
FLOW-CONTROL VALVE ASSEMBLY TECHNICALFIELD The present
invention relates generally to fluid flow, and more
particularly to a flow-control valve assembly.
BACKGROUND OF THE INVENTION Flow-control valve
assemblies are used to provide a substantially
constant fluid flow rate over a range of varying line
pressures. Applications which employ flow-control
valve assemblies include, without limitation, drinking
fountains, beverage dispensers, automatic washing
machines for clothes or dishes, hydraulic and
pneumatic systems, automotive fuel injectors, and
pneumatic machine tools. A known design of a
flow-control valve assembly includes a flow control
positioned in a valve body, wherein the flow control
has a central through passage, and wherein the valve
body includes a bypass flow channel. The flow control
includes an upstream top surface, a downstream bottom
surface, and an outer cylindrical surface. The
downstream bottom surface has
longitudinally-projecting, resilient feet. The outer
cylindrical surface has an annular seal which projects
radially outward from the outer cylindrical surface.
Fluid flows through the central through passage under
a low and a high fluid pressure. When the top surface
of the flow control is subjected to a low fluid
pressure, the feet provide a stand-off allowing bypass
flow. When the top surface of the flow control is
subjected to a high fluid pressure, the resilient feet
collapse, the flow control engagingly slides
downstream a distance in the valve body, and the
annular seal seats against a shoulder of the valve
body preventing bypass flow. Still, scientists and
engineers continue to seek improved flow controls and
improved flow-control valve assemblies. SUMMARY OF THE
INVENTION A first expression of an embodiment of the
invention is for a flow-control valve assembly
including a valve body and a resilient flow control.
The valve body has a longitudinal axis and has a valve
seat. The valve seat includes a completely-annular 



radially-inner valve seat portion, an
at-least-partially-annular radially-outer valve seat
portion, and a bypass-flow-channel exit. The
bypass-flow-channel exit is located betweenthe
radially-inner and radially-outer valve seat portions.
The resilient flow control is positioned in the valve
hody and has an upstream top surface, a downstream
bottom surface, and a through passage. The bottom
surface seats against the radially-outer valve seat
portion under a lower and a higher fluid pressure
against the top surface. The through passage is
located radially inward of the radially-inner valve
seat portion. The bottom surface is spaced apart from
the radially-inner valve seat portion under the lower
fluid pressure exposing the bypass-flow channel exit.
The bottom surface seats against the radially-inner
valve seat portion under the higher fluid pressure
blocking the bypass-flow channel exit. A second
expression of an embodiment of the invention is for a
flow-control valve assembly including a valve body and
a resilient flow control. The valve body has a
bypassflow- charrnel exit. The resilient flow control
is positioned in the valve body and includes an
upstream top surface, a downstream bottom surface, an
outer cylindrical surface connecting the top and
bottom surfaces, and a through passage. The outer
cylindrical surface has a substantially constant
diameter as one travels along the outer cylindrical
surface from the top surface to the bottom surface.
The bottom surface is devoid of any protrusion. The
bottom surface is shaped to block the
bypass-flow-channel exit under a higher fluid pressure
against the top surface and to expose the
bypass-flow-channel exit under a lower fluid pressure
against the top surface. A third expression of an
embodiment of the invention is for a flow-control
valve assembly including the valve body and the
resilient flow control described in the second
expression of an embodiment of the invention and
including an annular fitting, an "O"-ring seal, and an
annular cover. The annular fitting has an annular
bottom ledge, and the valve body is positioned in the
annular fitting against the bottom ledge. The "O"-ring
seal is located between the valve body and the annular
fitting. The annular top cover is attached to the
annular fitting and covers a radially-outer portion of
the top surface of the flow control while exposing the
through passage of the flow control. 



Several benefits and advantages are derived from one
or more of the expressions of an embodiment of the
invention. In one example, having a
bypass-flow-channel exit between radially-inner and
radially-outer valve seat portions allows the bottom
surface of the flow control to seat against the
radially-outer-valve seat portion under a lower and a
higher fluid pressure which essentially eliminates
frictional rubbing of the outer cylindrical surface of
the flow control against the valve body as the flow
control bottom surfacedeforms under increasing
pressure to seat against the radially-inner-valve seat
portion to block the bypass-flow-channel exit. In the
same or another example, having a flow control with an
outer cylindrical surface of substantially constant
diameter and with a bottom surface devoid of any
protrusions reduces manufacturing complexity. SUMMARY
OF THE DRAWINGS Figure 1 is a side perspective cutaway
of an embodiment of a flow-control valve assembly of
the invention including a resilient flow control, a
valve body, an annular fitting, an "O"-ring seal, and
an annular top cover, wherein higher fluid pressure
against the top surface of the flow control has
deformed the bottom surface of the flow control to
block the bypass-flow-channel exit of the valve seat
of the valve body; Figure 2 is a side perspective
cutaway view of the flow-control valve assembly of
Figure 1 without the annular fitting, the "O"-ring
seal, the annular top cover, and the higher fluid
pressure, wherein lower fluid pressure against the top
surface of the flow control has allowed the bottom
surface of the flow control to resume a substantially
unstressed state exposing the bypass-flow-channel
exit; Figure 3 is a side perspective cutaway view of
the flow control of Figure 2; Figure 4 is a side
perspective cutaway view of the valve body of Figures
1 and 2; and Figure 5 is a top perspective view of the
valve body of Figures 1, 2 and 4. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Referring now to the drawings,
Figures 1-5 illustrate an embodiment of the present
invention. A first expression of the embodiment shown
in Figures 1-5 is for a flow-control valve assembly 10
including a valve body 12 and a resilient flow control
14. The valve 



body 12 has a longitudinal axis 16 and has a valve
seat 18. The valve seat 18 includes a
completely-annular radially-inner valve seat portion
20, an at-least-partially-annular radially-outer valve
seat portion 22, and a bypass-flow-channel exit 24
disposed between the radially-inner and radially-outer
valve seat portions 20 and 22. The resilient flow
control 14 is disposed in the valve body 12 and has an
upstream top surface 26, a downstream bottom surface
28, and a through passage 30. The bottom surface 28
seats against the radially-outer valve seat portion 22
under a lower and a higher fluid pressure against the
top surface 26. The through passage 30 is disposed
radially inward of theradially-inner valve seat
portion 20. The bottom surface 28 is spaced apart from
the radially-inner valve seat portion 20 under the
lower fluid pressure exposing the bypassflow channel
exit 24. The bottom surface 28 seats against the
radially-inner valve seat portion 20 under the higher
fluid pressure blocking the bypass-flow-channel exit
24. In one enablement of the first expression of the
embodiment of Figures 1-5, the flow control 14 has an
outer cylindrical surface 32 connecting the top and
bottom surfaces 26 and 28. In one variation, the outer
cylindrical surface 32 has a substantially constant
diameter as one travels along the outer cylindrical
surface 32 from the top surface 26 to the bottom
surface 28. In a different variation, not shown, the
outer cylindrical surface of the flow control is
scalloped defining a portion of a bypass flow channel
which leads to the bypass-fiow-channel exit in the
valve seat of the valve body. It is noted that the
through passage 30 extends from the top surface 26 to
the bottom surface 28 of the flow control 14. In one
construction of the first expression of the embodiment
of Figures 1-5, the through passage 30 of the flow
control 14 is substantially coaxially aligned with the
longitudinal axis 16. In a different construction, not
shown, the through passage is offset from the
longitudinal axis of the valve body and, in one
variation, is one of a plurality of through passages.
In one example of the first expression of the
embodiment of Figures 1-5, the radially-inner valve
seat portion 20 surrounds an inner bore 34
substantially coaxially aligned with the longitudinal
axis 16, and, under the lower and the higher fluid
pressure, fluid flows through the through passage 30
and into the inner bore 34. It is noted that fluid 



includes liquid (such as, but not limited to, water)
and/or gas. Such fluid flow is indicated by an arrow
36 in Figure 1. It is noted that bypass fluid flow is
permitted to exit the bypass-flow-channel exit 24 (as
can be visualized from Figure 2) where the bottom
surface 28 of the flow control 14 is substantially
unflexed by a lower fluid pressure against the top
surface 26 exposing the bypass-flow-channel exit 24
since the bottom surface 28 is not seated on the
radially-inner valve-seat portion 20. It is also noted
that bypass fluid flow is prevented from exiting the
bypass-flow-channel exit 24 (as can be visualized from
Figure 1) where the bottom surface 28 has blocked the
bypass-flow-channel exit 24 since higher pressure
against the top surface 26 has flexed the bottom
surface 28 to seat against the radially-inner
valve-seat portion 20. In one application of the first
expression of the embodiment of Figures 1-5, under the
lower fluid pressure, fluid bypass flow travels from
the bypass-flow-channel exit 24 ofthe valve seat 18,
then radially inward between the bottom surface 28 of
the flow control 14 and the radially-inner valve seat
portion 20 of the valve seat 18, and then into the
inner bore 34. In one variation, the bottom surface 28
of the flow control 14 facing an area which includes
the bypass-flow-channel exit 24 and the radially-inner
valve seat portion 20 has an annular, substantially
concave shape. In another variation, not shown, such
bottom surface portion has a substantially conical
shape. Other variations are left to the artisan. In
one implementation of the first expression of the
embodiment of Figures 1-5, the valve body 12 is a
monolithic valve body. In one variation, the valve
body 12 consists essentially of plastic. In a
different implementation, not shown, the valve body
includes two or more valve body components which
together create a valve body having the
previously-described valve seat and, in one example,
which together create a bypass flow channel leading to
the previously-described bypass-flow-channel exit. In
one employment of the first expression of the
embodiment of Figures 1-5, the valve body 12 includes
a bypass-flow-channel entrance 38 disposed upstream of
the top surface 26 of the flow control 14. In one
variation, the valve body 12 includes a surface groove
40 defining a bypass-flow-channel and fluidly
connecting the bypass-flow-channel entrance 38 and the
bypass-flow-channel exit 24. It is noted that the
bypass-flow-channel 



allows fluid to flow past the flow control 14 while
bypassing the through passage 30 of the flow control
14. In one modification, the surface groove 40
includes a longitudinallyextending portion 42, an
annular portion 44, and a radially-extending portion
46 connecting the longitudinally-extending and annular
portions 42 and 44. In this modification, an upstream
section of the longitudinally-extending portion 42
defines the bypass-flowchannel entrance 38, and the
annular portion 44 defines the bypass-flow-channel
exit 24. In this modification, the
longitudinally-extending portion 42 is disposed
radially outward of the flow control 14, and the
radially-extending portion 46 is disposed in the
radially-outer valve seat portion 22. Other
modifications, including having a portion of the
bypass flow channel be defined by a passageway or
surface groove in the flow control 14, are left to the
artisan. In one arrangement of the first expression of
the embodiment of Figures 1-5, the flow-control valve
assembly 10 also includes an "O"-ring seal 48 and an
annular fitting 50 having an annular bottom ledge 52.
In this arrangement, the valve body 12 is disposed in
the annular fitting 50 against the bottom ledge 52
without blocking the inner bore 34 of the
radially-inner valve seat portion 20 of the valve seat
18 of the valve body 12, and the "O"-ring seal 48 is
disposed between the valve body 12 and the annular
fitting 50. In one variation, the flow-control valve
assembly 10 also includes an annular top cover 54
attached to the annular fitting 50 and covering a
radially-outer portion of the top surface 26 of the
flow control 14 while exposing the through passage 30
of the flow control 14. A second expression of the
embodiment of Figures 1-5 is for a flow-control valve
assembly 10 including a valve body 12 having a
bypass-flow-channel exit 24 and including a resilient
flow control 14 disposed in the valve body 12. The
flow control 14 includes an upstream top surface 26, a
downstream bottom surface 28, an outer cylindrical
surface 32 connecting the top and bottom surfaces 26
and 28, and a through passage 30. The outer
cylindrical surface 32 has a substantially constant
diameter as one travels along the outer cylindrical
surface 32 from the top surface 26 to the bottom
surface 28. The bottom surface 28 is devoid of any
protrusion. The bottom surface 28 is shaped to block
the bypass-flow-channel exit 24 under a higher fluid
pressure against the top surface 26 and to 



expose the bypass-flow-channel exit 24 under a lower
fluid pressure against the top surface 26. In one
configuration of the second expression of the
embodiment of Figures 1-5, the through passage 30 is a
central through passage. In one variation, the bottom
surface 28 includes an annular concave surface portion
56 which extends further downstream as one travels
along the annular concave surface portion 56 from the
through passage 30 radially outward toward the outer
cylindrical surface 32. In one modification, the
bottom surface 28 includes an annular planar surface
portion 58 connecting the annular concave surface
portion 58 to the outer cylindrical surface 32. A
third expression of the embodiment of Figures 1-5 is
for a flow-control valve assembly 10 including a valve
body 12 having a bypass-flow-channel exit 24,
including a resilient flow control 14 disposed in the
valve body 12, including an annular fitting 50,
including an "O"-ring seal 48, and including an
annular top cover 54. The flow control 14 includes an
upstream top surface 26, a downstream bottom surface
28, an outer cylindrical surface 32 connecting the top
and bottom surfaces 26 and 28, and a through passage
30. The outer cylindrical surface 32 has a
substantially constant diameter as one travels along
the outer cylindrical surface 32 from the top surface
26 to the bottom surface 28. The bottom surface 28 is
devoid of any protrusion. The bottom surface 28 is
shaped to block the bypass-flow-channel exit 24 under
a higher fluid pressure against the top surface 26 and
to expose the bypass-flow-channel exit 24 under a
lower fluid pressure against the topsurface 26. The
annular fitting 50 has an annular bottom ledge 52, and
the valve body 12 is positioned in the annular fitting
50 against the bottom ledge 52. The "O"-ring seal 48
is located between the valve body 12 and the annular
fitting 50. The annular top cover 54 is attached to
the annular fitting 50 and covers a radially-outer
portion of the top surface 26 of the flow control 14
while exposing the through passage 30 of the flow
control 14. In one configuration of the third
expression of the embodiment of Figures 1-5, the
through passage 30 is a central through passage. In
one variation, the bottom surface 28 includes an
annular concave surface portion 56 which extends
further downstream as one travels along the annular
concave surface portion 56 from the through passage 30
radially 



outward toward the outer cylindrical surface 32. In
one modification, the bottom surface 28 includes an
annular planar surface portion 58 connecting the
annular concave surface portion 58 to the outer
cylindrical surface 32. Several benefits and
advantages are derived from one or more of the
expressions of an embodiment of the invention. In one
example, having a bypass-flow-channel exit between
radially-inner and radially-outer valve seat portions
allows the bottom surface of the flow control to seat
against the radially-outer-valve seat portion under a
lower and a higher fluid pressure which essentially
eliminates frictional rubbing of the outer cylindrical
surface of the flow control against the valve body as
the flow control bottom surface deforms under
increasing pressure to seat against the
radially-inner-valve seat portion to block the
bypass-flow-channel exit. In the same or another
example, having a flow control with an outer
cylindrical surface of substantially constant diameter
and with a bottom surface devoid of any protrusions
reduces manufacturing complexity. The foregoing
description of several expressions of an embodiment of
the invention has been presented for purposes of
illustration. It is not intended to be exhaustive or
to limit the invention to the precise forms disclosed,
and obviously many modifications and variations are
possible in light of the above teaching. It is
intended that the scope of the invention be defined by
the claims appended hereto.CLAIMS 1. A flow-control
valve assembly comprising: a) a valve body having a
longitudinal axis and having a valve seat including a
completely-annular radially-inner valve seat portion,
including an at-least-partially-annular radially-outer
valve seat portion, and including a
bypass-flow-channel exit disposed between the
radially-inner and radially-outer valve seat portions;
and b) a resilient flow control disposed in the valve
body and having an upstream top surface, a downstream
bottom surface, and a through passage, wherein the
bottom surface seats against the radially-outer valve
seat portion under a lower and a higher fluid pressure
against the top surface, wherein the through passage
is disposed radially inward of the radially-inner
valve seat portion, wherein the bottom surface is
spaced apart from the 



radially-inner valve seat portion under the lower
fluid pressure exposing the bypass-flow channel exit,
and wherein the bottom surface seats against the
radially-inner valve seat portion under the higher
fluid pressure blocking the bypass-flow-channel exit.
2. The flow-control valve assembly of claim 1, wherein
the flow control has an outer cylindrical surface
connecting the top and bottom surfaces, and wherein
the outer cylindrical surface has a substantially
constant diameter as one travels along the outer
cylindrical surface from the top surface to the bottom
surface. 3. The flow-control valve assembly of claim
1, wherein the through passage of the flow control is
substantially coaxially aligned with the longitudinal
axis. 4. The flow-control valve assembly of claim 3,
wherein the radially-inner valve seat portion
surrounds an inner bore substantially coaxially
aligned with the longitudinal axis, and wherein, under
the lower and the higher fluid pressure, fluid flows
through the through passage and into the inner bore.
5. The flow-control valve assembly of claim 4, wherein
under the lower fluid pressure, fluid bypass flow
travels from the bypass-flow-channel exit of the valve
seat, then radially inward between the bottom surface
of the flow control and the radially-inner valve seat
portion of the valve seat, and then into the inner
bore.6. The flow-control valve assembly of claim 5,
wherein the bottom surface of the flow control facing
an area which includes the bypass-flow-channel exit
and the radially-inner valve seat portion has an
annular, substantially concave shape. 7. The
flow-control valve assembly of claim 6, wherein the
valve body is a monolithic valve body. 8. The
flow-control valve assembly of claim 7, wherein the
valve body includes a bypassflow- channel entrance
disposed upstream of the top surface of the flow
control. 9. The flow-control valve assembly of claim
8, wherein the valve body includes a surface groove
defining a bypass-flow-channel and fluidly connecting
the bypass-flow-channel entrance and the
bypass-flow-channel exit. 10. The flow-control valve
assembly of claim 9, wherein the surface groove
includes a longitudinally-extending portion, an
annular portion, and a radially-extending portion 



connecting the longitudinally-extending and annular
portions, wherein an upstream section of the
longitudinally-extending portion defines the
bypass-flow-channel entrance, wherein the annular
portion defines the bypass-flow-channel exit, wherein
the longitudinallyextending portion is disposed
radially outward of the flow control, and wherein the
radially-extending portion is disposed in the
radially-outer valve seat portion. 11. The
flow-control valve assembly of claim 10, also
including an "O"-ring seal and including an annular
fitting having an annular bottom ledge, wherein the
valve body is disposed in the annular fitting against
the bottom ledge without blocking the inner bore of
the radially-inner valve seat portion of the valve
seat of the valve body, and wherein the "O"-ring seal
is disposed between the valve body and the annular
fitting. 12. The flow-control valve assembly of claim
11, also including an annular top cover attached to
the annular fitting and covering a radially-outer
portion of the top surface of the flow control while
exposing the through passage of the flow control.13. A
flow-control valve assembly comprising: a) a valve
body having a bypass-flow-channel exit; and b) a
resilient flow control disposed in the valve body and
including an upstream top surface, a downstream bottom
surface, an outer cylindrical surface connecting the
top and bottom surfaces, and a through passage,
wherein the outer cylindrical surface has a
substantially constant diameter as one travels along
the outer cylindrical surface from the top surface to
the bottom surface, wherein the bottom surface is
devoid of any protrusion, and wherein the bottom
surface is shaped to block the bypass-flow-channel
exit under a higher fluid pressure against the top
surface and to expose the bypass-flow-channel exit
under a lower fluid pressure against the top surface.
14. The flow-control valve assembly of claim 13,
wherein the through passage is a central through
passage. 15. The flow-control valve assembly of claim
14, wherein the bottom surface includes an annular
concave surface portion which extends further
downstream as one travels along the annular concave
surface portion from the through passage radially
outward toward the outer cylindrical surface. 



16. The flow-control valve assembly of claim 15,
wherein the bottom surface includes an annular planar
surface portion connecting the annular concave surface
portion to the outer cylindrical surface. 17. A
flow-control valve assembly comprising: a) a valve
body having a bypass-flow-channel exit; b) a resilient
flow control disposed in the valve body and including
an upstream top surface, a downstream bottom surface,
an outer cylindrical surface connecting the top and
bottom surfaces, and a through passage, wherein the
outer cylindrical surface has a substantially constant
diameter as one travels along the outer cylindrical
surface from the top surface to the bottom surface,
wherein the bottom surface is devoid of any
protrusion, and wherein the bottom surface is shaped
to block the bypass-flow-channel exit under a higher
fluid pressure against the top surface and to expose
the bypass-flow-channel exit under a lower fluid
pressure against the top surface;c) an annular fitting
having an annular bottom ledge, wherein the valve body
is disposed in the annular fitting against the bottom
ledge; d) an "O"-ring seal disposed between the valve
body and the annular fitting; and e) an annular top
cover attached to the annular fitting and covering a
radially-outer portion of the top surface of the flow
control while exposing the through passage of the flow
control. 18. The flow-control valve assembly of claim
17, wherein the through passage is a central through
passage. 19. The flow-control valve assembly of claim
18, wherein the bottom surface includes an annular
concave surface portion which extends further
downstream as one travels along the annular concave
surface portion from the through passage radially
outward toward the outer cylindrical surface. 20. The
flow-control valve assembly of claim 19, wherein the
bottom surface includes an annular planar surface
portion connecting the annular concave surface portion
to the outer cylindrical surface. 


