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ment therein. The housing comprises a first alignment portion disposed
on the first housing end. The filtration system further comprises a filter

element positioned within the central compartment of the housing. The
filter element has a first filter end and a second filter end. The filter el-
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ement comprises filter media and a second alignment portion disposed

on the first filter end. The second alignment portion is complementary to
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the first alignment portion. The installation of the filter element within

the housing causes the first alignment surface and the second alignment
surface to align to provide for engagement of a radial seal between the
filter element and the housing.
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RADIAL SEAL AIR FILTER

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] The present application claims the benefit of priority to U.S. Provisional Patent
Application No. 62/535,068, filed July 20, 2017 and the contents of which are incorporated

herein by reference in its entirety.
TECHNICAL FIELD

[0002] The present application relates to filter elements for filtering fluids in internal

combustion engine systems or the like.
BACKGROUND

[0003] Internal combustion engines generally combust a mixture of fuel (e.g., gasoline, diesel,
natural gas, etc.) and air. Prior to entering the engine, the intake air is typically passed through a
filtration system to remove contaminants (e.g., dust, water, oil, etc.) from the intake air. The
filtration system includes a filter element having filter media. As the air passes through the filter
media of the filter element, the filter media removes at least a portion of the contaminants in the
air thereby preventing unwanted contaminants from entering the internal combustion engine. In
some cases, unauthorized or non-genuine replacement filter elements may be installed in the
filtration systems during servicing operations. The unauthorized and non-genuine replacement
filter elements may be of inferior quality to genuine, authorized filter elements. Thus, the use of
unauthorized or non-genuine replacement filter elements may cause damage to the engine by

allowing contaminants past the filter element.

[0004] Filter elements often include a seal member that is compressed against a component of
the filtration system housing or another portion of the filtration system. The seal member forms a
seal between the filtration system housing and the filter element, thereby preventing fluid from
bypassing the filter element (e.g., for air to bypass an air filter element). If an improper filter

element (i.e., a non-authorized or non-genuine filter element) is installed in a filtration system,



WO 2019/018465 PCT/US2018/042589

the seal member of the filter element may not form a proper seal, and fluid may bypass the filter

element causing damage to downstream components.
SUMMARY

[0005] Various example embodiments relate to a filtration system. The filtration system
comprises a housing having a first housing end and a second housing end. The housing defines a
central compartment therein. The housing comprises a first alignment portion disposed on the
first housing end. The filtration system further comprises a filter element positioned within the
central compartment of the housing. The filter element has a first filter end and a second filter
end. The filter element comprises filter media and a second alignment portion disposed on the
first filter end. The second alignment portion is complementary to the first alignment portion.
The installation of the filter element within the housing causes the first alignment surface and the
second alignment surface to align to provide for engagement of a radial seal between the filter

element and the housing.

[0006] Another example embodiment relates to a filter element. The filter element is
configured to be positioned within a central compartment of a housing. The filter element has a
first filter end and a second filter end. The filter element comprises filter media and a first
alignment portion disposed on the first filter end. The first alignment portion is complementary
to a second alignment portion on the housing. The installation of the filter element within the
housing causes the first alignment surface and the second alignment surface to align so as to

provide for engagement of a radial seal between the filter element and the housing.

[0007] Another example embodiment relates to a filtration system. The filtration system
comprises a housing having a first housing end and a second housing end. The housing defines a
central compartment therein. The housing comprises a first alignment portion disposed on the
first housing end. The first alignment portion comprises a first surface with a first height that
varies in a z-direction. The z-direction is perpendicular to an x-y plane. The x-y plane is normal
to a central axis of the housing. A filter element is positioned within the central compartment of
the housing. The filter element has a first filter end and a second filter end. The filter element

comprises a filter media and a second alignment portion disposed on the first filter end. The
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second alignment portion comprises a second surface with a second height that varies in the z-
direction. The installation of the filter element within the housing causes the second surface and
the first surface of the first alignment portion to align so as to provide for engagement of a radial

seal between the filter element and the housing.

[0008] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in conjunction
with the accompanying drawings, wherein like elements have like numerals throughout the

several drawings described below.
BRIEF DESCRIPTION OF THE FIGURES

[0009] FIG. 1A shows a perspective view of a filter element according to an example

embodiment.

[0010] FIG. 1B shows a perspective view of a housing complementary to the filter element of

FIG. 1A

[0011] FIG. 1C shows a cross-sectional, side view of a filtration system including the filter

element of FIG. 1A and the housing of FIG. 1B.

[0012] FIG. 2 shows a cross-sectional, perspective view of the radial sealing surface of the

filtration system of FIG. 1C.

[0013] FIG. 3A shows a perspective view of a filter element according to a further example

embodiment.

[0014] FIG. 3B shows a cross-sectional, perspective view of a housing complementary to the

filter element of FIG. 3A.

[0015] FIG. 3C shows a cross-sectional, exploded view of a filtration system including the

filter element of FIG. 3A and the housing of FIG. 3B.

[0016] FIG. 3D shows a cross-sectional, side view of a filtration system including the filter

element of FIG. 3A and the housing of FIG. 3B.
3
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[0017] FIG. 4A shows a perspective view of a filter element according to another example

embodiment.

[0018] FIG. 4B shows a perspective view of a housing complementary to the filter element of

FIG. 4A.

[0019] FIG. 4C shows a cross-sectional, side view of a filtration system including the filter

element of FIG. 4A and the housing of FIG. 4B.

[0020] FIG. 5A shows a perspective view of a filter element according to still another example

embodiment.

[0021] FIG. 5B shows a perspective view of a housing complementary to the filter element of

FIG. 5A.

[0022] FIG. 5C shows a perspective view of a filtration system including the filter element of

FIG. 5A and the housing of FIG. 5B.

[0023] FIG. 5D shows a cross-sectional, perspective view of a portion of the filtration system

of FIG. 5C.

[0024] FIG. 6A shows a perspective view of a filter element according to still another example

embodiment.

[0025] FIG. 6B shows a perspective view of a housing complementary to the filter element of

FIG. 6A.

[0026] FIG. 6C shows a perspective view of a filtration system including the filter element of
FIG. 6A and the housing of 6B.

[0027] FIG. 6D shows a cross-sectional, perspective view of a portion of the filtration system

of FIG. 6C.

[0028] FIG. 7A shows a perspective view of a filtration system according to a further example

embodiment.
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[0029] FIG. 7B shows a cross-sectional, perspective view of the filtration system of FIG. 7A.

[0030] FIG. 8A shows a perspective view of a filtration system including a keyed center tube

interface according to a further example embodiment.

[0031] FIG. 8B shows a perspective view of a filtration system including a center tube

interface according to a further example embodiment.

[0032] FIG. 9A shows a cross-sectional, side view of a filtration system including a central

sealing rib according to an example embodiment.
[0033] FIG. 9B shows a perspective view of a housing shown in FIG. 9A.

[0034] FIG. 9C shows a cross-sectional, side view of a filtration system including a central

sealing rib according to another example embodiment.
DETAILED DESCRIPTION

[0035] Referring to the figures generally, a filtration system having both substantially lateral
planar (e.g., perpendicular with an axial central axis of the filter element) portion(s) and
alignment portion(s) disposed on a filter element and a housing is described. As used herein, the
term “alignment portion” or “alignment surface” refers to a surface that is angled relative to the
central axis, arched, contoured, comprised of multiple intersecting laterally planar sub-portions,
non-lateral planar sub-portions, and/or non-normal to the central axis sub-portions, etc. In other
words, the alignment portion(s) include a surface or surfaces with varying height in a z-direction
with respect to an x-y plane, with the x-y plane being normal to the central axis of the housing
and/or filter element. Generally, the installation of the filter element within the housing causes
the alignment surfaces to align, which provides sufficient travel for engagement of a radial seal
between the filter element and the housing wall. Variations of a filter element having one or
more alignment portions and a housing having a complementary alignment portion(s) are
described. Accordingly, the radial seal between the filter element and center of the housing will
vary in the z-direction (where the x-y plane is normal to the central axis of the filter element

and/or housing). The alignment surfaces of the housing and the filter element prevent proper
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filtration system function and sealing when an unauthorized replacement filter element having a
flat axial seal member is installed in the housing. As will be appreciated, the variation of the
filtration system may include either end of the filter element or housing (e.g., filter housing)
being open or closed; either end of the filter element or housing being an alignment portion; and

either end of the filter element or housing being non-parallel to each other.

[0036] Referring to FIG. 1A, a perspective view of a filter element 102 is shown, according to
an example embodiment. The filter element 102 includes filter media 108 disposed between a
first end cap 106 and a second end cap 110. As shown in FIG. 1A, the first end cap 106 is
disposed on a bottom end of the filter element 102, and the second end cap 110 is disposed on a
top end of the filter element 102. Alternatively, in some embodiments, the first end cap 106 is
disposed on the top end of the filter element 102 and the second end cap 110 is disposed on the
bottom end of the filter element 102. As shown in FIG. 1A, the first end cap 106 includes a
substantially lateral planar surface that is substantially normal to the central axis of the filter
element 102 and an alignment portion (e.g., alignment surface, protrusion, etc.) 104, in the form
of a contoured surface, which is extruded in a direction perpendicular to the central axis such that
a portion of the surface is in a direction normal to the central axis and a portion of the surface
(e.g., direction of indentation) is in a direction parallel to the central axis of the filter element
102. As shown in FIG. 1A, the alignment portion 104 is a depressed surface. In some
embodiments, the alignment portion 104 may be in the form of a protruding surface. As will be
appreciated, when the first end cap 106 and alignment portion 104 align with a housing having a
complementary alignment portion, it provides sufficient travel for engagement of a radial seal
between the filter element 102 and center of the housing wall. In some arrangements, the radial
seal is formed around the location of the engagement of the center of the vertical axis of the filter

housing wall and the filter element 102.

[0037] Although the filter media 108 is shown arranged as a cylindrical filter block having a
circular cross-sectional shape, the filter media 108 can be arranged in other shapes (e.g.,
racetrack or oval shapes). The filter media 108 may comprise, for example, pleated filter media
108 arranged in a panel or pleat block, corrugated filter media (often referred to as pleated filter

media 108) that is arranged in a panel, a block, a cylinder, or the like, other arrangements.
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[0038] In one set of embodiments, the filter media 108 is generally formed by a flat sheet of
filter media 108 and a formed sheet of filter media 108. The formed sheet includes a plurality of
crests formed by a curves and/or pleats in the sheet. The plurality of crests form tetrahedron
channels between the formed sheet and the flat sheet. Embossments, such as dimples, are
provided on the crests formed by the curves and/or pleats. The embossments help to maintain
spacing between adjacent layers of the filter media (i.e., between the formed sheet and the flat
sheet), thereby increasing dust holding capacity and lowering pressure drop over similarly
configured filter media not having the embossments. In some arrangements, the filter media 108
is pleated along a plurality of bend lines. The bend lines extend axially along an axial direction
and include a first set of bend lines extending from the upstream inlet axially towards the
downstream outlet, and a second set of bend lines extending from the downstream outlet axially

towards the upstream inlet.

[0039] In some arrangements, the filter media 108 includes a plurality of inlet tetrahedron flow
channels and a plurality of outlet tetrahedron flow channels. The inlet tetrahedron merge in a
central portion of the filter material, thereby allowing axial cross-flow of air between the inlet
tetrahedron channels prior to the air passing through the filter media. Such an arrangement
provides for additional dust loading on the upstream side of the media, which increases filter
capacity. Specific arrangements of such tetrahedral filter media are further described in U.S.
Patent No. 8,397,920. In an alternate arrangement, the flow channels comprise flutes that are

alternately sealed at the upstream and downstream ends.

[0040] The filter element 102 is substantially rigid such that the shape of the filter element 102
is substantially maintained during installation and use. The rigidity may be achieved through the
use of a frame (e.g., a hard urethane frame, an injection molded frame, a thermoformed frame, a
roto-molded frame, a 3D printed frame, a stamped metal frame, etc.) or stiffening members (e.g.,
pleating stabilization beads, spraying with a stiffening agent, such as BASF® Elastocast 55090,
polyurethane, or the like, etc.).

[0041] Referring to FIG. 1B, a perspective view of a housing 120 complementary to the filter
element 102 of FIG. 1A is shown, according to an example embodiment. The housing 120

includes a complementary alignment portion 122 formed in the housing 120, an inlet tube 124,
7
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an outlet tube 126, a first housing end 128, and a second housing end 129. The alignment portion
122 is a surface complementary to the alignment portion 104 of the filter element 102. As shown
in FIG. 1B, the alignment portion 122 in the form of a contoured surface protrudes
complementary to the depressed surface of the alignment portion 104 of the filter element 102.
The single alignment portion 122 acts as a keying feature so that the filter element 102 can only
be installed in one orientation. In some embodiments, the alignment portion 122 may be in the
form of a depressed surface and varies in height due to the contoured surfaces. The alignment
portion 122 may be a hemispherical, cylindrical, sideways cylindrical, or other generally similar

shapes.

[0042] As shown in FIG. 1B, the housing 120 includes an integrated 90° inlet tube 124. The
housing 120 also includes an integrated 90° outlet tube 126 that is fluidly connected to the first
housing end (e.g., bottom end) 128. The outlet tube 126 protrudes into the cylindrical housing
120 inner volume and the contour of the alignment portion 122 formed in the first housing end
128 matches the profile of the outlet tube 126. Although the housing 120 is shown arranged as a
cylindrical housing having a circular cross-sectional shape, the housing 120 can be arranged in
other shapes to receive the filter element 102. The second housing end (e.g., top end) 129 is
structured to receive a cover (not shown) to and enclose the filter element 102 within the housing
120. In some arrangements, the cover sealingly engages the second end cap 110 of the filter

element 102 and/or sealingly engages with the housing 120.

[0043] Referring to FIG. 1C, a cross-sectional, side view of a filtration system including the
filter element of FIG. 1A and the housing of FIG. 1B is shown, according to an example
embodiment. When the filtration system 100 is in the assembled state, the filter element 102 is
positioned within a central compartment of the housing 120. The housing cover 130 encloses the
filter element 102 within the housing 120. In some arrangements, the housing cover 130 may
sealingly engaged with the second end cap 110 of the filter element 102 and the second housing
end 129 of the housing 120. In some arrangements, a sealing member contacts the second
housing end 129 of the housing such that when the top housing cover 130 is secured to the
housing 120, the seal member is compressed between the housing 120 and the top housing cover

130.
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[0044] As shown in FIG. 1C, the alignment portion 104 of the filter element 102 and the
alignment portion 122 of the housing 120 are structured such that an unauthorized filter with a
substantially lateral planar bottom surface (or uncomplimentary alignment portion) cannot sit
flush with the alignment portion 122 disposed on the bottom surface of the housing 120. As
shown in FIG. 1C, the filter element 102 and the complementary housing 120 align to provide
sufficient travel for engagement of a radial seal between the filter element 102 and the housing
120. Specifically, the alignment portion 104 of the filter element 102 and the alignment portion
122 of the housing 120 align to seal via the disposition of the filter element 102 in the first
housing end 128 of the housing 120. As will be appreciated, the engagement of the specific
alignment portions 104, 122 makes it difficult, if not impossible, to radially or axially seal
without using a filter that matches the housing. While the alignment portion 104 of the filter
element 102 and the alignment portion 122 of the housing 120 are shown to align and engage, in
some arrangements, the alignment portion 104 of the filter element 102 and the alignment
portion 122 of the housing 120 only need to align, and not engage (e.g., a gap may exist), to

provide for the engagement of the radial seal between the filter element 102 and the housing 120.

[0045] Generally, when the filtration system 100 is assembled, the filtration system 100 filters
air and provides the filtered air to a device, such as an internal combustion engine. The filtration
system 100 receives air to be filtered through the inlet tube 124. The air passes from the inlet
tube 124, into the housing 120, and through the filter media 108 of the filter element 102. As the
air passes through the filter media 108, the filter media 108 removes contaminants (e.g., dirt,
dust, moisture, etc.) contained in the air. The alignment of the first end cap 106 and the
alignment portion 122 of the housing 120 provide sufficient travel for engagement of a radial
seal between the filter element 102 and the housing 120. In some arrangements, the engagement
of the radial seal occurs between the inner diameter of the filter element 102 and the housing
120. In other arrangements, the engagement of the radial seal occurs between the outer diameter
of the filter element 102 and the housing 120. The radial seal ensures that the filtered air that
passes through the center of the filter element 102 travels out of the outlet tube 126. As the filter
element 102 filters the air, the filter media 108 captures the contaminants. Accordingly, the filter

element 102 requires periodic replacement as the filter media 108 reaches capacity.
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[0046] Referring to FIG. 2, a cross-sectional, perspective view of the radial sealing surface of
the filtration system 100 of FIG. 1C is shown. As shown in FIG. 2, the engagement of the filter
element 102 and the complementary housing 120 forms a radial seal 202. The filter element 102
that engages the housing 120 to form the radial seal 202 comprises a flexible material, such as
urethane, and is configured to be compressed against the housing 120 to form the radial sealing
surface 202 against. The alignment portion 122 of the housing 120 and the alignment portion 104
of the filter element 102 align to form the angled inner sealing wall 204. As used herein, the term
“angled” refers to a surface that is angled with respect to a lateral plane that is substantially
normal to a central axis of the filter element 102. The alignment portion 104 of the filter element
102 follows the contour of the alignment portion 122 of the housing 120 to form the angled inner
sealing wall 204. Accordingly, the angled inner sealing wall 204 is such that one side of angled
inner sealing wall 204 is higher than on the other side of the angled inner sealing wall 204. The
height gap 206 caused by the difference in the heights of the sides of the angled inner seal
prevents the axial sealing of the filter element 102 and the complementary housing 120. When
properly sealed, as shown in FIG. 2, the air will flow 210 through the filter element 102 and out
of the outlet tube 126 of the housing. In some embodiments, the engagement of the alignment

portions provides for an axial seal between the filter element 102 and the first housing end 128.

[0047] Referring to FIG. 3A, a perspective view of a filter element 302 is shown, according to
another example embodiment. The filter element 302 is similar to the filter element 102. A
difference between the filter element 302 and the filter element 102 is the arrangement of
alignment portions of the filter element 302. Accordingly, like numbering is used to designate
like parts between the filter element 302 and the filter element 102. The first end cap 106
includes a substantially lateral planar surface that is substantially normal to the central axis of the
filter element 102 and two alignment portions (e.g., alignment surface, protrusion, etc.) 304, 306
in the form of contoured surfaces that are substantially curved with respect to the central axis of
the outlet tube 126. As shown in FIG. 3A, the arrangement of the alignment portion of the filter
element 302 is a first alignment portion 304 and a second alignment portion 306 disposed
opposite of each other on the first end cap 106. In other words, the filter element 302 includes a
matching contouring surface at locations on opposite sides of the first end cap 106 of the filter
element 302. As will be appreciated, the first end cap 106 and alignment portions 304, 306 align
10
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with a housing having complementary alignment portions to provide sufficient travel for
engagement of a radial seal between the filter element 302 and the housing 320. As shown in
FIG. 3A, the alignment portions 304, 306 are depressed curved surfaces. In some embodiments,

the alignment portions 304, 306 may be in the form of protruding curved surfaces.

[0048] The filter element 302 further includes a second end cap 110 and filter media 108.
Although the filter media is shown arranged as a cylindrical filter block having a circular cross-
sectional shape, the filter media 108 can be arranged in other shapes. The filter element 302 is
substantially rigid such that the shape of the filter element 302 is maintained. The rigidity may be
achieved through the use of a frame (e.g., a hard urethane frame, an injection molded frame, a
thermoformed frame, a roto-molded frame, a 3D printed frame, a stamped metal frame, etc.) or
stiffening members (e.g., pleating stabilization beads, spraying with a stiffening agent, such as

BASF® Elastocast 55090, polyurethane, or the like, etc.).

[0049] Referring to FIG. 3B, a perspective view of a housing 320 complementary to the filter
element 302 of FIG. 3A is shown. The housing 320 is similar to the housing 120. A difference
between the housing 320 and the housing 120 is the arrangement of alignment portions of the
housing 320. Accordingly, like numbering is used to designate like parts between the housing
320 and the housing 120. As shown in FIG. 3B, the housing 320 includes a first alignment
portion 322 formed in the housing 320, a second alignment portion 326 formed in the housing
320, an outlet tube 126, and a first housing end 128. The first alignment portion 322 is a surface
complementary to the first alignment portion 304 of the filter element 302. The second alignment
portion 326 is a surface complementary to the second alignment portion 326 of the filter element
302. The first alignment portion 322 and the second alignment portion 326 are in the form of a
contoured surface that protrudes complementary to the depressed surfaces of the first alignment
portion 304 and the second alignment portion 306 of the filter element 302. As will be
appreciated, the first alignment portions 304, 322 are interchangeable with the second alignment

portions 306, 326 such that the filter element 302 can only be installed in two orientations.

[0050] In some embodiments, one or both of the first alignment portion 322 and the second
alignment portion 326 may be in the form of a depressed surface and varies in height due to the

contoured surfaces. As shown in FIG. 3B, the housing 320 includes an integrated 90° outlet tube
11
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126. The outlet tube 126 protrudes into the cylindrical housing 320 inner volume and the first
housing end 128 profile matches the profile of the outlet tube 126 and first alignment portion 322
and the second alignment portion 326 contour. Although the housing 320 is shown arranged as a
cylindrical housing having a circular cross-sectional shape, the housing 320 can be arranged in
other shapes to receive the filter element 302. The housing includes a second housing end (not
shown) structured to receive a cover (not shown) to enclose the filter element 302 within the
housing 320. In some arrangements, the cover may sealingly engage the second end cap of the

filter element 302.

[0051] Referring to FIG. 3C, a cross-sectional, an exploded view of a filtration system 300 is
shown according to an example embodiment. The filtration system 300 includes the filter
element 302 of FIG. 3A, the housing 320 of FIG. 3B, and a housing cover 130. In some
arrangements, the housing cover 130 is structured to sealingly engage the second end cap 110 of

the filter element 102.

[0052] Referring to FIG. 3D, a cross-sectional, side view of the filtration system 300
assembled is shown. When the filtration system 300 is in the assembled state, the filter element
302 is positioned within a central compartment of the housing 320. The housing cover 130
encloses the filter element 302 within the housing 320. In some arrangements, the housing cover
130 may sealingly engage the second end cap 110 of the filter element 302 and the second
housing end 129 of the housing 120. As shown in FIG. 3D, the housing cover 130 is a closed end
cap, however, in other embodiments, the housing cover 130 is an open end cap. In some
arrangements, a sealing member contacts the second housing end 129 of the housing such that
when the top housing cover 130 is secured to the housing 320, the seal member is compressed
between the housing 320 and the top housing cover 130 to form a seal. In another arrangement,
the housing cover 130 comprises a cylindrical wall that protrudes into the center of the filter
element 302 to form a radial seal on the inner diameter of the second end cap 110 of the filter
element 302. In some arrangements, the radial seal is formed around the location of the
engagement of the center of the vertical axis of the filter housing wall 320 and the filter element

302.
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[0053] As shown in FIG. 3D, the first alignment portion 322 and the second alignment portion
326 of the housing 320 are in the form of a contoured surface that protrude complementary to the
depressed surfaces of the first alignment portion 304 and the second alignment portion 306 of the
filter element 302. As shown in FIG. 3D, the filter element 302 and the first housing end 128 of
the complementary housing 320 align to provide sufficient travel for engagement of a radial seal
between the filter element 302 and the housing 320. Specifically, the first alignment portion 322
and the second alignment portion 326 of the housing 320 and complementary depressed surfaces
of the first alignment portion 304 and the second alignment portion 306 of the filter element 302
align to provide sufficient travel for engagement of a radial seal between the filter element 302
and the housing 320 via the disposition of the filter element 302 in first housing end 128. As will
be appreciated, the alignment of the specific alignment portions 304, 306 and 322, 326 makes it
difficult, if not impossible, to radially—or axially—seal without using a filter that matches the
housing 320. While the alignment portion 304 of the filter element 302 and the alignment portion
322 of the housing 320 are shown to align and engage, in some arrangements, the alignment
portion 304 of the filter element 302 and the alignment portion 322 of the housing 320 only need
to align, and not engage (e.g., a gap may exist), to provide for the engagement of the radial seal

between the filter element 302 and the housing 320.

[0054] Referring to FIG. 4A, a perspective view of a filter element 402 is shown, according to
another example embodiment. The filter element 402 is similar to the filter element 102. A
difference between the filter element 402 and the filter element 102 is the arrangement of
alignment portions of the filter element 402. Accordingly, like numbering is used to designate
like parts between the filter element 402 and the filter element 102. As shown in FIG. 4A, the
arrangement of the alignment portion 404 of the filter element 402 comprises a plurality of (e.g.,
four) helical inlets formed on the first end cap 106. The helical inlets alignment portion 404 of
the filter element 402 has a varying height relative to the substantially lateral planar surfaces that
are substantially normal to the central axis of the filter element 102. In other words, the
alignment portion 404 has alternating protrusions that increase to a peak and decrease into the
flat, substantially lateral planar portions of the first end cap 106 of the filter element 102. Each of
the helical inlets alignment portion 404 has a matching contouring surface at locations on
opposite sides of the first end cap 106 of the filter element 402. As will be appreciated, the first
13
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end cap 106 and alignment portion 404 align with a housing having complementary alignment
portions to provide sufficient travel for engagement of a radial seal between the filter element

402 and the housing.

[0055] The filter element 402 further includes a second end cap 110 and filter media 108.
Although the filter media is shown arranged as a cylindrical filter block having a circular cross-
sectional shape, the filter media 108 can be arranged in other shapes. The filter element 402 is
substantially rigid such that the shape of the filter element 402 is maintained. The rigidity may be
achieved through the use of a frame (e.g., a hard urethane frame, an injection molded frame, a
thermoformed frame, a roto-molded frame, a 3D printed frame, a stamped metal frame, etc.) or
stiffening members (e.g., pleating stabilization beads, spraying with a stiffening agent, such as

BASF® Elastocast 55090, polyurethane, or the like, etc.).

[0056] Referring to FIG. 4B, a perspective view of a housing 420 complementary to the filter
element 402 of FIG. 4A is shown. The housing 420 is similar to the housing 120. A difference
between the housing 420 and the similar housing 120 is the arrangement of a plurality (e.g., four)
helical inlets as the alignment portion 424 of the housing 420. Accordingly, like numbering is
used to designate like parts between the housing 420 and the housing 120. As shown in FIG. 4B,
the housing 420 includes an alignment portion 424, the inlet tube 124, the outlet tube 126, a first
housing end 128, and a second housing end 129. The helical inlets alignment portion 424 of the
housing 420 is a surface complementary to the helical inlets alignment portion 404 of the filter
element 402. As will be appreciated, the helical inlets alignment portion 424 of the housing is
interchangeable with the four helical inlets alignment portion 404 of the filter element 402 such

that the filter element 402 can only be installed in four orientations.

[0057] The outlet tube 126 protrudes into the cylindrical housing 420 inner volume and the
first housing end 128 profile matches the profile of the outlet tube 126 and helical inlets
alignment portion 424 contour. Although the housing 420 is shown arranged as a cylindrical
housing having a circular cross-sectional shape, the housing 420 can be arranged in other shapes
to receive the filter element 402. Additionally, the matching surface (e.g., ramp) feature of the

helical inlets alignment portion 424 can improve tangential pre-cleaning.
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[0058] Referring to FIG. 4C, a cross-sectional, side view of a filtration system 400 is shown.
The filtration system 400 includes the filter element 402 of FIG. 4A, the housing 420 of FIG. 4B,
and a housing cover 130. When the filtration system 400 is in the assembled state, the filter
element 402 is positioned within a central compartment of the housing 420. In some
arrangements, the housing cover 130 is sealingly engaged with the second end cap 110 of the
filter element 402 and the second housing end 129 of the housing 420. As shown in FIG. 4C, the
housing cover 130 is a closed end cap, however, in other embodiments, the housing cover 130 is
an open end cap. In some arrangements, a sealing member contacts the second housing end 129
of the housing such that when the top housing cover 130 is secured to the housing 420, the seal

member is compressed between the housing 420 and the top housing cover 130 to form a seal.

[0059] As shown in FIG. 4C, the helical inlets alignment portion 424 of the housing 420 are in
the form of a plurality of contoured surface that protrude and depress complementary to the
raised and depressed surfaces of four helical inlets alignment portion 404 of the filter element
402. As shown in FIG. 4C, the helical inlets alignment portion 404 of the filter element 402 and
the complementary helical inlets alignment portion 424 of the housing 420 align to provide
sufficient travel for engagement of a radial seal between the filter element 402 and the housing
420. As will be appreciated, the alignment of the alignment portions 404 and 424 makes it
difficult, if not impossible, to radially or axially seal without using a filter that matches the
housing. While the alignment portion 404 of the filter element 402 and the alignment portion 422
of the housing 420 are shown to align and engage, in some arrangements, the alignment portion
404 of the filter element 402 and the alignment portion 422 of the housing 420 only need to
align, and not engage (e.g., a gap may exist), to provide for the engagement of the radial seal
between the filter element 402 and the housing 420. In some arrangements, the radial seal is
formed at the location of the engagement of the center of the vertical axis of the filter housing

420 wall and the filter element 402.

[0060] Referring to FIG. SA, a perspective view of a filter element 502 is shown, according to
another example embodiment. The filter element 502 is similar to the filter element 102. A
difference between the filter element 502 and the filter element 102 is the arrangement of an

alignment portion and the disposition on the filter element 502. Accordingly, like numbering is
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used to designate like parts between the filter element 502 and the filter element 102. As shown
in FIG. 5A, the arrangement of the alignment portion 504 on the second end cap 110 of the filter
element 502 is a substantially angled surface that is not normal to the central axis of the filter
element 502. In other words, the filter element 502 has a varying, angled height which increases
along the horizontal plane of the second end cap 110 of the filter element 502. As will be
appreciated, the angled surface of the alignment portion 504 aides a 90° outlet tube on a
complementary housing. In some embodiments, the alignment portion 504 is disposed on the
first end cap 106 of the filter element 502. As will be appreciated, the second end cap 110 and
alignment portion 504 align with a housing having a complementary alignment portion align to
provide sufficient travel for engagement of a radial seal between the filter element 502 and the
housing 520. In some arrangements, the radial seal is formed at the location of the engagement of

the center of the vertical axis of the filter housing 520 wall and the filter element 502.

[0061] The filter element 502 further includes a first end cap 106 and filter media 108.
Although the filter media is shown arranged as a cylindrical filter block having a circular cross-
sectional shape, the filter media 108 can be arranged in other shapes. The urethane on the filter
endcap is also angled such that more filter media 108 is exposed more on the long side of the
filter element 502 than on the short side, resulting in more usable filter media 108 area.
Accordingly, this variation results in lower restriction and higher dust capacity of the filter
element 502. The filter element 502 is substantially rigid such that the shape of the filter element
502 is maintained. The rigidity may be achieved through the use of a frame (e.g., a hard urethane
frame, an injection molded frame, a thermoformed frame, a roto-molded frame, a 3D printed
frame, a stamped metal frame, etc.) or stiffening members (e.g., pleating stabilization beads,
spraying with a stiffening agent, such as BASF® Elastocast 55090, polyurethane, or the like,
etc.).

[0062] Referring to FIG. 5B, a perspective view of a housing 520 complementary to the filter
element 502 of FIG. SA is shown. The housing 520 is similar to the housing 120. A difference
between the housing 520 and the similar housing 120 is the arrangement of an angled surface on
the alignment portion 524 of the housing 520. Accordingly, like numbering is used to designate
like parts between the housing 520 and the housing 120. As shown in FIG. 5B, the housing 520
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includes an alignment portion 524, the inlet tube 124, the outlet tube 126, a first housing end
528, and a second housing end 529. The angled alignment portion 524 of the housing 520 is a
surface complementary to the angled alignment portion 504 of the filter element 502. As will be
appreciated, the angled alignment portion 524 acts as a keying feature so that the filter element
502 can only be installed in one orientation. In some embodiments, the alignment portion 524

may be in the form of a depressed surface and varies in height due to the contoured surfaces.

[0063] The outlet tube 126 protrudes into the cylindrical housing 520 inner volume and the
first housing end 528 profile matches the profile of the outlet tube 126 and the angled alignment
portion 524 contour. The angled alignment portion 524 formed on the first housing end 528 of
the housing 520 has a constant height from the angled surface such that bottom of the housing
520 is also angled with respect to an axial surface substantially normal to the central axis.
Additionally, the surfaces that align—to provide sufficient travel for engagement of a radial seal
between the filter element 502 and the housing 520—are extruded in a direction that is
substantially parallel to the central axis of the housing 520. Although the housing 520 is shown
arranged as a cylindrical housing having a circular cross-sectional shape, the housing 520 can be

arranged in other shapes to receive the filter element 502.

[0064] Referring to FIG. 5C, a perspective view of an assembled filtration system 500 is
shown, according to an example embodiment. The filtration system 500 includes the filter
element 502 of FIG. SA (not shown), the housing 520 of FIG. 5B, and a housing cover 530.
When the filtration system 500 is in the assembled state, the filter element 502 is positioned
within a central compartment of the housing 520. In some arrangements, the housing cover 530
is sealingly engaged with the first end cap 106 of the filter element 502 and the second housing
end 529 of the housing 520. As shown in FIG. 5C, the housing cover 530 is a closed end cap,
however, in other embodiments, the housing cover 530 is an open end cap. In some
arrangements, a sealing member contacts the second housing end 129 of the housing 520 such
that when the top housing cover 530 is secured to the housing 520, the seal member is

compressed between the housing 520 and the top housing cover 530 to form a seal.

[0065] Referring to FIG. 5D, a cross-sectional, side view of a portion of the filtration system

500 of FIG. 5C is shown. The filtration system 500 includes the filter element 502 of FIG. 5A,
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the housing 520 of FIG. 5B, and a housing cover 530. When the filtration system 500 is in the
assembled state, the filter element 502 is positioned within a central compartment of the housing
520. As shown in FIG. 5D, the filter element 502 and the complementary housing 520 align to
provide sufficient travel for engagement of a radial seal between the filter element 502 and the
housing 520. The top of the seal formed by the alignment of the angled alignment portion 524 of
the housing 520 with the angled alignment portion 504 of the filter element 502 is not at a
substantially constant depth with respect to the central axis. As will be appreciated, the alignment
of the alignment portions 504 and 524 makes it difficult, if not impossible, to form a radial seal
without using a filter that matches the housing. While the alignment portion 504 of the filter
element 502 and the alignment portion 522 of the housing 520 are shown to align and engage, in
some arrangements, the alignment portion 504 of the filter element 502 and the alignment
portion 522 of the housing 520 only need to align, and not engage (e.g., a gap may exist), to
provide for the engagement of the radial seal between the filter element 502 and the housing 520.
The alignment portion 504 on the second end cap 110 forms a nonzero angle 540 with a

longitudinal axis of the filtration system 500.

[0066] Referring to FIG. 6A, a perspective view of a filter element 602 is shown, according to
another example embodiment. The filter element 602 is similar to the filter element 102.
Differences between the filter element 602 and the filter element 102 are the arrangement of an
alignment portion and the disposition on the filter element 602. Accordingly, like numbering is
used to designate like parts between the filter element 602 and the filter element 102. As shown
in FIG. 6A, the arrangement of the alignment portion 604 disposed on the first end cap 606 of the
filter element 602 is an angled axial surface with respect to the central axis that is beneficial for
installation of side load elements or filtration system. In other words, the filter element 602 has a
varying, angled height which increases along the horizontal plane of the first end cap 606 of the
filter element 602. As will be appreciated, the first end cap 606 and alignment portion 604 align
with a housing having a complementary alignment portion to provide sufficient travel for
engagement of a radial seal between the filter element 602 and the housing. The radial seal
formed is not extruded in a direction substantially parallel to the central axis, instead, the radial

seal s in a direction substantially normal to the angled alignment portion 604.
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[0067] The filter element 602 further includes a second end cap 110 and filter media 108.
Although the filter media is shown arranged as a cylindrical filter block having a circular cross-
sectional shape, the filter media 108 can be arranged in other shapes. The urethane on the filter
endcap is also angled such that more filter media 108 is exposed more on the long side of the
filter element 602 than on the short side, resulting in more usable filter media 108 area.
Accordingly, this variation results in lower restriction and higher dust capacity of the filter
element 602. The filter element 602 is substantially rigid such that the shape of the filter element
602 is maintained. The rigidity may be achieved through the use of a frame (e.g., a hard urethane
frame, an injection molded frame, a thermoformed frame, a roto-molded frame, a 3D printed
frame, a stamped metal frame, etc.) or stiffening members (e.g., pleating stabilization beads,
spraying with a stiffening agent, such as BASF® Elastocast 55090, polyurethane, or the like,
etc.).

[0068] Referring to FIG. 6B, a perspective view of a housing 620 complementary to the filter
element 602 of FIG. 6A is shown. The housing 620 is similar to the housing 120. A difference
between the housing 620 and the similar housing 120 is the arrangement of an angled surface on
the alignment portion 624 of the housing 620 and the absence of the inlet tube 124. Accordingly,
like numbering is used to designate like parts between the housing 620 and the housing 120. As
shown in FIG. 6B, the housing 620 includes an angled alignment portion 624, an outlet tube 126,
an angled first housing end 628, and a second housing end 129. The angled alignment portion
624 of the housing 620 is a surface complementary to the angled alignment portion 604 of the
filter element 602. As will be appreciated, the angled alignment portion 624 acts as a keying
feature so that the filter element 602 can only be installed in one orientation. In some
embodiments, the alignment portion 624 may be in the form of a depressed surface and varies in

height due to the contoured surfaces.

[0069] The outlet tube 126 protrudes into the cylindrical housing 620 inner volume and the
angled first housing end 628 profile matches the profile of the outlet tube 126 and the angled
alignment portion 624 contour. The angled alignment portion 624 of the housing 620 has a
constant height from the angled surface such that bottom of the housing 620 is also angled with

respect to an axial surface substantially normal to the central axis. Additionally, the surfaces that
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align to provide sufficient travel for engagement of a radial seal between the filter element 602
and the housing 620 are not extruded in a direction that is substantially parallel to the central axis
of the housing 620. Instead, the alignment of the alignment portions 604, 624 is in a direction
substantially normal to the angled surface of the alignment portion 624. Although the housing
620 is shown arranged as a cylindrical housing having a circular cross-sectional shape, the

housing 620 can be arranged in other shapes to receive the filter element 602.

[0070] Referring to FIG. 6C, a perspective view of an assembled filtration system 600 is
shown. The filtration system 600 includes the filter element 602 of FIG. 6A (not shown), the
housing 620 of FIG. 6B, an inlet piece 640, and a housing cover 630. When the filtration system
600 is in the assembled state, the filter element 602 is positioned within a central compartment of
the housing 620. The housing cover 630 provides additional locking and support of the filter
element 602 and the housing 620. In some arrangements, the housing cover 630 is integrally
formed on the side of the filter element 602. The inlet piece 640 is engaged with the second end
cap 110 of the filter element 602, the second housing end 129 of the housing 620, and the
housing cover 630. As shown in FIG. 6C, the inlet piece 640 is an open end with the inlet tube
124. However, in other embodiments, the inlet piece 640 is a closed end piece. In some
arrangements, a sealing member contacts the second housing end 129 of the housing 620 such
that when the top housing cover 630 is secured to the housing 620, the seal member is

compressed between the housing 620 and the top housing cover 630 to form a seal.

[0071] Referring to FIG. 6D, a cross-sectional, side view of a portion of the filtration system
600 of FIG. 6C is shown. As shown in FIG. 6D, the filtration system 600 includes the filter
element 602 of FIG. 6A, the housing 620 of FIG. 6B, and housing cover 630. When the filtration
system 600 is in the assembled state, the filter element 602 is positioned within a central
compartment of the housing 620. As shown in FIG. 6D, the filter element 602 and the
complementary housing 620 align to provide sufficient travel for engagement of a radial seal
between the filter element 602 and the housing 620. The top of the radial seal formed by the
alignment of the angled alignment portion 624 of the housing 620 with the angled alignment
portion 604 of the filter element 602 is not at a constant depth in a direction substantially normal

to the angled surface. As will be appreciated, the engagement of the alignment portions 604 and
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624 makes it difficult, if not impossible, to form a radial seal without using a filter that matches
the housing. While the alignment portion 604 of the filter element 602 and the alignment portion
622 of the housing 620 are shown to align and engage, in some arrangements, the alignment
portion 604 of the filter element 602 and the alignment portion 622 of the housing 620 only need
to align, and not engage (e.g., a gap may exist), to provide for the engagement of the radial seal
between the filter element 602 and the housing 620. In some arrangements, the radial seal is
formed at the location of the engagement of the center of the vertical axis of the filter housing

620 wall and the filter element 602.

[0072] Referring to FIG. 7A, a perspective view of an assembled filtration system 700 is
shown, according to another example embodiment. The filtration system 700 is similar to the
filtration system 100 of FIG. 1C. A difference between the filtration system 700 and the similar
filtration system 100 is the arrangement of an angled surface on the alignment portions of the
housing and filter element and the use of an angled endcap with a sealing member. Accordingly,
like numbering is used to designate like parts between the filtration system 700 and the filtration
system 100. As shown in FIG. 7A, the filtration system 700 includes a housing 720 and housing
cover 730. The housing 720 includes an inlet tube 124, an outlet tube 126, a first housing end
726, and a second housing end 129. In some arrangements, the housing cover 730 is sealingly
engaged with the second housing end 129. As shown in FIG. 7A, the housing cover 730 is a
closed cover. However, in other embodiments, the housing cover 730 is an open cover. In some
arrangements, a sealing member contacts the second housing end 129 such that when the top
housing cover 730 is secured to the second housing end 129, the seal member is compressed

between the second housing end 129 and the top housing cover 730 to form a seal.

[0073] Referring to FIG. 7B, a cross-sectional, side view of the filtration system 700 of FIG.
7A is shown. As shown in FIG. 7B, the filtration system 700 includes a filter element 702, the
housing 720 of FIG. 7A, the housing cover 730, and an angled sealing member 728. When the
filtration system 700 is in the assembled state, the filter element 702 is positioned within a
central compartment of the housing 720. The filter element 702 includes filter media 108
disposed between an angled first end cap 706 and a second end cap 110. As shown in FIG. 7B,
an angled alignment portion 704 disposed on the angled first end cap 706 of the filter element
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702 aligns with an angled alignment portion 724 disposed on the first housing end 726. The
angled first end cap 706 seals on the radial outer diameter of the angled first end cap 706 and
seals on the radial inner diameter of the first housing end 726. The seal between the angled first
end cap 706 and housing 720 may be aided by using the angled sealing member 728 in the form
of a gasket or an O-ring. In some embodiments, the angled first end cap 706 may be media
embedded or potted. As shown in FIG. 7B, the angled alignment portion 724 of the housing 720
and the angled alignment portion 704 of the angled outlet end cap 706 align to provide sufficient
travel for engagement of a radial seal between the filter element 702 and the housing 720. As
will be appreciated, the alignment of the alignment portions 704 and 724 makes it difficult, if not
impossible, to radially or axially seal without using a filter that matches the housing. While the
alignment portion 704 of the filter element 702 and the alignment portion 722 of the housing 720
are shown to align and engage, in some arrangements, the alignment portion 704 of the filter
element 702 and the alignment portion 722 of the housing 720 only need to align, and not engage
(e.g., a gap may exist), to provide for the engagement of the radial seal between the filter element
702 and the housing 720. In some arrangements, the radial seal is formed at the location of the
engagement of the center of the vertical axis of the filter housing 720 wall and the filter element

702.

[0074] Referring to FIG. 8A, a cross-sectional, perspective view of a filtration system 800
including a keyed center tube interface is shown, according to a further example embodiment.
The filtration system 800 is similar to the filtration system 100 of FIG. 1C. A difference between
the filtration system 800 and the similar filtration system 100 is the use of a keyed center tube
interface to align datum seal planes to the proper location. Accordingly, like numbering is used
to designate like parts between the filtration system 800 and the filtration system 100. As shown
in FIG. 8A, the filtration system 800 includes the filter element 802, the housing 120, a housing
cover 130, and a keyed center tube 828 integral to the filter element 802.

[0075] The filter element 802 includes a first end cap 106 has a laterally planar surface that is
substantially normal to the central axis of the filter element 802 and an alignment portion (e.g.,
alignment surface, protrusion, etc.) 104 in the form of a contoured surface that is substantially

parallel to the central axis of the filter element 102. In other words, the contoured surface is
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extruded in a direction perpendicular to the central axis such that a portion of the surface is in a
direction normal to the central axis and a portion of the surface (e.g., direction of indentation) is
in a direction parallel to the central axis of the filter element 802. As shown in FIG. 8A, the
alignment portion 104 is a depressed surface. Additionally, the filter element 802 has a keyed
center tube 828 that is integral to the filter element 802. The housing 120 includes an alignment
portion 122, an inlet tube 124, an outlet tube 126, a first housing end 128, and a second housing
end 129. The alignment portion 122 is a surface complementary to the alignment portion 104 of
the filter element 802. As will be appreciated, the first end cap 106 and alignment portion 104
align with the complementary alignment portion 122 of the housing 120 to provide sufficient

travel for engagement of a radial seal between the filter element 802 and the housing 120.

[0076] The keyed center tube 828 is potted in urethane and is integral to the filter element 802.
The keyed center tube 828 is structured with a keyed interface that aligns and seals into the
proper location. The keyed center tube 828 is structured to align itself to the angled step change
of the alignment portion 122 of the housing 120. The inner diameter to the keyed center tube 828
is less than the inner diameter of the urethane, protruding inward. This additional radial inward
protrusion allows the keyed center tube 828 to interface with a radial sealing wall of the housing
120. When installing the element, the keyed center tube 828 first makes contact with the sealing
wall before the filter element 802 makes contact with the surface of the first housing end 128.
This aides in ensuring the filter element 802 is located in the correct orientation because the
keyed center tube 828 can easily slide on the wall (e.g. plastic to plastic interface) allowing a
user to rotate the filter element 802 until it reaches the correct position. Without this interface,
the bottom of the filter element 802 would need to slide against the bottom surface of the first
housing end 128 resulting in higher friction (urethane to plastic contact). In some embodiments,
the keyed center tube 828 comprises a protruding rib and there is a corresponding slot for the
protruding rib on the housing 120. In some arrangements, the keyed center tube 828 is integrated

into an end cap 106, 110 of the filter element 802 for potting or embedding.

[0077] Referring to FIG. 8B, a cross-sectional, perspective view of a filtration system 850
including a including a center tube interface is shown, according to another further example

embodiment. The filtration system 850 is similar to the filtration system 800 of FIG. 8A. A
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difference between the filtration system 850 and the similar filtration system 800 is the use of a
center tube that is integral to the housing—via molding, welding, or snap fit—instead of the filter
element. Accordingly, like numbering is used to designate like parts between the filtration
system 850 and the filtration system 800. As shown in FIG. 8B, the filtration system 850
includes a filter element 102, a housing 820, a housing cover 130, and a center tube 852 integral

to the housing 820.

[0078] The filter element 102 includes filter media 108 disposed between a first end cap 106
and a second end cap 110. The first end cap 106 has a substantially lateral planar surface that is
substantially normal to the central axis of the filter element 102 and an alignment portion (e.g.,
alignment surface, protrusion, etc.) 104 in the form of a contoured surface that is substantially
parallel to the central axis of the filter element 102. As shown in FIG. 8B, the alignment portion
104 is a depressed surface. The housing 820 includes an alignment portion 122, an inlet tube
124, an outlet tube 126, a first housing end 128, and the integral center tube 852. The alignment
portion 122 is a surface complementary to the alignment portion 104 of the filter element 102.
As will be appreciated, the first end cap 106 and alignment portion 104 aligns with the
complementary alignment portion 122 of the housing 820 to provide sufficient travel for

engagement of a radial seal between the filter element 102 and the housing 820.

[0079] The integral center tube 852 is molded integral to the housing 820 or engaged via a snap
fit connection. The integral center tube 852 has a keyed interface in the axial direction that has a
complementary surface in the filter element 102. The keyed interface of the integral center tube
852 engages the second end cap 110 of the filter element 102 and aligns to the proper location on
the filter element 102 to sealingly engage. The inner diameter to the integral center tube 852 is
less than the inner diameter of the urethane, protruding inward. If the filter element 102 is
misaligned, the housing cover 130 will not properly seal due to the keyed interface of the integral

center tube 852 being misaligned.

[0080] Referring to FIG. 9A, a cross-sectional, side view of a filtration system 900 including a
central sealing rib is shown, according to a further example embodiment. The filtration system
900 is similar to the filtration system 100 of FIG. 2. Differences between the filtration system

900 and the similar filtration system 100 include the absence of an angled alignment portion and
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the use of a central sealing rib. Accordingly, like numbering is used to designate like parts
between the filtration system 900 and the filtration system 100. As shown in FIG. 9A, the
filtration system 900 includes a filter element 902 and a housing 920. The filter element 902
includes a filter media 108, a second end cap 110, a first end cap 106, and an alignment portion
904 on the first end cap 106 in the form of a recess to receive a complementary feature of the

housing 920.

[0081] As shown in FIG. 9A, the housing 920 includes an outlet tube 126 and a flexible rib
922. The flexible rib 922 is structured to align with the complementary surface of the alignment
portion 904 of the filter element 902. The flexible rib 922 is not rigid enough to seal only one
side of the filter element 902 and housing 920, thus the flexible rib 922 is disposed on multiple
sides of the housing 920 to engage with the filter element 902 at multiple points. The radial seal
occurs on the inner diameter and the outer diameter of the flexible rib 922. In some
embodiments, the flexible rib 922 is integrally formed with the housing 920. One example
embodiment of the housing 920 is shown in FIG. 9B. The housing 920 includes a circular,
crisscross pattern of the flexible rib 922. The flexible rib 922 extends all the way out to the
housing 920 wall and tube of the outlet tube 126 to require sealing on both sides and,
beneficially, forms a seal between the filter element 902 and the housing 920.

[0082] Referring to FIG. 9C, a cross-sectional, side view of a filtration system 930 including a
central sealing rib is shown, according to a further example embodiment. The filtration system
930 is similar to the filtration system 900 of FIG. 9A. A difference between the filtration system
930 and the similar filtration system 900 is the different configuration of the flexible rib and
sealing engagement. Accordingly, like numbering is used to designate like parts between the
filtration system 930 and the filtration system 900. As shown in FIG. 9C, the filtration system
930 includes a filter element 932 and a housing 940. The filter element 932 includes a filter
media 108, a second end cap 110, a first end cap 106, and an alignment portion 934 on the first
end cap 106 in the form of a recess to receive a complementary feature alignment portion 942 of

the housing 940.

[0083] As shown in FIG. 9C, the housing 940 includes an outlet tube 126 and a central rib 942,

The central rib 942 includes an inner diameter surface 944 and an outer diameter surface 946 that
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are structured to align with a complementary surface of the alignment portion 934 of the filter
element 932. The central rib 942 is slanted such that the inner diameter surface 944 is a vertical
wall and the outer diameter surface 946 is an angled surface. The central rib 942 is disposed on
multiple side of the housing 940 and is structured to align with engage with the filter element
902 at multiple points. As will be appreciated, sealing only occurs on the angled surface of the
outer diameter surface 946. The inner diameter surface 944 is only used for generating the
retention force to retain the filter element 932 in the housing 940. In some arrangements, the
central rib 942 needs only to align, and not engage (e.g., a gap may exist), with the filter element

902 to provide for the engagement of the radial seal.

[0084] It should be noted that any use of the term “example” herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).

[0085] As utilized herein, the term “substantially” and similar terms are intended to have a
broad meaning in harmony with the common and accepted usage by those of ordinary skill in the
art to which the subject matter of this disclosure pertains. It should be understood by those of
skill in the art who review this disclosure that these terms are intended to allow a description of
certain features described and claimed without restricting the scope of these features to the
precise numerical ranges provided. Accordingly, these terms should be interpreted as indicating
that insubstantial or inconsequential modifications or alterations of the subject matter described
and claimed (e.g., within plus or minus five percent of a given angle or other value) are
considered to be within the scope of the invention as recited in the appended claims. The term
“approximately” when used with respect to values means plus or minus five percent of the

associated value.

[0086] The terms “coupled” and the like as used herein mean the joining of two members
directly or indirectly to one another. Such joining may be stationary (e.g., permanent) or
moveable (e.g., removable or releasable). Such joining may be achieved with the two members

or the two members and any additional intermediate members being integrally formed as a single
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unitary body with one another or with the two members or the two members and any additional

intermediate members being attached to one another.

2%

[0087] References herein to the positions of elements (e.g., “top,” “bottom,” “above,” “below,”
etc.) are merely used to describe the orientation of various elements in the FIGURES. It should
be noted that the orientation of various elements may differ according to other example

embodiments, and that such variations are intended to be encompassed by the present disclosure.

[0088] It is important to note that the construction and arrangement of the various example
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily appreciate
that many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters, mounting arrangements, use of
materials, colors, orientations, etc.) without materially departing from the novel teachings and
advantages of the subject matter described herein. For example, elements shown as integrally
formed may be constructed of multiple parts or elements, the position of elements may be
reversed or otherwise varied, and the nature or number of discrete elements or positions may be
altered or varied. The order or sequence of any process or method steps may be varied or re-
sequenced according to alternative embodiments. Additionally, features from particular
embodiments may be combined with features from other embodiments as would be understood
by one of ordinary skill in the art. Other substitutions, modifications, changes and omissions may
also be made in the design, operating conditions and arrangement of the various example

embodiments without departing from the scope of the present invention.
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WHAT IS CLAIMED IS:

1. A filtration system, comprising:

a housing having a first housing end and a second housing end and defining a central
compartment therein, the housing comprising a first alignment portion disposed on the first
housing end; and

a filter element positioned within the central compartment of the housing, the filter
element having a first filter end and a second filter end, the filter element comprising:

filter media; and
a second alignment portion disposed on the first filter end, the second alignment
portion complementary to the first alignment portion, the second alignment portion

aligning with the first alignment portion of the housing to provide for engagement of a

radial seal between the filter element and the housing when the filter element is properly

installed within the housing.

2. The filtration system of claim 1, wherein the first filter end further comprises a
substantially lateral planar portion that is substantially normal to a central axis of the filter
element, wherein the second alignment portion comprises a contoured surface that extends
from the substantially lateral planar portion in a direction substantially perpendicular to the
central axis of the filter element, the contoured surface having a direction of indentation that is
parallel to the central axis, and wherein the first alignment portion is contoured complementary

to the second alignment portion.

3. The filtration system of claim 1, wherein the second alignment portion is angled with
respect to a lateral plane that is substantially normal to a central axis of the filter element, the
angled second alignment portion comprising a first alignment end and a second alignment end,

the first alignment end disposed closer to the second filter end than the second alignment end.
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4. The filtration system of claim 1, wherein the second alignment portion of the filter
element comprises:

a first sealing surface and a second sealing surface, the second alignment portion having
a variable cross-section such that a distance between the first sealing surface and the second
sealing surface varies along at least a portion of the second alignment portion, the variable
cross-section being complementary to the first alignment portion of the housing such that the
second alignment portion forms a radial seal between the housing and the filter element when

the filter element is installed in the housing.

5. The filtration system of claim 1, wherein the housing further comprises:

a third alignment portion disposed on the first housing end and opposite of the first
alignment portion, the third alignment portion identical in contour to the first alignment
portion, and

a fourth alignment portion disposed on the first filter end and opposite of the second
alignment portion, the fourth alignment portion identical in contour to the second alignment
portion, and

wherein the fourth alignment portion forms a radial seal with the first alignment portion
of the housing or the third alignment portion of the housing when the filter element is properly

installed within the housing.

6. The filtration system of claim 1, wherein the first filter end further comprises a
substantially lateral planar portion that is substantially normal to a central axis of the filter
element, wherein the second alignment portion comprises a contoured surface that extends
from the substantially lateral planar portion in a direction substantially perpendicular to the
central axis of the filter element, the contoured surface forming a partial cylindrical groove in a
direction of indentation that is parallel to the central axis, and wherein the first alignment
portion comprises a partial cylindrical protrusion in a direction of indentation that is parallel to
the central axis, wherein the first alignment portion is contoured complementary to the second

alignment portion.
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7. The filtration system of claim 1, wherein the second alignment portion comprises a first
end and a second end and an angled portion therebetween, wherein the first end is disposed at
a first height along a central axis of the filter element and the second end is disposed at a
second height, wherein the first height is disposed above the second height, wherein the
difference in the first height and the second height provides for engagement of the radial seal
between the filter element and the housing when the filter element is properly installed within

the housing.

8. The filtration system of claim 1, wherein the second alignment portion includes a first
helical protrusion, a second helical protrusion, a third helical protrusion, and a fourth helical
protrusion disposed around a central opening in the first filter end,

the first helical protrusion disposed adjacent to the second helical protrusion and the
fourth helical protrusion and disposed opposite of the third helical protrusion,

the second helical protrusion disposed adjacent to the first helical protrusion and the
third helical protrusion and disposed opposite of the fourth helical protrusion,

each helical protrusion comprising an angled portion and a contoured portion such that

the angled portion and the contoured portion form a peak.

9. The filtration system of claim 1, wherein the filter element further comprises an end cap
disposed on the first filter end, wherein the second alignment portion comprises a first end, a
second end, and an angled portion disposed between the first end and the second end, and the
end cap comprises a first cap end, a second cap end, and an angled cap portion;

wherein the first end is disposed at a first height along a central axis of the filter element
and the second end is disposed at a second height, wherein the first height is disposed above the
second height; and

wherein the first cap end is disposed at a first cap height along the central axis and the
second cap end is disposed at a second cap height, wherein the first cap height is disposed

above the second cap height.
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10. The filtration system of claim 9, further comprising a seal member disposed around the
end cap, wherein the engagement of the filter element and the housing forms a radial seal

between the end cap and the first housing end.

11.  The filtration system of claim 1, wherein the filter element further comprises a center
tube axially extending from the first filter end to the second filter end, the center tube
comprising a first tube end and a second tube end, the first tube end having a shape similar to
the second alignment portion, the second tube end configured to engage an end cap on the

second filter end, wherein the end cap is rotatable to align the filter element within the housing.

12. The filtration system of claim 1, wherein the second alignment portion comprises an
elliptical groove and the first alignment portion comprises an elliptical protrusion, wherein the
engagement of the elliptical groove and the elliptical protrusion provide for engagement of a
radial seal between the filter element and the housing when the filter element is properly

installed within the housing.

13. A filter element configured to be positioned within a central compartment of a housing,
the filter element having a first filter end and a second filter end, the filter element comprising:
filter media; and
a first alignment portion disposed on the first filter end, the first alignment portion
configured to engage a complementary second alignment portion on the housing, the first
alignment portion aligning with the second alignment portion of the housing so as to provide
for engagement of a radial seal between the filter element and the housing when the filter

element is properly installed within the housing.

14. The filter element of claim 13, wherein the first filter end further comprises a
substantially lateral planar portion that is substantially normal to a central axis of the filter
element, wherein the first alignment portion comprises a contoured surface that extends from
the substantially lateral planar portion in a direction substantially perpendicular to the central

axis of the filter element, the contoured surface having a direction of indentation that is parallel
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to the central axis, and wherein the first alignment portion is contoured complementary to the

second alignment portion.

15. The filter element of claim 13, wherein the first alignment portion comprises a first end
and a second end and an angled portion therebetween, wherein the first end is disposed at a first
height along a central axis of the filter element and the second end is disposed at a second
height, wherein the first height is disposed above the second height, wherein the difference in
the first height and the second height provide for engagement of the radial seal between the
filter element and the filter housing when the filter element is properly installed within the

housing.

16. The filter element of claim 13, wherein the first filter end further comprises a
substantially lateral planar portion that is substantially normal to a central axis of the filter
element, wherein the first alignment portion comprises a contoured surface that extends from
the substantially lateral planar portion in a direction substantially perpendicular to the central
axis of the filter element, the contoured surface forming a partial cylindrical groove in a
direction of indentation that is parallel to the central axis, and wherein the first alignment
portion comprises a partial cylindrical protrusion in a direction of indentation that is parallel to
the central axis, wherein the first alignment portion is contoured complementary to the second

alignment portion.

17. The filter element of claim 13, wherein the first alignment portion includes a first
helical protrusion, a second helical protrusion, a third helical protrusion, and a fourth helical
protrusion disposed around a central opening in the first filter end,

the first helical protrusion disposed adjacent to the second helical protrusion and the
fourth helical protrusion and disposed opposite of the third helical protrusion,

the second helical protrusion disposed adjacent to the first helical protrusion and the
third helical protrusion and disposed opposite of the fourth helical protrusion,

each helical protrusion comprising an angled portion and a contoured portion such that

the angled portion and the contoured portion form a peak.
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18. The filter element of claim 13, wherein the filter element further comprises an end cap
disposed on the first filter end, wherein the first alignment portion comprises a first end, a
second end, and an angled portion disposed between the first end and the second end, and the
end cap comprises a first cap end, a second cap end, and an angled cap portion;

wherein the first end is disposed at a first height along a central axis of the filter element
and the second end is disposed at a second height, wherein the first height is disposed above the
second height; and

wherein the first cap end is disposed at a first cap height along the central axis and the
second cap end is disposed at a second cap height, wherein the first cap height is disposed

above the second cap height.

19. A filtration system, comprising:

a housing having a first housing end and a second housing end and defining a central
compartment therein, the housing comprising a first alignment portion disposed on the first
housing end, the first alignment portion comprising a first surface with a first height that
extends in a z-direction, the z-direction being perpendicular to an x-y plane, the x-y plane being
normal to a central axis of the housing; and

a filter element positioned within the central compartment of the housing, the filter
element having a first filter end and a second filter end, the filter element comprising:

filter media; and

a second alignment portion disposed on the first filter end, the second alignment
portion comprising a second surface with a second height that extends in the z-direction,
the second surface aligning with the first surface of the first alignment portion to
provide for engagement of a radial seal between the filter element and the housing when

the filter element is properly installed within the housing.

20.  The filtration system of claim 19, wherein the first height of the first surface varies in

the z-direction and the second height of the second surface varies in the z-direction in a

33



WO 2019/018465 PCT/US2018/042589

direction complementary to the first height, wherein engagement of the radial seal is varied in

the z-direction.
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