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(57) Abréege(suite)/Abstract(continued):
(50). The central conduit (72) Is bisected along its length by a wall (74) into a pair of flow channels (76, 78) connected to a pair of

ports (28, 16) In the fitting (60). Another port (22) Is provided in the fitting (60) and a still further port (26) I1s provided In the
housing (50). The filter element (56) includes a first circular imperforate end cap (110), and a second annular imperforate end
cap (112) dimensioned to receive the central conduit (72). First and second filter media loops (124, 125) are supported between
the first and second end caps (110, 112). An imperforate cylindrical wall (156) Is radially disposed between the first and seconad
filter media loops (124, 125). Annular seals (123, 150, 158) are provided around the opening in the second end cap, at the inner
end of the first filter media loop, and at the inner end of the cylindrical wall. The seals (123, 150, 158) provide a fluid seal against
the central conduit (72) when the filter element is installed in the housing to fluidly separate two flow paths through the housing

(50).
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(57) Abstract: A filter assembly (18) includes a replaceable
filter element (56) disposed within a filter housing (50).
The housing (50) includes a removable cover (51), and
a fitting (60) including an internal central conduit (72)
extending along the central axis of the housing (50). The
central conduit (72) 1s bisected along its length by a wall
(74) into a pair of flow channels (76, 78) connected to a
pair of ports (28, 16) in the fitting (60). Another port (22)
is provided in the fitting (60) and a still further port (26)
is provided in the housing (50). The filter element (56)
includes a first circular imperforate end cap (110), and a
second annular imperforate end cap (112) dimensioned
to receive the central conduit (72). First and second filter
media loops (124, 125) are supported between the first and
second end caps (110, 112). An imperforate cyhindrical wall
(156) is radially disposed between the first and second filter
media loops (124, 125). Annular seals (123, 150, 158) are
provided around the opening in the second end cap, at the
inner end of the first filter media loop, and at the inner end
of the cylindrical wall. The seals (123, 150, 158) provide
a fluid seal against the central condut (72) when the falter
element 1s installed in the housing to fluidly separate two

flow paths through the housing (50).
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DUAL PASS FUEL FILTER
ASSEMBLY AND ELEMENT THEREFOR

The present invention relates generally to filter assemblies and filter elements
theretor. Specifically, this invention relates to fuel filter assemblies and fuel filter
elements for vehicles that provide enhanced filtration of fuel prior to delivery to the
engine of the vehicle.

A vehicle fuel system typically has a fuel tank for holding a supply of liquid
fuel for delivery to an engine. The fuel system also includes a lift or transter pump for
pumping fuel from the tank to the engine. Some engines, particularly those that have
fuel 1njection, also have an injection pump that raises fuel pressure beyond that
produced by the lift pump so that the fuel may be injected at high pressure into the
combustion chambers of the engine.

Fuel filters are known for such fuel systems to remove contaminants such as dirt
and water from the fuel before it reaches the engine. Fuel filters have been used in the
fuel system either at the vacuum side or the pressure side of the fuel pump. Each
position for the fuel filter in relation to the lift pump has advantages and disadvantages.

One filter assembly developed by the assignee to overcome some of these
disadvantages is shown in Hodgkins, U.S. Patent Specification US-A-5,922,199. This
assembly includes a filter cartridge with first and second filter media loops, the second
media loop surrounding the first media loop, and the first filter media loop providing
primary filtration for fluid flowing from a first inlet port to a first outlet port. 'The
second filter media loop, which is fluidly separated from the first filter media loop by a
cup-shaped chamber, provides secondary filtration for fluid flowing from the second
inlet port to a second outlet port.

According to the Hodgkins reference, the first inlet port of the assembly 1s

connected to receive fuel from a tank, while the first outlet port 1s connected to supply
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filtered fuel to the inlet port of a lift pump. The outlet port of the lift pump is
connected to the second inlet port in the assembly to receive the filtered fuel, while the
second outlet port 1s connected to provide highly filtered fuel to the engine. The first
media loop provides primary filtration for the fuel prior to being supplied to the lift
pump, while the second media loop provides secondary (enhanced) filtration prior to
being supplied to the fuel injection pump in the engine. Both filter media loops are
replaced when the filter element is changed.

The Hodgkins filter assembly has the advantage of providing filtration prior to
fuel passing to the lift pump. This minimizes the risk that large and potentially
damaging 1mpurities will reach the lift pump. The assembly also serves to remove
large mmpurities before they are broken up or emulsified by the pumping action of the
lift pump. These large impurities are captured in the first filter media loop and are
periodically drained or dumped out of the assembly when the filter element is replaced.
A further advantage is that by having fuel undergo primary filtration before reaching
the lift pump, the life of the fine filter media in the secondary filter media loop is
prolonged. A still further advantage is that the dual filtration is provided in a single
filter assembly that is relatively small and easy to mount to the fuel lines.

While the Hodgkins fiiter assembly has many advantages over prior filter
assemblies, the Hodgkins assembly is not appropriate for all applications, as it is
generally designed for a specific head structure. That 1s, the filter head for the
Hodgkins assembly includes all four ports to receive fuel for the two fuel paths through
the element. The filter element is located in a canister that is attached with a locking
ring to the underside of the filter head. To replace the filter element, the fuel in the
canister must be initially drained through a drain port, the locking collar for the
canister removed, the canister moved downwardly away from the head, and then the

filter element removed from the canister. This can be awkward and time-consuming.
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In addition, any fuel remaining in the head can drip onto the hands of the user or onto
the engine block when the canister i1s removed.

As such, 1t 1s believed there 1s a demand 1n the industry for a further improved
filter assembly and element that provides dual fuel paths for enhanced filtration of fuel,
and which provides easy access to and replacement of the filter element for the
assembly, without time-consuming steps or spillage.

According to one aspect of the present invention there i1s provided a filter
element, with a circular imperforate first end cap and a second end cap having an
annular imperforate portion defining a first circular opening. A second filter media
loop circumscribes a central axis and 1s disposed between the first and second end caps.
The second filter media loop has a first end adhesively bonded to the first end cap, and
a second end adhesively bonded to the second end cap. A first filter media loop
circumscribes the central axis and 1s disposed radially inward of and surrounded by the
second filter media loop. The first filter media loop has a first end supported by the
second end cap and surrounds the first opening in the second end cap, and a second end
extending axially toward the first end cap to a second circular opening, co-axial with
the first circular opening. An imperforate cylindrical wall 1s disposed radially between
said first and second filter media loops. The cylindrical wall 1s supported by the
second end cap and surrounds the first opening in the second end cap, and extendis
inward toward the first end cap to a third circular opening co-axial with the first and
second circular openings.

A novel and unique filter assembly, and filter element therefor is provided
where the filter assembly provides dual filtration of fuel prior to delivery to an engine,
and provides for easy access to and replacement of the filter element.

According to the present invention, the filter assembly includes a cylindrical
canister with a threaded open end, and a cover that can be screwed onto and off of the

end of the canister. A filter element is located in the canister through the open end of
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the canister and the cover is removably attached to the opening of the canister to
enclose the element. The inlet and outlet ports to the assembly are located in the
sitdewall and/or lower end of the canister which allows the element to be easily replaced
without spillage.

A fitting 1n the lower end of the canister supports a central conduit extending
axially through a portion of the canister toward the open end. The central conduit is
bisected along its length into two flow channels. The inner end of one of the channels
1s plugged, and an opening is provided into the channel through the side of the conduit.
The mner end of the other channel is open. An annular channel is also provided in the
fitting surrounding the central conduit.

A first inlet port and first outlet port are provided in the canister to direct fuel
from the tank to the lift pump in a primary flow path through the canister. The inlet
port 1s formed in the fitting at the lower end of the canister and directs fuel axially
upward through the first channel in the conduit to the opening in the side of the
conduit, where the fuel then flows radially outward, and then axially downward around
and radially inward through a first (primary) media loop of the element. The fuel then
flows down through the annular channel surrounding the central conduit, and then out
through the first outlet port in the fitting. The first outlet port is disposed in the
sidewall of the canister. The fuel is then provided to the inlet port of the lift pump.

The outlet port from the lift pump is connected to a second inlet port, formed in
the sidewall of the canister. The fuel then flows radially inward through a second
(secondary) media loop of the element. The filtered fuel then flows axially downward
through the open end of the second channel in the central conduit to a second outlet
port 1n the fitting, formed in the lower end of the canister. The fuel is then provided to
the combustion chamber of the engine.

The filter element for the assembly includes first and second imperforate end

caps, with the second end cap having a central circular opening dimensioned to receive
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the conduit and fitting of the housing. An annular seal or gasket bounds the opening to
seal against the fitting. The second filter media loop is provided in surrounding
relation to the first media loop, and extends between and i1s adhesively bonded to the
first and second end caps.

The first media loop is attached at a first end to the second end cap (bounding
the central opening) and extends axially inward toward the first end cap. The inner end
of the first media loop defines an opening which receives the central conduit, and
includes an annular seal or gasket to seal against a first location the conduit.

An imperforate cylindrical wall 1s disposed radially between the first and second
media loops. The cylindrical wall includes a first end integral with the second end cap
(also bounding the central opening), and extends axially inward toward the first end
cap. The inner end of the cylindrical wall also defines an opening which receives the
central conduit, and includes an annular gasket or seal to seal against another location
along the conduit.

The gaskets/seals of the second end cap, first filter media loop and cylindrical
wall, are co-axially arranged, with the annular gasket/seal for the first filter media loop
axially disposed between the annular gasket/seal for the second end cap and the annular
gasket/seal of the cylindrical wall. The gaskets/seals for the cylindrical wall and the
first filter media loop are axially arranged on either side of the opening in the side of
the central conduit.

When the filter element is installed within the housing, a first fuel flow path 1s
provided from the tank through the first inlet port in the fitting, through the one
channel in the central conduit, out through the opening in the side of the conduit,
through the first filter media loop, through the annular channel in the fitting
surrounding the central conduit, and out through the first outlet port to the lift pump.

The first flow path provides primary fuel filtering from the tank to the lift pump.
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A second flow path is also provided from the lift pump, through the second inlet
port in the sidewall of the housing, radially inward through the second filter media
loop, through the other channel in the central conduit, and out through the second
outlet port in the fitting to the engine. The second flow path provides secondary
(enhanced) fuel filtering from the lift pump to the engine. The cylindrical wall and
gaskets/seals fluidly separate the fuel in the first flow path from the fuel in the second
flow path.

The filter element with first and second filter media loops can be easily inserted
into and removed from the filter housing when spent and replaced with a fresh element.
The end cap on the canister is merely unscrewed and the element is removed through
the open end of the canister. It is not necessary to drain the fuel in the assembly, as
the fuel remains contained within the canister.

The fuel filter assembly of the present invention thereby effectively filters two
separate fuel paths in the fuel system for enhanced filtration, while providing easy
access to and replacement of the filter element.

The invention is diagramatically illustrated by way of example in the
accompanying drawings in which:

Figure 1 is a schematic illustration of a vehicle fuel system including a fuel
filter assembly of the present invention;

Figure 2 is a cross-sectional side view of the fuel filter assembly of Figure 1;

Figure 3 is a cross-sectional end view of the fuel filter assembly taken
substantially along the plane described by the lines 3-3 of Figure 2;

Figure 4 is an exploded view of the fuel filter assembly;

Figure 5 i1s a cross-sectional side view of the filter element for the fuel filter
assembly of Figure 2; and

Figure 6 is a cross-sectional side view of the housing and associated components

of the fuel filter assembly.
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Referring to the drawings, and initially to Figure 1, a fuel system for a vehicle
1s indicated generally at 10. Fuel is delivered from a fuel tank 14 along conduit 15 into
a first 1nlet port 16 1n a fuel filter assembly, indicated generally at 18, constructed
according to the principles of the present invention. The filtered fuel then leaves the
filter assembly 18 through a first outlet port 22, and is directed through conduit 23 to a
lift or transfer pump 24.

The fuel trom the pump 24 is then returned along conduit 25 to a second inlet
port 26 in the fuel filter assembly. The fuel is again filtered in fuel filter assembly and
leaves the fuel filter assembly through second outlet port 28.

The tuel 1s then provided along conduit 32 to an engine, indicated generally at
34, and typically directly to a fuel injection pump 36 in the engine. The fuel injection
pump 36 feeds fuel at elevated pressure to a fuel rail 40 in a conventional manner for
delivery to fuel injectors which deliver the fuel to the cylinders of the engine. A return
line 42 returns excess fuel from the fuel rail to the tank 14.

The fuel filter assembly 18 will now be described in more detail. Referring
now to Figures 2 through 6, the fuel filter assembly 18 includes an outer canister or
housing 50 having a cylindrical sidewall 51 with an integral (one-piece) closed end 52
and an open end 54. A filter element, indicated generally at 56, can be inserted into
and removed from housing 50 through open end 54. A cover 57 encloses the filter
element within the housing.

Housing 50 has a fitting 60 at the closed end 52 that includes first inlet port 16,
first outlet port 22, and second outlet port 28. Ports 22 and 28 are preferably formed
in the end wall 52, while port 26 is formed along the canister sidewall, toward closed
end 52. Either (or both) of ports 16, 28 could likewise be provided in sidewall 51,
while port 22 could likewise be provided in end wall 52. Second inlet port 26 is
preferably formed along sidewall 51 toward open end 54, although this port could

likewise be provided in end wall 52, or in sidewall 51 closer to end wall 52. It is
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merely preterred that ports 16, 22, 26 and 28 be formed at some location along housing
50, rather than in cover 57. In any case, ports 16, 22, 26 and 28 are threaded to allow
easy connection to the fuel conduits in the fuel system.

Fitting 60 terminates internally of housing 50 in an annular open end 64, and
includes a radially-reduced cylindrical portion 66, a radially-enlarged cylindrical
portion 68, and an annular shoulder 69 interconnecting the radially-reduced portion 66
and radially-enlarged portion 68.

A central cylindrical conduit 72 extends along the central axis of the canister
and 1s supported at one end by fitting 60. As shown in Figure 3, conduit 72 includes
an 1nternal wall 74 bisecting the conduit along its length. Wall 74 defines a first flow
channel 76 and a separate, second flow channel 78, both of which extend axially along
the length of the conduit. Channel 78 is blocked (fluidly closed) at the inner distal end
of the conduit 72 by a semi-circular plug 88. An opening 90 is provided, spaced from
the distal end of conduit 72, to allow flow out of (or into) channel 78. Channel 76 is
open at the mner distal end of the conduit.

Referring now to Figure 6, conduit 72 is received in a central bore 80 of fitting
60, and 1s closely (press-fit) and sealingly held within an opening in an internal wall
82. The outer end of the conduit 72 butts up against a post 83 in the fitting, and
Includes passages 84, 85 which fluidly connect first flow channel 76 with second outlet
port 28; and second flow channel 78 with first inlet port 16, respectively. The inner
end of the conduit 72 extends axially forward the open end of the canister.

The upper portion of the fitting 60 extending axially upward from wall 82, i1s
radially outwardly-spaced from conduit 72, and defines an annular channel or gap
around the conduit. The channel 1s in fluid communication with first outlet port 22.

As shown 1n Figure 2, the cover 57 for the housing includes an outwardly-
threaded portion 92 that is adapted to engage inwardly-threaded portion 94 adjacent the

opening of housing 50. Cover 57 further includes a radially-extending flanged portion
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96 which 1s adapted for engaging a lip portion 98 of the canister. Lip portion 98
includes a circumferentially-extending recess 100 for receiving a resilient seal 102.
Seal 102 holds the cover in fluid-tight relation with the canister when the cover 1is
installed (screwed) thereon. Cover 50 also includes outwardly-extending wing
projections 104 which facilitate manually holding and screwing or unscrewing the
cover on the housing.

The housing 50 and cover 57 are preferably formed from conventional materials
(e.g., aluminum, hard-plastic), using conventional techniques. These should be well-
known to those skilled in the art and will not be described further for sake of brevity.

Referring now to Figure 5, the filter element 51 for the assembly includes a first
(upper) circular imperforate end cap 110 and a second (lower) annular imperforate end
cap 112. First end cap 110 includes an integral projection 113 with an overlying,
outwardly-facing recess 114. Recess 114 accepts a cover projection 115 (Figure 2)
therein which projects inwardly from a centering projection 116 on cover 57. The first
end cap 110 1s preferably formed in one piece from appropriate materials (e.g.,
aluminum or plastic).

First end cap 110 further includes a pair of oppositely-spaced latching fingers
117. Latching fingers each have a locking portion 118 which 1s received in openings
119 in the threaded portion 92 of cover 50 (Figure 2). Such latching fingers and
cooperating openings allow the filter element to be removed from the housing, and
easily separated from cover 50 to minimize contact within a fluid in the housing. A
further description of the means for latching the filter element to the cover 1s provided
in U.S. Patent No. 5,770,065, which to the extent necessary is incorporated herein by
reference.

The second annular end cap 112 defines a first central circular opening 120. A
cylindrical portion 121 provided integral (preferably unitary in one-piece) with the

second end cap surrounding the central opening 120 and extends axially inward 1n a
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radially-decreasing step-wise fashion. A radially-inward facing groove or channel 122
adjacent opening 120 1s defined by the cylindrical portion 121 and an annular portion
of the second end cap 112 bounding opening 120. An annular resilient sealing element
123 (Figure 2) 1s received in channel 122 and is dimensioned to closely receive and
seal against the imner portion 66 of fitting 64. Second end cap 112 is likewise
preferably formed in one piece from appropriate materials (e.g., aluminum or plastic).

The filter element 51 includes a first filter media loop 124, and a second filter
media loop 125, surrounding and co-axial with the first filter media loop 124. Second
filter media loop 125 is received within an annular recess 127 formed in the first end
cap 110, and i1s sealingly bonded to the inner surface of the first end cap in an
appropriate manner, such as with adhesive. The second filter media loop 125 1is
likewise sealingly bonded to the inner surface of the second end cap 112. The second
filter media loop 125 is preferably formed from a pleated filter media, but can be
formed from any type of media in any type of configuration appropriate for the
particular application. The second filter media loop is illustrated as including a
radially-outward disposed first media loop portion 128, and a radially-inward disposed
second media portion 129 which can be formed of the same or different medial media
in the same or different configuration as the first media loop portion 128, although it is
to be noted that the second filter media loop could likewise be formed with only a
single media loop portion.

The first filter media loop 120 is provided radially inward of the second filter
media loop 125. First filter media loop 124 preferably comprises a mesh or steel
screen, or other appropriate media material for the particular application. First filter
media loop 124 includes an outer (lower) end supported by the inner distal end of the
cylindrical portion 121. The loop can be fixed to the cylindrical portion 121 in an
appropriate manner, such as with adhesive. The first filter media loop 124 extends

inward (upward) toward first end cap 110. A cylindrical flange 148 is attached to the
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inner end of the loop, such as with adhesive. Cylindrical flange 148 includes a
radially-in-turned portion 149. An annular resilient sealing element 150 1s supported
by in-turned portion 149 and projects radially-inward toward the central axis of the
filter element. In-turned portion 149 defines a second circular opening 151, co-axial
with the first opening 120. Second sealing element 150 1s designed to seal against the
central conduit 72 when the filter element is installed in housing 50 (see Figure 2).

A cylindrical imperforate wall 156 is disposed radially between first filter media
loop 124 and second filter media loop 125. Cylindrical wall 156 has an outer (lower)
end supported by the cylindrical portion 121 of the second end cap 112 (surrounding
opening 120), and fluidly-sealed thereto such as with adhesive. Wall 156 extends
inward (upward) toward the first end cap 110. The inner end of the annular wall
includes a radially in-turned annular flange 157. An annular resilient sealing element
158 is supported by the annular flange 157, and projects radially inward toward the
central axis of the filter element. Flange 157 defines a third circular opening 159, co-
axial with the first and second openings 120, 151. Third seal 158 1s also dimensioned
to seal against conduit 72 when the filter element is installed in housing 50 (see Figure
2), at a location axially-spaced from second seal 150, and on an opposite axial side of
opening 90 1n conduit 72.

An annular flow gap 166 is provided between cylindrical wall 156 and second
filter media loop 125. Likewise, an annular flow gap 167 is provided between annular
wall 156 and first filter media loop 124. A series of radially-projecting standoffs 168
are provided to ensure that gap 167 is maintained along substantially the entire length
of wall 156.

As can be seen in Figure 2, seals 123, 150 and 158 are co-axially arranged to
provide fluid-tight seals along fitting 50 and central conduit 72 when the filter element
is installed within the housing. Seal 123 is radially-outward spaced from seals 150 and

158 to properly seal to the radially-larger fitting. Seal 150 and seal 158 are axially



10

15

20

25

CA 02386232 2002-04-03

WO 01/28655 PCT/US00/24901

12

disposed relative to each other and project radially-inward to a common cylindrical
projection to properly seal on opposite sides of opening 90 1n conduit 72.

When filter element 51 is received within housing 50, the central conduit 72 is
received through the first opening 120 in the second end cap 112, through the second
opening in the first filter media loop 124, and through the third opening 1n the
cylindrical wall 156. Seal 123 on the second end cap 112 seals to fitting 64, while
seals 150 and 158 seal axially along the conduit 72, on opposite sides of opening 90.
Second end cap 112 receives the reduced diameter portion 66 of fitting 64 and the
stepped-portion of cylindrical portion 121 abuts the inner end 64 of the fitting to locate
the element within the housing. Alternatively, or in addition, the portion of the end
cap 112 can abut the annular shoulder 69 of the fitting 66 to locate the element.

As can be seen in Figure 2, a first flow path is provided through first inlet port
16, axially (upward) through channel 78 of conduit 72, radially-outward through
opening 90, axially (downward) in the annular flow gap 166 between first filter media
loop 124 and cylindrical wall 156, and then radially-inward through first filter media
loop 124. The fuel is initially filtered through this flow path, removing harmful
contaminants (or at least contaminants harmful to the lift or transfer pump). The fuel
then flows axially (downward) between first filter media loop 124 and conduit 72,
through bore 80 (in the annular channel between fitting 60 and conduit 72) and through
first outlet port 22 to the lift or transfer pump. Thus, a primary flow path 1s provided
through the filter assembly from the tank to the lift pump.

A second flow path is provided from the outlet of the lift pump, through
second inlet port 26, radially-inward through second filter media loop 125 to the inner
end of channel 76 in conduit 72. The flow then passes axially (downward) through
channel 76, and then out through second outlet port 28 to the engine. Thus, a

secondary flow path is provided through the filter assembly from the lift pump to the
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engine, for enhanced filtration. It is noted that seals 138, 150 and 158 and cylindrical
wall 156, fluidly-separate the first and second flow paths through the filter assembly.

As also shown in Figure 2, the housing includes a lower collection zone 160,
and a drain valve 161 in lower end wall 52, such that contaminants collecting on outer
filter media loop 125 can fall downwardly into zone 160, and be removed through
drain 161. Such drain valves are well known to those in the art (see, e.g., U.S. Patent
Nos. 4,314,689 and 4,502,455). Element 56 can of course be replaced when spent
merely by unscrewing cover 57, removing the spent element and replacing the spent
element with a fresh element.

While 1t 1s preferred that the first filter media loop 124 be used as the filter for
the primary flow path from the tank to the lift pump, and the second filter media loop
125 be used as the filter for the secondary flow path from the lift pump to the engine, i1t
1S possible that the connection to ports 16, 22, 26, 28 could be switched, with the first
filter media loop providing secondary filtration for the engine and the second filter
media loop providing primary filtration for the lift pump. The present invention 1s not
intended to be limited to the specific examples given.

Thus, as described above, the present invention provides a new and unique fuel
filter assembly, and filter element therefor, that provides dual filtration for fuel prior
to delivery to an engine. The fuel filter assembly has the advantage of providing
filtration prior to fuel passing to the lift pump, and enhanced filtration of fuel passing
to the engine. The element can be easily removed from the housing when spent,

without time-consuming steps or spillage.
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CLAIMS

What 1s claimed is:

1. A filter element (56) characterized as including:

a circular imperforate first end cap (110);

a second end cap (112) having an annular imperforate portion (121) defining a
first circular opening (120);

a second filter media loop (125) circumscribing a central axis and disposed
between said first and second end caps (110, 112), said second filter media loop (125)
having a first end adhesively bonded to the first end cap (110), and a second end

adhesively bonded to the second end cap (112);

a first filter media loop (124) circumscribing the central axis disposed radially
inward of and surrounded by said second filter media loop (125), said first filter media
loop having a first end supported by the second end cap (112) and surrounding the first
opening (120) in the second end cap (112), and a second end extending axially toward
the first end cap (110) to a second circular opening (151), co-axial with the first
circular opening (120);

an imperforate cylindrical (156) disposed radially between said first and second
filter media loops (124, 125), said cylindrical wall (156) supported by the second end
cap (112) and surrounding the first opening (120) in the second end cap (112), and
extending inward toward the first end cap (110) to a third circular opening (159) co-

axial with the first and second circular openings (120, 151).
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2. The filter element (56) as in claim 1, further characterized as including a third
resilient annular sealing element (158) bounding said third circular opening (159) in

said cylindrical wall (156), and projecting radially inward toward said central axis.

3. The filter element (56) as in claim 2, wherein said cylindrical wall (156) has a
radially in-turned annular flange (157) at an inner end of the end wall supporting the

third sealing element (158).

4. The filter element (56) as in claim 2, further characterized as including a first
resilient annular sealing element (123) bounding said first circular opening (120) in said
second end cap (112), and projecting radially inward toward said central axis, and a
second resilient annular sealing element (150) bounding said second circular opening
(151) 1n said first filter media loop (124), and projecting radially inward toward said

central axis.

5. A filter assembly (18) including a filter element (56) as recited in claim 4,
wherein the filter assembly (18) includes a filter housing (50), said filter housing (50)
having a fitting (60) at a closed end (52) of the housing and an internal central
cylindrical conduit (72) extending axially from the fitting (60) toward an open end (54)
of the housing, said central cylindrical conduit (72) including a pair of flow channels
(76, 78) fluidly connected to first and second ports (28, 16) in the fitting, with one of
the flow channels (76) having an opening in the inner end of the conduit (72), and the
other of the flow channels (78) having an opening (90) along the length of the conduit
(72), an annular flow passage (80) provided between the fitting (60) and the central
conduit to a third port (22) in the housing, and another flow passage provided from a
fourth port (26) in the housing, said first resilient annular sealing element (123) sealing

against the fitting (60), said second resilient sealing element (150) sealing against the
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cylindrical conduit (22), and said third resilient sealing member (58) sealing against the
cylindrical conduit (72); a first flow path provided from the first port (16), through the
other flow channel (78) in the central conduit (72), through the first media loop (124),
through the annular flow passage (80) between the fitting (60) and the central conduit
(72) to the third port (22); and a second flow path, separate from said first flow path,
from the fourth port (26), through the second filter media loop (125), through the one
flow channel (76) in the central conduit (72) to the second port (28).

6. The filter assembly (18) as in claim 5, wherein said housing (50) includes a
generally cylindrical sidewall (51), and a cover (57) removably attached to the open

end (54) of the sidewall allowing access to the filter element (56).

7. The filter element (56) as in any of the previous claims, wherein said second
sealing element (150) is disposed axially between said first and third sealing elements
(123, 158), and said second and third sealing elements (150, 158) project radially-

inward to a common cylindrical projection.

8. The filter element (56) as 1n any of the previous claims, wherein a first annular
flow gap (166) 1s provided between said cylindrical wall (156) and said second filter
media loop (125), and a second flow gap (167) i1s provided between said cylindrical
wall (156) and said first filter media loop (123).
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