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(57) Abstract: A filter element comprises a filter jacket, a fluted filter media, and an internal seal. The filter jacket defines a
filter jacket inner surface, a gravitational bottom, an upstream end, and a downstream end. The filter jacket includes a moisture
& release aperture disposed proximate the gravitational bottom. The fluted filter media resides within the filter jacket and defines a
& filter media outer surface. The fluted filter media comprises a planar sheet and a fluted sheet intermittently bonded together and
e\ collectively coiled to form a plurality of flutes. First and second selected ones of the plurality of flutes are closed proximate the
upstream and downstream ends, respectively. The internal seal is formed between the filter jacket inner surface and the filter media
outer surface. The internal seal is disposed within the filter jacket between the upstream and downstream ends. The moisture release

aperture is located upstream of the internal seal.
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FILTER WITH DRAINED JACKET, SEAL INDICATOR/LOCK MEANS,
AND SEAL BAFFLE

FIELD OF THE INVENTION

[0001] This invention generally relates to filter elements and, more particularly, to the

jackets and/or seals of such filter elements.

BACKGROUND OF THE INVENTION

[0002] Gas streams often carry particulate material therein. In many instances, it is
desirable to remove some or all of the particulate material from a gas flow stream. For
example, air intake streams to engines for motorized vehicles or power generation
equipment, gas streams directed to gas turbines, and air streams to various combustion
furnaces, often include particulate material therein. The particulate material, should it reach
the internal workings of the various mechanisms involved, can cause damage thereto. It is
therefore preferred, for such systems, to remove the particulate material from the gas flow
upstream of the engine, turbine, furnace or other equipment involved. A variety of air filter

or gas filter arrangements have been developed for particulate removal.

[0003] Conventional filter elements will typically employ either a pleated filter media, a
depth filter media, or a fluted filter media.

[0004] Various examples of filter elements employing a fluted filter media are
illustrated in U.S. Pat. No. 6,190,432 to Gieseke, et al., U.S. Pat. No. 5,820,646 to
Gillingham, et al., U.S. Patent No. 3,025,963 to Bauer, and U.S. Pat. No. 4,589,983 to

Wydevan. The ‘646 and ‘983 patents illustrate, for example, filter elements with an
itegrally formed impervious outer skin with axial flow therethrough. Improvements to
fluted filter arrangements are disclosed herein.

[0005] Various examples of pleated filter elements are disclosed, for example, in U.S.
Patent No. 6,447,567 to Ehrenberg, U.S. Patent No. 5,484,466 to Brown, et al., U.S. Pat.
No. 5,238,474 to Kahlbaugh, et al., and U.S. Pat. No. 4,720,292 to Engel, et al. As
tllustrated in each of these aforementioned patents (for both fluted and pleated filter

patents), filter elements will
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typically incorporate a form of an external seal that is adapted to seal the filter element
against a housing, mounting base or duct, into which the filter is mounted. As 1s
exemplified by these patents, it 1s also known to incorporate a foamed urethane seal to
provide an external seal. Improvements to such seal arrangements are also disclosed herein.

BRIEF SUMMARY OF THE INVENTION

10006]) It is an objective according to one aspect of the present invention to better ensure
water or other such fluid is not trapped 1n filter elements, without having to rely on
independent engine or filter duct hardware and while at the same time jacketing the filter
element.

[0007] It is another objective according to another aspect of the present invention to
provide one or more structures for achieving more reliable seal formation on filter elements.

[0008] Other objectives relate to practicality and economy of manufacturing a reliable
and practical filter element.

[0009] In accordance with the first objective, one aspect of the present invention is
directed toward a jacketed and drained fluted filter element. According to this aspect, a
filter element comprises a filter jacket with a moisture release aperture, a fluted filter media,
and an internal seal. The filter jacket defines a filter jacket inner surface, an upstream end,
and a downstream end. The moisture release aperture is formed through the outer annular
and axially extending wall of the jacket to provide a means for excess water or other fluid to
escape. The fluted filter media resides within the filter jacket and defines a filter media
outer surface. The fluted filter media comprises a plurality of flutes where some of the
flutes are closed proximate the upstream end and some of the flutes are closed proximate the
downstream end. The internal seal 1s formed between the filter jacket inner surface and the
filter media outer surface to prevent short circuiting of unfiltered fluid. The moisture
release aperture is located upstream of the internal seal.

[0010]) In accordance with the second objective, another aspect of the present invention
is directed toward a discontinuous flange that not only engages a seal (e.g. in a preferred
embodiment capping the formation of a foamed urethane seal material), but also provides
one or more intermittent gaps to provide a means for locking the seal and/or providing an
indication of good seal formation. A filter element according to this aspect includes filter
media adapted to filter fluid passing from an inlet face of the filter media to an outlet face of
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the filter media. A sleeve is mounted to the filter media and includes a generally annular
seal support member and a discontinuous annular flange. The flange includes at least one
aperture formed therein. A seal comprised of suitable seal material is formed on the seal
support member. The seal has an annular sealing surface adapted to form a seal against an

appropriate housing/duct when in use. The seal engages the discontinuous flange with a
portion projecting at least partially into the at least one gap.

[0011] Also, in accordance with the second objective, another aspect of the present
invention is directed toward better controlling the free rise of seal material on a filter
element utihizing a baffle built into the filter element. According to this aspect, a filter
element includes a filter media adapted to filter fluid passing from an inlet face of the filter
media to an outlet face of the filter media. A sleeve is mounted to the fluted filter media.
The sleeve includes a generally annular seal support member and a generally annular baffle
having surface means such as a canted guide face that faces said seal support member for
directing a free rise of a foamed seal material. A seal is formed on the seal support member

with the foamed seal material, the foamed seal material having a free rise surface proximate
the annular baffle.

[0012] While the invention is particularly applicable to fluted filter applications and

axial flow type filters, various aspects of the invention can be employed with other types of
fluted filter media.

10013] Other aspects, objectives and advantages of the invention will become more

apparent from the following detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]) The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention and, together with the
description, serve to explain the principles of the invention. In the drawings:

[0015] FIG. 1 is a perspective view of an exemplary embodiment of a filter element

including a fluted filter media constructed in accordance with the teachings of the present
invention:

[0016] FIG. 2 is a side elevation view of the filter element of FIG. 1;
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[0017] FIG. 3 is a perspective view of the filter element of FIG. 1 when viewed from an
alternate vantage point and when the fluted filter media has been removed,;

[0018] FIG. 4 is a cut away portion of the filter element of FIG. 1 highlighting a

moilsture release aperture;

[0019] FIG. 5 1s a cut away portion of the filter element of FIG. 1 illustrating the
moisture release aperture shown in FIG. 4 from a different vantage point;

[0020] FIG. 6A 1is a perspective view of the formation of the filter media employed in
the filter element of FIG. 1;

10021] F1G. 6B 1s a perspective view of the filter media, in an uncoiled state, employed
in the filter element of FIG. 1;

[0022] FIG. 6C 1s a perspective view of the filter media, in partially coiled state,
employed in the filter element of FIG. 1;

[0023] FIG. 7 1s a cross sectional view of the filter element of FIG. 1 taken along an
internal seal within the filter element;

[0024] FIG. 8 1s a perspective view of the filter element of FIG. 1 with an external seal
removed to illustrate an annular seal support member;

[0025] FI1G. 9 15 a cut away perspective view of the filter element of FIG. 1, with the
fluted filter media removed, showing both a discontinuous flange forming an intermittent
gap and a rib network; |

[0026] FIG. 10 is a cut away perspective view of the filter element of FIG. 1, with the
fluted filter media removed, depicting a baffle;

10027] FIG. 11 1s a cut away perspective view of the filter element of FIG. 1 illustrating
the baffle shown in FIG. 10 from an alternate vantage point;

[0028] FIG. 11A is a cut away perspective view of the filter element of FIG. 1
1llustrating the free rise surface and the molded surface of the external seal:
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[0029] FIG. 12 is an exploded view of a two piece filter jacket for use in forming the
filter element of FIG. 1; and

[0030] F1G. 13 is a cutaway perspective view highlighting the engagement of an
alignment notch and an alignment rib from the two piece filter jacket of FIG. 12.

[0031] While the invention will be desctibed in connection with certain preferred
embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent
1s to cover all alternatives, modifications and equivalents as included within the spirit and
scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Referring to FIG. 1, a filter element 10 that can be used to, for example, filter air
entering an engine is illustrated. This filter element 10 is adapted to be installed inline
between upstream and downstream ducts, thus forming an intermediate section of the duct
between upstream and downstream sections. However, it will be appreciated that the
present invention may also be utilized or otherwise incorporated into filters which may be
installed and contained in filter housings.

[0033] As 1llustrated in FIGS. 1 and 2, the filter element 10 comprises a filter jacket 12.
The filter jacket 12 provides the support structure for the filter element 10 and associated
structures for mounting the filter element. The jacket 12 preferably includes a moisture
release aperture 14 to provide for drainage, as to be discussed in further detail below. The
filter element 10 also includes a suitable filter media pack which may take the form of
fluted filter media 16 (or other appropriate type of media such as those described above), an
internal seal 18 formed between the jacket and the filter media, and an external seal 20.

[0034] Turning first to details of the jacket 12, and as best shown in FIGS. 3 and 5
(showing the jacket without filter media installed), the filter jacket 12 generally comprises
an axially-extending annular wall 21 defining a filter jacket inner surface 22, a filter jacket
outer surface 24, a gravitational bottom 26, an upstream end 28, and a downstream end 30.
While the filter jacket 12 can be formed from a variety of materials, the jacket is preferably
molded from relatively rigid supportive plastic material. While the jacket 12 may be
formed of a single component, preferably the jacket is constructed from multiple component
pieces fit together such as a first sleeve 94 and a second sleeve 96 as shown in FIG. 12.
Each sleeve 94 includes an annular wall portion which collectively form the overall annular
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wall 21 of the filter jacket 12. In the illustrated embodiment, the filter jacket is fluid
impervious downstream of the internal seal 18 and fluid permeable upstream of the internal
seal by virtue of the moisture release aperture 14. Thus as a whole, the filter jacket 12 is
pervious by virtue of the moisture release aperture 14, while at the same time preventing
unfiltered contaminated air from reaching the clean side outlet. Also, while the filter jacket
12 1s 1llustrated as generally oval in shape when viewed from either the upstream end 30 or
downstream end 32, the filter jacket is capable of having a variety of different
configurations, depending upon the shape and size of the housing or duct for which the filter
element is installed. Preferably, and to maximize the amount of filtering capacity contained
1n the jacket, the shape of the jacket 12 conforms to the shape of the filter media 16. The
filter element 12 and filter media 16 are configured to provided for axial flow through the

element (e.g., along the center axis of the fluted filter media 16 around which the fluted
filter media is coiled).

[003S5] The filter jacket outer surface 24 can include one or more of a plurality of axially
spaced apart circumferential strengthening ribs 32, bosses 34, 36 adapted to couple to a
supports in an engine (not shown), and protrusions 38 adapted to receive and support
clamps on a duct and/or the engine. One or more of these structures serve to locate the filter
element 10 relative to an engine or such application and as such provide a means to locate
the moisture release aperture 14 proximate the gravitational bottom to facilitate drainage of

all or most of water that could potentially enter the filter (e.g., due to condensation, rain or
SNOW).

[0036] The filter jacket 12 may also include one or more stfengthening rib networks 40,
42 disposed proximate upstream and downstream ends 28, 30, respectively, of the filter
Jacket 12. The rib networks 40, 42 are incorporated into and onto the filter jacket to provide

additional strength, to assist in guiding and/or installing the filter element in a vehicle, and
the like.

[0037] Referring to FIGS. 3, 5 and 12, the filter jacket 12 provides one or more means
to center and/or assist installation of the fluted filter media 16 between the first and second
sleeves 94, 96, such as camming ribs or a conical guide wall 108. More specifically the first
sleeve 94 includes a plurality of axially extending protrusions 44 defined along the inner
surface 22 that begin proximate the upstream end 28 and progress toward the downstream
end 30. These axial protrusions 44 have angled inner cam surfaces that help to align and
center the filter media 16 (FIG. 1) when the filter media is inserted into the open end of the
first sleeve. The first sleeve 94 also includes radially inwardly projecting protrusions 46 to
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serve as stop abutments to position the end face of the fluted filter media 16. These
protrusions 46 preferably extend from a radially inwardly projecting flange 48 and are
aligned almost atop and slightly inward of the axial protrusions 44. The flange 48 and the
projections 46 are adapted to maintain the filter media 16 securely within the filter jacket
12.

[0038] The second sleeve 96 also similarly includes a centering and installation
assistance means which is illustrated as the conical guide wall 108. As a coiled pack of |
fluted filter media 16 is axially inserted into the second sleeve 96 the conical guide wall 108
will engage the fluted filter media centering it and positioning it coaxially within the filter
jacket 12.

[0039] In the illustrated embodiment and as shown best in FIG. 12, the first sleeve 94 is
installed over the inlet end of the fluted filter media 16, while the second sleeve 96 is
installed over the outlet end of the fluted filter media 18. As illustrated, the first sleeve 94
includes an alignment notch 98 and the second sleeve includes an alignment rib 100. The
alignment notch 98 and alignment rib 100 are employed to mate and thereby coaxially and
angularly align the first sleeve 94 and the second sleeve 96. In the preferred embodiment,
the alignment notch 98 of the first sleeve 94 also serves as the moisture release aperture 14.
The alignment rib 100 only projects partially into the alignment notch 98 when the two
sleeves 94, 96 are fully abutted to leave a sizeable open space to provide for the moisture
release aperture 14, and thereby facilitate drainage of water from the filter element. It is an

advantage of placing the moisture release aperture 14 on the top sleeve 94 that the moisture
release aperture 14 is reliably located upstream of the inner seal 18.

[0040]) To facilitate assembly of the jacket 12, the first sleeve 94 defines an insertion
end 102 while the second sleeve includes a correspondingly sized flared out receptacle
portion 104. When the two sleeves 94, 96 are mated, the end 102 is telescopically received
within the flared out receptacle portion 104 as shown in FIG 13. The two sleeves 94, 96 are
urged together until the end 102 engages one or both of the flanges 52 that form a part of the
moisture release aperture 14, and/or bottoms out on the leading edge of the conical guide
wall 108. Because the engagement of the two sleeves 94, 96 does not interrupt or close off
the moisture release aperture 14, fluid disposed within the filter jacket 12 is still able to
freely flow through the moisture release aperture 14 when two sleeves 94, 96 are joined.

[0041] The internal seal 18 is generally disposed inside the filter jacket 12 between the
upstream end 28 and the downstream end 30. In a preferred embodiment, the internal seal
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18 is circumferential and disposed closest to the upstream end 28 (FIG. 2). As depicted in
FIG. 7, which illustrates a cross section of the filter jacket 12 taken about the internal seal
18, the internal seal is interposed between and preferably sealingly engages each of the filter
jacket inner surface 22 and a filter media outer surface 72. One advantageous way to form
the inner seal 18 1s to dispense a continuous bead of sealing adhesive into the flared out
receptacle portion 104, after the fluted filter media 16 has been installed and located in the
second sleeve 96 (but without the first sleeve mounted).

[0042] The combination of the fluted filter media 16 and the second sleeve 96 provide
for a continuous annular groove that provides a receptacle for receipt of the bead of sealing
adhesive (which is somewhat viscous fluid in the uncured state). This bead of adhesive is
sufficiently thick enough that it engages and fully seals against the entire circumference and
perimeter of both the inner wall of the jacket 12 (and more specifically the flared out
receptacle portion of the second sleeve 16), as well as outer surface of the fluted filter media
pack 16. As aresult, it forms the inner seal 18 once the adhesive dries and cures to prevent

short-circuiting of unfiltered fluid from the upstream to the downstream end through the
filter element.

[0043] While the two sleeves 94, 96 of the jacket 12 can be held together by a friction
fit or other appropriate coupling, preferably the two sleeves 94, 96 are integrally bonded by
the internal seal 18 together to form the jacket 12. Shortly after the continuous bead of
sealing adhesive is dispensed into the groove (formed between second sleeve 96 and the
tluted filter media 16), the first sleeve 94 is telescopically inserted into the second sleeve 96
and over the fluted filter media 16 such that it engages the adhesive to bond the sleeve
components together. By pushing and pressurizing the adhesive into void areas, this
construction also better ensures complete circumferential contact between the inner wall of
the jacket to more reliably provide for the inner seal 18. The internal seal 18 is preferably
formed from adhesive such as urethane or glue, but may comprise other suitable seal
adhesive material to provide both for a sealing and bonding features. With this construction
of the disclosed embodiment, a single bead of adhesive thus provides for two separate
functions of preventing short-circuiting of fluid and also bonding components together.

[0044] The bead of adhesive is however not laid overly thick so as to prevent
obstruction of the moisture release aperture 14, The moisture release aperture 14, which is
highlighted in FIG. 4, is adapted to permit a fluid (e.g., water) to be expelled from within
the filter element 10. As collectively illustrated in FIGS. 4 and 5, the moisture release
aperture 14 1s preferably covered and/or shrouded by an offset hood 50. The hood 50 may
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be integrally molded as a structure into the jacket 12, and preferably into the first sleeve 94.
The offset hood 50 is generally spaced outwardly from the outer peripheral surface 24 of the
jacket 12 by a pair of flanges 52 such that a cover 54 is positioned over the moisture release
aperture 14. As such, the moisture release aperture 14 is protectively covered without
restricting a flow of fluid therethrough. With the moisture release aperture 14 sheltered in
this manner, the fluted filter media 16 within the filter element 10 (FIG. 1) is safe from
punctures, tampering, and other damage while still leaving an open flow passage.

[0045] The type of filter media 16 installed in the jacket 12 may take different fbrms,
and 1s preferably of the axial flow type (depth media, fluted media are often axial, and even
pleated media can be arranged for axial flow). One of the preferred forms from the
standpoint of providing a high filtering capacity is fluted filter media 16 as illustrated. The
aforementioned patents illustrate that the methods and constructions of fluted filter media
are well known. Therefore, details herein will be relatively limited as additional reference
can be had to these prior patent publications for reference. The fluted filter media 16
preferably disposed within filter jacket 12 is illustrated in an uncoiled state in FIG. 6B. As
shown, the fluted filter media 16 comprises a planar sheet 56 and a fluted sheet 58 of filter
material intermittently bonded together and then coiled up. In a preferred embodiment, one
or both of the planar sheet 56 and fluted sheet 58 are made of the same material and can
comprise a natural material (e.g., cellulose filter paper) and/or a synthetic material. The

fluted sheet 58 can be formed by corrugating or by forming close folds in a sheet filter paper
so as to form alternating peaks and valleys.

[0046} The fluted filter media 16 can be constructed by in a variety of different ways
(e.g. such as with or without a winding board). In one example, as collectively and
progressively illustrated in FIGS. 6A-6C, a stitch adhesive 60 is intermittently centrally
placed between the planar sheet 56 and fluted sheet 58 while another adhesive 62 (such as
urethane) is preferably continuously placed proximate edges of the planar sheet and fluted
sheet to form an “A” seal 62. These adhesives can be laid as a bead on either the fluted
sheet 58 and/or the planar sheet 58 before the two sheets are joined together. Thereafter, the

planar sheet 56 and fluted sheet 60 are collectively joined together to sandwich the adhesive
material between the two sheets and bond the two sheets together.

[0047) After the planar sheet 56 and the fluted sheet 60 are bonded together, more
adhesive 66 is placed on a top surface 68 of the fluted sheet 58, preferably somewhat away
from the edge of the bonded planar sheet 56 and fluted sheet 58. Once this is done, the
fluted filter media can be coiled and rolled up causing the exposed faces of two sheets 56,



CA 02641786 2008-08-08
WO 2007/097954 PCT/US2007/0038635

58 to contact each other. This adhesive 66 forms the “B” seal when the planar sheet 56 and
fluted sheet 58 are collectively rolled up. If desired, in addition to the adhesive 66, further
stitch adhesive (not shown) can be placed on an exposed face of either or both the planar
sheet 56 and/or the fluted sheet 58 to provide for structure integrity of the rolled pack of
fluted filter media 16 and prevent telescoping or other such failure of the fluted filter media
when 1t is subjected to air flow and pressure.

[0048] With the bonded planar sheet 56 and the fluted sheet 58 collectively coiled
and/or wrapped together, fluted filter media 16 having a plurality of flutes 70 (FIG. 1) is
formed. One group of flutes in the plurality of flutes 70 is closed proximate the upstream
end 28 while another group of flutes in the plurality of flutes is closed proximate the
downstream end 30. As described above, preferably the flutes are closed by sealing the
flutes shut, however the flutes may also be closed by crushing or other such closure means.
Additionally, the closure and sealing location may be located exactly at or somewhat spaced
apart from an end of the filter media 16 (typically one seal bead is at the end face while the
other one 1s recessed somewhat as shown in FIGS. 6A-C). Proximate has been used herein
to encompass all different potential arrangements and constructions of fluted filter media.

[0049] When the fluted filter media 16 is subjected to air flow, the air will flow into the
group of flutes 70 which are opened at the inlet face. As these flutes 70 are closed
proximate the outlet face, air is forced through the filter paper and into flutes 70 that are
open at the outlet face (and closed proximate the inlet face) to exit the filter media pack. As
such, any contaminated air flowing through the fluted filter media 16 from the upstream end
28 to the downstream end 30 is forced through the fluted filter media and, therefore, cleaned
with particulates and contaminants being trapped along the walls of the open inlet flutes.

[0050] The internal seal 18 is generally disposed inside the filter jacket 12 between the
upstream end 28 and the downstream end 30. In a preferred embodiment, the internal seal
18 1s circumferential and disposed closest to the upstream end 28 (FIG. 1). As depicted in
FIG. 7, which illustrates a cross section of the filter jacket 12 taken about the internal seal

18, the internal seal is interposed between and sealingly engages each of the filter jacket
inner surface 22 and a filter media outer surface 72.

[0051] As shown 1n FIG. 1, the external seal 20 is a generally oval shaped, preferably
compressible, seal material secured to a portion of the filter jacket 12 proximate the
downstream end 30. The external seal 20 and the internal seal.18 are in spaced relation to

10
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each other and the fluted filter media 16 is disposed within and surrounded by the filter
jacket 12.

[0052] While the seal may comprise a preformed gasket or other such form-in-place
seal material, the disclosed embodiment utilizes a foamed urethane seal that is molded and
directly mounted to the filter jacket 12, and more specifically the second sleeve 96 via an
annular seal support member 74. As illustrated in FIG. 8, the external seal 20 has been
removed to reveal the annular seal support member 74 that is integrally formed on the filter
jacket 12. The annular seal support member 74 is canted relative to the axis and includes
differently canted sections to include a radially outwardly canted portion 76 and a radially
inwardly canted portion 78. As illustrated, the radially inwardly canted portion 78 is
disposed proximate the rib network 42.

[0053] The outwardly canted portion 76 includes a plurality of perforations 80 or
apertures formed therein. The perforations 80 receive the free-rising seal-forming material
(e.g., such as a foaming urethane) that forms the external seal 20. Portions of seal material
that project through the perforations 80 lock the external seal 20 to the annular seal support
member 74. The seal material is generally permitted to flow around the annular seal
subport member 74 as well as into and through the perforations 80. When that material
stiffens or coagulates, the solidified or hardened material within the perforations 80 locks
and/or secures the newly formed external seal 20 to the seal support member 74.

[0054] Reterring to both FIGS. 8 and 9, the second sleeve 96 and therefore the jacket 12
also includes a discontinuous flange 82. The discontinuous flange 82 extends radially
outwardly from the outer annular wall 21 of the filter jacket 12 proximate the downstream
end 30. The discontinuous flange 82 extends generally around the filter jacket 12, but is
broken up into separate sections by intermittent gaps 84 in the sealing flange. The sealing
flange 82 is utilized during manufacture to provide a cap or boundary for the foam urethane
material, which during molding inherently will expand and free-rise. The intermittent gaps
84 permit the free-rising seal material to expand upwardly through the gaps and preferably
beyond the sealing flange. By permitting the free-rising seal-forming material to rise at
least partially through the gaps 84, proper or desired formation of the external seal 20 can be
confirmed by visual inspection. For example, a person can inspect the various gaps 84 to
confirm that seal material is at least partially projecting up into the gaps. If material is not
foamed up into the gaps, then such an indication can indicate a potential problem with the
seal molding process. Another separate benefit of the gaps 84 is that seal material will
project up into the gaps thereby locking the external seal 20 to the filter jacket 12 in a
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location and plane different than the seal support member 74. Yet another potential
advantage of the gaps is that they allow for venting of gas formed during the molding
process of a foaming type urethane.,

[0055] Moving to FIGS. 10 and 11, the filter jacket 12 further includes a baffle 90
proximate the downstream end 30 which also assists in control over desired seal formation.
The baffle 90 1s disposed over the outlet face of the fluted filter media 16, with the baffle
surface 92 axially spaced from the filter media 16. As shown, the baffle 90 projects radially
inwardly from proximate the filter jacket inner surface 22 toward the downstream end 30.
The batfle 90 includes a baffle surface 92 that is adapted and arranged to direct a flow of the
free-rising seal material when the external seal 20 is formed during the molding process. In
particular, the baffle surface 92 faces a free rise surface of the seal-forming material and
guides the material during expansion.

[0056] In the illustrated embodiment, the baffle 90 is proximate the filter jacket inner
surface 22 and also radially spaced from the filter jacket inner surface 22 to form an annular
free rise expansion area and an annular gas vent 110 therebetween. As shown in both FIGS.
10 and 11, the baffle 90 is spaced by and integrally supported by radially extending ribs of
the rib network 86. In the annular expansion area between the baffle 90 and the filter jacket
inner surface 22, the seal material is permitted to foam up (as defined by the directional
arrows 1n FIG. 11A) and form an irregular free rise surface 112. In cc;ntrast, the remainder
of the external seal surface is regular and forms a molded, and thereby controllably shaped,
surface 114. This molded surface 114 starts at the discontinuous flange 82 and wraps
around the seal support member 74. The inner radial surface of the molded surface 114 is
also closely toleranced and shaped to provide for a radial sealing surface that is adapted to
form a seal against an appropriate sealing surface of a downstream duct or housing.

[0057] In this embodiment, the baffle 90 is arranged to direct the free rise surface 112
radially outward as the free rise surface extends toward the outlet face of the fluted filter
media 16. The seal material of the external seal 20 may either contact the baffle 90 or be
spaced from it. As the seal material of the external seal 20 rises during the seal molding
process, should the seal material engage the baffle surface 92, the seal material is forced
radially outward toward the annular vent 110. Thus, the baffle 90 directs the seal material
away from fluted filter end face (and minimizes contact with the filter media end face
should the free rise surface extend too high), and also maintains the integrity of the sealing
surface provided along the inner radial periphery of the molded surface 114.
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[0058] As also depicted in FIG. 9, the'filter jacket 12 includes a web network 86
proximate the downstream end 30 that extends around the end face of the fluted filter media
16 for supporting the filter media (e.g., against air pressure generated during filtration). The
web network 86 is adapted to support the fluted filter media 16 within the filter jacket 12

while still permitting fluid to pass. The web network 86 generally includes one or more
individual ribs 88.

[0059] When installed into an inline duct in a vehicle, the protrusions 38 are aligned
with clamps on the duct and the bosses 34, 36 are aligned with mating portions of the
housing on the vehicle. This ensures that the gravitational bottom 26 of the filter element
10 where the moisture release aperture 14 is located appropriately positioned with respect to
the direction or pull of gravity. Thereafter, each of the protrusions 38 is preferably clamped

to the duct and each of the bosses 34, 36 is secured to the housing of the vehicle to fix the
position of the filter element 10.

[0060] In operation, the filter element 10 receives a flow of contaminated and/or dirty
air proximate the upstream end 28. The dirty air enters flutes proximate the upstream end
28, passes through the fluted filter media 16 such that the contaminants are removed from
the dirty air, and cleaned or filtered air is expelled at the downstream end 30 by other ones
of the flutes. Should any moisture or water enter the filter element 10 upstream of the
internal seal 18, the water is able to drain through the moisture release aperture 14. Since
the moisture release aperture 14 is preferably positioned to be at or near the gravitational

bottom of the filter element 10, gravity is employed to naturally pull or extract the fluid. As
such, any water that is found within the filter jacket 12 upstream of the internal seal 18 is
permitted to drain or seep out.

j0061] After a certain amount of time (i.e., a filter life), the contaminants extracted from
the air passing through the filter element cause the filter element to wear out, cause the filter
element to loose efficiency, plug the filter element, and the like. When this occurs, the filter
element 10 is removed from the inline duct and replaced with a new filter element.
Advantageously, the moisture release aperture 14 is thus replaced along with the filter
element each time the filter element is replaced. Thus, the moisture release aperture 14 is
not prone to clogging or obstructions, due to periodic replacement of the filter element.

13
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[0062] The use of the terms “a” and “an” and “the” and similar referents in the context
of describing the invention (especially in the context of the following claims) is to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.€., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as 1f it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, 1s intended merely to better i1lluminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the invention.

[0063] The scope of the claims should not be limited by particular embodiments set

forth herein, but should be construed in a manner consistent with the specification as a

whole.
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CLAIMS:

]. A filter element comprising:
a filter jacket having an outer wall extending between an upstream end and a

downstream end, the outer wall defining a filter jacket inner surface;
a fluted filter media residing within the filter jacket and defining a filter media outer

surface, the fluted filter media comprising a plurality of flutes, first selected ones of the
plurality of flutes closed proximate the upstream end and second selected ones of the

plurality of tlutes closed proximate the downstream end; and
an internal seal formed between the filter jacket inner surface and the filter media

outer surface, the internal seal disposed between the upstream end and the downstream end;

and
a moisture release aperture formed through the outer wall of the filter jacket, the

moisture release aperture located upstream of the internal seal.

2. The filter element of claim 1, wherein the filter jacket further comprises a
hood aligned with the moisture release aperture, the hood protectively covering the moisture

release aperture.

3. The filter element of claim 2, wherein the hood comprises flanges and a
cover, the flanges projecting radially outwardly from the filter jacket, the cover spaced
radially outwardly from the filter jacket and coupled to the flanges.

4. The filter element of claim 1, wherein the filter jacket further comprises a

first sleeve and a second sleeve, the first sleeve and the second sleeve coupled together to

form the jacket, a material of the internal seal being located at an interface between the first

and second sleeves to bond the first and second sleeves together, the first sleeve and the

second sleeve being aligned angularly with an alighment notch and an alignment rib on the

first sleeve and the second sleeve, respectively or vice versa.

S. The filter element of claim 4, wherein the alignment rib projects only
partially into the alignment notch leaving an open gap which forms the moisture release

aperture.

6. The filter element of claim 4, wherein the filter jacket further comprises a
first sleeve and a second sleeve, the first sleeve and the second sleeve coupled together to
form the jacket, a material of the internal seal being located at an interface between the first
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and second sleeves to bond the first and second sleeves together, wherein the first sieceve 1s
disposed proximate the inlet end and the second sleeve 1s disposed proximate the outlet end,

the moisture release aperture being formed in the first sleeve.

7. The filter element of claim 1, wherein the filter jacket is fluid pervious

upstream of the seal through the moisture release aperture and fluid impervious downstream

of the seal.

8. The filter element of claim 1, wherein the filter element further comprises an

external seal mounted to the filter jacket proximate the downstream end.

9. The filter element of claim 8, wherein an annular seal support member
extends from the filter jacket proximate the downstream end and includes a plurality of
circumferentially spaced perforations, the perforations adapted to receive and secure a seal-

forming material employed to form the external seal.

10.  The filter element of claim 1, wherein the filter jacket is formed from a first
sleeve having an insertion end and a second sleeve having an outwardly flared receptacle

portion, the insertion end telescopically received within the outwardly flared portion.

11.  The filter element of claim 1, wherein the filter jacket is formed from plastic
and detfines means for gravitationally locating the moisture release aperture proximate a

gravitational bottom of the filter jacket inner surface.

12, The filter element of claim 1, wherein the filter jacket includes an axially-
extending annular wall and a discontinuous flange extending outwardly from the annular

wall proximate the downstream end, the sealing flange defining one or more intermittent
gaps, an outer seal engaging the sealing flange and at least partially projecting through the

one or more intermittent gaps.

13.  The filter element of claim 1, wherein the filter jacket includes a baffle
proximate the downstream end, the baffle projecting radially inwardly from proximate the
hiter jacket inner surface toward the downstream end, the baffle facing a free rise surface of
a scal-forming material and having a baffle surface arranged to direct a flow of the free rise

surface of the seal-forming material surface.

14. A filter element, the filter element comprising:
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a filter media adapted to filter fluid passing from an inlet face of the filter media to

an outlet face of the filter media;
a filter jacket having an outer wall, the filter jacket including a sleeve mounted to the

filter media, the sleeve including a generally annular seal support member and a
discontinuous flange having annular shape and at least one gap formed therein, the

discontinuous flange disposed in proximity to the seal support member;
a seal member comprising seal material formed on the seal support member and

having a annular sealing surface adapted to form a seal, the seal engaging the discontinuous

flange with a portion projecting at least partially into the at least one gap; and
a moisture release aperture formed through the outer wall of the filter jacket.

15.  The filter element of claim 14 wherein the sleeve comprises an annular wall
generally surrounding the filter media, and wherein the discontinuous flange is integrally

formed with the annular wall and projects radially outwardly from the annular wall.

16.  The tilter element of claim 15, wherein the seal material comprises a foam
material, the seal material having a mold formed external peripheral surface and an irregular
free rise surface, the mold formed external peripheral surface starting at the discontinuous
tlange and wrapping around the seal support member, the free rise surface disposed radially

inward of the seal support member and facing the filter media.

17.  The filter element of claim 16, wherein part of the mold formed external
peripheral surface provides means for radially sealing inwardly, the means being positioned

along the external peripheral surface and facing radially inwardly.

18.  The filter element of claim 16, wherein the filter media comprises fluted
filter media having a plurality of flutes, first selected ones of the plurality of flutes closed

proximate the upstream end and second selected ones of the plurality of flutes closed

proximate the downstream end.

19. The filter element of claim 18, wherein the sleeve further includes a
generally annular batfle means arranged radially inward of the seal support member and
over one of the inlet face and the outlet face for directing the free rise surface radially

outwardly as the free rise surface extends toward the filter media.
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20. The filter element of claim 15, wherein the gap starts at the annular wall and
extends radially outward through the outer radial edge of the discontinuous flange to

completely separate different adjacent sections of the discontinuous flange.

21. A filter element, the filter element comprising:
a filter media adapted to filter fluid passing from an inlet face of the filter media to

an outlet face of the filter media;
a filter jacket having an outer wall, the filter jacket including a sleeve mounted to the

fluted filter media, the sleeve including a generally annular seal support member and a

generally annular baffle having surface means facing the seal support member to direct a

free rise of a foamed seal material;
a seal formed on the seal support member with the foamed seal material, the foamed

seal material having a free rise surface proximate the annular battle; and
a moisture release aperture formed through the outer wall of the filter jacket.

22.  The filter element of claim 21, wherein the filter media comprises a plurality
of flutes, first selected ones of the plurality of flutes closed proximate the inlet tace and
second selected ones of the plurality of flutes closed proximate the outlet tace, the filter

media providing axial flow of fluid through the filter media, and wherein the seal and the

baftle extend around the outlet face.

23.  The filter element of claim 22, wherein the baftle 1s disposed over the outlet

face with the surface facing means axially spaced from the outlet face.

24.  The filter element of claim 21, wherein the baffle is arranged to direct the
free rise surface radially outward as the free rise surface extends toward the outlet face, and

further comprising an generally annular gas vent formed between the baffle and a remainder

of the sleeve, and wherein radially extending ribs connect the baffle with the remainder of

the sleeve.

25. The filter element of claim 21, wherein the filter media provides for axial
flow therethrough between upstream and downstream faces, and wherein the sleeve
includes an outer wall disposed over an outer periphery of the filter media, the baffle

defining a smaller perimeter than the outer wall.

26. The filter element of claim 25, wherein the filter element further includes at

least one flange section extending radially outwardly from the outer wall, and wherein the
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foam seal material has a mold formed external peripheral surface starting at the at least one

flange section and wrapping around the seal support member toward the free rise surface,

the tfree rise surface generally contained between the outer wall and the batffle.

27. The filter element of claim 21 wherein the seal support member includes a
plurality of openings, and wherein the foamed seal material extends into the openings

thereby locking the seal to the sleeve.

28.  The filter element of claim 21, wherein the seal material engages the surface

mecans.
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