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END CAP FOR FILTER ELEMENT 

TECHNICAL FIELD 

0001. The present disclosure relates to an end cap, and 
more particularly, to an end cap for a filter element. 

BACKGROUND 

0002 Engines, including compression-ignition engines, 
spark-ignition engines, gasoline engines, gaseous fuel-pow 
ered engines, and other internal combustion engines, may 
operate more effectively with fuel from which contaminates 
have been removed prior to the fuel reaching a combustion 
chamber of the engine. In particular, fuel contaminates, if 
not removed, may lead to undesirable operation of the 
engine and/or may increase the wear rate of engine compo 
nents, such as, for example, fuel system components. 
0003. Effective removal of contaminates from the fuel 
system of a compression-ignition engine may be particularly 
important. In some compression-ignition engines, air is 
compressed in a combustion chamber, thereby increasing the 
temperature and pressure of the air, Such that when fuel is 
supplied to the combustion chamber, the fuel and air mixture 
ignite. If water and/or other contaminates, such as particu 
lates, are not removed from the fuel, the contaminates may 
interfere with and/or damage, for example, fuel injectors, 
which may have orifices manufactured to exacting toler 
ances and shapes for improving the efficiency of combustion 
and/or reducing undesirable exhaust emissions. Moreover, 
the presence of water in the fuel system may cause consid 
erable engine damage and/or corrosion in the injection 
system. 
0004 Fuel filtration systems serve to remove contami 
nates from the fuel. For example, some conventional fuel 
systems may include a fuel filter, which removes water and 
large particulate matter, and another fuel filter, which 
removes a significant portion of remaining particulate matter 
(e.g., Smaller contaminates). Such as fine particulate matter. 
However, water may be particularly difficult to separate 
from fuel under certain circumstances. For example, if water 
is emulsified in the fuel it may be relatively more difficult to 
separate from fuel. In addition, for Some types of fuel. Such 
as, for example, fuel having a bio-component, it may be 
relatively more difficult to separate the water from the fuel. 
Therefore, it may be desirable to provide a filter element 
and/or filter assembly with an improved ability to separate 
water from fuel. 

0005. In addition, when contaminates accumulate in a 
filter assembly, in order to refresh the effectiveness of the 
filter assembly, it may be desirable to remove the contami 
nates from the filter element or replace the filter element of 
the filter assembly. Removal of the filter element from the 
filter assembly may result in a void in the fluid system being 
filtered. As a result, it may be desirable to prime the 
refreshed filter assembly following assembly of the cleaned 
filter element or new filter element into the filter assembly by 
adding some of the fluid from the fluid system to the 
refreshed filter assembly. However, if unfiltered fluid is 
taken from the fluid system and added to the filter assembly, 
the unfiltered fluid must be added to the filter assembly in 
such a way that the added fluid is filtered by the filter 
assembly before returning to the fluid system. Thus, it may 
be desirable to provide a filter element that insures that the 
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fluid added for priming the filter assembly is filtered before 
it is pumped back into the fluid system. 
0006 An attempt to provide desired filtration is described 
in U.S. Pat. No. 5,084,170 (“the 170 patent”) to Janik et al., 
issued Jan. 28, 1992. Specifically, the 170 patent discloses 
a fuel filter assembly having a base that mounts a disposable 
filter element cartridge. The cartridge includes a dual stage 
filter system, wherein fuel flows axially to a primary filter 
element for removing particulate matter and coalescing 
water droplets, and axially to a secondary filter stage that 
functions as a water barrier. The filtered fuel flows axially 
and exits through an outlet passage in the base. Water may 
be collected in a Sump. 
0007 Although the fuel filter of the 170 patent purports 
to separate water from fuel, it may not provide sufficient 
separation under circumstances where the fuel is emulsified 
or includes bio-components. Thus, it may not provide a 
desirable level of fuel filtration. In addition, the fuel filter of 
the 170 patent does not address possible drawbacks asso 
ciated with priming the filter element cartridge when ser 
vicing or replacing the cartridge. 
0008. The end cap, filter element, and filter assembly 
disclosed herein may be directed to mitigating or overcom 
ing one or more of the possible drawbacks set forth above. 

SUMMARY 

0009. According to a first aspect, a filter element having 
a longitudinal axis may include a first end cap including an 
end cap barrier. The end cap barrier may include an inner 
end cap aperture configured to provide flow communication 
between the interior of the filter element and the exterior of 
the filter element, end cap flow passages configured to 
provide flow communication between the interior of the 
filter element and the exterior the of the filter element. The 
filter element may also include a first tubular member having 
a first end coupled to the first end cap to provide flow 
communication between the inner end cap aperture and a 
second end of the first tubular member. The first tubular 
member may include an inner tubular element including a 
tubular element first end and extending along the longitu 
dinal axis to a tubular element second end. The tubular 
element first end may be coupled to the first end cap and may 
be configured to provide flow communication between the 
inner end cap aperture and the tubular element second end. 
The first tubular member may also include an outer tubular 
element coupled to the tubular element second end and 
extending coextensively along the inner tubular element to 
form a space between the inner tubular element and the outer 
tubular element. The outer tubular element may include first 
tubular element apertures. The filter element may further 
include first filter media extending around the outer tubular 
element, an intermediate barrier coupled to the second end 
of the first tubular member and including an intermediate 
barrier aperture, and second filter media having different 
filtering characteristics than filtering characteristics of the 
first filter media. The second filter media may include an 
inner passage, may be coupled to the intermediate barrier 
opposite the first filter media, and may be in flow commu 
nication with the inner tubular element. The filter element 
may also include a second end cap coupled to the second 
filter media at an end opposite the intermediate barrier. One 
of the first filter media and the second filter media may 
include a coalescing-type media configured to promote 
separation of a first fluid from a second fluid having different 
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characteristics than the first fluid as a fluid including the first 
fluid and the second fluid passes through the one of the first 
filter media and the second filter media. 

0010. According to a further aspect, a filter element 
having a longitudinal axis may include a first end cap 
including an end cap barrier. The end cap barrier may 
include an inner end cap aperture configured to provide flow 
communication between the interior of the filter element and 
the exterior of the filter element, and end cap flow passages 
configured to provide flow communication between the 
interior of the filter element and the exterior of the filter 
element. The filter element may further include a first 
tubular member having a first end coupled to the first end 
cap to provide flow communication between the inner end 
cap aperture and a second end of the first tubular member. 
The first tubular member may include an inner tubular 
element including a tubular element first end and extending 
along the longitudinal axis to a tubular element second end. 
The tubular element first end may be coupled to the first end 
cap and may be configured to provide flow communication 
between the inner end cap aperture and the tubular element 
second end. The first tubular member may also include an 
outer tubular element coupled to the tubular element second 
end and extending coextensively along the inner tubular 
element to form a space between the inner tubular element 
and the outer tubular element. The outer tubular element 
may include first tubular element apertures. The filter ele 
ment may further include first filter media extending around 
the outer tubular element, and an intermediate barrier 
coupled to the second end of the first tubular member and 
including an intermediate barrier aperture. The filter element 
may also include second filter media having different filter 
ing characteristics than filtering characteristics of the first 
filter media. The second filter media may include an inner 
passage, may be coupled to the intermediate barrier opposite 
the first filter media, and may be in flow communication 
with the inner tubular element. The filter element may 
further include a second end cap coupled to the second filter 
media at an end opposite the intermediate barrier. One of the 
first filter media and the second filter media may include a 
coalescing-type media configured to promote separation of 
a first fluid from a second fluid having different character 
istics than the first fluid as a fluid including the first fluid and 
the second fluid passes through the one of the first filter 
media and the second filter media. The first fluid may be 
water, and the second fluid may be fuel. 
0011. According to another aspect, a filter assembly may 
include a filter canister and a filter element received in the 
filter canister. The filter element may have a longitudinal 
axis and may include a first end cap including an end cap 
barrier. The end cap barrier may include an inner end cap 
aperture configured to provide flow communication between 
the interior of the filter element and the exterior of the filter 
element, and end cap flow passages configured to provide 
flow communication between the interior of the filter ele 
ment and the exterior of the filter element. The filter element 
may also include a first tubular member having a first end 
coupled to the first end cap to provide flow communication 
between the inner end cap aperture and a second end of the 
first tubular member. The first tubular member may include 
an inner tubular element including a tubular element first 
end and extending along the longitudinal axis to a tubular 
element second end. The tubular element first end may be 
coupled to the first end cap and may be configured to provide 
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flow communication between the inner end cap aperture and 
the tubular element second end. The first tubular member 
may also include an outer tubular element coupled to the 
tubular element second end and extending coextensively 
along the inner tubular element to form a space between the 
inner tubular element and the outer tubular element. The 
outer tubular element may include first tubular element 
apertures. The filter element may further include first filter 
media extending around the outer tubular element, and an 
intermediate barrier coupled to the second end of the first 
tubular member and including an intermediate barrier aper 
ture. The filter element may also include second filter media 
having different filtering characteristics than filtering char 
acteristics of the first filter media. The second filter media 
may include an inner passage, may be coupled to the 
intermediate barrier opposite the first filter media, and may 
be in flow communication with the inner tubular element. 
The filter element may further include a second end cap 
coupled to the second filter media at an end opposite the 
intermediate barrier. One of the first filter media and the 
second filter media may include a coalescing-type media 
configured to promote separation of a first fluid from a 
second fluid having different characteristics than the first 
fluid as a fluid including the first fluid and the second fluid 
passes through the one of the first filter media and the second 
filter media. 

0012. According to a further aspect, an end cap for a filter 
element may include an element receiver having a longitu 
dinal axis and being configured to be coupled to a tubular 
member. The end cap may also include a base passage 
receiver, with the element receiver and the base passage 
receiver being in flow communication with one another. The 
end cap may further include an end cap barrier extending 
outward from the base passage receiver in a direction 
transverse to the longitudinal axis, with the end cap barrier 
including a first side configured to face a filter base and a 
second side configured to face filter media. The end cap may 
also include end cap flow passages around the base passage 
receiver and configured to provide flow communication 
between filter media and a filter base, with the end cap flow 
passages extending from the second side of the end cap 
barrier to the first side of the end cap barrier in a direction 
along the longitudinal axis. The end cap flow passages may 
each include a passage opening spaced a first distance from 
the first side of the end cap barrier. The end cap may further 
include a barrier edge associated with the end cap barrier and 
a peripheral seal coupled to the barrier edge and configured 
to provide a fluid seal with at least one of a filter base and 
a canister of a filter assembly. An uppermost Surface of the 
peripheral seal may terminate a second distance from the 
first side of the end cap barrier, wherein the first distance is 
greater than the second distance. 
0013. According to another aspect, an end cap for a filter 
element may include an element receiver having a longitu 
dinal axis and being configured to be coupled to a tubular 
member. The end cap may also include a base passage 
receiver, with the element receiver and the base passage 
receiver being in flow communication with one another. The 
end cap may further include an end cap barrier extending 
outward from the base passage receiver in a direction 
transverse to the longitudinal axis, with the end cap barrier 
including a first side configured to face a filter base and a 
second side configured to face filter media. The end cap may 
also include end cap flow passages around the base passage 
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receiver and configured to provide flow communication 
between filter media and a filter base, with the end cap flow 
passages extending from the second side of the end cap 
barrier to the first side of the end cap barrier in a direction 
along the longitudinal axis. The end cap flow passages may 
each include a passage opening spaced a first distance from 
the first side of the end cap barrier, and base passage receiver 
may terminate at a second distance from the first side of the 
end cap barrier, wherein the first distance is greater than the 
second distance. 
0014. According to a further aspect, an end cap for a filter 
element may include an element receiver having a longitu 
dinal axis and being configured to be coupled to a tubular 
member. The end cap may also include a base passage 
receiver, with the element receiver and the base passage 
receiver being in flow communication with one another. The 
end cap may further include an end cap barrier extending 
outward from the base passage receiver in a direction 
transverse to the longitudinal axis, with the end cap barrier 
including a first side configured to face a filter base and a 
second side configured to face filter media. The end cap may 
also include end cap flow passages around the base passage 
receiver and configured to provide flow communication 
between filter media and a filter base, with the end cap flow 
passages extending from the second side of the end cap 
barrier to the first side of the end cap barrier in a direction 
along the longitudinal axis. Each of the end cap flow 
passages may be defined by a tubular passage conduit 
extending from the first side of the end cap barrier, and the 
passage openings may face outward and transverse relative 
to the longitudinal axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a side section view of an exemplary 
embodiment of a filter assembly. 
0016 FIG. 2 is a partial perspective section view of an 
exemplary embodiment of a filter assembly. 
0017 FIG. 3 is a side section view of an exemplary 
embodiment of a filter assembly. 
0018 FIG. 4 is a side section view of an exemplary 
embodiment of a filter element. 

0019 FIG. 5 is a side section view of an exemplary 
embodiment of a filter element and an exemplary embodi 
ment of a canister. 
0020 FIG. 6 is a partial perspective section view of an 
exemplary embodiment of a filter element including an 
exemplary embodiment of a first end cap. 
0021 FIG. 7 is a partial side view of an exemplary 
embodiment of a filter element including an exemplary 
embodiment of a first end cap. 
0022 FIG. 8 is a bottom perspective view of an exem 
plary embodiment of a first end cap. 
0023 FIG. 9 is a perspective view of an exemplary 
embodiment of a filter element including an exemplary 
embodiment of a first end cap. 
0024 FIG. 10 is a side section view of an exemplary 
embodiment of a filter assembly. 
0025 FIG. 11 is a perspective view of an exemplary 
embodiment of a first end cap. 
0026 FIG. 12 is a perspective view of an exemplary 
embodiment of a filter element including an exemplary 
embodiment of a first end cap. 
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DETAILED DESCRIPTION 

(0027 FIGS. 1-9 illustrate exemplary embodiments of a 
filter assembly 10. Filter assembly 10 may be used to filter 
fluids such as, for example, fuel, lubricants, coolants, and 
hydraulic fluid used by machines. According to some 
embodiments, filter assembly 10 may be used as a fuel/water 
separator filter, as explained in more detail below, and/or as 
an air filter. Other uses may be contemplated. 
(0028. Exemplary filter assembly 10 shown in FIGS. 1 
and 2 includes a filter base 12 configured to couple filter 
assembly 10 to a machine, a canister 14 configured to be 
coupled to filter base 12, and a filter element 16 configured 
to be received in canister 14. According to some embodi 
ments, for example, the embodiment shown in FIGS. 1 and 
2, canister 14 and filter element 16 may beformed as a single 
part, such that canister 14 is part of filter element 16. Such 
embodiments may be configured such that filter element 16 
including canister 14 is coupled to filter base 12 in a 
'spin-on' fashion. According to Some embodiments, canis 
ter 14 and filter element 16 are separate parts, with filter 
element 16 being configured to be received in a separate 
canister 14 and removed from canister 14 during servicing 
or replacement. 
0029. Exemplary filter base 12 includes a mounting 
bracket 18 having at least one hole 20 (e.g., four holes 20) 
for receiving a fastener for coupling filter base 12 to a 
machine. Other coupling configurations are contemplated. 
Exemplary filter base 12 also includes an extension 22 and 
a canister receiver 24 configured to be coupled to canister 14 
and provide a fluid seal between filter base 12, canister 14, 
and/or filter element 16, for example, as shown in FIG. 2. 
Extension 22 serves to space canister receiver 24 from 
mounting bracket 18 to provide clearance for canister 14. 
For example, canister receiver 24 may include an annular 
flange 26 including internal threads 28 configured to engage 
with complimentary external threads 30 of canister 14. 
0030. As shown in FIGS. 1 and 2, exemplary filter base 
12 includes a first passage 32, a manifold 34, and a second 
passage 36. Exemplary first passage 32 is configured to be 
coupled to a fluid conduit of a fluid system, such as, for 
example, a fuel system, a lubrication system, a hydraulic 
system, or a coolant system, such that it is in flow commu 
nication with filter assembly 10. Exemplary manifold 34 is 
configured to receive a portion of filter element 16 and 
provide flow communication between filter assembly 10 and 
second passage 36, as explained in more detail herein. 
0031. According to some embodiments, for example, as 
shown in FIG. 1, exemplary first passage 32 is configured to 
be coupled to a fluid conduit of a fluid system, such that fluid 
flows into filter assembly 10 via first passage 32. In such 
embodiments, exemplary manifold 34 is configured to 
receive fluid that has passed through filter assembly 10 and 
provide flow communication to second passage 36, which is 
configured to return filtered fluid to the fluid system follow 
ing filtration, including removal of particulates and/or fluids, 
Such as water, from the fuel. According to Some embodi 
ments, for example, as shown in FIG. 3, exemplary second 
passage 36 is configured to be coupled to a fluid conduit of 
a fluid system, such that fluid flows into filter assembly 10 
via second passage 36 and exemplary manifold 34. In Such 
embodiments, exemplary first passage 32 is configured to 
receive fluid that has passed through filter assembly 10 and 
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return filtered fluid to the fluid system following filtration, 
including removal of particulates and/or fluids, such as 
water, from the fuel. 
0032. Filter assembly 10 shown in FIGS. 1 and 2 includes 
a longitudinal axis X, and exemplary canister 14 includes a 
first end 38, an oppositely-disposed second end 40, and a 
body portion 42 extending therebetween. As shown in FIG. 
1, first end 38 is an open end, and second end 40 is a closed 
end. Exemplary second end 40 forms a collection bowl 43 
(e.g., a water collection bowl). According to some embodi 
ments, collection bowl 43 may be formed as part of canister 
14 as shown, or may be formed as a separate part that may 
be selectively coupled to and un-coupled from second end 
40 of canister 14. 

0033 Exemplary canister 14 may define a cross-section 
that is Substantially circular, Substantially oval-shaped, and/ 
or Substantially polygonal. In non-circular-shaped embodi 
ments, first end 38 of canister 14 may be circular, so that 
threads of first end 38 may engage with threads 28 of annular 
flange 26 of filter base 12. According to some embodiments, 
the cross-sections may be substantially constant along the 
longitudinal length of canister 14. According to some 
embodiments, the cross-section may vary along the longi 
tudinal length of canister 14. The cross-section may be 
chosen based on various considerations, such as, for 
example, the size and shape of the available space at a 
location of a machine that receives filter assembly 10. 
0034 Exemplary filter element 16 includes a longitudinal 
axis substantially parallel to (e.g., co-linear with respect to) 
longitudinal axis X of filter assembly 10. As shown in FIG. 
1, exemplary filter element includes a first end cap 44 
including an end cap barrier 46. Exemplary first end cap 44 
further includes an inner end cap aperture 48 configured to 
provide flow communication between the interior of filter 
element 16 and the exterior of filter element 16. First end cap 
44 also includes end cap flow passages 50 configured to 
provide flow communication between the interior of filter 
element 16 and the exterior of filter element 16. Exemplary 
filter element 16 also includes a first tubular member 52 
having a first end 54 coupled to first end cap 44 to provide 
flow communication between inner end cap aperture 48 and 
a second end 56 of first tubular member 52. Exemplary first 
tubular member 52 includes an inner tubular element 58 
including a tubular element first end 60 and extending along 
the longitudinal axis of filter element 16 to a tubular element 
second end 62. In the exemplary embodiment shown in 
FIGS. 1 and 2, tubular element first end 60 is coupled to first 
end cap 44 and is configured to provide flow communication 
between inner end cap aperture 48 and tubular element 
second end 62. First tubular member 52 also includes an 
outer tubular element 64 coupled to tubular element second 
end 62 and extending coextensively along inner tubular 
element 58 to form a space 66 between inner tubular element 
58 and outer tubular element 64. In the exemplary embodi 
ment shown, outer tubular element 64 includes first tubular 
element apertures 68. 
0035 Exemplary filter element 16 also includes first filter 
media 70 extending around outer tubular element 64, and an 
intermediate barrier 72 coupled to second end 56 of first 
tubular member 52 and including an intermediate barrier 
aperture 74. Exemplary filter element 16 also includes 
second filter media 76 having different filtering character 
istics than filtering characteristics of first filter media 70. 
Exemplary second filter media 76 includes an inner passage 
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78 and is coupled to intermediate barrier 72 opposite first 
filter media 70 and is in flow communication with inner 
tubular element 58. Exemplary filter element 16 also 
includes a second end cap 80 coupled to second filter media 
76 at an end opposite intermediate barrier 72. 
0036. According to some embodiments, one of first filter 
media 70 and second filter media 76 includes a coalescing 
type media configured to promote separation of a first fluid 
from a second fluid having different characteristics than the 
first fluid as a fluid including the first fluid and the second 
fluid passes through the one of first filter media 70 and 
second filter media 76. According to some embodiments, the 
fluid to be filtered includes water and fuel, wherein the first 
fluid is water and the second fluid is fuel. The fuel may be 
diesel fuel or any fuel known to those skilled in the art. Other 
combinations of first and second fluids are contemplated. 
0037. In the exemplary embodiments shown, either first 
filter media 70 or second filter media 76 may be a coalesc 
ing-type media configured to promote separation of a first 
fluid from a second fluid having different characteristics than 
the first fluid, such that one of the first fluid and the second 
fluid coalesces into droplets as it passes through the coalesc 
ing-type media, and such that the droplets of the first fluid 
form on the downstream Surface of the coalescing-type 
media. According to some embodiments, the other of first 
filter media 70 and second filter media 76 may be a barrier 
type media configured to separate the first fluid from the 
second fluid before the fluid passes through the barrier-type 
media, such that droplets of the first fluid form on the 
upstream Surface of the barrier-type media, and the second 
fluid passes through the barrier-type media. As explained 
below, according to some embodiments, first filter media 70 
may be a coalescing-type media, and second filter media 76 
may be a barrier-type media (e.g., as shown in FIG. 1), and 
alternatively, according to some embodiments, second filter 
media 76 may be a coalescing-type media, and first filter 
media 70 may be a barrier-type media (e.g., as shown in FIG. 
3). Coalescing-type media and/or barrier-type media known 
to those skilled in the art are contemplated. 
0038. In the exemplary embodiment shown in FIG. 1, 

first filter media 70 includes a barrier-type media, and 
second filter media 76 includes a coalescing-type media. As 
identified by the arrows in FIG. 1, filter element 16 is 
configured such that fluid entering filter element 16 enters 
through first passage 32 offilter base 12 and flows into inner 
end cap aperture 48. Thereafter, fluid passes from tubular 
element first end 60 through inner tubular element 58 to 
tubular element second end 62 and through intermediate 
barrier aperture 74 into inner passage 78 of second filter 
media 76. Thereafter, fluid passes through second filter 
media 76 to the exterior of second filter media 76 and into 
canister space 82 between an inner surface of body portion 
42 of canister 14 and an outer surface of second filter media 
76. In this exemplary configuration, second filter media 76 
includes a coalescing-type media that promotes separation 
of the first fluid from the second fluid as the fluid passes 
through second filter media 76, such that the first fluid 
coalesces and forms droplets D of the first fluid on the 
downstream surface of second filter media 76 (e.g., the outer 
Surface or Surface opposite inner passage 78 of second filter 
media 76). Thereafter, the droplets D of the first fluid in 
canister space 82, pulled by gravity, drop down into the 
bottom of canister 14 for collection in collection bowl 43. 
The remaining fluid, including the second fluid and any 
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remaining first fluid following coalescing, flows in a direc 
tion opposite the direction of the droplets D via canister 
space 82 into first filter media 70. In the exemplary embodi 
ment shown in FIG. 1, first filter media 70 is a barrier-type 
media that prevents the first fluid from entering first filter 
media 70, such that droplets D of the first fluid form on the 
upstream surface of first filter media 70 (e.g., the outer 
surface or surface opposite first tubular member 52). For 
example, according to Some embodiments, the first fluid 
may be water, and the barrier-type media may include 
hydrophobic material that repels water. Thereafter, the drop 
lets D of the first fluid in canister space 82, pulled by gravity, 
drop down into the bottom of canister 14 for collection in 
collection bowl 43. 

0039. Thereafter, the second fluid, separated from the 
first fluid, passes through first filter media 70, through 
tubular element apertures 68 into space 66 between inner 
tubular element 58 and outer tubular element 64, and 
through end cap flow passages 50 of first end cap 44. The 
remaining fluid, including the filtered second fluid, passes 
from end cap flow passages 50 through manifold 34 and out 
second passage 36 of filter base 12, and returns to the fluid 
system. 
0040. In the exemplary embodiment shown in FIG. 1, 
inner tubular element 58 and intermediate barrier 72 are 
configured to prevent fluid from passing through first filter 
media 70 without first passing through second filter media 
76. In this exemplary configuration, the fluid to be filtered is 
forced to pass through both first filter media 70 and second 
filter media 76 before returning to the fluid system. In this 
exemplary configuration, contaminates such as particulates 
and water are filtered from the fluid. 

0041. In the exemplary embodiment shown in FIG. 3, in 
contrast to the exemplary embodiment shown in FIG. 1, first 
filter media 70 includes a coalescing-type media, and second 
filter media 76 includes a barrier-type media. As identified 
by the arrows in FIG. 3, filter element 16 is configured such 
that fluid entering filter element 16 enters through passage 
36 and manifold 34 of filter base 12 and flows into end cap 
flow passages 50 into space 66 between inner tubular 
element 58 and outer tubular element 64. Thereafter, the 
fluid flows through tubular element apertures 68 into and 
through first filter media 70 to canister space 82 between the 
inner surface of body portion 42 of canister 14. In this 
exemplary configuration, first filter media 70, including a 
coalescing-type media, promotes separation of the first fluid 
from the second fluid as the fluid passes through first filter 
media 70, such that the first fluid coalesces and forms 
droplets D of the first fluid on the downstream surface of first 
filter media 70 (e.g., the outer surface or surface opposite 
first tubular member 52). Thereafter, the droplets D of the 
first fluid in canister space 82, pulled by gravity, drop down 
into the bottom of canister 14 for collection in collection 
bowl 43. The remaining fluid, including the second fluid and 
any remaining first fluid following coalescing, flows via 
canister space 82 into second filter media 76. In the exem 
plary embodiment shown in FIG. 3, second filter media 76 
is a barrier-type media that prevents the first fluid from 
entering second filter media 76, such that droplets D of the 
first fluid form on the upstream surface of second filter 
media 76 (e.g., the outer Surface or Surface opposite inner 
passage 78). Thereafter, the droplets D of the first fluid in 
canister space 82, pulled by gravity, drop down into the 
bottom of canister 14 for collection in collection bowl 43. 
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The remaining fluid that passes through second filter media 
76 flows into inner passage 78 of second filter media 76, 
through intermediate barrier aperture 74 of intermediate 
barrier 72. Thereafter, the fluid passes through tubular 
element second end 62 into inner tubular element 58, 
through tubular element first end 60, through inner end cap 
aperture 48, and to the exterior of filter element 16. The 
remaining, filtered fluid passes through first passage 32 of 
filter base 12, and returns to the fluid system. 
0042. In the exemplary embodiment shown in FIG. 3, 

first end cap 44, intermediate barrier 72, and inner tubular 
element 58 are configured to prevent fluid passing through 
first filter media 70 from mixing with fluid passing through 
inner tubular element 58. In this exemplary configuration, 
the fluid to be filtered is forced to pass through both first 
filter media 70 and second filter media 76 before returning 
to the fluid system. In this exemplary configuration, con 
taminates Such as particulates and water are filtered from the 
fluid. 

0043. As shown in FIG. 1, first filter media 70 has a first 
longitudinal length L in a direction parallel to longitudinal 
axis X, and second filter media 76 has a second longitudinal 
length L in a direction parallel to longitudinal axis X. 
According to some embodiments, first longitudinal length 
L is the same as second longitudinal length L. According 
to some embodiments, first longitudinal length L is differ 
ent than second longitudinal length L. For example, a ratio 
of first longitudinal length L to second longitudinal length 
L. ranges from 1:5 to 5:1, for example, from 1:4 to 4:1, from 
1:3 to 3:1, from 1:2 to 2:1, or from 1.5:2 to 2:1.5. For 
example, the ratio of first longitudinal length L to second 
longitudinal length L2 ranges from 3:7 to 4:6, for example, 
when first filter media 70 includes a barrier-type media, and 
second filter media 76 includes a coalescing-type media. 
According to Some embodiments, the ratio of first longitu 
dinal length L to second longitudinal length L2 ranges from 
7:3 to 6:4, for example, when first filter media 70 includes 
a coalescing-type media, and second filter media 76 includes 
a barrier-type media. The ratio may be tailored to provide a 
desired balance between filtration via a coalescing-type 
media and filtration via a barrier-type filter media. 
0044 According to some embodiments, filter element 16 
may also include a second tubular member 84 in inner 
passage 78 of second filter media 76. Second tubular mem 
ber 84 may be coupled to intermediate barrier 72 and second 
end cap 80. In the exemplary second tubular member 84 
shown, second tubular member 84 includes second tubular 
member apertures 86 providing flow communication 
between inner passage 78 and second filter media 76. 
0045. As shown in FIG. 4, exemplary first tubular mem 
ber 52 includes inner tubular element 58 coupled to outer 
tubular element 64 at tubular element second end 62. In the 
exemplary embodiment shown, inner tubular element 58 
includes a first section 88 having a substantially uniform 
cross-section extending from tubular element first end 60 
toward tubular element second end 62 and terminating at a 
second section 90 of inner tubular element 58, which 
extends to a third section 92 of inner tubular element 58. 
Second section 90 and third section 92 meet at a shoulder 94. 
Exemplary second section 90 is conical with a larger diam 
eter adjacent third section 92. Exemplary third section 92 
has a substantially uniform cross-section and extends to 
tubular element second end 62. In the exemplary embodi 
ment shown, third section 92 is coupled to outer tubular 
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element 64 and has substantially the same cross-sectional 
dimension as outer tubular element 64. According to some 
embodiments, such as shown, inner tubular element 58 and 
outer tubular element 64 have circular cross-sections, and 
thus, space 66 is annular. Other cross-sectional configura 
tions are contemplated. 
0046. As shown in FIG. 4, exemplary intermediate bar 
rier 72 includes intermediate barrier aperture 74, which is 
formed by intermediate tubular member 96. Intermediate 
tubular member 96 extends through intermediate barrier 72 
and couples first tubular member 52 to second tubular 
member 84. For example, a first end of intermediate tubular 
member 96 extends into third section 92 of first tubular 
member 52 and abuts shoulder 94. A second end of inter 
mediate tubular member 96 is received in a first end of 
second tubular member 84. Exemplary intermediate barrier 
72 also includes a barrier portion 98 extending from an outer 
surface of intermediate tubular member 96 transverse (e.g., 
perpendicular) with respect to longitudinal axis X and 
terminating at a flange 100 extending in a direction Substan 
tially parallel to longitudinal axis X. Exemplary flange 100 
extends from barrier portion 98 in both a first direction 
toward first end cap 44 and a second direction toward second 
end cap 80. In this exemplary configuration, first end cap 44 
and intermediate barrier 72 combine to sandwich first filter 
media 70 around first tubular member 52, and intermediate 
barrier 72 and second end cap 80 sandwich second filter 
media 76 around second tubular member 84. Intermediate 
barrier 72, in part, prevents fluid from passing through filter 
element 16 without passing through both first filter media 70 
and second filter media 76. According to some embodi 
ments, such as shown, intermediate barrier 72, intermediate 
barrier aperture 74, intermediate tubular member 96, barrier 
portion 98, and flange 100 are circular or have circular 
cross-sections. Other shapes and cross-sectional configura 
tions are contemplated. 
0047. In the exemplary embodiment shown in FIG. 4, 
second end cap 80 includes an end cap boss 102 extending 
from a second end cap barrier 104. End cap boss 102 is 
configured to receive a second end of second tubular mem 
ber 84. Second end cap barrier 104 extends outward from 
end cap boss 102 and terminates at second end cap flange 
106, which extends transverse (e.g., perpendicular) with 
respect to second end cap barrier 104 toward intermediate 
barrier 72. According to Some embodiments, such as shown, 
end cap boss 102, second end cap barrier 104, and second 
end cap flange 106 are circular or have circular cross 
sections. Other shapes and cross-sectional configurations are 
contemplated. 
0048. As shown in FIGS. 4 and 5, exemplary second end 
cap 80 also includes a drain boss 108 configured to receive 
a drain plug 110 (see FIG. 5). Exemplary drain boss 108 
extends in the opposite direction from second end cap 
barrier 104 as compared to end cap boss 102. As shown in 
FIGS. 4 and 5, exemplary drain boss 108 includes a pocket 
112 configured to receive drain plug 110. Exemplary pocket 
112 includes a threaded portion 114 and a smooth-walled 
pocket bore 116, with the threaded portion 114 being closest 
to second end cap barrier 104, and pocket bore 116 being 
remote from second end cap barrier 104. 
0049 Exemplary drain plug 110 shown in FIG. 5 
includes a shank 118 having a threaded portion 120 config 
ured to engage complimentary threaded portion 114 of 
pocket 112. Drain plug 110 also includes an internal passage 
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122 configured to selectively provide flow communication 
between collection bowl 43 and the exterior of collection 
bowl 43 when drain plug 110 is rotated (e.g., unscrewed) to 
a point at which internal passage 122 is exposed to fluid in 
collection bowl 43. Internal passage 122 includes a longi 
tudinal portion 124 and a transverse portion 126 in flow 
communication with longitudinal portion 122. Exemplary 
drain plug 110 also includes a first seal groove 128 and a 
shoulder 130. Seal groove 128 receives a first seal member 
132, such as an O-ring seal. First seal member 132 is 
configured to provide a fluid seal between shank 118 and 
pocket bore 116. Threaded portion 120 of drain plug 110 is 
located at a first end of shank 118 with transverse portion 
126 of internal passage 122 being located between threaded 
portion 120 and first seal member 132. 
0050. As drain plug 110 is unscrewed from pocket 112, 
transverse portion 126 becomes exposed to fluid in collec 
tion bowl 43 as first seal member 132 emerges from pocket 
bore 116. Fluid flows via transverse portion 126 into longi 
tudinal portion 124 and drains from drain plug 110 via 
longitudinal portion 124, thereby facilitating removal of 
fluid collected in collection bowl 43 from filter assembly 10. 
For example, if the collected fluid is water that has been 
separated from fuel by first filter media 70 and/or second 
filter media 76, the water may be drained in this exemplary 
a. 

0051. As shown in FIG. 5, second end 40 of canister 14 
includes a drain plug bore 134 configured to receive shank 
118 of drain plug 110. Exemplary shank 118 of drain plug 
110 includes a second seal groove 136, which receives a 
second seal member 138, for example, an O-ring seal. 
Second seal member 138 is configured to provide a fluid seal 
with drain plug bore 134, thereby preventing unintentional 
passage of fluid out of collection bowl 43. For example, as 
drain plug 110 reciprocates with drain plug bore 134 via 
rotation of drain plug 110, second seal member 138 main 
tains a fluid seal with drain plug bore 134. According to this 
exemplary embodiment, tightening drain plug 110. Such that 
threaded portion 120 of drain plug 110 moves deeper into 
pocket 112 is limited by shoulder 130 on shank 118 abutting 
the outer end of pocket 112, so that drain plug 110 is 
prevented from being driven too far into pocket 112. Drain 
plug 110 may be loosened far enough for first seal member 
132 to emerge from pocket 112, thereby permitting fluid to 
drain from collection bowl 43, while second seal member 
138 maintains a fluid seal with drain plug bore 134. 
0.052 According to the exemplary embodiment shown in 
FIGS. 6 and 7, filter element 16 includes first end cap 44 
configured to provide flow communication between the 
interior and exterior of filter element 16. In the exemplary 
embodiment shown, first end cap 44 includes an element 
receiver 140 having a longitudinal axis Y and being config 
ured to be coupled to first tubular member 52. According to 
Some embodiments, longitudinal axis Y is parallel to (e.g., 
co-linear with) longitudinal axis X of filter element 16. 
Exemplary first end cap 44 also includes a base passage 
receiver 142 defining end cap aperture 48 and including a 
seal groove 144 that receives a receiver seal 146 configured 
to provide a fluid seal between first passage 32 of filter base 
12 and first end cap 44. According to Some embodiments, 
receiver seal is an O-ring seal. Element receiver 140 and 
base passage receiver 142 are in flow communication with 
one another and permit fluid to flow into and out of filter 
element 16. 
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0053 Exemplary first end cap 44 includes end cap barrier 
46 extending outward (e.g., radially outward) from base 
passage receiver 142 in a direction transverse to longitudinal 
axis Y. According to some embodiments, end cap barrier 46 
may be annular with a circular periphery, for example, as 
shown in FIGS. 6 and 8. End cap barrier 46 includes a first 
side 150 configured to face filter base 12 and a second side 
152 configured to face first filter media 70 when assembled 
in filter assembly 10. According to some embodiments, end 
cap barrier 46 is Substantially planar and is configured to 
force fluid flowing through filter element 16 to enter and exit 
filter element 16 through either end cap flow passages 50 or 
base passage receiver 142. 
0054 As shown in FIGS. 6 and 7, first end cap 44 also 
includes end cap flow passages 50 positioned around base 
passage receiver 142 and configured to provide flow com 
munication between first filter media 70 and filter base 12. 
As shown, exemplary end cap flow passages 50 extend from 
second side 152 of end cap barrier 46 to first side 150 of end 
cap barrier 46 in a direction along longitudinal axis Y (e.g., 
in a direction parallel to longitudinal axis Y). Exemplary end 
cap flow passages 50 each include a passage opening 154 
spaced a first distance d from first side 150 of end cap 
barrier 46. 

0055 According to some embodiments, first end cap 44 
includes a peripheral lip 156 extending from first side 150 of 
end cap barrier 46 in a direction transverse to (e.g., perpen 
dicular to) end cap barrier 46 and terminating a second 
distanced from first side 150 of end cap barrier 46. For 
example, end cap barrier 46 may be annular, and peripheral 
lip 156 may also be annular. Peripheral lip 156 may act to 
space end cap barrier 46 from an underside of filter base 12. 
According to Some embodiments, first distanced to passage 
openings 154 is greater than second distanced to the end of 
peripheral lip 156. According to such embodiments, if filter 
element 16 is primed by pouring, for example, unfiltered 
fuel into first end cap aperture 48 and some of the poured 
fuel spills onto end cap barrier 46, the fuel is unlikely to flow 
into end cap flow passages 50 because passage openings 154 
are farther away from end cap barrier 46 than the end of 
peripheral lip 156, thereby allowing fuel to flow over 
peripheral lip 156 instead of into end cap flow passages 50. 
This may be desirable for filter assemblies such as the 
exemplary embodiment shown in FIG. 1, where end cap 
flow passages 50 lead to the downstream (or “clean side) of 
the filter assembly, where during normal operation, the fuel 
would have already been filtered. If fuel used to prime filter 
element 16 flows into the “clean' side, it will not be filtered 
before it enters the fuel system, which can lead to fuel with 
contaminants reaching the fuel system parts Such as the 
injectors. 
0056. According to some embodiments, such as shown in 
FIGS. 6 and 7, base passage receiver 142 terminates at a 
third distanced from first side 150 of end cap barrier 46, 
and first distanced to passage openings 154 is greater than 
third distanced to the end of base passage receiver 142. If 
filter element 16 is primed by pouring unfiltered fuel into 
first end cap aperture 48 and some of the poured fuel spills 
onto end cap barrier 46, the fuel is unlikely to flow into end 
cap flow passages 50 because passage openings 154 are 
farther away from end cap barrier 46 than the end of base 
passage receiver 142, thereby allowing fuel to flow into base 
passage receiver 142 instead of into end cap flow passages 
50. As noted above, this may be desirable to prevent 
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unfiltered fuel from entering end cap flow passages 50 and 
the “clean' side of the filter assembly. 
0057 According to the exemplary embodiment shown, 
each of end cap flow passages 50 is defined by a tubular 
passage conduit 158 extending from first side 150 of end cap 
barrier 46, and passage openings 154 face outward and 
transverse relative to longitudinal axis Y. For example, as 
shown in FIGS. 6 and 7, exemplary tubular passage conduits 
158 are circumferentially spaced around base passage 
receiver 142. Passage openings 154 face radially outward 
away from longitudinal axis Y. This exemplary configura 
tion helps to prevent splashing of unfiltered fuel into passage 
openings 154 and the “clean' side of filter element 16. 
According to some embodiments, this also permits fluid to 
flow into base passage receiver 142 from end cap barrier 46 
if fluid is spilled on end cap barrier 46. 
0058 According to some embodiments, passage open 
ings 154 face transverse to longitudinal axis Y. For example, 
tubular passage conduits 158 include an end barrier 160 
extending transverse to longitudinal axis Yand define an end 
162 of passage openings 154 remote from end cap barrier 
46. For example, as shown in FIGS. 6 and 7, exemplary 
tubular passage conduits 158 include a front wall 164 
extending transversely from (e.g., perpendicularly from) end 
cap barrier 46 and terminating at a lower edge of passage 
openings 154. Tubular passage conduits 158 also include a 
rear wall 166 extending transversely from (e.g., perpendicu 
larly from) end cap barrier 46 and terminating at end barrier 
160, which defines an upper front edge of passage openings 
154. Exemplary tubular passage conduits 158 also include 
opposing side walls 168 extending transversely from (e.g., 
perpendicularly from) end cap barrier 46 and terminating at 
end barrier 160. Side walls 168 define opposing side edges 
of passage openings 154. Exemplary end barrier 160 is 
configured to help prevent unintentional pouring of unfil 
tered fuel into passage openings 154 and into the “clean' 
side of filter element 16. 

0059. As shown in FIGS. 6 and 8, exemplary tubular 
passage conduits 158 of first end cap 44 also extend from 
second side 152 of end cap barrier 46. For example, exem 
plary element receiver 140, which is configured to receive an 
end of inner tubular element 58 of first tubular member 52, 
includes an inner wall 170. Rear walls 166 of tubular 
passage conduits 158 are spaced from inner wall 170 and 
create a recess (e.g., an annular recess) in which inner 
tubular element 58 is received, with inner tubular element 58 
fitting around inner wall 170. Outer tubular element 64 of 
first tubular member 52 fits around front walls 164 of tubular 
passage conduits 158. In this exemplary manner, first end 
cap 44 and first tubular member 52 may be coupled to one 
another. According to some embodiments, adhesive and/or 
sealant may be used to maintain the coupling between first 
end cap 44 and first tubular member 52 and provide a fluid 
seal therebetween. The use of adhesives and/or sealants 
known to those skilled in the art is contemplated. 
0060. As shown in FIGS. 6-8, exemplary first end cap 44 
also includes a barrier edge 172 associated with end cap 
barrier 46 and a peripheral seal 174 coupled to barrier edge 
172. Exemplary peripheral seal 174 is configured to provide 
a fluid seal with at least one of filter base 12 and canister 14 
offilter assembly 10, upon assembly. For example, as shown 
in FIG. 2, peripheral seal 174, upon assembly of canister 14 
to filter base 12 with filter element 16 inserted in canister 14, 
is received in a shoulder 176 of filter base 12 and is 
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sandwiched between an open end edge 178 of canister 14 
when canister 14 is coupled to filter base 12, for example, 
via threaded engagement. This exemplary configuration 
creates a fluid tight seal between filter base 12, canister 14, 
and filter element 16 (via first end cap 44). 
0061. As shown in FIGS. 6-8, exemplary barrier edge 
172 may take the form of an extension of a peripheral edge 
of end cap barrier 46. According to the exemplary embodi 
ment shown in FIG. 8, barrier edge 172 includes a plurality 
of holes 180. For example, FIG. 8 shows first end cap 44 
without peripheral seal 174. Holes 180 may provide a more 
secure coupling between barrier edge 172 and peripheral 
seal 174. For example, peripheral seal 174 may be molded 
onto barrier edge 172. Such that molding material forming 
peripheral seal 174 flows into holes 180, and once the 
molding material cools and hardens to its final resilient form, 
the portions of molding material passing through holes 180 
improve the security of the coupling between barrier edge 
172 and peripheral seal 174. Other seal configurations and 
arrangements are contemplated. 
0062 According to Some embodiments, an uppermost 
surface 182 of peripheral seal 174 may terminate a fourth 
distanced from first side 150 of end cap barrier 46, wherein 
first distance d to passage openings 154 is greater than 
fourth distance d to uppermost Surface of peripheral seal 
174. This exemplary configuration may be desirable to 
prevent unfiltered fuel from entering end cap flow passages 
50 and the “clean' side of the filter assembly if unfiltered 
fuel is spilled on end cap barrier 46 because it allows the fuel 
to flow over peripheral seal 174 instead of into passage 
openings 154. 
0063. According to some embodiments, first end cap 44 
also includes a locator flange 184 extending from second 
side 152 of end cap barrier 46. As shown in, for example, 
FIG. 2, exemplary locator flange 184 is configured to fit 
around an upper end of first filter media 70 and inside first 
end 38 of canister 14 of filter assembly 10. This may serve 
to assist with proper alignment of filter element 16 with 
canister 14 and/or first end cap 44 with first filter media 70. 
0064. According to some embodiments, such as shown, 
element receiver 140, base passage receiver 142, seal groove 
144, receiver seal 146, end cap barrier 46, peripheral lip 156, 
inner wall 170, barrier edge 172, peripheral seal 174, shoul 
der 176 of filter base 12, open end edge 178 of canister 14, 
and locator flange 184 are annular, circular, and/or have 
circular cross-sections. Other shapes and cross-sectional 
configurations are contemplated. 
0065. As shown in FIG. 9, first filter media 70 and/or 
second filter media 76 may be secured to filter element 16 
via one or more rovings 186 (e.g., spirally-wrapped rov 
ings). Although the exemplary embodiment shown in FIG.9 
includes spirally-wound rovings 186, alternative ways to 
couple first filter media 70 and/or second filter media 76 to 
filter element 16 are contemplated. 
0066. The exemplary embodiment of filter assembly 10 
shown in FIGS. 10 and 12 is similar to the exemplary 
embodiment of filter assembly 10 shown in FIG. 1, except 
that it includes the alternative exemplary embodiment of 
first end cap 44 shown in FIGS. 10-12. Exemplary first end 
cap 44 shown in FIGS. 10-12 may also be used with 
exemplary filter assembly 10 shown in FIG. 3. 
0067. As shown in FIGS. 10-12, filter element 16 
includes exemplary first end cap 44 configured to provide 
flow communication between the interior and exterior of 
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filter element 16. In the exemplary embodiment shown, first 
end cap 44 includes an element receiver 140 having a 
longitudinal axis Y and being configured to be coupled to 
first tubular member 52. According to some embodiments, 
longitudinal axis Y is parallel to (e.g., co-linear with) 
longitudinal axis X of filter element 16. Exemplary first end 
cap 44 also includes a base passage receiver 142 defining 
end cap aperture 48 and including a seal groove 188 on a 
radially exterior surface of base passage receiver 142 that 
receives a seal 190 configured to provide a fluid seal 
between first passage 32 of filter base 12 and first end cap 44. 
According to Some embodiments, seal 190 is an O-ring seal. 
Element receiver 140 and base passage receiver 142 are in 
flow communication with one another and permit fluid to 
flow into and out of filter element 16. 
0068 Exemplary first end cap 44 shown in FIGS. 10-12 
includes end cap barrier 46 extending outward (e.g., radially 
outward) from base passage receiver 142 in a direction 
transverse to longitudinal axis Y. According to some 
embodiments, end cap barrier 46 may be annular with a 
circular periphery, for example, as shown in FIGS. 11 and 
12. End cap barrier 46 includes a first side 150 configured to 
face filter base 12 and a second side 152 configured to face 
first filter media 70 when assembled in filter assembly 10. 
According to some embodiments, end cap barrier 46 is 
Substantially planar and is configured to force fluid flowing 
through filter element 16 to enter and exit filter element 16 
through either end cap flow passages 50 or base passage 
receiver 142. 

0069. As shown in FIGS. 10-12, exemplary first end cap 
44 also includes end cap flow passages 50 positioned around 
base passage receiver 142 and configured to provide flow 
communication between first filter media 70 and filter base 
12. Exemplary end cap flow passages 50 extend from second 
side 152 of end cap barrier 46 to first side 150 of end cap 
barrier 46 in a direction along longitudinal axis Y (e.g., in a 
direction parallel to longitudinal axis Y). Exemplary end cap 
flow passages 50 each include a passage opening 154 spaced 
a fifth distance ds from first side 150 of end cap barrier 46. 
0070. In contrast to the exemplary embodiment shown in 
FIGS. 6, 7, and 9, exemplary first end cap 44 shown in FIGS. 
10-12 does not include a peripheral lip extending from first 
side 150 of end cap barrier 46. According to the exemplary 
embodiment shown in FIGS. 10-12, each of end cap flow 
passages 50 is defined by a tubular passage conduit 158 
extending from first side 150 of end cap barrier 46, and 
passage openings 154 face outward and transverse relative 
to longitudinal axis Y. For example, as shown in FIGS. 11 
and 12, exemplary tubular passage conduits 158 are circum 
ferentially spaced around base passage receiver 142. Pas 
sage openings 154 face radially outward away from longi 
tudinal axis Y. This exemplary configuration helps to prevent 
Splashing of unfiltered fuel into passage openings 154 and 
the “clean side of filter element 16. According to some 
embodiments, this also permits fluid to flow into base 
passage receiver 142 from end cap barrier 46 if fluid is 
spilled on end cap barrier 46. 
0071 According to some embodiments, passage open 
ings 154 face transverse to longitudinal axis Y. For example, 
tubular passage conduits 158 include an end barrier 160 
extending transverse to longitudinal axis Yand define an end 
162 of passage openings 154 remote from end cap barrier 
46. For example, as shown in FIGS. 11 and 12, exemplary 
tubular passage conduits 158 include a front wall 164 
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extending transversely from (e.g., perpendicularly from) end 
cap barrier 46 and terminating at a lower edge of passage 
openings 154. Tubular passage conduits 158 also include a 
rear wall 166 (see, e.g., FIG. 10) extending transversely 
from (e.g., perpendicularly from) end cap barrier 46 and 
terminating at end barrier 160, which defines an upper front 
edge of passage openings 154. Exemplary tubular passage 
conduits 158 also include opposing side walls 168 extending 
transversely from (e.g., perpendicularly from) end cap bar 
rier 46 and terminating at end barrier 160. Side walls 168 
define opposing side edges of passage openings 154. Exem 
plary end barrier 160 is configured to help prevent uninten 
tional pouring of unfiltered fuel into passage openings 154 
and into the “clean' side of filter element 16. 

0072 Exemplary tubular passage conduits 158 of first 
end cap 44 shown in FIGS. 10-12 also extend from second 
side 152 of end cap barrier 46 (see, e.g., FIG. 8). For 
example, exemplary element receiver 140, which is config 
ured to receive an end of inner tubular element 58 of first 
tubular member 52, includes an inner wall 170. Rear walls 
166 of tubular passage conduits 158 are spaced from inner 
wall 170 and create a recess (e.g., an annular recess) in 
which inner tubular element 58 is received, with inner 
tubular element 58 fitting around inner wall 170 (see, e.g., 
FIG. 10). Outer tubular element 64 of first tubular member 
52 fits around front walls 164 of tubular passage conduits 
158. In this exemplary manner, first end cap 44 and first 
tubular member 52 may be coupled to one another. Accord 
ing to some embodiments, adhesive and/or sealant may be 
used to maintain the coupling between first end cap 44 and 
first tubular member 52 and provide a fluid seal therebe 
tween. The use of adhesives and/or sealants known to those 
skilled in the art is contemplated. 
0073. As shown in FIGS. 10-12, exemplary first end cap 
44 also includes a barrier edge 172 associated with end cap 
barrier 46 and a peripheral seal 174 coupled to barrier edge 
172. Exemplary peripheral seal 174 is configured to provide 
a fluid seal with at least one of filter base 12 and canister 14 
offilter assembly 10, upon assembly. For example, as shown 
in FIG. 10 (see also FIG. 2), peripheral seal 174, upon 
assembly of canister 14 to filter base 12 with filter element 
16 inserted in canister 14, is received in a shoulder 176 of 
filter base 12 and is sandwiched between an open end edge 
178 of canister 14 when canister 14 is coupled to filter base 
12, for example, via threaded engagement. This exemplary 
configuration creates a fluid tight seal between filter base 12, 
canister 14, and filter element 16 (via first end cap 44). 
0074 As shown in FIGS. 10-12, exemplary barrier edge 
172 may take the form of an extension of a peripheral edge 
of end cap barrier 46. According to Some embodiments, 
exemplary barrier edge 172 includes a plurality of holes, for 
example, holes 180 as shown in FIG. 8. Such holes may 
provide a more secure coupling between barrier edge 172 
and peripheral seal 174. For example, peripheral seal 174 
may be molded onto barrier edge 172, such that molding 
material forming peripheral seal 174 flows into the holes, 
and once the molding material cools and hardens to its final 
resilient form, the portions of molding material passing 
through the holes improve the security of the coupling 
between barrier edge 172 and peripheral seal 174. Other seal 
configurations and arrangements are contemplated. 
0075 According to some embodiments, an uppermost 
surface 182 of peripheral seal 174 may terminate a sixth 
distance de from first side 150 of end cap barrier 46, wherein 
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fifth distance ds to passage openings 154 is greater than sixth 
distanced to uppermost surface of peripheral seal 174. This 
exemplary configuration may be desirable to prevent unfil 
tered fuel from entering end cap flow passages 50 and the 
“clean' side of the filter assembly if unfiltered fuel is spilled 
on end cap barrier 46 because it allows the fuel to flow over 
peripheral seal 174 instead of into passage openings 154. 
0076 According to the embodiment shown in FIGS. 
10-12, first end cap 44 also includes a locator flange 184 
extending from second side 152 of end cap barrier 46. As 
shown in, for example, FIG. 10, exemplary locator flange 
184 is configured to fit around an upper end of first filter 
media 70 and inside first end 38 of canister 14 of filter 
assembly 10. This may serve to assist with proper alignment 
of filter element 16 with canister 14 and/or first end cap 44 
with first filter media 70. 
0077 According to some embodiments, such as shown, 
element receiver 140, base passage receiver 142, seal groove 
144, receiver seal 146, end cap barrier 46, inner wall 170, 
barrier edge 172, peripheral seal 174, shoulder 176 of filter 
base 12, open end edge 178 of canister 14, and locator flange 
184 are annular, circular, and/or have circular cross-sections. 
Other shapes and cross-sectional configurations are contem 
plated. 
0078. As shown in FIG. 12, first filter media 70 and/or 
second filter media 76 may be secured to filter element 16 
via one or more rovings 186 (e.g., spirally-wrapped rov 
ings). Although the exemplary embodiment shown in FIG. 
12 includes spirally-wound rovings 186, alternative ways to 
couple first filter media 70 and/or second filter media 76 to 
filter element 16 are contemplated. 

INDUSTRIAL APPLICABILITY 

007.9 The exemplary end caps, filter elements, and filter 
assemblies of the present disclosure may be applicable to a 
variety of fluid systems. For example, the end caps, filter 
elements, and filter assemblies may be applicable to power 
systems, such as, for example, compression-ignition 
engines, gasoline engines, gaseous-fuel powered engines, 
and other internal combustion engines known in the art. For 
example, the end caps, filter elements, and filter assemblies 
may be used in a fuel system, for example, to separate water 
from fuel and/or remove particulate matter from fuel prior to 
being Supplied to an engine. Use of the disclosed end caps, 
filter elements, and filter assemblies may result in a more 
desirable level of filtration and/or separation of water from 
fuel, even in circumstances where water may be particularly 
difficult to separate from fuel. 
0080 According to some embodiments, filter element 16 
and filter assembly 10 may provide improved separation by 
virtue of, for example, the combination of filter media types 
and/or the flow paths of the fluid through filter element 16 
and filter assembly 10. For example, the combination of the 
coalescing-type media and barrier-type media may improve 
the effectiveness of the separation of fluids from one another, 
such as the separation of water from fuel. Once the water has 
coalesced into droplets following passage through the 
coalescing-type media, any larger droplets that are carried to 
the barrier-type media with the fuel are prevented from 
passing through the barrier-type media with the fuel, thereby 
causing the droplets to drop down into collection bowl 43. 
In addition, according to some embodiments, once the water 
is separated from the fuel, the water and fuel may flow in 
different directions in filter assembly 16, thereby possibly 
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further improving the effectiveness of the separation. As a 
result, according to Some embodiments, the filter elements 
and filter assemblies may improve the separation of water 
from fuel, for example, when water is emulsified in the fuel 
and/or when the fuel contains bio-components. According to 
Some embodiments, the methods may serve a similar pur 
pose. 
0081. In addition, according to some embodiments, first 
end cap 44 may reduce the likelihood that unfiltered fuel is 
accidentally added to the “clean' side of the filter assembly, 
for example, when the filter assembly is being primed before 
installation or reassembly in a machine. For example, end 
cap flow passages 50 may be configured to prevent Such 
OCCUCCS. 

0082. According to some embodiments, a first distance 
from end cap barrier 46 to passage openings 154 is greater 
than a second distance from end cap barrier 46 to the end of 
peripheral lip 156. In such a configuration, fuel is unlikely 
to flow into end cap flow passages 50 because passage 
openings 154 are farther away from end cap barrier 46 than 
the end of peripheral lip 156, thereby allowing fuel to flow 
over peripheral lip 156 instead of into end cap flow passages 
50. According to some embodiments, the first distance from 
end cap barrier 46 to passage openings 154 is greater than a 
third distance to the end of base passage receiver 142. In 
Such a configuration, fuel is unlikely to flow into end cap 
flow passages 50 because passage openings 154 are farther 
away from end cap barrier 46 than the end of base passage 
receiver 142, thereby allowing fuel to flow into base passage 
receiver 142 (i.e., the “dirty' side of the filter element in 
Some embodiments) instead of into end cap flow passages 
50. According to some embodiments, the first distance from 
end cap barrier 46 to passage openings 154 is greater than a 
fourth distance to an uppermost Surface of peripheral seal 
174. This exemplary configuration may result in fuel flowing 
over peripheral seal 174 instead of into passage openings 
154 if fuel is spilled onto end cap barrier 46. These exem 
plary configurations may reduce the likelihood that unfil 
tered fuel is accidentally added to the “clean' side of the 
filter assembly. 
0083. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 
disclosed, exemplary filter elements, filter assemblies, and 
methods. Other embodiments will be apparent to those 
skilled in the art from consideration of the specification and 
practice of the disclosed examples. It is intended that the 
specification and examples be considered as exemplary only, 
with a true scope being indicated by the following claims 
and their equivalents. 
What is claimed is: 
1. An end cap for a filter element, the end cap comprising: 
an element receiver having a longitudinal axis and being 

configured to be coupled to a tubular member; 
a base passage receiver, the element receiver and the base 

passage receiver being in flow communication with one 
another, 

an end cap barrier extending outward from the base 
passage receiver in a direction transverse to the longi 
tudinal axis, the end cap barrier including a first side 
configured to face a filter base and a second side 
configured to face filter media; 

end cap flow passages around the base passage receiver 
and configured to provide flow communication 
between filter media and a filter base, the end cap flow 
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passages extending from the second side of the end cap 
barrier to the first side of the end cap barrier in a 
direction along the longitudinal axis, wherein the end 
cap flow passages each include a passage opening 
spaced a first distance from the first side of the end cap 
barrier; and 

a barrier edge associated with the end cap barrier and a 
peripheral seal coupled to the barrier edge and config 
ured to provide a fluid seal with at least one of a filter 
base and a canister of a filter assembly, 

wherein an uppermost Surface of the peripheral seal 
terminates a second distance from the first side of the 
end cap barrier, and 

wherein the first distance is greater than the second 
distance. 

2. The end cap of claim 1, wherein the passage openings 
face outward away from the base passage receiver. 

3. The end cap of claim 1, wherein the base passage 
receiver terminates at a third distance from the first side of 
the end cap barrier, and wherein the first distance is greater 
than the third distance. 

4. The end cap of claim 1, wherein each of the end cap 
flow passages is defined by a tubular passage conduit 
extending from the first side of the end cap barrier, and 
wherein at least Some of the tubular passage conduits are 
spaced from one another such that fluid is able to flow 
between the at least some of the tubular passage conduits 
and into the base passage receiver. 

5. The end cap of claim 1, wherein each of the end cap 
flow passages is defined by a tubular passage conduit 
extending from the first side of the end cap barrier, and the 
passage openings face transverse to the longitudinal axis. 

6. The end cap of claim 5, wherein the tubular passage 
conduits include an end barrier extending transverse to the 
longitudinal axis and define an end of the passage openings 
remote from the end cap barrier. 

7. The end cap of claim 1, wherein each of the end cap 
flow passages is defined by a tubular passage conduit, and at 
least some of the tubular passage conduits extend from the 
second side of the end cap barrier. 

8. The end cap of claim 1, further including a peripheral 
lip extending from the first side of the end cap barrier in a 
direction transverse to the end cap barrier and terminating a 
fourth distance from the first side of the end cap barrier, 
wherein the first distance is greater than the fourth distance. 

9. The end cap of claim 1, wherein the barrier edge 
includes a plurality of holes, and portions of the peripheral 
seal extend through the holes. 

10. The end cap of claim 1, further including a locator 
flange extending from the second side of the end cap barrier, 
wherein the locator flange is configured to fit around filter 
media and inside an end of a canister of a filter assembly. 

11. An end cap for a filter element, the end cap compris 
1ng: 

an element receiver having a longitudinal axis and being 
configured to be coupled to a tubular member; 

a base passage receiver, the element receiver and the base 
passage receiver being in flow communication with one 
another, 

an end cap barrier extending outward from the base 
passage receiver in a direction transverse to the longi 
tudinal axis, the end cap barrier including a first side 
configured to face a filter base and a second side 
configured to face filter media; and 
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end cap flow passages around the base passage receiver 
and configured to provide flow communication 
between filter media and a filter base, the end cap flow 
passages extending from the second side of the end cap 
barrier to the first side of the end cap barrier in a 
direction along the longitudinal axis, wherein the end 
cap flow passages each include a passage opening 
spaced a first distance from the first side of the end cap 
barrier, 

wherein the base passage receiver terminates at a second 
distance from the first side of the end cap barrier, and 

wherein the first distance is greater than the second 
distance. 

12. The end cap of claim 11, wherein the passage open 
ings face outward away from the base passage receiver. 

13. The end cap of claim 11, wherein each of the end cap 
flow passages is defined by a tubular passage conduit 
extending from the first side of the end cap barrier, and 
wherein at least some of the tubular passage conduits are 
spaced from one another such that fluid is able to flow 
between the at least Some of the tubular passage conduits 
and into the base passage receiver. 

14. The end cap of claim 11, wherein each of the end cap 
flow passages is defined by a tubular passage conduit 
extending from the first side of the end cap barrier, and the 
passage openings face transverse to the longitudinal axis. 

15. The end cap of claim 14, wherein the tubular passage 
conduits include an end barrier extending transverse to the 
longitudinal axis and define an end of the passage openings 
remote from the end cap barrier. 

16. The end cap of claim 11, wherein each of the end cap 
flow passages is defined by a tubular passage conduit, and at 
least some of the tubular passage conduits extend from the 
second side of the end cap barrier. 
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17. The end cap of claim 11, further including a barrier 
edge associated with the end cap barrier and a peripheral seal 
coupled to the barrier edge and configured to provide a fluid 
seal with at least one of a filter base and a canister of a filter 
assembly. 

18. The end cap of claim 17, wherein the barrier edge 
includes a plurality of holes, and portions of the peripheral 
seal extend through the holes. 

19. The end cap of claim 11, further including a locator 
flange extending from the second side of the end cap barrier, 
wherein the locator flange is configured to fit around filter 
media and inside an end of a canister of a filter assembly. 

20. An end cap for a filter element, the end cap compris 
1ng: 

an element receiver having a longitudinal axis and being 
configured to be coupled to a tubular member; 

a base passage receiver, the element receiver and the base 
passage receiver being in flow communication with one 
another, 

an end cap barrier extending outward from the base 
passage receiver in a direction transverse to the longi 
tudinal axis, the end cap barrier including a first side 
configured to face a filter base and a second side 
configured to face filter media; and 

end cap flow passages around the base passage receiver 
and configured to provide flow communication 
between filter media and a filter base, the end cap flow 
passages extending from the second side of the end cap 
barrier to the first side of the end cap barrier in a 
direction along the longitudinal axis, 

wherein each of the end cap flow passages is defined by 
a tubular passage conduit extending from the first side 
of the end cap barrier, and the passage openings face 
outward and transverse relative to the longitudinal axis. 
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