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ABSTRACT

A drain valve (102) for a fuel filter water separator for an internal
combustion engine has a first pbrt (116) mating with the vent opening (100) of the
separator, a second port (118) mating with the drain opening (98) of the separator,
and a third port (120). The drain valve is actuable between a closed position
blocking communication of the first port (116) with the third port (120) and
blocking communication of the second port (118) with the third port (120), and an
open position providing communication of the first port (116) with the third port
(120) and providing communication of the second port (118) with the third port
(120). If the valve is actuated to the open position when the engine is off, collected
water and vent air each flow through the third port (120) but in opposite directions.
If the drain valve is actuated while the engine is running, pressurized fuel spray
from the vent opening (100) and collected water from the drain opening (98) of the

separator each flow through the third-port (120) in the same direction.

REO:YJ:40453506.P22 7 September 2000




P/00/0011
Regulation 3.2

AUSTRALIA

Patents Act 1990

COMPLETE SPECIFICATION
FOR A STANDARD PATENT

ORIGINAL

LA R e 000 o000

vees Name of Applicant: FLEETGUARD, INC.
s Actual Inventors: Paul D. Miller, John Amett and Melvin D. McCormick
coee Address for service Freehills Carter Smith Beadle
. in Australia: 101 Collins Street
$ oeee Melbourne Victoria 3000
ol Australia
Invention Title: Drain Valve For Fuel Filter Water Separator

The following statement is a full description of this invention, including the best method of performing it known to us




oo 20 o000 o
L]
L]

10

15

20

25

DRAIN VALVE FOR FUEL FILTER WATER SEPARATOR

BACKGROUND AND SUMMARY

The invention relates to fuel filter water separators for internal combustion engines,
usually diesel engines, and more particularly to a drain valve therefor.

Diesel fuel tends to contain relatively high levels of impurities such as particulate matter
and water, as compared to corresponding levels in other liquid hydrocarbon fuels. Asa ‘
consequence, diesel fuel typically needs to be filtered before injecting the diesel fuel into the
engine. The concern over the levels of particulate matter and water in the diesel fuel are
significant due to the problems which can be caused. Particulate matter can clog fuel lines and
fuel injectors and cause deposits to be formed in the combustion chamber. When water-laden
diesel fuel is run through a fuel system and engine, the presence of the water can cause the fuel
injection system to malfunction due to rust, corrosion, deposits, etc. Excessive levels of water
may lead to catastrophic injector nozzle failure due to the effects of steam expansion and/or
lubricity effects.

Fuel filter water separators are known in the prior art for filtering the particulate matter and
removing the water. Fuel filter water separators with a drain valve for periodically draining the
collected water are also known in the prior art, for example as shown in U.S. Patent 5,855,772,
incorporated herein by reference. |

The present invention provides an improved drain valve for a fuel filter water separator.
The fuel filter water separator has a housing defining a water collection space and a vent space.
The housing has a wall with a drain opening therethrough for draining water from the water
collection space, and a vent opening therethrough and permitting incoming air to replace outgoing
water. The engine has a running condition wherein the fuel filter water separator is pressurized,
and an off condition wherein the fuel filter water separator is not pressurized. The drain valve
includes a housing mounted to the fuel filter water separator housing and having a first port
mating with the vent opening, a second port mating with the drain opening, and a third port. An
actuator member in the drain valve housing is actuatable bétv?een a closed position blocking
communication of the first port with the third port and blocking communication of the second port
with the third port. The actuator member in the drain valve housing is actuatable to an open
position providing communication of the first port with the third port and providing
communication of the second port with the third port. In a typical situation, when the operator

sees an indication that water is present, he turns off the engine, thus depressurizing the fuel filter
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water separator, and opens the drain valve by actuating the actuator member to the open position,
and collected water and vent air each flow through the noted third port, but in opposite directions,
i.e., if the operator opens the drain valve during the off condition of the engine with the fuel filter
water separator not pressurized, the first port draws air through the vent passage from around the
drain stream of collected water flowing in the opposite direction in the third port. In one
embodiment, if the actuator member of the drain valve is actuated to the open position when the
engine is in the running condition and providing pressurized fuel at the noted vent opening, then
fuel spray from the vent opening and collected water from the drain opening of the fuel filter water
separator housing each flow through the noted third port in the same direction, i.e. if the operator
opens the drain valve during the running condition of the engine with the fuel filter water
separator pressurized, a pressurized fuel vent stream from the first port joins the drain stream from

the second port at the third port and flows in the same direction therethrough.

BRIEF DESCRIPTION OF THE DRAWINGS
_ Fig. 1 is like Fig. 7 of incorporated U.S. Patent 5,855,772 but shows a drain valve in
accordance with the present invention.
Fig. 2 is an exploded perspective view of the drain valve of Fig. 1.
Fig. 3 is an assembled perspective view of the drain valve of Figs. 1 and 2.
Fig. 4 is a sectional view taken along line 4-4 of Fig. 1, and shows the valve in the closed
position.
Fig. 5 is a sectional view taken along line 5-5 of Fig. 4.
Fig. 6 is a sectional view taken along line 6-6 of Fig. 4.
Fig. 7 is a sectional view taken along line 7-7 of Fig. 4. .
Fig. 8 is a side elevation view of the valve of Figs. 3 and 4, but shows the valve in the
closed position.
Fig. 9 is a sectional view taken along line 9-9 of Fig. 8.
Fig. 10 is a sectional view taken along line 10-10 of Fig. 9.
Fig. 11 is a sectional view taken along line 11-11 of Fig. 9.
Fig. 12 is a sectional view taken along line 12-12 of Fig. 9
Fig. 13 is a sectional view taken along line 13-13 of Fig. 9.
Fig. 14 is a sectional view taken along line 14-14 of Fig. 10.

Fig. 15 is a sectional view of another embodiment of a drain valve in accordance with the

invention.
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Fig. 16 is a sectional view taken along line 16-16 of Fig. 15.
Fig. 17 is a sectional view showing the valve of Fig. 15 in the open position.
Fig. 18isa sectional view taken along line 18-18 of Fig. 17.

Fig. 19 is a sectional view of another embodiment of a drain valve in accordance with the

invention.

Fig. 20 is a sectional view taken along line 20-20 of Fig. 19.

Fig. 21 is a sectional view showing the valve of Fig. 19 in the open position.
Fig. 22 is a sectional view taken along line 22-22 of Fig. 21.

Fig. 23 is a bottom end elevation view taken along line 23-23 of Fig. 21.

Fig. 24 is a sectional view of another embodiment of a drain valve in accordance with the

invention.

Fig. 25 is a sectional view taken along line 25-25 of Fig. 24.
Fig. 26 is a sectional view showing the valve of Fig. 24 in the open position.
Fig. 27 is a sectional view taken along line 27-27 of Fig. 26.
Fig. 28 is a sectional view taken along line 28-28 of Fig. 26.
Fig. 29 is a sectional view taken along line 29-29 of Fig. 26.

Fig. 30 is a sectional view showing another embodiment of a drain valve in accordance

with the invention.

Fig. 31 is a sectional view taken along line 31-31 of Fig. 30.

Fig. 32 is a sectional view showing the drain valve of Fig. 30 in the open position.
Fig. 33 is a sectional view taken along line 33-33 of Fig. 32.

Fig. 34 is an enlarged view of a portion of Fig. 30 as shown at line 34-34 in Fig. 30.
Fig. 35 is a sectional view taken along line 35-35 of Fig. 32.

Fig. 36 is a sectional view taken along line 36-36 of Fig. 32.

Fig. 37 is a sectional view taken along line 37-37 of Fig. 32.

Fig. 38 is a sectional view taken along line 38-38 of Fig. 30.

Fig. 39 is a sectional view showing another embodiment of a drain valve in accordance

with the invention.

Fig. 40 is a sectional view taken along line 40-40 of Fig. 39.

Fig. 41 is a sectional view showing the drain valve of Fig. 39 in the open position.
Fig. 42 is a sectional view taken along line 42-42 of Fig. 41.

Fig. 43 is an enlarged view of a portion of Fig. 41.

Fig. 44 is a sectional view taken along line 44-44 of Fig. 41.
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Fig. 45 is a sectional view taken along line 45-45 of Fig. 39.

Fig. 46 is a top view of another embodiment of a drain valve in accordance with the
invention.

Fig. 47 is a sectional view taken along line 47-47 of Fig. 46.

Fig. 48 is a top view showing the drain valve of Fig. 46 in the open position.

Fig. 49 is a sectional view taken along line 49-49 of Fig. 48.

Fig. 50 is a sectional view taken along line 50-50 of Fig. 49.

Fig. 51 is a sectional view taken along line 51-51 of Fig. 49.

Fig. 52 is an enlarged view of a portion of Fig. 49.

Fig. 53 is a sectional view taken along line 53-53 of Fig. 52.

Fig. 54 is a sectional view of another embodiment of a drain valve in accordance with the
invention.

Fig. 55 is a sectional view showing the drain valve of Fig.' 54 in the open position.

Fig. 56 is a side elevation view partially cut away of a further embodiment of the drain
valve of Fig. 54.

Fig. 57 is a perspective view from below, partially cut away, of the drain valve of Fig. 56.

Fig. 58 is a perspective view from above, partially cut away, of the drain valve of Fig. 56.

Fig. 59 is a perspective view from below of the drain valve of Fig. 56.

Fig. 60 is a perspective view from above of the drain valve of Fig. 56.

Fig. 61 is a sectional view of another embodiment of a drain valve in accordance with the
invention.

DETAILED DESCRIPTION

Fig. 1 shows a fuel filter water separator 70 and will be only briefly described since it is
also shown at 20 in incorporated U.S. Patent 5,855,772 to which further reference may be had.
Fuel filter water separator 70 includes a housing 72 closed by a threaded lid 74 and having a filter
and water separating element 76 therein. Diesel fuel enters at fuel inlet 78, flows radially inwardly
through annular filter element 76 to hollow interior 80 and then flows through fuel outlet 82 to the
fuel injection system of internal combustion engine 84, such as a diesel engine. The housing
includes a heater ring 86 for heéting the diesel fuel to prevent it from coalescing in cold weather, a
heater connector/thermostat assembly 88, and a water-in-fuel (WIF) sensor 90, all as is known in
the prior art and as shown in the incorporated '772 patent. Housing 72 defines a water collection
space 92 and a vent space 94. The housing has a wall 96 with a drain opening 98 therethrough for

draining water from the water collection space. The wall has a vent opening 100 therethrough and
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permitting incoming air to replace outgoing water. The engine has a running condition wherein
the fuel system including the fuel filter water separator is pressurized, and an off condition
wherein the fuel system and fuel filter water separator is not pressurized. As is known, it is typical
to drain collected water from housing 72 with the engine in the off condition. This is done by
allowing collected water to flow through drain opening 98, and allowing incoming vent air to flow
through vent opening 100 to replace the outgoing water and allow flow thereof. In the noted
pressurized condition, fuel pressure in the fuel filter water separator provides pressurized fuel at
vent opening 100, such that if the control valve therefor is opened during the running condition of
the engine, pressurized fuel sprays outwardly through vent opening 100.

Drain valve 102 includes a housing 104, Fig. 2, mounted to fuel filter water separator
housing 72 by bolts 106, 108, 110, 112, Figs. 2, 3, 12, 13, threaded into respective blind holes in
increased thickness section 114 of the fuel filter water separator housing wall. The drain valve
housing has a first port 116, Figs. 9 and 12 mating with vent opening 100. The drain valve
housing has a second port 118, Figs. 9 and 13, mating with drain opening 98. The drain valve
housing has a third port 120, Figs. 1 and 9, at the bottom thereof which is a combined vent and
drain port and to which a drain hose 122, Figs. 2 and 3, may be connected at outer barbs 124 and
retained by clamp 126.

An actuator member 128 in drain valve housing 104 is actuatable between a closed
position, Figs. 1-7, and an open position, Figs. 8-14. The closed position blocks communication
of first port 116 with third port 120 and blocks communication of second port 118 with third port
120. The open position provides communication of first port 116 with third port 120 and provides
communication of second port 118 with third port 120. If actuator member 128 of drain valve 102
is actuated to the open position when the engine is in the noted off condition, collected water and
vent air each flow through third port 120, but in opposite directions, Fig. 9, as shown at drain
stream 130 and vent air stream 132. First port 116 draws air through the vent passage, to be
described, from around drain stream 130 of collected water flowing in the opposite direction in
third port 120. |

If actuator member 128 of drain valve 102 is actuated to the open position when the engine
is in the noted running condition, pressurized fuel spray from vent opening 100 and collected
water from drain opening 98 of the fuel filter water separator housing each flow through third port

120 in the same direction as shown as fuel spray phantom arrow 134 and drain arrow 130, Fig. 9.
In such instance, a pressurized fuel vent stream 134 from first port 116 joins drain stream 130

from second port 118 at third port 120, and streams 134 and 130 flow in the same direction
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through port 120 to exit same, preferably through drain hose 122, Fig. 3.

The drain valve has preferred vertical or gravitational orientation of the ports, particularly
desirable for the noted non-pressurized drain cycle, i.e. with the engine in the noted off condition.
Third port 120 is gravitationally below second port 118 which in turn is gravitationally below first
port 116. Third port 120 is gravitationally below drain opening 98 which in turn is gravitationally
below vent opening 100.

In Fig. 2, actuator member 128 is a rotary piston 136 rotatable about a vertical axis 138. A
vent passage 140, Figs. 2, 4, 9, 12, has a first portion 142, Figs. 4, 9, 12, extending radially
through piston 136, relative to axis 138, and a second portion 144, Figs. 4, 9, 11, extending axially
along a gap between piston 136 and drain valve housing 104. In the open position of the valve,
Fig. 9, such gap is between a flat surface 146, Figs. 11,12, on the outer surface of the piston, and a
notched surface 148 on the inner cylindrical surface of the drain valve housing. First portion 142
of vent passage 140 extends between an upstream end 150 and a downstream end 152, Figs. 9 and
12. Second portion 144 of vent passage 140 extends between an upstream end 143, Fig. 9, and a
downstream end 145. Downstream end 145 of second portion 144 is continuous with and in
continuous communication with upstream end 150 of first portion 142, including in both of the
noted open and closed positions. Downstream end 152 of first portion 142 communicates with
first port 116 when piston 136 is in the noted open position, as shown in Figs. 9 and 12.
Downstream end 152 is blocked from communication with first port 116 when piston 136 is in the
noted closed position, Fig. 4. An annular sealing grommet 154, Figs. 2, 9, 12, radially bears
between drain valve housing 104 and piston 136 at first port 116. Piston 136 is preferably formed
with a ball socket portion 156, Fig. 2, at vent port 140 to facilitate engagement with sealing
grommet 154 and rotation of piston 136 while maintaining the seal. Upstream end 143 of second
portion 144 of the vent passage is in communication with third port 120 in each of the open and
closed positions of the piston.

A drain passage 158, Figs. 2, 4, 9, 13, has a first portion 160, Figs. 4, 9, 13, extending
radially in piston 136, relative to axis 138, and a second portion 162 extending axially in piston

136. First portion 160 extends between an upstream end 164 and a downstream end 166. Second
portion 162 extends between an upstream end 168 and a downstream end 170. Upstream end 168
of second portion 162 is continuous with and in continuous communication with downstream end
166 of first potion 160 including in each of the noted open and closed positions of the piston.
Downstream end 170 of second portion 162 is in communication with third port 120 in each of the

open and closed positions of the piston. Upstream end 164 of first portion 160 is in
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communication with second port 118 when piston 136 is in the open position as shown in Figs. 9
and 13. Upstream end 164 is blocked from communication with second port 118 when piston 136
is in the closed position, as shown in Figs. 4 and 7. An annular sealing grommet 172, Figs. 2, 7, 9,
13, radially bears between drain valve housing 104 and piston 136 at second port 118. Piston 136
is provided with a second ball socket portion 174, Fig. 2, around drain passage 158 to facilitate

and maintain the seal against sealing grommet 172 and to maintain such seal during rotation of

- piston 136.

Drain valve 102 includes an manually engageable upper handle 176, Figs. 1 and 2, non-
rotatably secured to piston 136 by roll pin 178. Coil spring 180 is a return spring and biases the
valve handle to return to the closed position, Figs. 1-7, when released by the operator. Ball
sockets 156 and 174 on piston 136 in cooperation with grommets 154 and 172, respectively,
axially locate piston 136 in housing 104 and retain the piston in the housing. Additional retention
is preferably provided by pin 182, Figs. 8, 14, engaging the underside of housing lip 184, Figs. 2,
14. In the closed position of the valve, Fig. 5, edge 184 of the handle is stopped against shoulder
186 of housing 104. When the valve is actuated to the open position, handle 176 is manually
rotated by the operator 90° counter-clockwise to the position shown in Fig. 10, with handle edge
188 stopped against shoulder 190 of housing 104. O-ring 192, Figs. 4, 9, permits the noted
rotation while sealing the interior of the valve.

Figs. 15-18 show a further embodiment and use like reference numerals from above where
appropriate to facilitate understanding. The rotational stops for the opening and closing
movements of the valve 200 are moved from the handle to the piston. As shown in Figs. 16 and
18, piston 136 has an arcuate slot 201 with shoulders 202 and 204 at the ends thereof. In the
closed position of the valve, Fig. 15, piston 136 is in its clockwise rotated position, Fig. 16, with
shoulder 204 stopped against radially inwardly projecting finger 206 formed on the inner
cylindrical surface of housing 104. In the open position of the valve, Fig. 17, piston 136 is rotated
90° counter-clockwise, Fig. 18, and shoulder 202 is stopped against finger 206.

Figs. 19-23 show a further embodiment and use like reference numerals from above where
appropriate to facilitate understanding. Drain valve 218 has a housing 220 and an actuator
member provided by a rotary piston 222 rotatable about a vertical axis and having an upper
manually engageable operator handle 224 nonrotatably secured to piston 222 by pin 226 and
biased by spring 228 to return to the closed position, Figs. 19 and 20. In Fig. 20, shoulder 230 of
arcuate slot 232 of piston 222 is stopped against radially inwardly projecting finger 234 of the

inner cylindrical surface of housing 220. Piston 222 is rotated 90° counter-clockwise, as viewed
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in Figs. 20 and 22, to the open position, Fig. 21, with shoulder 236 of arcuate slot 232 stopped
against finger 234.

A vent passage 238, Fig. 21, has a first portion 240 extending radially in piston 222,
relative to the noted vertical rotational axis of piston 222, and a second portion 242 extending
axially in the piston. First portion 240 of the vent passage extends between an upstream end 244
and a downstream end 246. Second portion 242 of the vent passage extends between an upstream
end 248 and a downstream end 250. Upstream end 244 of first portion 240 is continuous with and
continuously communicates with downstream end 250 of second portion 242 of the vent passage
including in each of the open and closed positions of the piston. Downstream end 246 of first
portion 240 communicates with first port 116 when the piston is in the open position, Fig. 21, and
is blocked from communication with first port 116 when the piston is in the closed position, Fig.
19. Upstream end 248 of second portion 242 communicates with third port 120 in each of the
open and closed positions of the piston. ’

Drain passage 252, Fig. 21, has a first portion 254 extending radially in piston 222, and a
second portion 256 extending axially in piston 222. First portion 254 extends between an
upstream end 258 and a downstream end 260. Second portion 256 of the drain passage extends
between an upstream end 262 and a downstream end 264. Downstream end 260 of first portion
254 is continuous with and in continuous communication with upstream end 262 of second
portion 256 including in each of the open and closed positions of the piston. Upstream end 258 of
first portion 254 communicates with second port 118 when the piston is in the open position, Fig.
21, and is blocked from communication with second port 118 when the piston is in the closed
position, Fig. 19. Downstream end 264 of second portion 256 communicates with third port 120
in each of the open and closed positions of the piston, Figs. 21 and 19, respectively.

Figs. 24-29 show a further embodiment and use like reference numerals from above where
appropriate to facilitate understanding. Drain valve 278 has a housing 280 and an actuator
member provided by a rotary piston 282 rotatable about a vertical rotation axis and having an
upper handle 284 nonrotatably secured to piston 282 by pin 286 and biased to a closed position by
return spring 288. In the closed position, Fig. 24, shoulder 290, Fig. 25, of arcuate slot 292 on the
outer surface of piston 282 is stopped against radially inwardly projecting finger 294 of the inner
cylindrical surface of drain valve housing 280. Upon rotation of the piston 90° counter-clockwise,
as viewed in Figs. 25 and 27, to the open position, Fig. 26, shoulder 296 of arcuate slot 292 is
stopped against finger 294.

A vent passage 298, Fig. 26, has a first portion 300 extending radially through piston 282,
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relative to the noted vertical rotational axis, and a second portion 302 extending axially along a
gap between piston 282 and drain valve housing 280. First portion 300 of the vent passage
extends between an upstream end 304 and a downstream end 306. Second portion 302 of the vent
passage extends between an upstream end 308 and a downstream end 310. Upstream end 304 of
the first portion 300 is continuous with and continuously communicates with downstream end 310
of second portion 302 of the vent passage including in each of the open and closed positions of the
piston. Downstream end 306 of first portion 300 communicates with first port 116 when the
piston is in the open position, Figs. 26, 28, and is blocked from communication with first port 116
when the piston is in the closed position, Fig. 24. Upstream end 308 of second portion 302
communicates with third port 120 in each of the open and closed positions of the piston.

Drain passage 312, Fig. 26, has a first portion 314 extending radially in the piston, and a
second portion 316 extending axially in the piston. First portion 314 extends between an upstream
end 318 and a downstream end 320. Second portion 316 of the drain passage extends between an
upstream end 322 and a downstream end 324. Downstream end 320 of first portion 314 is
continuous with and in continuous communication with upstream end 322 of second portion 316
of the drain passage including in each of the open and closed positions of the piston. Upstream
end 318 of first portion 314 is in communication with second port 118 when the piston is in the
open position, Figs. 26, 29, and is blocked from communication with second port 118 when the
piston is in the closed position, Fig. 24. Downstream end 324 of second portion 316 is in
communication with third port 120 in each of the open and closed positions of the piston.

Figs. 30-38 show a further embodiment and use like reference numerals from above where
appropriate to facilitate understanding. Drain valve 340 includes a drain valve housing 342 and an
actuator member provided by a rotary piston 344 rotatable about a vertical rotation axis and
having an upper manually engageable handle 346 nonrotatably secured to piston 344 by pin 348
and biased to the closed position, Figs. 30, 34, 38, by return spring 350. In the closed position,
radially outwardly projecting finger 352, Fig. 31, on the outer surface of piston 344 is stopped
against shoulder 354 of an arcuate slot 356 formed in the inner cylindrical surface of drain valve
housing 342. Upon 90° clockwise rotation of the piston, as viewed in Figs. 31 and 33, to the open
position, Fig. 32, finger 352, Fig. 33, is stopped against shoulder 358 of arcuate slot 356.

Drain valve 340 includes an upper cap 360, Fig. 30, thread mounted on housing 342.
Spring 350 axially bears between cap 360 and a shoulder 362 on the piston and, in addition to the
noted rotary bias, also supplies axial bias such that piston 344 is axially biased downwardly
against a pair of lower O-ring seals 364 and 366, Figs. 30, 34, 37, 38. O-ring 364 is aligned with

v e
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lower drain port 368 in lower horizontal wall 370 of housing 342. O-ring 366 is aligned with
lower vent port 372 in horizontal wall 370. Ports 368 and 372 communicate with the noted third
port 120 of the drain valve. Piston 344 is axially biased downwardly against O-rings 364 and 366
in sealing relation.

A vent passage 374, Fig. 32, has a first portion 376 extending radially in piston 344, and a
second portion 378 extending axially in the piston. First portion 376 extends between an upstream
end 380 and a downstream end 382. Second portion 378 of the vent passage extends between an
upstream end 386 and a downstream end 388. Upstream end 380 of first portion 376 is
continuous with and in continuous communication with downstream end 388 of second portion
378 of the vent passage including in each of the open and closed positions of the piston.
Downstream end 382 of first portion 376 is in communication with first port 116 in each of the
open and closed positions of the piston, Figs. 32 and 30, respectively. This is accomplished by an
arcuate groove 384, Figs. 30,32, 35, formed in the outer cylindrical surface of piston 344
communicating with downstream end 382 of first portion 376 of vent passage 374 and first port
116. Upstream end 386 of second portion 378 is in communication with third port 120 through O-
ring 366 and vent port 372 when the piston is in the open position, Figs. 32, 35, 37. Upstream end
386 is blocked from communication with vent port 372 and third port 120 when the piston is in
the closed position, Figs. 30, 38.

Drain passage 400, Fig. 32, has a first portion 402 extending radially in piston 344, and a
second portion 404 extending axially in piston 344. First portion 402 extends between an
upstream end 406 and a downstream end 408. Second portion 404 of the drain passage extends
between an upstream end 412 and a downstream end 414. Downstream end 408 of first portion
402 is continuous with and in continuous communication with upstream end 412 of second
portion 404 of the drain passage including in each of the open and closed positions of the piston.
Upstream end 406 of first portion 402 communicates with second port 118 in each of the dpen and
closed positions of the piston, Figs. 32 and 30, respectively. This is accomplished by an arcuate
groove 410 formed in the outer cylindrical surface of piston 344 communicating with upstream
end 406 of first portion 402 of drain passage 400 and second port 118 in each of the open and
closed positions of the piston. In an alternative, either or both of vent and drain passage arcuate
grooves 384 and 410 may be formed in the inner cylindrical surface of the drain valve housing.
Downstream end 414 of second portion 404 communicates with third port 120 through O-ring 364
and drain port 368 when the piston is in the open position, Figs. 32 and 37. Downstream end 414
of second portion 404 is blocked from communication with drain port 368 and third port 120

-10-
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when the piston is in the closed position, Figs. 30 and 38.

Figs. 39-45 show a further embodiment and use like reference numerals from above where
appropriate to facilitate understanding. Drain valve 430, Fig. 39, includes a drain valve housing
432 having an actuator member provided by a rotary piston 434 rotatable about a vertical rotation
axis and having an upper manually engageable handle 436 nonrotatably secured to piston 434 by
pin 438 and biased to the closed position, Figs. 39,.45, by return spring 440. A bottom end cap
442 is mounted to the housing in threaded relation to axially locate and retain the piston in the
housing and to provide an axial stop for lower springs 444 and 446, Fig. 43, axially biasing
annular sealing grommets 448 and 450 axially upwardly against the bottom of the piston at
respective vent and drain ports 452 and 454. A lower cup-shaped retainer member 456 has
respective vent and drain ports 458 and 460 therethrough aligned with respective vent and drain
ports 452 and 454 and the respective openings in respective annular seals 448 and 450 and the
respective hollow interiors of springs 444 and 446. Springs 444 and 446 bear axially between
retainer member 456 and respective annular seals 448 and 450. Retainer member 456 is held in
place by lower end cap 442 and is sealed to housing 432 by O-ring 462.

In the open position of drain valve 430, Figs. 41, 43, 44, vent air 132 flows upwardly
through third port 120, vent ports 458 and 452 then through portions 464 and 466, Fig. 41 of vent
passage 468 to first port 116 communicating with vent opening 100. The collected water drain
stream 130 flows from drain opening 98 to second port 118 then through portions 470 and 472 of
drain passage 474 then through drain ports 454 and 460 to third port 120.

Figs. 46-51 show a further embodiment and use like reference numeral from above where
appropriate to facilitate understanding. Drain valve 500 includes a drain valve housing 502 and an
actuator member provided by a rotary piston 504 rotatable about a vertical rotation axis and
having an upper manually engageable handle 506 nonrotatably secured to piston 504 in keyed
relation, such as square fit 508 or the like, and biased to the closed position, Fig. 47, by return
spring 510. Vent passage 512, Fig. 49, extends from first port 116 radially at 514 in the piston
then axially at 516 in the piston through lower vent port 518 through bottom wall 520 of the
housing when the piston is in the open position, Figs. 49, 50. Vent port 518 in turn communicates
with annular passage 522 around drain port 524 at third port 120. Axial vent passage portion 516
is blocked from communication with vent port 518 in bottom wall 520 when the piston is in the
closed position, Fig. 47. Radial portion 514 of the vent passage is blocked from communication
with first port 116 when the piston is in the closed position, Fig. 47. Drain passage 526 has a
portion 528 extending radially from second port 118 and a portion 530 extending axially and
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communicating with drain port 524 and third port 120 in each of the open and closed positions of
the piston, Figs. 49 and 47, respectively. O-rings 532 and 534 permit the noted rotation and seal
the interior of the valve. Additional O-rings 536 and 538 are provided around respective portions
514 and 528 of respective vent and drain passages 512 and 526.

Figs. 54-60 show a further embodiment and use like reference numerals from above where
appropriate to facilitate understanding. Drain valve 550 includes a drain valve housing 552 and an
actuator member provided by a reciprocal plunger 554 preferably reciprocal along a vertical -
reciprocation axis. A vent passage 556 has a first portion 558 extending from first port 116
radially in drain valve housing 552, relative to the noted reciprocation axis 560, a second portion
562 extending axially in housing 552 along plunger 554, a third portion extending radially in
housing 552, a fourth portion 556 extending axially in housing 552, and a fifth portion 568
extending radially in housing 552. Radial portions 558 and 564 are joined by axial portion 560
when plunger 554 is in the open position, Fig. 55. Axial portion 566 is radially spaced from axial
portion 562. Vent air 132 through the vent passage flows from third port 120 through portion 568
then axially through portion 566 then radially through portion 564 then axially through portion
562 then radially through portion 558 to first port 116 and vent opening 100. Housing 552 has a
drain chamber 570 and a vent chamber 572 spaced from each other by a dividing wall 574.
Plunger 554 reciprocates in the vent and drain chambers between open and closed positions, Figs.
55 and 54, respectively. In the open position, Fig. 55, collected water 130 flows from drain
chamber 570 along plunger 554 into third port 120, and vent air 132 flows in the opposite
direction through third port 120 toward plunger 554 and then enters the vent passage at portion
568. Drain passage 576 has a first portion 578 extending radially in drain valve housing 552,
relative to axis 560, and a second portion 580 extending axially along plunger 554 to third port
120. O-ring seals 582,584,586 are provided along the plunger for sealing the respective passages.

A self-biasing molded rubber or plastic cap 588 is secured to the top of the plunger and biases the
plunger upwardly to the closed position, Fig. 54. To open to valve, the operator manually pushes
down on cap 588 as shown at arrow 589, Fig. 55. Altematively, or in addition, a returnvspring 590
may be provided to bias plunger 554 upwardly to the closed position.

Fig. 61 shows a further embodiment and uses like reference numerals from above where
appropriate to facilitate understanding. Drain valve 600 includes a drain valve housing 602
having an actuator member provided by a rotary piston 604 rotatable about a vertical rotation axis
and having an upper manually engageable handle 606 nonrotatably secured to piston 604 by pin
608 and biased by return spring 610, as above. Vent passage 612 has a first portion 614 extending

-12-




radially through piston 604, relative to the noted rotation axis, and a second portion 616 extending
axially through housing 602. The operation of drain valve 600 is like that described above except
that the axial portion 616 of the vent passage extends through the drain valve housing 602 rather

than extending along a gap between piston 604 and housing 602, and rather than extending

S through piston 604.
It is recognized that various equivalents, alternatives and modifications are possible within

the scope of the appended claims.
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The claims defining the invention are as follows:

1. A drain valve for a fuel filter water separator for an internal
combustion engine, said fuel filter water separator having a housing defining a
water collection space and a vent space, the housing having a wall with a drain
opening therethrough for draining water from said water collection space, and
having a vent opening therethrough and permitting incoming air to replace
outgoing water, said engine having a running condition wherein said fuel filter
water separator is pressurized, said engine having an off condition wherein said
fuel filter water separator is not pressurized, said drain valve comprising a housing
mounted to said fuel filter water separator housing and having a first port mating
with said vent opening, a second port mating with said drain opening, and a third
port, and an actuator member in said drain valve housing and actuable between a
closed position blocking communication of said first port with said third port and
blocking communication of said second port with said third port, and an open
position providing communication of said first port with said third port and
providing communication of said second port with said third port such that if said
actuator member of said drain valve is actuated to said open position when said
engine is in said off condition, collected water and vent air each flow through said
third port in opposite directions, wherein said actuator member is a rotary piston
rotatable about an axis, and comprising a vent passage having a first portion
extending radially through said piston, relative to said axis, and a second portion
extending axially along a gap between said piston and said drain valve housing.

2. The invention according to claim 1 comprising a seal radially bearing
between said drain valve housing and said piston at said first port.

3. The invention according to claim 1 comprising a seal axially bearing
between said drain valve housing and said piston at said third port.
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4. The invention according to claim 1 wherein said first portion of said
vent passage extends between an upstream end and a downstream end, said
upstream end communicating with said second portion of said vent passage when
said piston is in said open position, said downstream end communicating with said
first port when said piston is in said open position, said downstream end being
blocked from communication with said first port when said piston is in said closed

position.

5. The invention according to claim 4 wherein said upstream end of
said first portion of said vent passage communicates with said second portion of
said vent passage when said piston is in said closed position.

6. The invention according to claim 4 comprising a seal radially bearing
between said drain valve housing and said piston at said first port.

7. The invention according to claim 1 comprising a drain passage
having a first portion extending radially in said piston, and a second portion
extending axially in said piston.

8. The invention according to claim 7 wherein said first portion of said
drain passage extends between an upstream end and a downstream end, said
upstream end communicating with said second port when said piston ié in said
open position, said second portion of said drain passage extends between an
upstream end and a downstream end, said upstream end of said second portion of
said drain passage communicating with said downstream end of said first portion
of said drain passage in each of said open and closed positions of said piston,
said downstream end of said second portion of said drain passage communicating
with said third port when said piston is in said open position, at least one of said
upstream end of said first portion of said drain passage and said downsteam end
of said second portion of said drain passage being blocked from communication
with a respective one of said second and third ports when said piston is in said
closed position.
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9. The invention according to claim 8 wherein said upstream end of
said first portion of said drain passage is blocked from communication with said

second port when said piston is in said closed position.

10. The invention according to claim 9 wherein said downstream end of
said second portion of said drain passage communicates with said third port in

each of said open and closed positions of said piston.

11.  The invention according to claim 8 wherein said downstream end of
said second portion of said drain passage is blocked from communication with

said third port when said piston is in said closed position.

12. The invention according to claim 11 wherein said upstream end of
said first portion of said drain passage communicates with said second port in

each of said open and closed positions of said piston.

13.  The invention according to claim 12 comprising an arcutate groove in
one of said piston and said drain valve housing communicating with said upstream
end of said first portion of said drain passage and said second port in each of said

open and closed positions of said piston.

14. A drain valve for a fuel fiter water separator for an internal
combustion engine, said fuel filter water separator having a housing defining a
water collection space and a vent space, the housing having a wall with a drain
opening therethrough for draining water from said water collection space, and
having a vent opening therethrough and permitting incoming air to replace
outgoing water, said engine having a running condition wherein said fuel filter
water separator is pressurized, said engine having an off condition wherein said
fuel filter water separator is not pressurized, said drain valve comprising a housing
mounted to said fuel filter water separator housing and having a first port mating
with said vent opening, a second port mating with said drain opening, and a third
port, and an actuator member in said drain valve housing and actuable between a
closed position blocking communication of said first port with said third port and
blocking communication of said second port with said third port, and an open
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position providing communication of said first port with said third port and
providing communication of said second port with said third port such that if said
actuator member of said drain valve is actuated to said open position when said
engine is in said off condition, collected water and vent air each flow through said
third port in opposite directions, wherein said actuator member is a rotary piston
rotatable about an axis, and comprising a vent passage having a first portion
extending radially in said piston, relative to said axis, and a second portion

extending axially in said piston.

15.  The invention according to claim 14 wherein said first portion of said
vent passage extends between an upstream end and a downstream end, said
downstream end communicating with said first port when said piston is in said
open position, said second portion of said vent passage extends between an
upstream end and a downstream end, said upstream end of said second portion of
said vent passage communicating with said third port when said piston is in said
open position, said downstream end of said second portion of said vent passage
communicating with said upstream end of said first portion of said vent passage in
each of said open and closed positions of said piston, at least one of said
downstream end of said first portion of said vent passage and said upstream end
of said second portion of said vent passage being blocked from communication
with a respective one of said first and third ports when said piston is in said closed

position.

16.  The invention according to claim 15 wherein said downstream end of
said first portion of said vent passage is blocked from communication with said
first port when said piston is in said closed position.

17.  The invention according to claim 16 wherein said upstream end of
said second portion of said vent passage is in communication with said third port
in each of said open and closed positions of said piston.
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18. The invention according to claim 16 comprising a seal radially

bearing between said drain valve housing and said piston at said first port.

19. The invention according to claim 15 wherein said upstream end of
said second portion of said vent passage is blocked from communication with said

third port when said piston is in said closed position.

20. The invention according to claim 19 wherein said downstream end of
said first portion of said vent passage is in communication with said first port in

each of said open and closed positions of said piston.

21. The invention according to claim 20 comprising an arcuate groove in
one of said piston and said drain valve housing communicating said downstream
end of said first portion of said vent passage and said first port in each of said

open and closed positions of said piston.

22. The invention according to claim 19 comprising a seal axially bearing

between said drain valve housing and said piston at said third port.

23. The invention according to claim 14 comprising a drain passage
having a first portion extending radially in said piston, and a second portion

extending axially in said piston.

24. The invention according to claim 23 wherein said first portion of said
drain passage extends between an upstream end and a downstream end, said
upstream end communicating with said second port when said piston is in said
open position, said second portion of said drain passage extends between an
upstream end and a downstream end, said upstream end of said second portion of
said drain passage communicating with said downstream end of said first portion
of said drain passage in each of said open and closed positions of said piston,
said downstream end of said second portion of said drain passage communicating
with said third port when said piston is in said open position, at least one of said
upstream end of said first portion of said drain passage and said downstream end
of said second portion of said drain passage being blocked from communication
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with a respective one of said second and third ports when said piston is in said

closed position.

25. The invention according to claim 24 wherein said upstream end of
said first portion of said drain passage is blocked from communication with said

second port when said piston is in said closed position.

26. The invention according to claim 25 wherein said downstream end of
said second portion of said drain passage communicates with said third port in

each of said open and closed positions of said piston.

27. The invention according to 24 wherein said downstream end of said
second portion of said drain passage is blocked from communication with said
third port when said piston is in said closed position.

28. The invention according to claim 27 wherein said upstream end of
said first .portion of said drain passage communicates with said second port in
each of said open and closed positions of said piston.

29. The invention according to claim 28 comprising an arcuate groove in
one of said piston and said drain valve housing communicating with said upstream
end of said first portion of said drain passage and said second port in each of said
open and closed positions of said piston.

30. A drain valve for a fuel filter water separator for an internal
combustion engine, said fuel filter water separator having a housing defining a
water collection space and a vent space, the housing having a wall with a drain
opening therethrough for draining water from said water collection space, and
having a vent opening therethrough and permitting incoming air to replace
outgoing water, said engine having a running condition wherein said fuel filter
water separator is pressurized, said engine having an off condition wherein said
fuel filter water separator is not pressurized, said drain valve comprising a housing
mounted to said fuel filter water separator housing and having a first port mating
with said vent opening, a second port mating with said drain opening, and a third




10

15

25

20

port, and an actuator member in said drain valve housing and actuable between a
closed position blocking communication of said first port with said third port and
blocking communication of said second port with said third port, and an open
position providing communication of said first port with said third port and
providing communication of said second port with said third port such that if said
actuator member of said drain valve is actuated to said open position when said
engine is in said off condition, collected water and vent air each flow through said
third port in opposite directions, wherein said actuator member is a rotary piston
rotatable about an axis, and comprising a drain passage having a first portion
extending radially in said piston, relative to said axis, and a second portion

extending axially in said piston.

31. The invention according to claim 30 comprising a seal radially
bearing between said drain valve housing and said piston at said second port.

32. The invention according to claim 30 comprising a seal axially bearing
between said drain valve housing and said piston at said third port.

33. The invention according to claim 30 wherein said first portion of said
drain passage extends between an upstream end and a downstream end, said
upstream end communicating with said second port when said piston is in said
open position, said second portion of said drain passage extends between an
upstream end and a downstream end, said upstream end of said second portion of
said drain passage communicating with said downstream end of said first portion
of said drain passage in each of said open and closed positions of said piston,
said downstream end of said second portion of said drain passage communicating
with said third port when said piston is in said open position, at least one of said
upstream end of said first portion of said drain passage and said downsteam end
of said second portion of said drain passage being blocked from communication
with a respective one of said second and third ports when said piston is in séid
closed position.
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34. The invention according to claim 33 wherein said upstream end of
said first portion of said drain passage is blocked from communication with said

second port when said piston is in said closed position.

. 35. The invention according to claim 34 wherein said downstream end of
said second portion of said drain passage communicates with said third port in

each of said open and closed positions of said piston.

36. The invention according to claim 33 wherein said downstream end of
said second portion of said drain passage is blocked from communication with
said third port when said piston is in said closed position.

37. The invention according to claim 36 wherein said upstream end of
said first portion of said drain passage communicates with said second port in
each of said open and closed positions of said piston.

38. The invention according to claim 37 comprising an arcuate groove in
one of said piston and said drain valve housing communicating with said upstream
end of said first portion of said drain passage and said second port in each of said
open and closed positions of said piston.

39. A drain valve for a fuel filter water separator for an internal
combustion engine, said fuel filter water separator having a housing defining a
water collection space and a vent space, the housing having a wall with a drain
opening therethrough for draining water from said water collection space, and
having a vent opening therethrough and permitting incoming air to replace
outgoing water, said engine having a running condition wherein said fuel filter
water separator is pressurized, said engine having an off condition wherein said
fuel filter water separator is not pressurized, said drain valve comprising a housing
mounted to said fuel filter water separator housing and having a first port mating
with said vent opening, a second port mating with said drain opening, and a third
port, and an actuator member in said drain valve housing and actuable between a
closed position blocking communication of said first port with said third port and
blocking communication of said second port with said third port, and an open
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position providing communication of said first port with said third port and
providing communication of said second port with said third port such that if said
actuator member of said drain valve is actuated to said open position when said
engine is in said off condition, collected water and vent air each flow through said
third port in opposite directions, wherein said actuator member is a rotary piston
rotatable about an axis and having a vent passage with a first portion extending
radially, relative to said axis, and a second portion extending axially, and having a
drain passage with a first portion extending radially, relative to said axis, and a

second portion extending axially.

40. The invention according to claim 39 comprising first and second
seals radially bearing between said drain valve housing and said piston at said
first and second ports at said radially extending first portions of said vent passage

and said drain passage, respectively.

41. The invention according to claim 39 comprising first and second
seals axially bearing between said drain valve housing and said piston at said third
port at said axially extending portions of said vent passage and said drain

passage, respectively.

42. The invention according to claim 41 wherein said vent passage has a
third portion extending radially in said drain valve housing and a fourth portion
extending axially in said drain valve housing, said second portion extending axially
along said plunger, said first and third portions being joined by said second
portion, said fourth portion being radially spaced from said second portion.

43. The invention according to claim 42 wherein said vent passage has a
fifth portion extending radially in said drain valve housing, such that vent air
through said vent passage flows from said third port then through said fifth portion
then axially through said fourth portion then radially through said third portion then
axially through said second portion then radially through said first portion to said

vent opening.
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44. The invention according to claim 43 wherein said drain valve housing
has a drain chamber and a vent chamber axially spaced from each other by a
dividing wall, and wherein said plunger extends axially through said dividing wall
and reciprocates in said drain and vent chambers between open and closed
positions, such that in said open position, collected water flows from said drain
chamber along said plunger into said third port, and vent air flows in the opposite
direction through said third port toward said plunger and then enters said vent

passage at said fifth portion.

FLEETGUARD, INC.
By its Registered Patent Attorneys
Freehills Carter Smith Beadle 6 November 2002
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