiss eRgehtBr ough
the nodel with the n cylindrical .filter elenents s 25% nore than the
nodel enpl oyi ng “@ﬁlzg(%’d??%éﬁmf §1pagel %‘Hﬂﬁggthd(“"?l@%mﬁﬁém%der st ood,

however, that even though nunmerous characteristics and advantages of the
present disclosure have been set forth in the 15 foregoi ng description,
together with details of Ihgtodengdarsiea, hewevey ot eeen tiofugh hemerdiisscl osure, the

di sclosure is il ,ﬁ,r[q' n - e i tai
especially in rrgii#g%tgs 0 y&ﬁ%&%ﬁ%ﬁg‘ggt%%%%ﬁ%%\%é&%ﬁ?%ﬁeeﬂa‘q’%}tﬁgﬁlvﬁnt fi n t he
principles df tfbregalng désosption, togethdiavithidetailesf thatiricndt aal fadctioy of the br oad

eneral neanin f the ter in i ch, the appended cl ains are expressed.
9 9 dlosclo_sure, tiw dljgglosure is \M]ustrative only, g‘l% changes may be made in detai?,
especially in matters of shape, size and arrangement of parts within the principles of
the disclosure to the full extent indicated by the broad general meaning of the terms

in which the appended claims are expressed.



28 DEC 2004 .CMs5: 1 _ An air filter elenent conprising: (a) an extension of
filter media having first and second opposite ends; (b) (c) ((28 BE@ Zﬂmher
nmedi a being pleated; (ii) said filter nedia being tubular an
non-cylindrical and defining an open filter interior, a first end cap;
said filter nmedia being potted within said first end cap at said first
end; (i) said first end cap definingg@n annular ring providing access to
said open filter iotemser; a second end cap; said filter nedia being potted
within sai'd second end cap at said second end; (i) the filter elenent
having a length froman outernost portion of said first end cap to an

out er nost Orti?\ﬂﬂiﬁﬁ&j'e‘feqﬁ&ﬁ%ﬂlgrﬁﬁglcap of at least, 18 inches . (about

45.7 cm; 20 {d) "an inner liner extending between said first and second end
caps; (i) (e) s@i)d fahtetkasten b fiibr mudiedavingiirssaidsccomboppdsiteendsan out er
i ner extending between said first and second end caps; (i) said outer
liner circunscribi ng(Bai dsaidfHisy madas being Plealad; g gasket extending axially

from sai d [irst end cap: agg dilF ofidd 6ind R oSl SAdasg sgad second end

cap each defining a g axi's an short axis relafive to a
per pendi cul ar direction ofdefilimgfanldpen filweditarjox{i) a rati o of the short axis

to the long axis being 0.7-0.9. 2 filter elenment accordi to.claiml
wherein: (a) th&®rati ?ffe"flﬁépéﬁ?ﬁjrﬁ@%rﬁg&?ﬁ?cﬂgé”q%’hdwg’ ?galflrs@%{t%ﬂtca . 8. 3.
Ali 1 ter elenent ac el claiml wherein: (a) said first end cap
has: 28 DEC 2004 GP4 fke bl | ‘ B

i) said first end cap defining an annular ring providing access o

said open filter interior;
(c) a second end cap; said filter media being potted within said second '

end cap at said second end; ,

(i) the filter element having a length from an outermost portion
of said first end cap to an outermost portion of said second
end_‘cép of at least 18 inches.(about 45.7 cm); '

(ﬂ)- an inner liner extending between said first and second ¢nd caps;
(i) said filter media circumscribing said inner liner;

’ (&) an outer liner extending berween said first and second end-caps;

(i) said onter liner circumscribing said filter media;

(H) a sealing gasket extending axially from said first end cap; and

(g)  the filter media, first end cap and second end cap each defining a long B
axis and a short axis relative to a perpendicular direciion of the filter
media;

6 a fatio of the short axis to the long axis being 0.7-0.9.

2. . Afiiter :le'mént according to claim 1 wherein:

(@) . the ratio of the short axis to the long axis is about 0.8,

3. A fiiter elememt according te claim 1 wherem:

(2)  said first end eap has:



21 (i)
, 33-38.1
- inches”

-an-ext-eri or di nension along said |long axis of 13-15 inches (about
(ii) an interior dinension along said |ong axis

cm;

axis of 10-12 'in
al ong said short axis of 7-9 inches @ébout 17.8-22.9 cm. 4. Afilter
el ement according to any of clains 1-4 wherein: (a) said filter el enent:

defines a | ength of ?’
according to any of ¢

cont i nuous,

wher ei n:

to said

chanber,

at

ches

(about 25.4-30.5 cm); (iii) an. exterior dimension al ﬁglgaﬁgzgﬂg

(about 25.4-30.5 cm; and (iv) an interior dinmension

30 inshasor(@Reniionalddg §6idlong a¥is of 13A §incker el enent

aims 1-4 wherein: (a) said second end cap is a

cl osed efaboynp3-3Blfamker el enent according to any of clains 1-4
(a) sai d setfw

open filter
housi ng i ncl udi ng an (ot 54 S0.5 ed);ai r outlet, a spacer vval I separ at| ng

the housing into a filtering chanber and a clean air (i)
the housing conpri si ﬂgl)a @@K@Wf?i@fﬂ%ﬂf{%()%?%‘%sh‘&? ﬂ’F"ﬁQ tlﬁ ‘PF‘T“TSerl ng

| east

on

i ncl udi‘ng: a first

angl e therebet ween; lkyge
filter ‘assenbly,
filter construction f(asut t6R€d-3¢mair fl ow comunication with an air flow

the di

d d
t e?"{‘nb?““ﬁ%n&l i rﬂpﬁ?llat%}}gaﬁm‘foﬂ L WF oY bllhBg access

asse y conprising: (a) (b) a

%$ ds having a -non- straight wall
b n asecond wal | portion with a first

alah 1ﬁt€h@ﬁdlﬁ{&¥ﬂoﬂlal&glﬂasad:l gHoyt dis ofDi9unehdso the air
rty air volune having an air flow direction; and a

aperture in the spacer wall; the filter construction including an 2 8 DEC
2004 . : :
4. A filter element according to any of claims 1-4 wherein:
' (a) said filter element defines a length of 22-30 inches (about 55.6-76.2
cm}. '
5. A filter element according to any of claims 1-4 wherein:
(@)  said second end cap is a continuous, closed end cap.
6. A filter element according to any of claims 1-4 wherein:
(a)  said second end cap defines an amnular ring providing access fo said
' open filter mterior. ' '
7. An air filter assembly compnsmc

(@)

(b)

a housing including an air. mlet an air outlet a spacer wall separating

the housiug into a filtering chambcr and a clean air chamber;

®

(i)

the housing comprising a plurality of side walls forming the
filtering chamber, at least one of the ;sic'le: walls having a non-
straight wall including: a first wall portion and a second wall
portion with a first angle therebetween;

the aur inle’t providing a dirty air volume to the air filter
assembly, tha di&y air volume having an air flow direction;

and

~ a filter construction positioned in air flow communication with an ar

flow aperture in the spacer wall; the filter construction including an



22 extension-of-filter nedia defining a filter construction inner clean air
chan-rber ; the filter construction extending into the filteri pcng@ezqolr
S. The air filter assenbly according to claim?7, wherein the affglfe 15 5710

20 degrees. 9. The air.filter assenbly according to any of clains 7-8',

wherein the filter construction is 2cylindrical filter construction 10.
The air filter assenbly according to any of clainms 7-8, wherein the filter
construction is a non-cylindrical filter construction having a { .
cross-sectional ar eatxigRuEnAn PARERT ey definngn PHE QPeUpeRRe ’5‘%8‘??5%?“0 ) the
non-cylindrical Tilteg, oNS bt oAkl eﬁténeﬂ%_iﬁe@ e fRGREheHEAr tO a
short axis within thé cross-sectional area; and (ii) the non-cylindrical
filter construction having a width along the long, axis and a w dth al ong

the short axis, the |ong axis w dth bei ngl' .greater .tH%n tg?e. tor2t0 axi s

wi dth, andSihe Thnair flies 255680lY 8ol faFPET 7. PECIL g 408G B BidYect i on.
11. An air filter assenbly conprising: (a) a housing including an air
inlet, an %ﬁgeeg'ut | et, a spacer wall separating the housing into a
filtering chanber and a clean air chanber, (i) the air inltet providing a
dirty air volune to the air filter _assenblg the ,gi rM(l akr lv%llurre havi ng
an air floWv dir&hepigfier p3sembly pecording i et HaP 68 PRSI MSTIS T 1 ow
conmuni cat(izo%gtr\é\étfcj}lﬁg c?—iiﬁdﬁézﬁ‘ﬁlép%ﬁéﬁﬁ%ﬁ%ﬁ t he spacer wall- the filter
construction I necluding’an extension of filter media di sposed between
proximal end cap and distal end cap; the 'filter nedia, proxinml and-

di stal end caps defining a filter ,onstruct%qn inpgr ﬁl_ ean h%ifr[ f:(l:_hanber; ()
the filterl0.conBhe pig filishpBrmyborsoorliag QPDHPLE NS A el FITHLI Ei%an air
chanber in_air flow iggqp iCat-l oV iSRAGEhe sWabds-scltibsdl apdar 1 oW
aperture; ‘Q"’é{f}fﬁtﬁ’%%g 3’% %b@%ﬂ %P?gedr%ﬁggﬁstrugti on having a

Cr 0ss- sect whaatakes paallviitenhe naklen gerakd;el to the air flow aperture, the

-cross-sectional area_havi nq a long axis rRlert,pendijcul r to_a short axis; and
- cn

() the non-cylindrical filter construction having a long axis
peri)(:ﬂdicular 10 a short axis within the cross-sectional area; and

Gi)  the non-cylindrical filter construction having a width along the long
axis and a width along the short axis, the long axis width being
‘greaxer than the short axis width, and the long axis positioned parallel

to the air flow direction.

11.  Anair filter assembly comprising:
(a)  ahousing including an air inlef, an air outlet, a spacer wall separating,
the housing into a filtering chamber and a clean air chamber; '
i) the air inlet prm'riding a dirty air volume to the air filter
: . assembly, the dirty air volurae having an air flow direction;
| (b)  a filter construction positioned in air flow communnication with an atr
flow apertore in the spacer wall; the filter construction cluding an
extension of filter media disposed between proximal end cap and
distal end cap; the filter media, proximal and distal end caps defining
a filter ‘construption i-ﬁner. clean air chamber;
@) the filter construction being oriented within the filter fmmer
clean air chamber in air flow communication with the spacer

wall first air flow aperture;
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(Fii) tHe. filtér construction having a width along the long axis and a

~-wi dth al ong the short axis, the long axis w dth being greater ZB?DIEG\?\ZGUA

short axi's“width and the |ong axis positioned parallel to the

direction. 12. The air filter assenbly according to any of clains 10 and
11, wheréin the ratio of the long axis tc}the short axis is in the range
of about 2:1 to 1.1:1. 13. The air filter assenbly according to claim 12,
wherein the ratio of 4he s; ' o Ondr@Xssetichafediwled 14. The
air filter assenbly éﬁgorﬁﬁﬁgh%@aé{r%ﬁ/u%%rtﬁl% 11-13, vvh.er??g’_t he housi ng
conprises a plurality of ghkkn peblld t¢ terainfjowhpeftine; the) grgssciraipeal arddt | east
one of the side walls having.a non-straight wall .including. a.first wall
portion and a second wal Ihafﬂﬂgﬁlc?ﬁg\ﬁ?‘fswegee“ﬁ‘?‘&rtgﬁg#g&taﬁ%r%%t ween; 15.
The air -filter asselmiy %fﬁqtg}%sﬁﬁc&ﬂyh@f‘mghaji@ﬁaioné.ﬁleqa@éﬁsaﬁd}ﬁt her
conprising a second si ae wal | opposite the at | east one side wall, the .
second side wall having awiil alongeid shodraxis thealods axisorsiHbAaE ISRt | on

wi'th a second angle there between, the filter.constructi ,
second-filter constructi or’fh‘fa‘béleﬁ?‘ﬁ'ﬁ@ﬁ‘s %‘gpb?rf‘tﬁhe Rl ﬁ%pﬁggcg%?}er tden the
at | east one side wall "anq,tifieq:sacandrtidg wall. 16, A nethod of cleaning
air, conprising: (a) inputting dirty air into a filter assenbly according
to any of clainms 7-15, the .filter assenbly conprising: the housing and a

filter construction, according to any. of cl ai 1-6 ositi .ipn air flow
communi cat 1&n wibf a‘fﬁﬁ@! MY AFCHUPE bp &Y ﬂ%ﬁﬁn%b%g%‘ih&ﬁ?ﬁ&g'fﬂ [?ﬁe
housi ng; t fdf HE l N8 {SAdhOfinkb B bPabdif 21 kd B1iNg chanber;
. 28DEC2004 Zio(dg)tﬁ‘f{of' F%?ﬁ%’ S Fhe g ope
‘and (c) receiving clean air out fromthe clean air chanber of the filter

e dirty air through the filter construction;

mbly via the air outlet | T - A method of i F ti
anair 1) i Gne aydliaormply geioelre h et R hekaraR gt kPR an ai'

inlet, an ai.f.outl 285 SPARE owal | separating the housing into a
filtering %h%t g’%lgﬁn% asc ean air chanber; the air inlet providing a dirty

air volume to the air filtration system the spacer wall including a first
ai‘ r f'l-. oW aﬁ)g'r ' u&gc%ﬂei{l?e‘jr gl;sseh"nﬁy gggo@c?iglg?g j )H)?tl:lgﬂns 1 L‘ﬂﬂ’: wherein the

ﬁoming comprises a plurality of side walls forming the filtering chamber, at least

. one of the side walls having a non-swraight wall including: a first wall portion and a

second wall portion with a first angle therebetwecen;

15. . The air filter assembly according to any of claims 7-10 and 14, further
comprising a second side wall oppesite the at jeast one side wall, the second side
waﬂ' having a first wall portion and a sccond wall portion with a second angle
therebetween, the filter construction and the second filter construction positioned

- parallel to one another between the at least one side wall and the second side wall.

16. A method of cleaning air, compnsing: |

(a) inputting dirty airinto a filter assembly accor(_iing to any of claims 7-15, the

filter assemibly comprising:

| @ the housing and a filter construction according to any of claims 1-6
positiohcd jn air flow communication with the air flow
aperture in the spacer wall of the housing; the filter

construction extending into the filtering chamber;



‘ mount | ng ‘a fiTst filter element in the filteri ng chanber and in air flow
comuni:catii:on with the first air flow aperture:i-n the spacer wahlg: - .
first filter element including: (i ) an extension of filter nedi 2&1%&92004

first and second opposite ends; filter nedia being pleated; the filter
medi a being t ubul ar, and non- cyI|n rlcal and defining an open filter
I nterior; 1) a flrst end cap; the filter nedia. being potted within the

first end ap lteripg the digy thm“ghéh‘?ﬁ'r‘%‘imé'ﬁ‘Hu‘&ﬁ? d8fi ni ng an annul ar
. . ? ’
09, 101 RSEGRR e O SRR o EBE o ERA I

the filter end c econd end;
(iv) an inner | thefir @xteandi ng between the first and second end caps; the
filter media circunscribing the inner liner; (v) an outer |iner extending
- between the first and second end caps; the outer liner circunscribing the

filter medja; <¥\31Féma%%%$& &k Nt J:?Qleﬁﬁa'n?ldéhiz[f@i”&rﬁtgt?}})}éie?ﬁ ROy ﬁaa (vii)

the filter nedia aB and second end cap e efi'ning’ a I ong

axi s and a shor tncfudifig b @basiny enchaling pespénley aa airanutletia gateromalbf the filter
media; a ratio of the short _axis tq. the Iong‘gams bei ng 0,9; and (b)

forming a seal BSpasting the heysing uee A fitepng chyg %@ndgg%}mﬁlf'pﬁgnbga&gr val |
N DEC 2004 25 1 step of
mounting a fil tgrr”ﬁf{%%b?ﬁnigﬁ%lp%l ncﬁhgllg&lgﬁllt er %Freenﬁltqhﬁ§ Jl,cﬁrg a
first. end cap \AmnmﬂuamgartheMEﬂuwrapdmnhmm dhmm@ﬂtdd&olranw@cl s of 13-15
inches (about 33- 38.1cn); (ii)_an interior djnmensign along the Long axis
of 10-12 mches(a)(abmﬂ““EBué Iftes igjerment 11} $he fit eé%‘tgé"g‘iaﬁfbeﬁ K525 H% ong

the short axis of 10c)@difhfdn wigDAH birdt 3] oi? 2Pl in Mlsgak) walk that er i or

“di mensi on al ong the Short axrs of I nc
first filter element including:

M) an extension of fifter media having first and second opposite
ends; the filter media being pleafed; the filter media being
wbular and non-cylindrical and defining an open filter
mtetior;

(i) a first end cap; the filter media -being potied within the first
end cap at the first end; the first end cap defining an annular
ring providing access to the open filter interior;

(iii).  a second end cap; the filter media being potted within the
second end cap at the second end;

(iv)  an inner liner extending between the first and second end -
caps; the filter media circumscribing the inner liner;

(v¥  an outer liner extending between the first and second end
caps; the outer liner circumscribing the filter media;

(vi) a gasket extending axially from the first end cap;

{vir) the filter _rhcdia, first end cap and second end cap each

| defining a long axis and a short axis relative to a
perpendicular direction of the filter medta, a ratio of the short
axis to the long axis be_irié 0.7-0.9; and

(b) forming a seal by axiaily compreséing the gasket against the spacer
wall.



17.8-22.9 cnm). 19. A nmethod according to claim 18 further including: (a)

nmounting a second filter elenment against the first filter ele i
‘ | AR iy

air flow comunication therewith; the second filter el enment

and non- cylindrical. 20. A nethod acc?gdlng to claim19 wherein: (a) said
step of mounting a first filter elenment”includes nounting a first filter
el emrent havi ng an open, annul ar second end cap; and (b) said step of

mount i ng a 18 ec drethed aaserdisio émelaie 17 vhetsife s mounting a second filter elenent

having first opgn asfykiep oAELinGRPa MR eBmERGRNes ﬁbm.ﬁgia%de@aem héving &N ai 1
filter el enent conprl ﬁ g% %%% an extension of filter medi a having %lrst
and second opposite "Bhg s said filter nedia being pleated; (ii) said
filter nedi a bei ng fibn- ayditgrdr divedsicamtbng tkilangags aft 3eiddmchés | ter i nterior,

(b) a first end cap; abggtlgg dellckgr nedia being potted within said first end
cap at said first nd b) sald first end cap deflnln% an annul ar ring
provi di ng access to '%al%!‘ BIh d‘Frieri“@ra'onﬁmeé?rlgﬁx'sot@ﬂZ"a’ 8econd end cap; said

filter nmedi a being pbbited4sd6bing said second end cap at said second end;

() jan.tnner iner fist eEbacARNEE058] o Lo ake 8 50RAT ond capst (1)

said filter media ciPcunseri b ( ) a seal i ng gasket
extending axially ffa@ﬁﬂtgéﬂéoﬁpmsﬁménd cap; and (f) the filter nedia, first

end cap and second gypd &ﬁrﬂe@a&memlarah@meahdmgofﬁglnéheam short axis
relative to a perpe gh_%#l%ar direction of the filter 2 8 DEC 2004 26 nedi a;

(i) aratio of the ®Bkis to the long axis being 0.7-0.9. 22. Afilter
el ement according to claim2l1 wherein: (a) the ratio of the short axis to

t he | ong a?gas 'ﬁm%ﬁ@%@o@dnr%toégf 185 hibdr 8Lkl enent according to claim 22

wher ei n: ) sal Ia conprises pleated paper. 24. Afilter
el ement accor d| t Bowting &, seeongiereglement against the first filter element and in air flow

communication therewith; the second filter element being tubular and non-

cylindrical.

20, A method according to claim 19 wherein:
(a) said step of mounting a first filter element includes mounting a first
filter element having an open, annular second end cap; and
(b} said - step of mounting a second fiter element includes mounting a
second filter element having first open annular end cap and a second

closed end cap.

21. An air filter element comprising: _

(a) an extension of fiter media having first and second opposite ends:
)] said filter media being pleated;
(iy said filter media being non-cylindrical and defining an open filter interior,

(b) a first end cap; said fiter media being potted within said first end cap
at said first end;
(i}  said first end cap defining an annular ring providing access to said open filter

-interior;

(c) a second end cap; said filter media being potted within said second
end cap at said second end;

(d) an inner liner extending between said first and second end caps;
(i) said filter media circumscribing said inner liner,

_(e) a sealing gasket extending axially from said first end cap; and

{f the fiiter media, first end cap and second end cap each defining a long
axis and a short axis relative to a perpendicular direction of the filter



(a). the filter elenent has a length froman outernost portion of said first

end cap to an outernost portion of said second end cap of at | t
i nches (about 45.72 cm. 25. Afilter elenment according to cl aﬁZQE@rZ%&

including: (a) an outer |iner extending between said first and second end
~caps; (i) said out %di]ld.i ner circunsCribing said filter nmedia. 26. A filter
el ement according to claim 2l wherein: (a) said first end cap has; (i) an
exterior di mension 8 ongraigitihe st st theflomopxipdeing OHe9.(about 33.02 - 38.1
cm; (ii) an interior dinmension along said |long axis of 10-12 inches (about
25.4 - 30.48 cm); (iii) an exterior dinmension along said short axis of

10- 12 i nch@é?( abviilter @&ment ac@@iintBo clajm 21awltkrei:i v) an i nterior di mension al ong

said short axis of 7-9 inches (about 17.78 - 22.86 cn
(a) the ratio of the short axis to the long axis is about 0.8.

23.  Afilter element according to claim 22 wherein:
{a) said filter media comprises pleated paper.

24, A filter element according to claim 23 wherein:
(a) the filter element has a length from an outermost portion of said first
end cap to an outermost portion of said second end cap of at least 18
inches (about 45.72 cm).

25.  Afilter element according to claim 23 further including:
(a) an outer liner extending between said first and second end caps;

(i) said outer liner circumscribing said filter media.

26.  Afilter element according to claim 21 wherein:
(a) said first end cap has;
(i) an exterior dimension along said long axis of 13-15 inches {(about 33.02
—38.1 cm};
{ii} an interior dimension along said long axis of 10-12 inches (about 25.4 —
30.48 cm);
(i) an exterior dimension along said short axis of 10-12 inches(about 25.4 —
30.48 cm);
and
(iv}  an interior dimension along said short axis of 7-@ inches (about 17.78 — 22.86

cm).



