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V-BANK FILTER ASSEMBLY WITH REPLACEABLE FILTERS

BACKGROUND
Field
[0001] The present invention relates to an air filter assembly having

replaceable filters.

Description of the Related Art

[0002] V-bank filter assemblies are commonly used in air filtration
applications where large amounts of filtration media are desirable, particularly in
high flow, low pressure drop applications. A V-bank filter assembly typically
includes a housing having two or more pairs of filter banks, where the filter
banks further include two filter media elements, arranged in a V-configuration.
The V-bank filter assembly is generally formed by applying a sealant between
the edges of the filter media elements and the housing. In this manner, all of
the filter media elements are connected to each other and to the housing.
Therefore, during the fabrication or operation of the V-bank filter assembly, if a
single filter media element is damaged, the housing and all of the filter media
elements coupled to the housing must be replaced as a single unit. Replacing
the entire V-bank filter assembly is undesirable because it increases the cost of
manufacturing and the cost of ownership. Some V-bank filter assemblies have
been designed with replaceable panels having individual filter media elements.
However, these designs have not been commercially viable due to high material
costs and/or significant air leakage between the filter media elements and
housing rending the design unsatisfactory for many filtration applications.

[0003] Thus, there is a need for an improved V-bank filter assembly having

replaceable filter media elements.



WO 2013/103608 PCT/US2012/072267

SUMMARY OF THE INVENTION

[0004] In one embodiment, a V-bank filter assembly includes a top panel and
bottom panel coupled together in a spaced apart relation, and a plurality of
panel end seal struts extending between the top and bottom panels. Each of the
top and bottom panels has a first edge and a second edge. The plurality of
panel end seal struts are located adjacent the second edge of the panels. Each
of the panel end seal struts has a first mating sealing feature facing the first
edge of the top and bottom panels. The first mating sealing feature is
configured to sealingly engage a replaceable filter panel. A plurality of filter
panel receiving tracks are defined between the top and bottom panels are
configured to align filter panels disposed in the tracks with a respective first
mating sealing feature.

[0005] In another embodiment, a V-bank filter assembly includes a top panel
and bottom panel coupled together in a spaced apart relation, a plurality of
panel side seal strut assemblies and a plurality of panel end seal struts
extending between the top and bottom panels. Each of the top and bottom
panels has a first edge and a second edge. The plurality of panel end seal
struts are located adjacent the second edge of the panels. The panel side seal
strut assemblies are disposed adjacent and offset from the first edge of the top
panel. The plurality of panel side seal strut assemblies each include at least
one second seal. A plurality of filter panel receiving tracks are disposed
between the panels and configured to retain replaceable filter panels between
the top and bottom panels in a v-shaped configuration. Each pair of filter panel
receiving tracks align a respective filter panel with a respective first mating
sealing feature of the panel end seal struts.

[0006] In one embodiment a replaceable air filter includes a replaceable air
filter panel comprising a filter media element disposed in a frame. The frame
has a first side, a second side, a third side and a fourth side circumscribing the
filter media element. The sides are oriented perpendicular to the orientation of
the filter media element. A mating sealing feature extends outward from an
exterior of the fourth side of the frame and away from the filter media element.

[0007] In one embodiment, a method of replacing a filter panel of a filter
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housing is provided that includes removing a used filter panel from the filter
housing and inserting a new filter panel into a tapered filter panel receiving rack

of the filter housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to
embodiments, some of which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate only typical
embodiments of this disclosure and are therefore not to be considered limiting
of its scope, for the disclosure may admit to other equally effective
embodiments.

[0009] Figure 1 is a cross-sectional view of a V-bank filter assembly with
replaceable filter panels;

[0010] Figure 2 is an enlarged cross-sectional view one embodiment of a
panel end seal strut;

[001 1] Figure 3 is an enlarged partial cross-sectional view of the V-bank filter
assembly of Figure 1 illustrating another embodiment of a mating sealing
feature;

[0012] Figure 4 is an enlarged partial cross-sectional view of the V-bank filter
assembly of Figure 1 illustrating one embodiment of a panel side seal strut
assembly;

[001 3] Figure 5 is an enlarged partial cross-sectional view of the V-bank filter
assembly of Figure 1 illustrating another embodiment of a panel side seal strut
assembly;

[0014] Figure 6 is a cross sectional view of the V-bank filter assembly of

Figure 1with the replaceable filter panels removed;

[0015] Figure 7 is a perspective view of one embodiment of a replaceable
filter panel,
[001 6] Figure 8 is partial cross-sectional view on another embodiment of a

replaceable filter panel;
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[0017] Figure 9 a partial cross-sectional view of the another embodiment of a
replaceable filter panel;

[001 8] Figure 10 is a partial cross-sectional view of the V-bank filter
assembly of Figure 1 engaged with another embodiment of a replaceable filter
panel; and

[0019] Figure 11 is a partial cross-sectional view of the V-bank filter
assembly of Figure 1 engaged with another embodiment of a replaceable filter
panel.

[0020] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. 1t is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0021] Figure 1 is a cross-sectional view of one embodiment of a V-bank
filter assembly 100. The V-bank filter assembly 100 includes a frame 102 and
two or more replaceable filter panels 122, wherein at least two of the filter
panels are arranged to form a v-bank 124. The V-bank filter assembly 100
include a first side 108 and a second side 110. In normal operation, air enters
the V-bank filter assembly 100 from the first side 108, is filtered by the
replaceable filter panels 122, then exits the V-bank filter assembly 100 from the
second side 110, as indicated by flow arrow 140. Optionally, air may be filtered
through the V-bank filter assembly 100 in the opposite direct.

[0022] The frame 102 includes a top panel 106, a bottom panel (not seen),
two side panels 104, a plurality of panel end seal struts 112, and a plurality of
panel side seal strut assemblies 142. The top and side panels 106, 104 may be
fabricated from wood, plastic, glass reinforced plastic, metal or other suitable
material. The top panel 106 includes a first edge 190 and a second edge 192,
respectively disposed at the first side 108 and the second side 110 of the V-
bank filter assembly 100. The top panel 106 may optionally have one or more
cut-outs 172 (some shown in phantom) located proximate the second edge 192

of the top panel 106 between the panels 106 to reduce the amount of material
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used to fabricate the top panel 106, thereby minimizing costs and shipping
weight. The bottom panel is identical to the top panel 106 and faces the top
panel 106 in a mirror image orientation.

[0023] The two side panels 104 couple the top panel 106 and the bottom
panel together in a spaced apart relation. The side panels 104 may extend
completely from the first side 108 to the second side 110 of the V-bank filter
assembly 100 so that the frame 102 takes a rectangular tubular form, thereby
protecting the panels 106 disposed therein from inadvertent contact and
damage. Alternatively, the side panels 104 may only extend a portion of the
distance between the first side 108 to the second side 110 of the V-bank filter
assembly 100 to minimize costs.

[0024] The panel end seal struts 112 also extend between the top panel 106
and bottom panel and are located proximate the second edge 192 of the top
panel 106 and bottom panel defined at the second side 110 of the V-bank filter
assembly 100. The panel end seal struts 112 are utilized to seal one end, such
as the downstream end, of the filter panels 122 to the frame 102. The panel end
seal struts 112 may be fabricated from wood, plastic, glass reinforced plastic,
metal or other suitable material. In one embodiment, the panel end seal struts
112 are fabricated from stamped steel, extruded plastic or extruded aluminum.
In another embodiment, the panel end seal struts 112 may be hollow, as shown
in Figure 2.

[0025] Continuing to refer to Figure 1, the panel end seal struts 112 include
a first mating sealing feature 116 extending substantially along the entire length
of the panel end seal struts 112, for example, from the facing surfaces of the top
and bottom panels once assembled as part of the V-bank filter assembly 100.
The first mating sealing feature 116 generally faces the second side 110 of the
V-bank filter assembly 100. The first mating sealing feature 116 is configured to
engage and substantially provide an air seal with a corresponding second
mating sealing feature 156 disposed on one side of each to the filter panels
122, as further discussed below. In the embodiment depicted in Figure 1, the
first mating sealing feature 116 is a groove, and in one embodiment, the groove

has a rectangular profile. In alternative embodiment depicted in Figure 3, the
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first mating sealing feature 116 is a rib 198 that extends substantially along the
entire length of the panel end seal struts 112, for example, from the facing
surface of the top panel 106 and bottom panel. In embodiments where the first
mating sealing feature 116 is in the form of a rib 198, the rib 198 may be an
integral or separate element of the panel end seal strut 112. For example, the
first mating sealing feature 116 in the form of a rib 198 may be an extruded
section of the panel end seal strut 112 or may be bonded or otherwise affixed to
the panel end seal strut 112. The first mating sealing feature 116 in the form of
a rib 198 may fabricated from the same material as the panel end seal strut
112, or of a different material, such as a plastic or elastomer. In one
embodiment, the first mating sealing feature 116 is in the form of a rib 198 may
have a rectangular profile.

[0026] The plurality of panel side seal strut assemblies 142 also extend
between the top panel 106 and bottom panel proximate the first side 108 of the
V-bank filter assembly 100. Each panel side seal strut assembly 142 is located
adjacent and offset from the first edge 190 of the top filter panel 106 and bottom
panel defined at the first side 108 of the V-bank filter assembly 100. The panel
side seal strut assemblies 142 are utilized to seal the opposite end, such as the
upstream end, of the filter panel 122 to the frame 102.

[0027] The panel side seal strut assemblies 142 include a seal strut 114 and
at least one seal 118. The seal strut 114 may be fabricated from wood, plastic,
glass reinforced plastic, metal or other suitable material. In one embodiment,
the seal strut 114 is fabricated from stamped steel, extruded plastic or extruded
aluminum.

[0028] The seal 118 is mounted adjacent to the seal strut 114 at a side of the
seal strut 114 closer to the first edge 190 of the top panel 106 and runs
substantially the entire length of the panel side seal strut assembly 142, for
example, from the facing surfaces of the top panel 106 and bottom panel. The
seal 118 may be fabricated from an elastomer, may be adhered, bonded or
formed in place in the seal strut 114. The seal 118 is utilized to provide an air
seal between the seal strut 114 and adjacent filter panel 122. The air seal may

be substantially leak free, or have a certain amount of allowable by-pass
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depending on the intended use of the V-bank filter assembly 100. In one
embodiment, one seal 118 may be utilized to seal both filter panels 122
adjacent either side of the seal strut 114. In another embodiment, at least two
seals 118 are utilized to seal the seal strut 114 to the filter panels 122, with at
least one seal 118 providing a seal between the seal strut 114 and the filter
panel 122 adjacent the first side of the seal strut 114 and at least one seal 118
providing a seal between the seal strut 114 and the filter panel 122 adjacent the
second side of the seal strut 114.

[0029] For example in the embodiment depicted in Figure 4, the panel side
seal strut assembly 142 includes a seal strut 114 having a v-shaped body 402.
The v-shaped body 402 includes a flat land 160 at the vertices of the body 402
to which the seal 118 is mounted. The seal 118 provides a seal against the
facing sides of the filter panels 122 adjacent the seal strut 114. In another
example depicted in the embodiment of Figure 5, panel side seal strut assembly
is in the form of a strut 502 having two seals 504. The strut 502 has a first side
506 and a second side 508 which are oriented at an acute angle flaring away
from the first side 108 of the V-bank filter assembly 100. The one of the two
seals 504 is mounted to the first side 506 while one of the two seals 504 is
mounted to the second side 508.

[0030] It is contemplated that the panel side seal strut assembly 142 may
optionally be omitted, and that the filter panels 122 may have gaskets to enable
adjacent filter panels 122 to seal to each other. Alternatively, the adjacent filter
panels 122 may seal to each other using other means, such as tapes, clamps or
adhesives.

[0031] Figure 6 is a cross sectional view of the V-bank filter assembly 100 of
Figure 1 with the filter panels 122 removed exposing an inside surface 602 of
the top panel 106. The bottom panel is identically constructed as discussed
above. The inside surface 602 of the top panel 106 includes a plurality of filter
panel receiving tracks 604. The tracks 604 are arranged at an acute angle
relative to the flow direction as shown by arrow 140, which is also perpendicular
to the first side 108 of the V-bank filter assembly 100. Each track 604 defines a

recess 606 which is configured to receive one side of the filter panels 122. The
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recess 606 may be defined by a groove formed in the inside surface 602 of the
top panel 106, by ridges extending from the inside surface 602 of the top panel
106, or a combination thereof. The tracks 604 may alternatively be coupled to
the inside surface 602 of the top panel 106 in a multi-piece construction. The
tracks 604 hold the filter panels 122 in a "V-shaped" configuration within the
frame 102.

[0032] The recess 606 of each track 604 is open at the first edge 190 of the
top panel 106 to allow the filter panel 122 to slide into the aligned and opposing
recesses 606 disposed on the top panel 106 and bottom panel of the V-bank
filter assembly 100. The recess 606 of each track 604 ends at the panel end
seal struts 112. The recess 606 of the track 604 advantageously allows for the
filter panel 122 (not shown) to be slid into sealing engagement with the panel
end seal strut 112.

[0033] In one embodiment, the lateral width of the track 604 is tapered
towards the second edge 192 of the top panel 106 and bottom panel of the V-
bank filter assembly 100. Due to the taper of the track 604, the filter panel 122
may be secured by friction within the frame 102 without the use of a fastener,
clip or other fastening device. Furthermore, the track 604 allows a single filter
panel 122 to be replaced by sliding the filter panel 122 in and out of the track
604 without disturbing the seal between the other filter panels 122 and the
frame 102. Thus, the track 604 allows a single filter panel 122 to be easily
replaced without having to replace the entire V-bank filter assembly.

[0034] Figure 7 depicts one embodiment of the replaceable filter panel 122.
It is contemplated that the filter panel 122 may be configured differently and not
limited in use for only V-bank filter assemblies. The replaceable filter panel 122
includes a frame 700 and a filter media element 702. The filter media element
702 is retained in the frame 700, and in some embodiments, may be sealed to
the frame 700 using polyurethane or other suitable adhesives. The filter media
element 702 may be a woven, non-woven or other suitable filtration element.
The filter media element 702 is pleated to increase the amount of filtration
media present in the filter panel 122. The filter media element 702 may have a
MERV, ASHRAE or other efficiency rating.

8
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[0035] The frame 700 may be fabricated from metal, plastic, wood,
cardboard or other suitable material. The frame 700 is generally a quadrilateral
and includes a first side 704, a second side 706, a third side 708 and a fourth
side 710. The sides 704, 706, 708, 710 have an orientation perpendicular to the
planar orientation of the filter media element 702. Each of the sides 704, 706,
708, 710 may include two flanges 714 extending inward and perpendicular from
each side 704, 706, 708, 710. The flanges 714 form a c-channel with the sides
704, 706, 708, 710 thereby facilitating the retention of the filter media element
702 within the frame 700 and retaining adhesive used to provide a seal between
the filter media element 702 and the frame 700. The flanges 714 also provide a
continuous flat surface for engaging the seals 118, thereby sealing the fourth
side 710 of the filter panel 122 to the frame 102 of the V-bank filter assembly
100.

[0036] The first side 704 is generally perpendicular to the plane of the top
panel 106. In one embodiment the first side 704 of the frame 700 does not
include any sealing features. The second side 706 and the third side 708 are
sized to fit within the recess 606 of the track 604. The fourth side 710 of the
frame 700 includes the second mating sealing feature 156 which engages first
mating sealing feature 116 when the filter panel 122 is slid completely within the
recess 606 of the track 604. In the embodiment depicted in Figure 7, the first
mating sealing feature 116 is in the form of a rib 712. In the embodiment
depicted in Figure 8, the second mating sealing feature 156 is in the form of a
groove 802.

[0037] Referring now to Figure 9, to enhance the retention of the filter panel
122 within the track 604, the third side 708 may include two lips 902 extending
from the third side 708. The second side 706 may be identically configured.
The lips 902 allow the filter panel 122 to be sealingly fit within the recess 606.
The lips 902 may be parallel, tapered to match the tapering of the recess 606,
or taped as a wider angle than the taper of the recess 606 to ensure an
interference fit with the top and bottom panels to promote retention and sealing.
In one embodiment, the lips 902 may be formed from a resilient material or

structure that allows the filter panel 122 to be sealingly fit within the recess 606.
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In another embodiment, the lips 902 may be formed from the same material as
the third side 708. The lips 902 may be formed integrally with the third side 708
as a single element, or the lips 902 may be a separate element affixed to the
third side 708.

[0038] Referring to Figure 10, the lips 902 may begin to slightly deflect as the
filter panel 122 is pushed deeper within the track 604, thereby friction fitting the
filter panel 122 within the recess 606 while also providing an air seal between
the filter panel 122 and the frame 102.

[0039] In another embodiment, shown in Figure 11, the third side 708 has a
width that extends beyond a width of the tapered track 604. The lips 902 are
therefore positioned inward of the flanges 714 to engage with the recess 606 of
the tapered track 604.

[0040] Thus, a V-bank filter assembly 100 has been provided that allows fast
and easy fabrication with replaceable filter panels 122. The filter panels
advantageously allows replacement without having to remove or discard the
entire V-bank filter assembly 100 either during fabrication or during operation of
the V-bank filter assembly 100.

[0041] It is contemplated, however, that the filter panel receiving tracks
discussed above are not limited to V-bank filter assemblies only and may be
applicable for sealing other filter elements or filter headers in a filter housing
assembly.

[0042] While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disclosure may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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What is claimed is:

1. A V-bank air filter assembly comprising:

a top panel and bottom panel coupled in a spaced apart relation,

each of the top and bottom panels having a first edge and a second edge;

a plurality of panel end seal struts extending between the top and
bottom panels, each panel end seal struts having a first mating sealing
feature facing the first edge of the top and bottom panels, the first mating
sealing feature configured to sealingly engage a replaceable filter panel,
wherein the plurality of panel end seal struts are located adjacent the
second edge; and

a plurality of filter panel receiving tracks defined between the top
and bottom panels configured to align filter panels disposed in the tracks

with a respective first mating sealing feature.

2. The V-bank air filter assembly of claim 1, wherein the first mating sealing

feature is a rib.

3. The V-bank air filter assembly of claim 1, wherein the first mating sealing

feature is a groove.

4. The V-bank air filter assembly of claim 1, wherein each of the tracks
further comprises:

a recess.

5. The V-bank air filter assembly of claim 4, wherein the recess is tapered

towards the second edge of the top panel.

6. The V-bank air filter assembly of claim 1 further comprising:
a plurality of panel side seal strut assemblies each comprising at least
one second seal, the panel side seal strut assemblies disposed adjacent and

offset from the first edge of the top panel.
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7. A V-bank air filter assembly comprising:

a top panel and bottom panel coupled in a spaced apart relation,

each of the top and bottom panels having a first edge and a second edge;

a plurality of panel end seal struts extending between the top and
bottom panels, each panel end seal struts, wherein the plurality of panel
end seal struts are located adjacent the second edge;

a plurality of panel side seal strut assemblies each comprising at
least one second seal, the panel side seal strut assemblies disposed
adjacent and offset from the first edge of the top panel; and

a plurality of filter panel receiving tracks configured to retain
replaceable filter panels between the top and bottom panels in a v-
shaped configuration, each pair of filter panel receiving tracks aligning a
respective filter panel with a respective first mating sealing feature of the

panel end seal struts.

8. The V-bank air filter assembly of claim 7, wherein the first mating sealing

feature is a rib.

9. The V-bank air filter assembly of claim 7, wherein the first mating sealing

feature is a groove.

10. The V-bank air filter assembly of claim 7, wherein each of the tracks
further comprises:

a recess.

11. The V-bank air filter assembly of claim 10, wherein the recess is tapered

towards the second edge of the top panel.

12. A replaceable air filter panel comprising:

a filter media element;

a frame having a first side, a second side, a third side and a fourth side
circumscribing the filter media element, the sides perpendicular to the

orientation of the filter media element; and
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a mating sealing feature extending outward from an exterior of the fourth

side of the frame away from the filter media element.

13. The air filter of claim 12, wherein the mating sealing feature is a groove.

14.  The air filter of claim 12, wherein the mating sealing feature is a rib.

15. The air filter of claim 12, wherein the frame further comprises:
a pair of ribs extending outward from the second and third sides of the
frame, the second and third sides of the frame disposed adjacent to the fourth

side of the frame.

16. The air filter of claim 12, wherein the first side of the frame does not

include a sealing feature.

17. A method of replacing a filter panel of a filter housing, comprising:
removing a used filter panel from the filter housing; and
inserting a new filter panel into a tapered filter panel receiving track

formed in the filter housing.

18. The method of claim 17, wherein inserting further comprises:
mating a back side of the new filer panel with a feature formed in the filter

housing.

19. The method of claim 17, wherein inserting further comprises:

sealing front sides of the new filter panel to the filter housing.
20.  The method of claim 17 further comprising:

inserting a second new filter panel into the filter housing, the new filters

forming a vee.
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Box No. I Observations Whére certain claims were found unsear chable (Continuation of item 2 of first sheet)

This international search report has not been established in r@m of certain claims under Article 17(2)(a) for the following reasons:

1. o Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specificaly:

3 D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention islacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-" *-Please See Supplemental Page-***-

1. lX’ Asall required additional search fees were timely paid by the applicant, this international search report covers al searchable
claims. ‘

2. D Asall searchable cIairﬁs could be searched without effort justifying additional fees, this Authority did not invite payment of
“additional fees.

3. D Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers .
only those claims for which fees were paid, specificaly claims Nos.:

4. D No required additional search fees were timely paid by the aoplicaht. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search feeswere accompanied by the applicant * s protest and, where applicable, the
payment of a protest fee. '
I:I The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D "No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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-Continued from Box [ll-***-

Group I: Claims 1-11 and 17-20 are directed toward a V-bank filter assembly comprising: a top panel and bottom panel coupled in a
spaced apart relation, each of the top and bottom panels having a first edge and a second edge; a plurality of panel end seal struts
extending between the top and bottom panels, each panel end seal struts having a first mating sealing feature facing the first edge of the
top and bottom panels, the first mating sealing feature configured to sealingly engage a replaceable filter panel, wherein the plurality of
panel end seal struts are located adjacent the second edge; and a plurality of filter panel receiving tracks defined between the top and
bottom panels configured to align filter panels disposed in the tracks with a respective first mating sealing feature; and a V-bank air filter
assembly comprising: a top panel and bottom panel coupled in a spaced apart relation, each of the top and bottom panels having a first
edge and a second edge; a plurality of panel end seal struts extending between the top and bottom panels, each panel end seal struts,
wherein the plurality of panel end seal struts are located adjacent the second edge; a plurality of panel side seal strut assemblies each
comprising at least one second seal, the panel side seal strut assemblies disposed adjacent and offset from the first edge of the top
panel; and a plurality of filter panel receiving tracks configured to retain replaceable filter panels between the top and bottom panels in a
v-shaped configuration, each pair of filter panel receiving tracks aligning a respective filter panel with a respective first mating sealing
feature of the panel end seal struts; and a method of replacing a filter panel of a filter housing, comprising: removing a used filter panel
-from the filter housing; and inserting a new filter panel into a tapered filter panel receiving track formed in the filter housing.

Group II: Claims 12-16 are directed toward a replaceable air filter panel comprising: a filter media element; a frame having a first side, a
second side, a third side and a fourth side circumscribing the filter media element, the sides perpendicular to the orientation of the filter
media element; and a mating sealing feature extending outward from an exterior of the fourth side of the frame away from the filter
media element.

The inventions listed as Groups I-ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include a V-bank filter assembly comprising: atop panel and bottom panel coupled in a spaced apart relation, each of the top and
bottom panels having a first edge and a second edge; a plurality of panel end seal struts extending between the top and bottom panels,
each panel end seal struts having a first mating sealing feature facing the first edge of the top and bottom panels, the first mating sealing
feature configured to sealingly engage a replaceable filter panel, wherein the plurality of panel end seal struts are located adjacent the
second edge; and a plurality of filter panel receiving tracks defined between the top and bottom panels configured to align filter panels
disposed in the tracks with a respective first mating sealing feature; and a V-bank air filter assembly comprising: a top panel and bottom
panel coupled in a spaced apart relation, each of the top and bottom panels having a first edge and a second edge; a plurality of panel
end seal struts extending between the top and bottom panels, each panel end seal struts, wherein the plurality of panel end seal struts
are located adjacent the second edge; a plurality of panel side seal strut assemblies each comprising at least.one second seal, the panel
side seal strut assemblies disposed adjacent and offset from the first edge of the top panel; and a plurality of filter panel receiving tracks
configured to retain replaceable filter panels between the top and bottom panels in a v-shaped configuration, each pair of filter panel
receiving tracks aligning a respective filter panel with a respective first mating sealing feature of the panel end seal struts; and a method
of replacing a filter panel of a filter housing, comprising: removing a used filter panel from the filter housing; and inserting a new filter
panel into a tapered filter panel receiving track formed in the filter housing, which are not present in Group Il, Group Il having special
technical features including a replaceable air filter panel comprising: a filter media element; a frame having a first side, a second side, a
third side and a fourth side circumscribing the filter media element, the sides perpendicular to the orientation of the filter media element;
and a mating sealing feature extending outward from an exterior of the fourth side of the frame away from the filter media element.

Groups I-Il share the technical features including a replaceable air filter panel comprising: a filter media element; a frame having a first
side, a second side, a third side and a fourth side circumscribing the filter media element, the sides perpendicular to the orientation of
the filter media element; and a mating sealing feature extending outward from an exterior of the fourth side of the frame away from the
filter media element. )

However, these shared technical features are previously disclosed by US 2009/0320426 A1 to Braunecker, et al.

(hereinafter 'Braunecker'). Braunecker discloses a replaceable air filter panel (abstract; figure 6G air filter assembly can be extracted,;
disposable air filter sub-assembly) comprising: a filter media element (abstract); a frame having a first side (figures 6A, 6G), a second
side (figures 6A, 6G), a third side (figures 6A, 6G) and a fourth side (figures 6A, 6G) circumscribing the filter media element (15) (figures
6A, 6G), the sides perpendicular to the orientation of the filter media element (15) (figures 6A, 6G); and a mating sealing feature (151)
extending outward from an exterior of the fourth side of the frame away from the filter media element (15) (figures 6A, 6G).

Since none of the special technical features of the Group I-Il inventions is found in more than one of the inventions, unity of invention is
lacking.
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