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WATER DRAIN MECHANISM FOR FILTER ASSEMBLIES
CROSS-REFERENCE TO RELATED APPLICATIONE

[3061] The present application claims priority to and benefit of U8, Provisional Application
No. 62/582,485, filed November 7, 2017 and entitled “Water Drain Mechanism for Filter

Assemblies,” the disclosure of which is hereby incorporated herein by reference in its entirety.
TECHNICAL FIELD

{0802] The present invention relates generally to removal of separated water in fuel filter

assemblies and the like.
BACKGROUND

{80031 In fuel systems, the filter assembly separates water from the fuel. This water
accurmulates at the bottom of the filter assembly due to gravity. As the water level rises within
the filter assembly, the water can eventually damage the filter media and can even escape
through the filter outlet and into the injectors of the fuel injection system. Such actions may
cause permanent damage to the injectors as well as warranty issues. Accordingly, the water must
be removed from the filter assernbly in order to preserve the integrity of the fuel systems. Water
removal mechanisms are therefore a major factor in governing the reliability of fuel systems,

such as fuel injection systems and the enging as a whole.

[0004]  In order to remove water from the filter assembly, the filter assembly may be manually
drained by the user (e.g., the driver of the vehicle). However, the user may not be sufficiently
trained, and some users may simply ignore a signal to drain the water, which may cause the
water level in the filter assembly to rise and damage the fuel system. Alternatively, an automatic
water drain solution may be used to drain the water from the filter assembly so that the user does
not have to manually drain the separated water from the filter assembly. However, automated
systems with various electronics and/or electronic controls are very expensive and therefore

often cannot be implemented in a cost-effective manner.

e
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[0085]  Other conventional fuel systers use a jet pump driven by pressurized fuel {o push the
water back into the fuel tank. More specifically, the jet pump uses energy to pull the water or
fuel from the filter assembly by using suction, and the water is returned to the fuel tank, which
may be at atmospheric pressure. However, the water then has 1o be drained through the fuel
tank. Furthermore, since a high velocity jet flow s used to force the water out of the filter

assembly and a high shear stress is created, the water may re-emulsify with the fuel.
SUMMARY

[8006] Various embodiments provide for a water drain assernbly for draining water from a
filter assembly that comprises a conduit, a water canister, and a venturi. The conduit fluidly
connects a bottom portion of the filter assembly to a bottom portion of the water canister. The
venturt coraprises a first ventort inlet that allows fluid to How from the fuel tank and into the
ventur, a second venturi inlet that allows fluid to flow from the water canister and into the
venturi, and a venturi outlet that allows fluid to flow from the venturi and into the filter

assembly.

[6887]  Various other embodiments provide for a fuel system that comprises a fuel tank
configured to contain fuel to be filtered, a filter assembly filtering the fuel from the fuel tank, a
pump that draws the fuel through the filter asserably, and a water drain assembly for draining
water from the filter agsembly. The water drain assembly comprises a conduit, a water canister,
and a venturi. The conduit fluidly connects a bottom portion of the filter assembly to a bottom
portion of the water canister. The venturi comprises a first venturt inlet that allows fluid to tlow
from the fuel tank and into the venturi, a second venturt inlet that allows flwud to flow from the
water canister and into the venturi, and a venturi outlet that allows fluid to flow from the venturi

and into the filter assembly.

{06881 These and other features (including, but not limited to, retaining features and/or viewing
features), together with the organization and manuer of operation thereof, will become apparent

from the following detailed description when taken in conjunction with the accompanying
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drawings, wherein like elements have like numerals throughout the several drawings described

below.
BRIEF DESCRIPTION OF THE DRAWINGS
{80691 FIG. 1 is a schematic view of a fuel system according to one ermnbodiment,
[0818] FIG. 2 is a cross-sectional view of a fuel system according to another erabodiment.

[0011] FIG.

5.9

i3 a cross-sectional view of a fuel system according to yvet another embodiment.
{80121 FIG. 4 1s a cross-sectional view of a fuel system according to still another embodiment.
{3013} FIG. S is a cross-sectional view of a fuel system according to another embodiment.

{8014] FIG. 6 is a2 schematic view of a portion of a fuel system according to one embodiment.

-

[6¢13] FIG.
FIGS. 3 and 5.

is a cross-sectional, perspective view of the check valve of the fuel systems of

[0616] FIG. 8 is a cross-sectional view of a portion of a water drain assembly that can be used

within a fuel system according to an embodiment.

{08171 FIG. 9is a cross-sectional view of a venturi that can be used within the fuel systems of
FIGR. 2 and 3.

[B038] FIG. 10 is a cross-sectional view of a venturi that can be used within the fuel system of

FIGS. 8.
{80191 FIG. 11A is a schematic view of a venturi showing various dimensional proporfions.

[9026] FIG. 118 is a schematic view of another venturi showing various dimensional

proportions,
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{0021] Reference is made to the accompanying drawings throughout the following detailed
description. In the drawings, similar symbols typically identify similar components, unless
context dictates otherwise. The tlustrative implementations described in the detailed description,
drawings, and claims are not meant to be Hmiting. Other implementations may be utilized, and
other changes may be made, without departing from the spirit or scope of the subject matter
presented here. It will be readily understood that the aspects of the present disclosure, as
generally desceribed herein, and illustrated in the figures, can be arranged, substituted, combined,
and designed in a wide variety of different configurations, all of which are expliciily

contemnplated and made part of this disclosure.
DETAILED DESCRIPTION

40221 Referring to the figures generally, various embodiments disclosed herein relate to a fuel
system with a filier assembly and an autornatic water drain assembly. The water drain assembly
automatically relocates separated water from the filter assembly by utilizing suction between a
venturi of the water drain assembly and a filter inlet of the filter assembly. The water drain
assembly then stores the water in a water canister, which can be drained during regular filter
servicing. Accordingly, the water canister 70 can be serviced (and thereby drained) at the same
time as the filter assembly 30 is being serviced. Since the water drain assembly only needs to be
drained during regular filter servicing, the fuel system no longer requires manual draining {(which
is unreliable and cumbersome) or an automated drain system (which 1s much more expensive)

between service intervals.

[0023] Since the water drain assembly is a closed loop system and does not require any
electronics, the water drain assembly is relatively low cost and robust. Furthermore, the water
drain assembly is easily integrated into existing fuel systems such that only minimal changes to
the existing fuel system are required for installation {e.g., only the bottom drain of the filter
assembly needs to be changed). Additionally, the modular design of the water drain assembly

allows the water drain assembly to fit with almost all bottom load filter assemblies. Such
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embodiments may provide the benefit of a low-cost, automated system to drain water from filter

assemblies such as fuel filier assemblies.

{0024] Asshown in FIG. 1, a fuel system 20 comprises a fuel tank 22 that contains or holds
fuel 42 to be filtered, a filler assembly 30 that filters the fuel 42 from the fuel tank 22, a water
drain asserbly 40 that relocates water 44 from the filter assembly 30, and a pump 24 (such as a
low pressure punmp) that draws filtered fuel 42 through the filter assembly 30 and out of the filter
assernbly 30 through the filter outlet 34, The pump 24 is downstream from the rest of the fuel
system 20 {e.g., downstream from the filter outlet 34 of the filter assembly 3¢ and the water drain
assembly 40). FIGS. 2-5 show various configurations and embodiments of portions of the fuel

systern 20,

[0025] The fuel system 20 can be used within a variety of different applications, including
heavy duty applications in price-sensitive regions where water content is high (e.g., in trucks

used in mining applications in China).

Pilter Assenibly

10626] The filter assembly 30 is configured to filter a fluid. According to one embodiment, the
fluid is a lquid such as fuel 42 and the filter assembly 30 is a filter water separator (FWS) that
separates water 44 from the fuel 42. Although fuel is referred to herein, it is understood that

another fluid may be filtered by the filter assembly 30 and moved through the fuel system 20

[8627] The filter assembly 30 has a filter inlet 32 in which fluid (i.e., the fuel 42) can flow o
the filter assembly 30 to be filtered and a filter outlet 34 through which fluid can flow out from
the filter assembly 30 after filtration. The filter assembly 30 also includes a bottom drain 36
positioned at the bottom of the filter assembly 30 that attaches to the water drain assembly 40.

As described further herein, water 44 that has been separated from the fuel 42 is drained from the
filter assembly 30 through the bottom drain 36 and into the water drain assembly 40. The bottom
of the filter assembly 30 may be a sump.

5.
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Water Drrain Assembly

[0828] The water drain assembly 40 drains water 44 that has been separated from the fuel 42
from the filter assembly 30 and accordingly comprises a check valve 50, at least one conduit (in
the form of a hose 60 according to example embodiments), a water canister 70, and a ventari 80.
As described further herein, with the water drain asserably 40, fuel 42 flows from the fuel tank
22, through the venturt 80, into the filter inlet 32 of the filter assembly 30 where water 44 is
separated from the fuel 42 and sinks to the bottom of the filter assembly 30. The water 44 then
Hows through the check valve 50, through the hose 60, and into the water canister 70, and fuel
42 already present in the water canister 70 flows through a capiliary 88 of the venturi 80 and into

the filter inlet 32 of the filter assembly 30.

{68291 The water removal or drain assembly 40 automatically and continuously relocates
separated water 44 from the bottom of the filter assembly 30 (i.e., from the suction side of the
filter asserably 30) and draws the water 44 into the water canister 70 by utilizing inlet suction
created by the fluid flow at the filter inlet 32 of the filter assembly 30 and the venturi 80. The
water drain assembly 40 stores the water 44 in the water canister 70 outside of the filter assembly

30 (including outside of any sump of the filter assembly 30) in order to be later drained.

{6038] Since the water drain assembly 40 is automated and driven by the suction created by
fluid entering into the filter assembly 30, the water drain assembly 40 continuously relocates the
waler 44 from the waler drain assembly 40 and into the water canister 70 when the filter
assernbly 30 is being used, and the water drain assembly 40 does not require the user to manually
drain the water 44 from the filier assembly 30, Instead, water 44 can be drained from the water
canister 70 during regular filter servicing. Furthermore, since the water drain assembly 40
continuously draws the water 44 (or fuel 42 if there 18 no water 44) out from the filter assembly
34, the water drain assembly 40 ensures that no water accumulates at the botiom of the filter
assembly 30, which protects the filter assembly 30 (as well as the rest of the fuel system 20}

from damage.
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{00311  Asshown in FIGS. 1-5, the entire water drain assembly 40 is positioned or located after
or dowunstream of the {uel tank 22 and before or upstream of the pump 24, The water drain
assembly 40 is positioned downstream of the filter assembly 30 such that fluid flows into the
conduit of the water dratn assembly 40 from the botiom portion of the filter assembly 30 after
flowing through and being filtered by the filter assembly 38, The venturi 80 of the water drain
assembly 40 directs fluid from within the water canister 70 {o flow back into the filter assembly
30, thereby creating a closed loop. Since the water drain assembly 40 is a closed loop, the water

drain assembly is very robust.

[0832]  Various fittings may be used to fit the various component to each other and fo the filter
assembly 30. For exaraple, vartous fittings may be used with the filter assembly 30, the check

valve 50, the hose 60, the water canister 70, and the venturt 80,

Check Valve and Hose

{#033] As shown in FIG. 6, the water at the bottom of the filter assembly 30 and at the bottom
of the water canister 70 attempt to “re-level” itself between the filter assembly 30 and the water
canister 70 when the fuel system 20 is tumed off {(e.g., during shutof). Accordingly, fluid (water
44 or fuel 42) may try to flow backward from the water canister 70 back into the filter assembly
30, and may reach a common level between a reservoir and a filter housing wncluded 1o the filter
assembly 30, In order to prevent this backflow, the check valve 50 is positioned at the botion: of
the (lter assembly 30 upstream of e conduit and Quidly connects to the botton deain 36 of the
filter assembly 30. The check valve 50 allows fluid in the bottom of the filter assembly 30 to
flow out from the filter assembly 30 and into the hose 60 {in order to flow into the water canister
70), but stops or prevents the re-entry of any fluid {e.g., the fuel 42 or the water 44) back into the
filter assembly 30. If the water canister 70 is full of water and is not drained, the check valve 30

prevents excess water from being recirculated back into the filter assembly 30.

{(0034] Depending on the configuration of the check valve 50, the check valve 50 way only
allow {luid to be removed from the bottom of the filier assembly 30 when water 44 has collected

at the bottom of the filter assembly 30 or alternatively may allow fluid (e, fuel 42) to be

-
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removed from the bottom of the filter assembly 30 even when water 44 has not collected at the
bottom of the filter assembly 30. The check valve 50 prevents any type of fluid {e.g., water 44 or
fuel 42) from flowing back into the filter assembly 30, regardless of whether or not water 44 has

collected at the bottom of the filter assembly 30.

0035] FIGS. 6 and 7 show one embodiment of the check valve 50 in which the check valve 30
is a float check valve that comprises an air-bubble injected polymer ball 52 positioned under a
conical seat 54, The ball 52 may have a density lower than water 44 and/or fuel 42. For
example, the density of the ball 52 may be less than approximately 0.9 grams per cubic
centimeter {g/ce) and preferably less than 0.5 g/ce. Accordingly, in water, the ball 52 quickly
rises or floats upward to the conical seat 54 when there is vo or extremely small fluid flow {e.g.,
during shutdown) through the fuel system 20, which closes off the check valve 30 and prevents
any fluid from backfilling into the filter assembly 30 through the bottorn drain 36 during
shutdown. When flow through the fuel system 20 (and specifically the venturi 80) resumes, the
ball 52 is pulled down and away from the conical seat 54, which opeus up the check valve 50 and
allows fluid to flow from the filter assembly 30 into the water canister 70. Even if there is no
water 44 in the bottom of the filter assembly 30 {and therefore only fuel 42 in the bottom of the
filter assembly 30), the ball 52 can still easily be pulled down and away from the conical seat 54
once fluid starts to flow through the venturi 80 {which creates the inlet suction to remove fluid

from the filter assembly 30) since the ball 52 is small and has a small buoyancy force.

[0036] The tubing or hose 60 (e.g., a flexible hose) fluidly connects and is positioned between
the check valve 50 and the inlet to the water canister 70. Accordingly, the hose 60 tluidly
connects and directs fluid from the bottom portion of the filter assembly 30 to the bottom portion
of the water canister 70. The hose 60 is attached to a bottom portion of the water canister 70.
Other hoses 60 may be used within the fuel system 20 and connect various components of the
fuel system 20. For example, other hoses 60 may fluidly connect the water canister 70 to the
capillary 88 of the venturi 80, the fuel tank 22 to the inlet of the venturi 80, the outlet of the
venturi 80 to the filter inlet 32 of the filter assembly 30, and/or the filter outlet 34 of the filter

assembly 30 to the pump 24.
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Water Canister

[0037] As shown in FIG. 2-6, the water storage unit, collector, or canister 70 provides a
separate storage area from the filter assembly 30 for fluid (i.e., fuel 42 and/or water 44) to be
held, stored, or contained until the water canister 70 is drained during a regular filter servicing.
The water canister 70 is initially filled with fuel 42, which is slowly replaced by water 44 as

separated water 44 from the filter assembly 30 slowly fills the water canister 70.

{0038] The size and shape of the water canister 70 is independent from the filter assembly 30
and can be chosen based on the application. For example, FIGS. 2-3 show a water canister 70
that, and FIGS. 4-5 show another water canister 70 that that has a different shape than the water
canister 70 of FIGS. 2-3 {e.g., a donut shape). The water canister 70 is sized to be large enough
to hold a sufficient annount of water such that the water canister 70 only needs to be emptied

during regular filter servicing.

[0039] According to one embodiment and as shown in FIG. 8, the water canister 70 comprises
a manual drain valve 78 in order to allow the water 44 stored within the water canister 70 to be
drained during, for example, regular filter servicing. Since the water 44 sinks to the bottom of
the water canister 70 while the fuel 42 rises o the top of the water canister 70, the drain valve 78
is positioned along a lower or bottom region or portion of the water canister 70 in order to allow

the water 44, specifically, to be drained.

[0046] The water canister 70 further comprises and is fitted with a water-in-fuel (WIF) sensor
76 that includes a control box 77. The WIF sensor 76 is positioned in a top portion of the waler
canister 70 and extends into an inner area within the water canister 70. Accordingly, once the
water level within the water canister 70 reaches the top portion of the water canister 70, the WIF
sensor 76 will detect the presence of water 44 and will send a signal to the user (e.g., a driver of
the vehicle), who can then drain the water canister 70 using the drain valve 78. Normally, the
water canister 70 can be drained during a normal filter servicing or based on the application

needs.
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{0041] The water canister 70 may be mounted to a variety of different areas that provide
sufficient space and potentially a mounting bracket. For example, the water canister 70 may be
mounted next to the filter assembly 30 on the chassis. FIGS. 2-3 show examples of how the
water canister 70 can be separate from the filter assembly 30 such that only winimal changes are
required to use the water drain assembly 40 with an existing filter assemably 30. FIGS. 4-5 show
examples of how the water canister 70 can be positioned directly next to and optionally mounted
on the filter assembly 30, As shown in FIGS. 4-3, the water canister 70 is a collecting jacket that
is positioned peripherally arcund at least a portion of an exi sgting filter shell of the filter assexnbly
30 instead of having the water canister 70 separate from the filter assembly 30. In the fuel
systems 20 of FIGS. 4-5, the filter assembly 30 has a relatively stiffer head and mountings in

order to be able to withstand the extra weight of the collecting jacket,
Yenturi

10842] As shown in FIGS. 1-5, the venturi 80 fluidly connects to and directs flnid flow from
the water canister 70 1o the filter inlet 32 of the filter assembly 30 as fluid also flows through the
venturi 80 from the fuel tank 22 to the filier inlet 32, Accordingly, the venturi 80 fhudly
connects the fuel tank 22, the water canister 70, and the filter assembly 30. The flow rate
through the venturi 80 depends on the flow rate of the inlet flow from the fuel tank 22 to the

filter inlet 32, as well as the size and shape of the various components of the venturt 80.

18043]  The venturi 80 comprises a first venturi inlet 86 that allows fluid (i.e., fuel 42) to ow
from the fuel tank 272 and into the venturi 80, a second venturi inlet 89 that allows fluid (i.e., fuel
42) to flow from the inside of the water canister 70 and into the venturi 80, and a venturi outlet
96 that allows all fluid within the venturi 80 to flow out from and exit the venturi 80 and enter
into the filter indet 32 of the filter assembly 30. In particular embodiments, the second venturi
inlet 89 comprises a capillary 88 (e.g., a capillary tube) that extends into a constricted section 83
of the venturi 80, as deseribed below in further detail. The pump 24 is what initially draws fuel
42 from the fael tank 22, into the first venturi inlet 86, and through the filter assembly 30, This

flow of fluid into and through the venturi 80 through the first venturi inlet 86 creates an inlet

-10-
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suction within the venturi 80, which draws fluid from the water canister 70 and into the venturt
80 through the second venturi inlet 89 {e.g., a capillary). This inlet suction, which draws fuel 42
from the water canister 70, is also therefore what draws water 44 from the botiom of the filter

assembly 30 and into the water canister 70.

[0044] As shown in FIG. 9, the venturt 80 comprises a first conical section 82 that extends
between a first conical end 81 and a second conical end 83 and a second conical section 92 that
extends between a first conical end 91 and a second conical end 93, The first conical end §1 and
the first conical end 91 each have a smaller inner diameter than the second conical end 83 and
the second conical end 93, respectively. According to one embodiment, the inmer diameters of
the first conical end 81 and the first conical end 91 are substantially equal and the inner
diameters of the second conical end 83 and the second conical end 93 are substantially equal.
The first conical section 82 is shorter than the second conical section 92 and therefore has walls
at a greater angle than the second conical section 92. However, it is understood that the first
conical section 82 and second conical section 92 can be reversed depending on the desired

configuration and flow rate.

[0845] The first conical end &1 of the first conical section 82 and the first conical end 91 of the
second conical section 92 (i.e., the most narrow ends of each of the first conical section 82 and
the second conical section 92) are directly attached to each other, which defines a constricted
section 85 along the length of the venturi 80 between the first venturi inlet 86 and the venturi
outlet 96. Along the length of the venturi 80, the inner diameter at the constricted section 85 of
the venturi 80 is the smallest (and the inner diameter along the first cylindrical section 84 and the

second cylindrical section 94 is the largest).

[0646] The venturi 80 further comprises a first cylindrical section 84 and a second cylindrical
section 94 that extend from the second conical end &3 of the first conical section 82 and the
second conical end 93 of the second counical section 92, respectively. The inner diameter of the
first cylindrical section 84 is approximately equal to the inner diameter of the first conical

section 82 at the second conical end 83 and the inner diameter of the second cylindrical section

“11-



WO 2019/094293 PCT/US2018/058924

94 is approximately equal to the inver diameter of the second conical section 92 at the second
conical end 83. The first cylindrical section 84 and the second cylindrical section 94 are each
configured to attach with hoses 60 within the fuel system 20. More specifically, the first
cylindrical section 84 attaches to a hose 60 that leads directly to the fuel tank 22 and the second
cylindrical section 94 attaches to a hose 60 that leads directly to the filter inlet 32 of the filter
assembly 30, Accordingly, the first cylindrical section 84 defines the first venturi inlet 86 and
the second cylindrical section 94 defines the venturi outlet 96 such that fluid flows from the first
venturi inlet 86 at the first cylindrical section 84 to the venturi outlet 96 at the second cylindrical

section 94.

{0047] As described before, the venturi 80 may comprise a side inlet or capillary 88 that fluidly
connects the water canister 70 to the constricted section 83 of the venturi 80 and defines the
second venturi inlet 89. The capillary 88 extends directly from the constricted section 85 of the
venturi 80 and allows fuel 42 to flow from the water canister 70, into the second venturt jnlet 89,
through the capillary 88, into the constricted section 85, through the second conical section 92,
through the second cylindrical section 94, and through the venturi outlet 96 to the filter infet 32
of the filter assembly 30. The inner diameter of the capillary 88 is substantially smaller than the
inner diameter of any other portion of the venturi 80 (including the constricted section 85) such
that the inlet suction created by fluid flowing from the first venturi inlet 86 to the venturi outlet
96 draws a desired flowrate of fluid from the water canister 70, into the second venturi inlet 89,
and through the capillary 8 (and out through the venturi outlet 96). The flow rate through the
capillary 88 of the venturi 80 depends on the change in pressure between the water canister 70
and the filter inlet 32 of the filter assembly 30. The capillary 88 can be directly attached to the
water canister 70 (as shown in FIGS. 2-3) or can be attached to the water canister 70 through one

of the hoses 60 {(as shown in FIGS. 4-5).

{0848] The capillary 88 is positioned at and is fluidly connected to the top of the water canister
70 in order to direct fuel 42 from the water canister 70 to the filter assembly 30, instead of water

44 (since the fuel 42 is less dense then and therefore on top of the water 44 within the top portion

-12-
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of the water canister 70). The capillary 88 may be attached to the top of the water canister 70

directly or through a fitting and/or hose 60,

[0049] The venturi 80 is positioned downstream of the fuel fank 22 and upstream of the filter
inlet 32 of the filter assembly 30 in order to allow fluid to flow from the fuel tank 22, through the
verturi 80, and into the filter assembly 30, which creates an inlet suction through the venturi 80.
This inlet suction through the venturi 80 (caused by the inlet flow from the fuel tank 22 to the
filter assembly 30) causes fluid to flow out of the water canister 70 and into the filter inlet 32 of
the filter assembly 30. More specifically, this inlet suction draws a metered amount of fuel 42
from the water canister 70 into the capillary 88, through the venturi cutlet 96, and into the filter
inlet 32 of the filter assembly 30, which thereby draws water 44 from the bottom of the filier
assembly 30 into the water canister 70. For example, the dimensions of the capillary 82 and
veunturi 80 (e.g., an internal diameter and length) roay be defined so as to define the metered

flow.

[6050] According to one embodiment and as shown in FIG. 10, the water canister 70 comprises
a support ring 72 that is positioned inside the water canister 70, surrounding the second venturl
inlet &9 defined by the capilfary 88 of the venturi 80. The support ring 72 is on an opposite side
of a wall of the water canister 70 from the capillary 88 and thereby extends in an opposite

direction from the capillary 8§,

{6051] The water canister 70 further comprises a filter media patch 74 that is positioned along
and attached to the ends of the support ring 72 located distal from the second venturi inlet 89,
The filter media patch 74 prevents any particles from entering into and plugging up the capillary
&8. The filter media patch 74 may be constructed out of a variety of different materials,
including but not limited to fibrous non-woven, sintered porous metal, woven plastic or wire-
mesh screen (with a variety of different configurations, including a plain square weave or dutch
twill), or other materials with a controlled pore size and porosity. The material of the filter
media patch 74 may be selected such that the maximum pore size of the filter media patch 74 18

less than the inner diameter of the capillary 88. According to one embodiment, the pore size of

13-



WO 2019/094293 PCT/US2018/058924

the filter media patch 74 may be approximately 0.1 to 0.9 times greater than the inner diameter
of the capillary 88. According to another embodiment, the pore size of the filter media patch 74

may be approximately 0.5 times greater than the inner diameter of the capillary 88.

Filter Assemably Water Brainage

{0052} As shown in FIG. 1, the fluid through the fuel systern 20 flows from the fuel tank 22,
into the venturi 80 through the first ventur inlet 86, along the length of the venturi 80, out from
the venturi 80 through the venturi outlet 96, and into the filter assernbly 30 through the filter inlet
32. The fluid then either exits the filier asserubly 30 through the filter outlet 34 as filtered fluid
or settles to the botiom of the filter assembly 30 and is drained through the bottom drain 36 of
the filter assembly 30, through the check valve 50, through the hose 60, into the bottom of the
water canister 70, through the water canister 70, out through the top of the water canister 70, into
the venturi 80 through the second venturi inlet 89, through the capillary 88 of the venturi 80, out
from the venturi 80 through the venturi outlet 96, and back into the filter assembly 30 through

the filter inlet 32.

(00531  As aresult of inlet suction created by the inlet fluid flow from the fuel tank 22, through
the venturi 80, and into the filter assembly 30, the venturi 80 contimuously directs and draws
fluid from the water canister 70 into the filter inlet 32, which thereby directs and draws fluid
from the bottom of the filter assembly 30 into the water canister 70. While the fuel system 20 is
in use, the water drain assembly 40 constantly circulates and slowly moves fluid from the bottom
of the filter assembly 30 into the water canister 70 and from the water canister 70 into the filter
inlet 32 of the filter assembly 30, which creates a closed loop within the fuel sysiem 20.
Accordingly, the water 44 collected at the bottom of the filter assemably 30 is slowly moved to
and fills the water canister 70 while fuel 42 present in the water canister 70 is slowly moved mto

the filter assembly 30.

{60541 More specifically, initially the filter assembly 30 and the water canister 70 are filled
with fuel 42 (which can be from the fuel tank 22). The fuel 42 is sucked into the filter assembly

30 and then into the water canister 70 due to the negative pressure created by the pump 24. As
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the fuel 42 flows through the filier assembly 30, the filter media of the filter assembly 30
separates out any water 44 from the fuel 42. The separated water 44 collects or settles down at

the bottom of the filter assernbly 30.

[6055] Meanwhile, fuel 42 is flowing from the fuel tank 22, through the first venturi inlet 86,
out through the venturi outlet 96, and into the filter inlet 32 of the filter assembly 30 due 1o
negative pressure from the pump 24. As the fuel 42 from the fuel tank 22 flows through the
venturi 80, the flow of fuel 42 creates a negative pressure (i.e., inlet suction) that draws the fuel
42 (in the top of the water canister 70) out of the water canister 70, through the venturi 80 (i.e.,
into the second venturi inlet 89, through the capillary 88, out through the venturi cutlet 96), and
into the filter inlet 32 of the filter assembly 30, thus joining the fuel 42 flowing from the fuel
tank 22, As the fuel 42 moves out of the water canister 70, a negative pressure is created within
the water canister 70, which draws or drains fluid (i.e., water 44 and/or fuel 42} out of the bottom
of the filter assembly 30 and into the water canister 70. As the fluid (Le., water 44 and/or fuel
42) at the bottom of the filter assembly 30 is sucked into the water canister 70, the flnid from the
filter assembly 30 replaces the fuel 42 in the water canister 70 (that the water canister 70 was
initiaily filled with) and is then stored in the water canister 70 until the water canister 70 is
drained during a regular filter servicing. Meanwhile, the check valve 50 prevents water 44 or

fuel 42 from flowing back into the filter assembly 30 from the water canister 70.

[8056] In order to install the water drain assernbly 40 1o the filter assembly 30, the check valve
3 is attached to the bottom drain 36 of the filter assembly 30 and the venturi 80 s fhadly
attached (via, for example, a fitting) to the fuel tank 22 and the filter inlet 32 of the filter

assernbly 30.

[60587] As described further herein, the fuel sysiem 20 relies on inlet suction that is created
from fuel flowing from the fuel tank 22, through the venturi 80, and into the filter inlet 32 of the
filter assembly 30 due to the pump 24 to create the required suction for such fluid flow within the
water drain assembly 40. The inlet suction draws or pulls fluid from the top portion of the water

canister 70 into the filter assembly 30, which draws or pulls fluid from the bottom portion of the
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filter assembly 30 into the water canister 70, Since the inlet suction 18 used to move the fluid, the
fuel system 20 (and specifically the water drain assembly 40} does not rely on, require, or use
pressure side plumbing and does not need a jet pump to exert a positive pressure into the filter

assernbly 30 for water drainage.

I0058]  In various conventional fuel systems that use pressure side plumbing or a jet pump, the
separated water may flow to the fuel tank and therefore needs to be drained through the fuel tank.
However, in the present fuel system 20, the water 44 is separated out into a separate container
(i.e., the water canister 70), which can then be drained during regular filter servicing.
Furthermore, in various conventional fuel systems with a jet pump, high velocity fuel forces the
water out of the filter assembly, which creates the possibility of re-ermulsification due {o the high
velocity and high shear stress. In the present fuel system 20, however, the water 44 and the fuel
42 do not mix at such a high velocity flow and only fuel is drawn into the ventart 80 from the

water canister 70. Therefore, re-emulsification is not an issue in the present fuel system 20.

{08391 If a second filter assembly was used to remove the water {instead of the present water
drain assembly 40), the cost of the fuel systern would be increased and the second filter assembly
would be redundant if the first filter assembly can sirip water effectively. Furthermore, the sump
vohume of the filter assembly (which is generally 20-30% of the total filter volume) would be the
only volume available for water collection, which cannot be easily tailored to the specific
separated water storage volume requirements of the fuel system (which depends on the
application and the fuel quality). Instead, it is easier and quicker 1o use the present water drain
assembly 40, which allows the volume of available separated water storage (i.¢., the size of the
water canister 70} to be easily modified relative o the size of the filter assembly 30 according to
the specific needs of the customer. Furthermore, by using the present water drain assembly 40,
the size of the sump of the filter assembly 30 can be minimized or the sump can be completely
eliminated, which allows for more space for filier media and/or a shorter shell to be used for the

filter assembly 30.

-16-



WO 2019/094293 PCT/US2018/058924

108601 As shown in FIGS. 11A-11B, a study was used to determine a generic parametric
understanding that can be translated into critical ratios, ranges, and values based on flow rates
and pressures since the specific geometry and size of the venturi 80 affects the flow rate from the
water canister 70 to the filter inlet 32. Simulations were performed with inputs as the flow rates,
the pressure differential, and critical dimensions as ratios with reference to the inner diameter DD
of the filter inlet 32 (as shown in FIG. 11A, which may be equal to the inner diameter of the
second cylindrical section 94 {and potentially also the first cylindrical section 84)). The validity
or constraints for all of the designs is to avoid any fluid backflow through the capillary 88 and
for the vertical velocity within the water canister 70 to be less than the water droplet settling
velocity, The end result provides parametric ratios with reference to the inlet diameter I fora

wide range of product sizes and applications.

{60611 FIG. 11B shows exemplary ranges of working ratios (as a function of inlet diameter D)
within a portion of the fuel system 20 for a wide range of flow rates based on the outcome of the
run. In FIG. 118, the angle of the first conical section 82 is approximately 21° and the angle of
the second conical section 92 is approximately 7°. The water droplet size for the simulations
was 300 microns, which is a very conservative estimate. As shown in FIG. 11B, the inner
diameter of the consiricted section 85 can range between approximately 0.3*D o 0.6*D, the
length of the capiliary &8 can range between approximately D to 4*D, the inner diameter of the
capiliary 88 can range between approximately 0.02*D to 0.04*D, and the width of the water
canister 70 can be approximatcly 4¥D or higher, where D is the inner diameter of the filter inlet
32. Tt is noted that the inner diarneter of the capillary 88 is much more important than the length
of the capillary 8%. The length of the capillary 88 may be approximately 10 to 30 mm for most

flow rates.

[0062] Additionally, as determined in various studies, the velocity of flow through the water
canister 70 is much smaller than the water particle or droplet settling velocity, which means that
a separated water particle (even as small as 300 microus) within the water canister 70 will not

flow upward with the rising flow inside the water canister 70 (and will not be carried up and out
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of the water canister 70, through the venturi 80, and into the filter inlet 32), but instead will setile

at the bottom of the water canister 70 due to gravity.

[6063]  As utilized herein, the terms “substantially” and similar terms are intended to bave 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.

[0664] 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 way 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.

[0065] References herein to the positions of elements {(e.g., “top,” “bottom,” eic.) are merely
used to describe the orientation of various elements in the FIGURES, It should be noted that the
orientation of varicus elements may differ according to other exemplary embodiments, and that

such variations are intended to be encompassed by the present disclosure.

[0066] 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., varigtions in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters, mourting arrangements, use of

materials, colors, orientations, etc.} without materially departing from the novel teachings and
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advantages of the subject matter described herein. For exaruple, 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.

106677  While this specification contains many specific implementation details, these should not
be constraed as limitations on the scope of any embodiment or of what roay be claimed, but
rather as descriptions of features specific to particular implementations of particular
embodiments. Certain features described in this specification in the context of separate
implementations can also be implemented in combination in 8 single implementation.
Conversely, various features described in the context of a single implementation can also be
implemented in multiple implementations separately or in any suitable subcombination.
Moreover, although features may be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed combination can in some cases be
excised from the combination, and the claimed combination may be directed to a subcombination

or varigtion of a subecombinaiion.
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WHAT IS CLAIMED IS¢

I. A water drain assembly for draining water from a filter assembly, the water drain
assembly comprising:
a condnit;
a water canister, the conduit fluidly connecting a bottom portion of the filter
assembly o a bottom portion of the water canister,
a venturi comprising:
a first venturi inlet that allows fluid to flow from the fuel tank and into the
venturl,
a second venturi inlet that allows fluid to flow from the water canister and
into the venturd, and
a venturi outlet that allows fluid to flow from the venturi and into the filter

assembly.

2. The water drain assembly of claim 1, wherein the second venturi inlet comprises a

capiilary fluidly connected to the top of the water canister,

3. The water drain assembly of claim 2, wherein the capillary has a length in a range

of 1 o 4 times a diameter of a filter inlet of the filter asserbly.

4, The water drain assernbly of claim 3, wherein the capillary has an inner diameter

in a range of 0.02 to (.04 times the diameter of the filter inlet.

5. The water drain assembly of claim 4, wherein the water canister has a8 width

which is equal to or greater than 4 times the diameter of the filter inlet.

6. The water drain assembly of claim 1, wherein fluid flows into the conduit of the
water drain assembly froma the bottom portion of the filter assernbly after flowing through and

being filtered by the filter assembly.
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7. The water drain assembly of claim 1, wherein inlet suction through the venturi

causes fluid to Hlow out of the water canister and into the filier inlet of the filter assembly.

8. The water drain assembly of elaim 1, wherein the venturi is positioned upstream

of the filter assembly.

9. The water drain assembly of claim 1, wherein thad s continuously drained from

the filter assembly and into the canister when the filter assembly is being used.

10.  The water drain assembly of claim 1, wherein the water canister comprises a
collecting jacket configured to be positioned peripherally aroond af least a portion of the filter

assembly.

11, The water drain assembly of claim 10, further comprising a check valve
positioned upstream of the conduit, the check valve configured to prevent water or fuel from

flowing upsiream thereof into the fiter assembly.

12, The water drain assembly of claim 10, further comprising:

a support ring positioned inside the water canister surrounding the second venturi inlet;
and

a filter media patch positioned along and attached to ends of the support ring located

distal from the second venturi inlet,

13, A fuel system comprising:
a fuel tank configured to contain fuel to be filtered;
a filter assembly filtering the fuel from the fuel tank;
a pump that draws the fuel through the filier assernbly; and
a water drain assembly for draining water from the filter assembly, the water drain
asserbly comprising:
a conduit,
a water canister, the conduit flnidly connecting a bottom portion of the
filter assembly to a bottorn portion of the water canister,
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a venturl comprising:
a first venturi inlet that allows fluid to flow from the fuel tank and
i11to the venturi,
a second venturi inlet that allows fluid to flow from the waler
canister and into the ventur, and
a ventun outlet that allows fluid to flow from the venturi and into

the filter assembly.

14 The fuel system of claim 13, wherein the second venturt inlet coraprises a

capillary fluidly connected to the top of the water canister.

15, The fuel system of claim 13, wherein the capillary has a length inarange of 1 10 4

times a diameter of a filter indet of the filter assembly.

16, The fuel system of claim 15, wherein the capillary has an inner diameter in a

range of 0.02 t0 0.04 times the diameter of the filter 1nlet.

17.  The foe] system of claim 13, further comprising:

a support ring positioned inside the water canister surrounding the second venturi inlet
and

a filter media patch positioned along and attached to ends of the support ring located

distal from the second venturt inlet,

18. The fuel system of claim 13, wherein finid flows from the fuel tank, through the
venturi, into the filter assembly, through the conduit, into the water canister, through the

capillary of the venturi, and back into the filter assembly through the filter inlet.

19, The fuel system of claim 13, wherein inlet suction is created from fuel flowing
from the fuel tank, through the venturi, and into the filter assembly, wherein the inlet suction

draws fluid from a bottom portion of the filter assembly into the water canister.
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24, The fuel system of claim 13, wherein the water drain assembly is positioned

downstream of the fuel tank and upstream of the pump.

5

21, The fuel system of claim 13, wherein fuel flows from the fuel tank, through the
venturi, and into the filter assembly, which creates an inlet suction through the venturi that

causes fhuid to flow out of the water canister and into the filter inlet of the filter assembly.

22, The fuel system of claim 13, wherein the water canister comprises a collecting

jacket position peripherally around at least a portion of a filter shell of the filter assembly.

23, The fuel system of claim 13, further comprising a check valve positioned at the
bottom of the filter assembly upstream of the conduit, the check valve configured to prevent

water or fuel from flowing upstream thereof into the filter assembly.

23
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