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(57) Abstract: A fuel filter assembly for filtering a fuel-liquid mixture comprises a filter cartridge and a return tube. The filter cartridge
comprises a filter media and a housing. The filter media defines an open central region therein. The housing contains the filter media.
The return tube extends into the central region of the filter media. The return tube collects and drains liquid from a bottom inner region
of the filter media.
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RETURN TUBE OF A FUEL FILTER ASSEMBLY OF A FUEL SYSTEM
CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/563,270, filed September 26, 2017, the contents of which are

incorporated herein by reference in the entirety.
FIELD

[0002] The present invention relates generally to water removal within a fuel filter

assembly of a fuel system.
BACKGROUND

[0003] In conventional fuel systems with a filter water separator (FWS), water is
coalesced into and accumulates within a center tube of a conventional fuel filter assembly of
the fuel system, in particular when the fuel filter assembly is old in service or has poor
quality fuel. When the water level rises to a certain level within the conventional fuel filter
assembly, the water is carried by the fuel into the rest of the fuel system (e.g., into the fuel

injectors), which causes damage to the fuel system and/or the engine system.

[0004] Accordingly, such conventional fuel filter assemblies includes a drain valve and a
water in fuel (WIF) sensor on the high pressure side of the conventional fuel filter assembly
in order to drain the water. However, the drain valve and the WIF system introduce
structural weakness (and are structural weak points themselves) within the fuel filter
assembly, and many users choose not to drain water at the high pressure side of the
conventional fuel filter assembly. Furthermore, the conventional fuel filter assembly
requires the water to be manually drained. However, in most cases, it is difficult to reach
the pressure side of the conventional fuel filter assembly in order to drain the water. Even
further, water is only drained from the sump in the conventional fuel filter assembly.
Accordingly, water inside the conventional fuel filter assembly can still be pushed through

the rest of the fuel system with the fuel, which can cause damage to the fuel system.

[0005] Some conventional fuel systems have a FWS that includes a drain tube that drains

water from the water sump of the FWS. However, this system only drains water from
1
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outside of the filter cartridge, even if the drain tube extends down to the water sump through
the filter cartridge. Accordingly, water inside of the center tube of the filter cartridge can

still accumulate.
SUMMARY

[0006] Various embodiments provide for a fuel filter assembly for filtering a fuel-liquid
mixture that comprises a filter cartridge and a return tube. The filter cartridge comprises a
filter media and a housing. The filter media defines an open central region therein. The
housing contains the filter media. The return tube extends into the central region of the
filter media. The return tube collects and drains immiscible liquid (such as water) from a

bottom inner region of the filter media.

[0007] Various other embodiments provide for a fuel system that comprises a fuel tank
configured to store a fuel-liquid mixture (e.g., a fuel-water mixture), a fuel filter assembly
for filtering the fuel-liquid mixture, and a liquid drain line. The fuel filter assembly is
fluidly connected to the fuel tank and comprises a filter cartridge and a return tube. The
filter cartridge comprises a filter media and a housing. The filter media defines an open
central region therein. The housing contains the filter media. The return tube extends into
the central region of the filter media and collects and drains liquid from a bottom inner

region of the filter media. The liquid drain line is coupled to the return tube.

[0008] These and other features (including, but not limited to, retaining features and/or
viewing features), together with the organization and manner of operation thereof, will
become apparent from the following detailed description when taken in conjunction with
the accompanying drawings, wherein like elements have like numerals throughout the

several drawings described below.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a schematic view of the fuel system according to one embodiment.

[0010] FIG. 2 is a cross-sectional view of a fuel filter assembly of the fuel system of FIG.

1 according to one embodiment.
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[0011] FIG. 3 is a cross-sectional view of another fuel filter assembly of the fuel system

of FIG. 1 according to another embodiment.
DETAILED DESCRIPTION

[0012] Referring to the figures generally, various embodiments disclosed herein relate to a
return tube for a fuel filter assembly that attaches to a water drain line (or more generally a
liquid drain line) within a fuel system. The return tube is configured to remove water (or
other immiscible liquid) from inside the fuel filter assembly, in particular from the inside
the center tube of a fuel filter assembly, for example a last-stage filter assembly (which is
the last location where water can accumulate or be stored before the fuel is utilized within
the fuel system (e.g., in the fuel injectors)). The return tube functions as a “gate” in order to
ensure that no water enters into the high pressure (HP) pumps and the fuel injectors. It
should be understood that references to water in the context of liquid separation herein are

applicable to other immiscible liquids as well.

[0013] By providing the return tube within the fuel filter assembly, the fuel filter assembly
no longer requires a drain valve and WIF sensor built into the high pressure side of the fuel
filter assembly, and the fuel filter assembly does not need to be manually drained.
Furthermore, with the return tube, the design of the fuel system (in particular the fuel filter
assembly) is more simple than conventional fuel systems since the fuel system does not
require as many seals throughout the fuel filter assembly, thereby resulting in a lower cost
system. For example, the fuel system does not require an additional seal at the bottom end

plate.

Fuel System
[0014] FIG. 1 shows a schematic representation of a fuel system 20 according to one

embodiment. The fuel system 20 can be used within a variety of different engine

applications, such as all sizes of diesel engines.

[0015] As shown in FIG. 1, the fuel system 20 comprises a fuel tank 40, a FWS 30, a fuel
pump 22, a fuel filter assembly 50, a HP pump 24, and fuel injectors 26. The fuel tank 40
stores a fuel-liquid mixture, e.g., a fuel-water mixture. The fuel tank 40 is fluidly connected
to the FWS 30, the fuel pump 22, and the fuel filter assembly 50 such that a fuel-liquid

mixture flows from the fuel tank 40 to the FWS 30, to the fuel pump 22, and then to the fuel
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filter assembly 50. The FWS 30 is configured to separate immiscible liquid (e.g., water)
from the fuel-liquid mixture. It should be understood that all references to “liquid”™ or
“immiscible liquid” herein are intended to encompass water. However, “liquid” should not
be interpreted to solely cover aliquid that is one hundred percent water. Similarly,
references to a “fuel-liquid mixture” are intended to encompass—but not solely cover—a
fuel-water mixture or a mixture of fuel and another immiscible liquid. The fuel pump 22 is
configured to pump the fuel-liquid mixture from the fuel tank 40 to the fuel filter assembly
50. The fuel filter assembly 50, which is fluidly connected to the fuel tank 40, is configured
to filter the fuel-liquid mixture and direct the fuel to the HP pump 24 (and fuel injectors 26)
and water back to the front end of the fuel system 20, as described further herein. The HP
pump 24 is configured to pump the fuel from the fuel filter assembly 50 to the fuel injectors
26. The fuel injectors 26 are configured to inject the fuel into a device (e.g., an engine) for
use and are fluidly connected to the fuel filter assembly 50 such that fuel flows from the fuel
tank 40, to the FWS 30, to the fuel pump 22, to the HP pump 24, and then to the fuel
injectors 26. The fuel system 20 further comprises a supply line 70, a water drain line 72, a
fuel supply line 74, and a fuel return line 76 to fluidly connect the various components of

the fuel system 20.

[0016] In order to operate the fuel system 20, a fuel-liquid mixture is moved through a
supply line 70 from the fuel tank 40, to the FWS 30, to the fuel pump 22, and then to the
fuel filter assembly 50. The supply line 70 fluidly connects the fuel tank 40 to the fuel
filter assembly 50 in order to direct the fuel-liquid mixture from the fuel tank 40 to the fuel
filter assembly 50. Specifically, the supply line 70 fluidly connects the fuel tank 40 to the
FWS 30, the FWS 30 to the fuel pump 22, and the fuel pump 22 to the fuel filter assembly

50. The fuel-liquid mixture in the supply line 70 may comprise both fuel and water.

[0017] In the fuel filter assembly 50, the fuel-liquid mixture is filtered (as described
further herein). The water 84 from the fuel-liquid mixture from the fuel filter assembly 50
is drained from the fuel filter assembly 50 to either the fuel tank 40 or the FWS 30 (or
directly or indirectly to the supply line 70) through a water drain line 72 and/or to the fuel
return line 76. Accordingly, the water drain line 72 fluidly connects the fuel filter assembly

50 to the fuel tank 40, the FWS 30 (or the supply line 70), or the fuel return line 76.
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[0018] The fuel from the fuel-liquid mixture from the fuel filter assembly 50 is moved
from the fuel filter assembly 50 to the HP pump 24 and then to the fuel injectors 26 through
a fuel supply line 74. Accordingly, the fuel supply line 74 fluidly connects the fuel filter
assembly 50 to the HP pump 24 and the HP pump 24 to the fuel injectors 26.

[0019] After the fuel flows through the fuel injectors 26, the fuel is returned from the fuel
injectors 26 back to the FWS 30 (or the supply line 70) through an engine fuel return line
76. The fuel return line 76 returns fuel to the fuel tank 40, the supply line 70, and/or to the
fuel supply line 74. The fuel injectors 26 are fluidly connected to the fuel tank 40 or the
supply line 70 through the fuel return line 76 such that fuel flows from the fuel injectors 26
into the fuel tank 40 or the supply line 70 through the fuel return line 76. Accordingly, the
fuel return line 76 fluidly connects the fuel injectors 26 to the FWS 30. Depending on the
configuration of the fuel system 20, the water drain line 72 and the fuel return line 76 may
operate in parallel with each other, each draining liquid to the supply line 70 and/or the fuel
tank 40.

Fuel Filter Assembly

[0020] The fuel filter assembly 50 is configured to filter the fuel-liquid mixture received
from the fuel tank 40. The fuel filter assembly 50 may comprise a last-stage or final fuel
filter assembly before the fuel is directed to the HP pump 24 and the fuel injectors 26. The
fuel filter assembly 50 may alternatively comprise an interim-stage fuel filter assembly, i.e.,

where there is a last-stage fuel filter assembly positioned downstream thereof.

[0021] As shown in FIGS. 2-3, the fuel filter assembly 50 comprises a filter cartridge 90
and a return tube 60. The filter cartridge 90 comprises a filter element, a center tube 98, and
a housing 52. The filter element comprises a filter media 92 for filtering the fuel-liquid
mixture, a bottom endplate 96, and a top endplate 94. The housing 52 houses or contains
the filter element. The filter media 92 has a generally cylindrical shape with (or that
defines) an open inner or central space or region 91 of the filter media 92 defined therein.
An outer space or region 93 of the filter media 92 is defined by the outer surface of the filter
media 92 and the inner surface of the housing 52. The central region 91 and the outer
region 93 are on opposite sides of the filter media 92. According to one embodiment, the
central region 91 is on the clean, filtered side of the filter media 92 and the outer region 93

is on the dirty, unfiltered side of the filter media 92. The filter media 92 further comprises a
5
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bottom region 97 and a top region 95 (with the filter media 92 extending between the
bottom region 97 and the top region 95). The filter media 92 defines a bottom inner region
99 along the bottom region 97 of the filter media 92, as described further herein. As
described further herein, water 84 (that is coalesced from the fuel-liquid mixture)
accumulates within the bottom inner region 99 (and therefore within the bottom region 97).
Accordingly, the top region 95 of the filter media 92 is on an opposite end of the filter

media 92 as (and above) the water 84.

[0022] The bottom endplate 96 is positioned along the bottom region 97 of the filter
media 92, and the top endplate 94 is positioned along the top region 95 of the filter media
92. The center tube 98 is positioned in the central region 91 of the filter media 92 and
extends between the bottom region 97 and the top region 95 of the filter media 92. The
center tube 98 extends along an inner perimeter or circumference of the filter media 92 and
circumferentially surrounds the return tube 60 (as described further herein). The engine
assembly (that the fuel filter assembly 50 can be used with) comprises a filter head. The
filter cartridge 90 of the fuel filter assembly 50 attaches to (e.g., spins onto) the filter head
54 such that the filter head 54 is positioned on top of the top endplate 94 of the filter
cartridge 90.

[0023] In order to filter the fuel-liquid mixture, the fuel filter assembly 50 may use a
variety of different techniques. According to one embodiment, the fuel filter assembly 50
coalesces the fuel-liquid mixture inside the fuel filter assembly 50. The coalesced water 84
accumulates within the open bottom inner or central space or region 99 defined by the filter
media 92 and the center tube 98. The fuel filter assembly 50 directs or drains separated,
coalesced water 84 back to the front end of the fuel system 20 through the return tube 60
and the water drain line 72 (as described further herein) and directs fuel into the HP pump

24 and the fuel injectors 26 in order to be used.

Return Tube

[0024] In order to drain or remove the water 84 from the inside of the fuel filter assembly
50 into the water drain line 72, the fuel filter assembly 50 comprises a straw or return tube
60. The return tube 60 is fluidly coupled to the water drain line 72. With the water drain
line 72, the return tube 60 creates a return loop to automatically and continually drain water

84 from inside the fuel filter assembly 50 (i.e., from the bottom inner region 99 and the
6
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central region 91 of the filter media 92) to an area outside of the fuel filter assembly 50.
Accordingly, water 84 is prevented from substantially accumulating within the central
region 91 of the filter media 92 (and the inner or central region of the center tube 98 of the
filter cartridge 90) and is therefore prevented from entering into the last stages (i.e., the HP
pump 24 or the fuel injectors 26) of the fuel system 20, which keeps the last stages of the
fuel system 20 dry from water 84 and protects the fuel system 20 from water damage.
Further, the return tube 60 eliminates the need for any manual work, drain valves, or WIF
sensor in order to drain water from the fuel filter assembly 50. According to one
embodiment, the water 84 within the filter cartridge 90 is drained completely and solely
through the return tube 60, and therefore the filter cartridge 90 does not include any drain

valve or WIF sensor and does not need to be manually drained.

[0025] The return tube 60 is configured to automatically and continuously remove or
drain water 84 (and optionally fuel) from the inside of the center tube 98 of the filter
cartridge 90 (and from the bottom inner region 99 of the filter media 92) and move or direct
the water into the water drain line 72. Accordingly, the return tube 60 extends into the
central region 91 of the filter media 92. For example, the return tube 60 is positioned within
or inside the central region 91 of the filter media 92 and within the central region of the
center tube 98 of the filter cartridge 90 in order to drain water from the inside the center
tube 98 and the filter media 92, which is the last location that water can be stored or can
accumulate within before entering into the last stages of the fuel system 20 in which the fuel
is utilized, such as the fuel injectors 26. Because the return tube 60 is positioned within the
central region 91 of the filter media 92, the return tube 60 is positioned on the clean, filtered
side of the filter media 92 of the filter cartridge 90, which prevents the return tube 60 from
ever becoming plugged or clogged. The return tube 60 may be positioned within the high

pressure side of the fuel filter assembly 50.

[0026] The return tube 60 extends through and along the central region of the center tube
98 (and the central region 91 of the filter media 92). In order to reach the accumulated
water 84 that accumulates within the bottom inner region 99 (and therefore the bottom
region 97) of the filter media 92, the return tube 60 extends from the bottom region 97 (i.e.,
near the bottom endplate 96) of the filter media 92 to the top region 95 of the filter media
92, through the top endplate 94 of the filter cartridge 90, and optionally through the filter

7
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head 54. Accordingly, the top endplate 94 may optionally be open with a through-hole, and
the bottom endplate 96 may optionally be closed off, without a through-hole, according to

one embodiment.

[0027] According to one embodiment, the top end of the return tube 60 (e.g., the end of
the return tube 60 that is opposite the end of the return tube 60 that is closest to the bottom
endplate 96 of the filter cartridge 90) is sealed and fluidly connected or attached directly to
the water drain line 72 or the filter head 54. Accordingly, a seal member 62 is positioned
between and sealably connects the top end of the return tube 60 to the water drain line 72
and/or the filter head 54. According to another embodiment, the top end of the return tube
60 1is built into or connected and sealed to the flow port of the filter head 54, and the seal
member 62 sealably attaches the return tube 60 to a portion of the fuel filter assembly 50,
such as the housing 52. The flow port of the filter head 54 is then fluidly attached to the

water drain line 72.

[0028] The bottom end of the return tube 60 (e.g., the end of the return tube 60 that is
closest to the bottom endplate 96 of the filter cartridge 90 when installed) is positioned
within the bottom inner region 99 of the filter media 92 (i.e., toward the bottom region 97 of
the filter media 92 and in the central region 91 of the filter media 92, where the water 84
accumulates within the fuel filter assembly 50). Accordingly, the bottom end of the return
tube 60 may be submerged in water 84 within the fuel filter assembly 50 that is about to be
drained into the water drain line 72. The bottom end of the return tube 60 is substantially

open in order to allow water 84 to flow into the return tube 60.

[0029] The inner diameter of the return tube 60 is relatively small in order to provide a
relatively limited or small flow path, which limits the return flow rate of the water 84
through both the return tube 60 and the water drain line 72. Accordingly, a low quantity
amount of water 84 (and optionally fuel) is constantly and continuously flowing or being
pushed out of the fuel filter assembly 50 through the return tube 60 and into the water drain

line 72 at a restricted flow rate.

Water Drainage

[0030] The return tube 60 collects and drains water from the bottom inner region 99 of the

filter media 92 to an area outside of the fuel filter assembly 50. More specifically, as the

8
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fuel-liquid mixture enters into the fuel filter assembly 50 and as the fuel-liquid mixture is
filtered by the filter cartridge 90 of the fuel filter assembly 50, the water 84 sinks to the
bottom inner region 99 of the filter media 92 within the fuel filter assembly 50, which is
where the bottom end of the return tube 60 is positioned. As the water 84 accumulates in
the bottom inner region 99 (and within the bottom region 97) of the filter media 92, pressure
within the fuel filter assembly 50 constantly and continually and slowly forces the water 84
(and optionally fuel) at the bottom inner region 99 of the filter media 92 to flow up and
through the return tube 60 (i.e., the water 84 flows upward from the bottom inner region 99
through the bottom end of the return tube 60, from the bottom end to the top end, and
through the top end of the return tube 60), through the filter head 54, and then into the water
drain line 72 at a restricted fuel flow rate, which continually keeps the fuel system 20 (in
particular the HP pump 24 and the fuel injectors 26) dry. Accordingly, the top end of the
return tube 60 is positioned above the water 84, and the bottom end of the return tube 60 is

positioned within the water 84.

[0031] As shown in FIG. 1, from the return tube 60, the water drain line 72 can lead,
direct, or return the flow of water 84 to a variety of different areas outside of the fuel filter
assembly 50. For example, according to one embodiment, the water drain line 72 can direct
the flow of water 84 from the return tube 60 to an area outside of the fuel system 20 (e.g., to
an area outside of a vehicle that the fuel system 20 is positioned within). According to
various other embodiments, the water drain line 72 can direct the flow of water 84 from the
return tube 60 to various areas that are within the front end or beginning of the fuel system
20, depending on the desired configuration. By returning the water 84 (or the fuel-liquid
mixture) back to the front end of the fuel system 20, the last stages of the fuel system 20 are
kept dry (from the water 84) and water 84 is prevented from entering into the HP pump 24

or the fuel injectors 26.

[0032] For example, according to one embodiment, the return tube 60 drains water 84 to
the water drain line 72, which drains or directs the flow of water 84 to the front stages or
end of the FWS 30, such as a stage 1, stage 2, or front stage FW'S (or to the supply line
leading to the FWS 30). According to another embodiment, the return tube 60 drains water
84 to the water drain line 72, which instead drains or directs the flow of water 84 directly to

the fuel tank 40.
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[0033] According to yet another embodiment, the return tube 60 drains water 84 to the
water drain line 72, which instead drains or directs the flow of water 84 into the fuel return
line 76, which then directs the flow to, for example, the fuel tank 40, the supply line 70, or
the FWS 30. In this embodiment, since the pressure in the fuel return line 76 is strictly
limited, the fuel system 20 further comprises an additional jet valve, or the fuel return line
76 has a relatively large cross-sectional flow area in order to prevent pressure build-up in
the fuel return line 76. Altematively, the return tube 60 may drain water 84 to the water

drain line 72, which drains or directs the flow of water directly into the supply line 70.

[0034] After the water 84 (or the fuel-liquid mixture) is returned to the FWS 30 or the fuel
tank 40, the water 84 is given another chance to settle and be separated and drained from the
fuel again, which forms a circulating system that creates a multi-pass FWS function or loop

to remove water 84 in the fuel system 20 (and within, for example, a vehicle).

[0035] As utilized herein, the terms “substantially” and similar terms are intended to have
a broad meaning in harmony with the common and accepted usage by those of ordinary skill
in the art to which the subject matter of this disclosure pertains. It should be understood by
those of skill in the art who review this disclosure that these terms are intended to allow a
description of certain features described and claimed without restricting the scope of these
features to the precise numerical ranges provided. Accordingly, these terms should be
interpreted as indicating that insubstantial or inconsequential modifications or alterations of
the subject matter described and claimed are considered to be within the scope of the

invention as recited in the appended claims.

[0036] The terms “coupled,” “attached,” and the like as used herein mean the joining of
two members directly or indirectly to one another. Such joining may be stationary (e.g.,
permanent) or moveable (e.g., removable or releasable). Such joining may be achieved with
the two members or the two members and any additional intermediate members being
integrally formed as a single unitary body with one another or with the two members or the

two members and any additional intermediate members being attached to one another.

[0037] References herein to the positions of elements (e.g., “top,” “bottom,” etc.) are
merely used to describe the orientation of various elements in the FIGURES. It should be

noted that the orientation of various elements may differ according to other exemplary

10
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embodiments, and that such variations are intended to be encompassed by the present

disclosure.

[0038] It is important to note that the construction and arrangement of the various
exemplary embodiments are illustrative only. Although only a few embodiments have been
described in detail in this disclosure, those skilled in the art who review this disclosure will
readily appreciate that many modifications are possible (e.g., variations in sizes,
dimensions, structures, shapes and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, colors, orientations, etc.) without
materially departing from the novel teachings and advantages of the subject matter
described herein. For example, elements shown as integrally formed may be constructed of
multiple parts or elements, the position of elements may be reversed or otherwise varied,
and the nature or number of discrete elements or positions may be altered or varied. The
order or sequence of any process or method steps may be varied or re-sequenced according
to alternative embodiments. Other substitutions, modifications, changes and omissions may
also be made in the design, operating conditions and arrangement of the various exemplary

embodiments without departing from the scope of the present invention.

11
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WHAT IS CLAIMED IS:
1. A fuel filter assembly for filtering a fuel-liquid mixture, the fuel filter
assembly comprising:
a filter cartridge comprising:
a filter media defining an open central region therein and
a housing containing the filter media; and
a return tube extending into the central region of the filter media, the retumn

tube collecting and draining liquid from a bottom inner region of the filter media.

2. The fuel filter assembly of claim 1, wherein the return tube drains the liquid

to an area outside of the fuel filter assembly.

3. The fuel filter assembly of claim 1, wherein a bottom end of the return tube
is positioned within the bottom inner region of the filter media and is substantially open
such that the liquid flows upward from the bottom inner region through the bottom end of

the return tube and from the bottom end to a top end of the return tube.

4. The fuel filter assembly of claim 1, wherein the return tube automatically and

continuously drains the liquid from the bottom inner region of the filter media.

5. A fuel system comprising:
a fuel tank configured to store a fuel-liquid mixture;
a fuel filter assembly for filtering the fuel-liquid mixture, the fuel filter
assembly being fluidly connected to the fuel tank and comprising
a filter cartridge comprising:
a filter media defining an open central region therein, and
a housing containing the filter media, and
a return tube extending into the central region of the filter media, the
return tube collecting and draining liquid from a bottom inner region of the filter media; and

aliquid drain line coupled to the return tube.

6. The fuel system of claim 5, wherein a top end of the return tube is sealed to

the liquid drain line.

12
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7. The fuel system of claim 5, wherein the fuel filter assembly further

comprises a filter head, wherein a top end of the return tube is sealed to the filter head.

8. The fuel system of claim 5, wherein a bottom end of the return tube is
positioned within the bottom inner region of the filter media and is substantially open such
that liquid flows upward from the bottom inner region through the bottom end of the return

tube and from the bottom end to a top end of the return tube.

9. The fuel system of claim 5, wherein the return tube drains liquid from the

bottom inner region of the filter media to an area outside of the fuel filter assembly.

10. The fuel system of claim 5, further comprising a filter liquid separator,
wherein the return tube drains liquid to the liquid drain line, which drains the liquid to a

front end of the filter liquid separator.

11. The fuel system of claim 5, wherein the return tube drains liquid to the liquid

drain line, which drains liquid to the fuel tank.

12.  The fuel system of claim 5, further comprising a supply line that fluidly
connects the fuel tank to the fuel filter assembly and directs the fuel-liquid mixture from the

fuel tank to the fuel filter assembly.

13. The fuel system of claim 12, further comprising a fuel return line that returns
fuel to the fuel tank, the supply line, or a filter liquid separator, wherein the return tube

drains liquid to the liquid drain line, which drains liquid into the fuel return line.

14, The fuel system of claim 12, wherein the return tube drains liquid to the

liquid drain line, which drains liquid directly into the supply line.

15.  The fuel system of claim 5, wherein the return tube extends from a bottom

region of the filter media to a top region of the filter media.

16. The fuel system of claim 15, wherein the return tube extends through a top

endplate of the filter media that is positioned along the top region of the filter media.

17.  The fuel system of claim 5, wherein the return tube automatically and

continuously drains liquid from the bottom inner region of the filter media.
13
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18.  The fuel system of claim 5, wherein the liquid within the filter cartridge is
drained solely through the return tube, and the filter cartridge does not include any drain

valve or liquid in fuel WIF sensor and does not need to be manually drained.

19. The fuel system of claim 5, wherein the filter cartridge comprises a center
tube that is positioned in the central region of the filter media, the return tube positioned

within the central region of the center tube.

20.  The fuel system of claim 5, wherein the return tube is positioned on a filtered

side of the filter media.

14



WO 2019/067387 PCT/US2018/052537

1/3

20

/
5 24
/ 74 /
72
[
76
FIG. T

/m
<J
o

84

70

30



WO 2019/067387

PCT/US2018/052537

2/3

|54
) =5 \

/ \ A
i =
¢ [ .
I oqp

98—/’/_1 I
RS

I )/I/’/?s

10 P

— 99

0 97




WO 2019/067387

PCT/US2018/052537

3/3

: ~62 '/50
C | J
Rl & [Tt
\I |/ /94

|52

98_’./

90

~ Y~ Y7 Y7 Y7 Y7 Y7 Y73
Y
\J
\ FC AT 1T T T~ &0
b

|91
d b __/93
— 92
q p
d b /,./84
99
] —>o 97
96

FIG. 3



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/052537

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - FO2M 37/22; BO1D 35/00; BO1D 36/00; BO1D 37/00 (2018.01)
FO2M 37/221; BO1D 35/005; BO1D 36/003; BO1D 2201/0415; FO2M 37/22 (2018.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 210/172.1; 210/312; 210/348; 210/433.1; 210/438; 210/440; 210/444 (keyword delimited)

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,462,658 A (SEM) 31 October 1995 (31.10.1995) entire document 1-9, 11, 12, 15-18, 20
;- -1-(:), 13, 14,19
Y US 2011/0147290 A1 (BRAUNHEIM) 23 June 2011 (23.06.2011) entire document 10
Y US 5,149,433 A (LIEN) 22 September 1992 (22.09.1992) entire document 13
Y US 6,270,659 B1 (BAGCI et al) 07 August 2001 (07.08.2001) entire document 14
Y US 5,788,859 A (BIERE) 04 August 1998 (04.08.1998) entire document 19
A US 2017/0021295 A1 (DONALDSON COMPANY, INC.) 26 January 2017 (26.01.2017) entire 1-20

document
A US 2007/0039865 A1 (JIANG et al) 22 February 2007 (22.02.2007) entire document 1-20
A US 2006/0086649 A1 (WIECZOREK et al) 27 April 2006 (27.04.2006) entire document 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

24 October 2018

Date of mailing of the international search report

15 NOV 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report

