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(57) Abstract: A flow control device (20) and process are provided for controlling the flow of a pressurized tluid substance from a
supply system (22). The device (20) includes a housing (30/40) that defines an orifice (84) for communicating between the supply
system (22) that has an outlet end defining a discharge opening (57). The device 20 further includes a valve (140) having a flexible,
resilient valve head (160) that has confronting, openable portions (186) movable from a closed configuration to an open configura -
tion when the valve head (160) is subjected to a pressure differential acting across the valve head (160). The valve (140) is located
across the housing outlet end discharge' opening (57) so that the valve (140) and the housing (30/40) together define an expansion
chamber (198) between the orifice (84) and the valve (140).
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FLOW CONTROL DEVICE AND PROCESS

CROSS-REFERENCE TO RELATED APPLICATIONG)
{6001} Not Applicable.
STATEMENT REGARBDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
{0002} Not applicable.
REFERENCE TO A MICROFICHE APPENDIX

{0003] Not applicable.
TECHNICAL FIELD
{0004} This invention relates to a flow control device for a fluid substance supply system

containing a pressuri;}:ed fluid such as a liquid and/or gas.
BACKGROUND OF THE INVENTION
AND
TECHNICAL PROBLEMS POSED BY THE PRIOR ART

{0005} In some situations, it may be desirable {o dispense a pressurized fluid substance
(i.e., a product) in a convenient manner from a supply of the substance to a receiver or other
target region. For example, it may be desirable to dispense a beverage product, consisting of two
or more constituent fluid components and/or phases, through a discharge outlet to a cup, glass, or

other serving container.

{o006] The inventors of the present invention have discovered that some types of fluid
substances are difficult to discharge from a supply system as a flow stream having the desired
discharge characteristics (e.g., flow stream uniformity or consistency, flow stream cross-
sectional configuration, volumetric flow rate, etc.} For example, the inventors of the present
invention have observed that the dispensing of some pressurized fluid products may result in an
nndesirable spray and/or an undesirably low flow rate. Also, at the conclusion of the product
discharge, some small amount of the residual fluid product may subsequently fall as a drop or

droplet from the supply system outlet.
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{6007} The wnventors of the present invention have discovered that, at least in some
applications, one or imore of the above-described conditions may result in a "messy” discharge,
and/or may result in the discharged product having an aesthetically undesirable appearance,
and/or may result in the produet being dispensed with undesirable characteristics, and/or may

result in an inadequate discharge guantity of the product.

{0008} The inventors of the present invention have determined that for at least some
applications in which some types of fluid products are dispensed using some types of dispensers
{or other product supply systems), it may be desirable to provide a flow control device and
process that can eliminate, or at least reduce or minimize, the above-described undesirable

discharge conditions or characteristics,

{0008} The inventors of the present invention have further determined that it would be
beneficial to provide an iroproved flow control device for a pressurized fluid substance
dispensing system containing a fluid substance (1.e., a product) that can be readily dispensed to a
receiver {e.g., cup} or other target region. Such a flow control device could be advantageously
employed in a variety of applications, including, but not limited to, applications for dispensing

consumer products, for example, beverage products.

{6010} The iventors of the present invention have also discovered that it would be
desirable to provide, at least for one or more types of applications, an improved flow control
device that can be configured with the dispensing system 50 as to have one or more of the

following advantages;
A. ease of manufacture and/or assembly, and

B. relatively low cost manufacture and/or assembly.

BRIEF SUMMARY OF THE INVENTION

{0011} The nventors of the present invention have discovered how to provide an
improved flow control device and process for controlling flow of a pressurized, fluid substance
from a supply system that has an opening between the exterior and intevior of the systemy. The
device can be used with a fluid substance dispensing system, and, in some applications involving
the dispensing of a pressurized fluid substance, can accomodate a higher flow rate while

p)
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eliminating or minimizing undesirable spray, and/or undesirable characteristics in the discharged

product, and/or residual dripping after termination of the discharge flow.
[oo12] According to one aspect of the invention, the flow control device comprises:
A. ahousing that
1} has an inlet end that can be located at the supply svstem opening;

2} includes an orifice that is centered on a central longitudinal axis and that

communicates between the exterior and mnterior of the supply system {22); and
3) has an outlet end defining a discharge opening; and

B. avalve having a flexible, resilient, circolar valve head centered on the longitudinal axis

and that has
1y at least one self-sealing siit through the valve head; and

2} confronting, openable portions along the at least one self-sealing slit in an initially
closed configuration wherein the openable portions are movable from the initially
closed configuration to an open configuration when the valve head is subjected 1o

a pressure differential acting across the valve head; and

wherein the valve is located across the housing outlet end discharge opening at a location
spaced from the housing orifice so that () the longitudinal axis of the valve head is co-linear
with the longitudinal axis defined by the orifice, and (b) the valve and the housing together
define an expansion chamber between the orifice and the valve for receiving the fluent substance

at a pressure reduced froro the pressure within the supply system.

According to another aspect of the invention, the flow control device comprises:

A. ahousing that
{1) has an inlet end that can be located at the supply system opening;
2} defines an orifice for communicating between the supply system exterior and
interior; and

{3) has an outlet end defining a discharge opening; and

s
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B. a valve having a flexible, resilient valve head that has
1} atleast one self-sealing shit through the valve head; and

2} confronting, openable portions along the at least one self-sealing slit in an initially
closed configuration, the openable portions being movable from the closed
configuration to an open configuration when the valve head is subjected to a
pressure differential acting across the valve head;
wherein the valve is located across the housing outlet end discharge opening at a location
spaced from the housing orifice so that the valve and the housing together define an expansion
chamber between the orifice and the valve for receiving the flnid substance at a pressure reduced
from the pressure within the supply system;
wherein the housing comprises
1) an annular frame for
ay being attached to the supply system at the sopply system opening; and
b) receiving the valve supported thereon; and
2} an amaular retainer ring that
a} is received in the annelar frame;
by defines the orifice; and
¢} retains the valve in the annular frame so that the expansion
chamber is defined between said anumular retainer ring and the
valve; and
wherein the annular frame inclodes
1} a first annular wall for engaging the retainer ring to hold the retamer ring against
valve; _ _
2) aseating surface extending radially inwardly from the first annular wall for
engaging a portion of the valve;
3} asecond annudar wall around the frst annolar wally and
4y a plurality of circumferentially spaced tabs extending from the second annular
wall, each tab including a radially outwardly facing recess for receiving a portion
of the supply system in snap-fit engagement to mount the flow control device to

the supply system.
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According to another aspect of the invention, a process is provided for controlling
the flow of a pressurized fluid substance from a supply system that has an opening
between the exterior and interior of the supply system. The process comprises the steps
oft

A. providing a housing that

1} has an inlet end that can be located at the supply system opening;

2) defines an orifice for communicating between the exterior and interior of
the supply system; and

3) hasan cutlet end defining a discharge opening;

B, providing a valve having an upstream, interior side for facing the orifice and

having a {lexible, resilient valve head that has
1} at least one self-sealing stit through the valve head; and
2} confronting, openable portions along the at least one self-sealing siit in an
initially closed configuration, the openable perticns being movable from
the closed configuration to an open configuration when the valve head is
subjected to a pressure differential acting across the valve head;

C. locating the valve across the housing outlet end discharge opening at a location
spaced from the housing orifice so that the valve and the housing together define
an expansion chamber between the orifice and the valve for receiving the fluid
substance at a pressure reduced from the pressure within the supply system;

D. supplying the fluid substance in the supply system at a gauge pressure between
about 24 kPa and about 25 kPa;

E. admitiing the fluld substance through the orifice into the expansion chamber at a
gauge pressure between about 16 kPa and about 21 kPa on the upstream side of
the valve; and

discharging the fluid substance through the valve in the open configuration,

-3

BRIEF DESCRIPTION OF THE DRAWINGS

{0013} In the accompanying drawings forming part of the specification, in which like

numerals are employed to designate like parts throughout the same,
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{0014} FIG. 1 is an isometric view of a flow-control device of the present invention for
controlling the flow of a pressurized fluid substance from a supply system (not shown in FIG. 1)
and wherein the flow control device is viewed looking toward the interior side of the device that
would be attached to, or would otherwise be in communication with, an opening in the supply
system;

{0018} FIG. 2 s an isomeric view of the flow-control device shown in FIG. 1, bat in
FIG. 2 the device is viewed looking toward the opposite, exterior side of the device from which

the fluld substance is dispensed or otherwise discharged;

{0016} FIG. 3 is an exploded, isometric view of the tlow-control device illustrated in
FIG. 1;
{0017 FIG. 4 i3 a plan view of the flow control device showing the interior side of the

device which would be attached to, or would otherwise be in communication with, the fluid

substance supply system;

{0018} FIG. S is a oross-sectional view taken generally along the plane 5-5 in FIG. 4;
[0019] FIG. 6 18 a cross-sectional view taken generally along the plane 6-6 in F1G.4;
16020} FIG. 7 is a view similar to FIG. 5, but FIG. 7 shows the device attached to a fluid

substance supply system that is schematically illusirated in dashed lines;

[0021] FIG. 8 iz an isometric view of the valve employed in the device illustrated in

FIGS. 1-7, and 1n FIG. 8 the valve is viewed looking toward the interior, or upstream, side of the

valve;

{00221 FIG. @ is a plan view of the interior, or upsiream, side of the valve shown in FIG.
g . .

[0023] FIG. 10 is a cross-sectional view taken generally along the plane 10-10 in FIG. 9;
[0024] FIG. 11 is an isometric view of the outer collar of the device shown in FIGS. 1-7,

and m FIG. 11 the outer collar is viewed looking toward the exterior, or downstream, side of the

auter collar;

10025] FIG. 12 is a plan view of the interior side of the outer collar shown in FIG. 11;
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{00267 FIG. 13 is a cross-sectional view taken generally along the plane 13-13 in FIG.
12,
[G027] FIG. 14 is an isometric view of the inmer collar, and in FIG. 14 the inner collar is

viewed looking toward the bottom, or outwardly facing side, of the inner collar;

{0028} FIG. 15 is a plan view of the inwardly facing side of the inner collar which faces,

and is adapted to be in commumication with, the fluid substance supply systens;

{0029} FIG. 16 is a cross-sectional view taken generally along the plane 16-16 in FIG.
15; and
0830} FIG. 17 is a cross-sectional view similar to FIG. 6, but FIG. 17 shows the valve in

the opened condition in the flow conirol device as the valve would be opened under pressure
from a discharging pressurized floid substance flowing through the flow control deviee from the

fluid substance supply systeny (not illustrated 1in FIG. 17).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] While the flow control device of this invention is susceptible of embodiment in
many different forms, this specification and the accompanying drawings disclose only some
spectfic forms as examples of the invention. The invention is not intended to be limited to the

embodiments so described, however,

{00321 For case of description, the device of this invention is described in a generally
vertical orientation in cooperation with a fluid substance supply system. It will be understood,
however, that this invention may be manufactured, stored, transported, used, and sold in

orienfations other than the orientation shown.

{6033} The device of this invention is suitable for use with a variety of conventional or
special pressurized fluid substance supply systems having various designg, the details of which,
although not illustrated or deseribed, would be apparent to those having skill in the art and an

understanding of such systetns.

10034 Figures illustrating the components of the inventive device in cooperation with a

fluid substance supply system show some conventional mechanical or structural feature that are
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known to, and that will be recognized by, one skilled in the art. The detailed descriptions of such
features are not necessary to an understanding of the invention, and accordingly, are herein

g g
presented only to the degree necessary to facilitate an understanding of the novel aspects of the

present invention.

{0035] As shown in FIG. 7, the flow control device 20 is used for controlling the flow of
a pressurized fluid substance from a supply system 22 which is schematically llustrated with
dashed lines in FIG. 7. The flow control device 20 is adapted to be in commumication with the
interior of the supply system 22, and in the embodiment illustrated in FIG. 7, the flow conirol
device 20 is adapted to be installed or mounted in or on the supply system 22 or otherwise
associated with the supply system 22 in a manner that permits the communication between the
flow control device 20 and the interior of the supply system: 22. In another embodiment (not
illustrated), some portion or portions of the flow control device 20 could be formed as an integral

structure that is a unitary part of the supply system 22.

{0638} In the embodiment of the flow control device 20 illustrated in FIG, 7, the flow
control device 20 is adapted to be mounted on, and attached to, a wall portion 23 of the supply
system 22 wherein the wall portion 23 of the supply system 22 is schematically shown in FIG. 7

as having a predeternuned thickness.

[0037] The supply system 22 has an opening 24 (FIG. 7) is in communication with the
flow control device 20. The wall portion 23 of the supply system 22 may be characterized as
defining an opening 24 between the exterior of the supply system 22 and the interior of the
supply system 22. The supply system 22 may be, for example, a container, tank, reservoir, fluid
processing system, oy fluid delivery system which contains a pressurized fluid substance

(including a system which generates or otherwise creates a pressurized fluid substance therein).

{0038} With reference to FIGS. 3, 5 and 6, one presently preferred embodiment of the
flow control device 20 includes three components: an inner collar or retainer ring 30, an outer

collar or annular frame 40, and a valve 140,
{0038} The inner housing or retainer ving 30 and the outer housing or annular frame 40
are adapted to be snap-fit together to clamp the valve 140 between then as shown in FIGS. 5 and

6. Together, the inner collar 30 and outer collar 40 may be characterized as defining a "housing”
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30/40 that can be located at the opening 24 of the supply sysiem 22 as illustrated in FIG, 7.
More particularly, the outer collar 40 may be characterized as being an annular frame 40 for
receiving the valve 140 supported thereon and for being attached to the supply system 22 at the
supply system opening 24. Further, and wore particularly, the inner collar 30 may be
characterized as an amnular retainer ring 30 that is received in the annular frame 40 and that

retains the valve 140 in the annular frame 40.

{0040} With reference to FIG. 13, the annular frame or outer coliar 40 includes an inner
annular wall or first annular wall 51, A frustoconical seating surface 53 extends radially
inwardly from the first anmular wall 51 for engaging a portion of the valve 140 (FIG. 6). As can
be seen in FIG. 13, the inner periphery of the annular frame or ouwter collar 40 at the radially
innermost extent of the frustoconical seating surface 53 may be characterized as functioning as

an outlet end defining a discharge opening 57.

{0041} As can be seen in FIGS. 12 and 13, the upper end portion of the first annular wall
51 defines a plurality of circumferentislly spaced-apart beads 59 that extend radially inwardly
from the first annular wall 51 and that are spaced axially inwardly of the seating surface 53 for

engaging the inner collar 30 as described in detail hereinafier,

{0042} The annular frame or outer collar 40 includes a second annular wall 62 around the
first annular wall 51 as can be seen in FIG. 13, The second annular wall 62 is connected at its
lower end to the bottom of the first annular wall 51, and the second annular wall 62 exiends
upwardly and radially outwardly therefrom. The annular frame or outer collar 40 also includes a
third annular wall 63 that extends downwardly and radially outwardly from the top of the second

arvular wall 62.

{0043} As car be seen in FIG. 13, at the top of the annuolar frame second annolar wall 62,
there are a plurality of circumfarentially spaced tabs 66 which each extend axially inwardly
(upwardly with reference to FIG. 13). Each tab 66 defines a radially ouwtwardly facing recess 68
for receiving the wall portion 23 of the supply system 22 as can be seen in FIG. 7. In the
preferred embodiment ilustrated in FIG. 13, each tab 66 also includes a chamfered distal end or
surface 71 to accommodate initial shiding engasgement with, and movement relative to, the wall

portion 23 of the supply systemt 22 so as to enable the annular frame 40 (carrying the valve 140
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and the inner collar 30) to be readily inserted into the opening 24 of the supply sysiem wall

portion 23 for snap-fit engagement with the supply system wall portion 23.

{0044} With reference to FIGS. 3, 14, 15, and 16, the inner collar or retainer ring 30
includes an inner plate portion 74 defining an upstream side, and includes an annular wall 76
depending from the plate portion 74. The axially ouwtwardly end of the wall 76 defines a
frustoconical clamping surface 78 for engaging a peripheral portion of the valve 140 to clamp the

valve 140 between the inner collar or retaining ring 30 and the outer collar or annular frame 40,

{0045] The amnular wall 76 of the inner collar 30 also includes a radially outwardly
projecting flange 80 for being engaged in a snap-fit relationship below the beads 59 of the outer
collar 40 (as shown in FIG. 5) to hold the inner collar 30 in clamping relationship against the

peripheral portion of the valve 140.

{0048} With reference to FIGS. 7 and 14-16, the plate portion 74 of the inner collar 30
defines an orifice 84 that is centered on a longitudinal axis 162 (FIGS. 7 and 16). When the
inner collar 30 is mounted in the outer collar 40 1o hold the valve 140 in place on the ouler collar
or anmilar frame 40, the assembly of the inner collar 30 and the outer collar 40 may be
characterized as a "housing" 30/40 in which the orifice 84 of the retainer ring (inner collar) 30
functions as an orifice 84 for communicating between the exierior and interior of the supply
system 22 {when the flow control device 20 is mounted on the supply system 22 as shown in
FIG. 7).

{0047} In the embodiment of the device illustrated, the valve 140 is a flexible, resilient,
pressure-openable, self-closing, slit-type valve. Forms of such a type of valve are disclosed in
the U8, Patent No. 8,678,249 and No. 5,839,614, The descriptions of those patents are
incorporated herein by reference thereto to the extent pertinent and to the extent not inconsistent

herewith.

[6048] The valve 140 is suitable for use with flowable substances, such as liquids and
as a unitary structure (i.e., one~piece structare) from material which is flexible, pliable, elastic,
and resilient. This can include elastomers, such as a synthetic, thermosetting polymer, including

silicone rubber, such as the silicone rubber sold by Dow Corning Corporation in the United

10
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States if America under the trade designation D.C. 99-595 and RBL-9595-40. Another suitable
silicone rubber material is sold in the United States of America under the designation Wacker
3003-40 by Wacker Silicone Company. The valve 140 could alse be molded from other
thermosetting materials or from other elastomeric materials, or from thermoplastic polymers or
thermoplastic elastomers, including those based upon materials such as thermoplastic propylene,
ethylene, urethane, and styrene, including their halogenated counterparts. For example, a
particular non-silicone material that may be employed is ethylene propylene diene monomer
rubber ("EPDMY), such as sold in the United States of America under the designation Grade
Z1118 by Gold Key Processing, Inc. having an office at 14810 Madison Road, Middiefeld, Ohio
44062, United States of America. Another non-silicone material that may be employed is nitrile
rubber, such as sold in the United States of America under the designation Grade GK0445081-2
by Graphic Arts Rubber, having an office at 101 Ascot Parkway, Cuyahoga Falls, Ohio 44223,
United States of America. It is desirable in many applications that the waterial be substantially
inert so as to avoid reaction with, and/or adulteration of, the fluent substance in contact with the

valve,

{0049} The valve 140 has an initially closed, unactuated, substantially unstressed, rest
position or configuration {as best seen in FIGS. 3, 5,6, 7, 8, 9, and 10). The valve 140 can be
forced to an "open” position or configuration (FIG. 17) when a sufficiently high pressure

differential acts across the valve 140 as described hereinafter.

{0050} With reference to FIG. 10, the valve 140 has a peripheral mounting portion or
flange 142. The flange 142 may have any suitable configuration for being mounted to, attached
to, connected with, or for otherwise accommodating, the retainer ring 30 and annular frame 40 in
which the valve 140 is installed. The particular configuration of the flange 142 illustrated in
FI1G.10 may be characterized generally as a modified dove-tail configuration when viewed in

vertical cross section.

{0051} As seen in FIGS. 5 and 6, the flange 142 {s adapted to be clamped between the
retainer ring 30 and annular frame 40 so as io hold the valve 140 in, and as part of, the device 20.
Preferably, the mounting flange 142 is somewhat resiliently compressed so as to accommodate
the creation of a secure, leak-rosistant seal when the valve flange 142 is compressively engaged

between the retainer ring 30 and the annular frame 40. To that end, as seen in FIGS. 6 and 10,

I8
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- the valve flange 142 includes a frustoconical surface 143 for engaging the mating frustoconical
surface 78 on the retainer ring 30, and the valve flange 142 also includes a frustoconical surface

145 for engaging the mating frustoconical surface 53 on the ammular frame 40.

[0052] With appropriate modification of the retainer ring surface 78 and the annular
frarne surface 53, other shapes could be used for the valve flange 142. Some other shapes of
flange cross sections which could be employed on the valve 140 are illustrated in the U.S. Patent
No. 5,409,144, In some applications, it may be desirable to configure the flange 142 for
attachment to the ring 30 and/or frarne 40 by means of adhesive, heat bonding, or other suitable

nLans.

[6053] Extending generally radially inwardly from the flange 142 is a generally annular,
intermediate portion or sleeve 150 (FIG. 10) which connects the flange 142 to a valve head 160
(FIG. 10). The valve head 160 is flexible and resilient. As can be seen in FIG. 10, valve head
160 has a generally circular configuration relative to a longitudinal axis 162 which can be
characterized as being an extension of, and/or co-linear with, the longitudinal axis 162 defined
by the retainer ring orifice 84 (see FIGS. 6 and 16). The fluid substance can be dispensed {(i.e.,
discharged) through the valve 140 in a discharge flow direction along the longitudinal axis 162

when the valve 140 opens as shown in FIG. 17.

[0054] The valve 140 is {lexible and changes configuration between (1) a retracted,
closed, rest position (as shown closed in FIG, 6}, and (2) an extended, active, open position (as
shown in FIG. 17). When the valve 140 is closed, the head 160 has a concave configuration

{(when viewed from the exterior of the device 20 as shown in FIGS. 6 and 7),

[0055] In the preferred embodiment illustrated, the flange 142, sleeve 150, and head 160
are oriented in a generally circular configuration and concentric relationship relative to a
longitudinal axis 162 (FIG. 10) along which the fluid substance can be dispensed from the valve
140 ip a discharge flow direction. The valve 140 (FIG. 10} may be characterized as having an
axially outward direction that 1s defined by the discharge flow direction. The valve 140 may be
further characterized as having a downstream side facing i the discharge flow direction (e.g.,
away from the orifice 84 in FIG. 7). The valve 140 may also be characterized as having an

axially inward direction that is defined as a direction opposite to the axially outward direction.
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The valve 140 mav be further characterized ag having an upstream side facing in the axiall
) 1 £ Y

inward direction (e.g., toward the orifice 84 in FIG. 7).

[0058] With reference to FIG. 16, the valve head 160 may be characterized as having an
interior side 166 facing in the axially inward divection. With reference to FIG. 10, the valve head
160 may be further characterized as having an exterior side 170 facing in the axially outward
direction.

[0057] With reference to FIG. 10, the outer pertmeter of the valve head 160 i3 preferably
defined by a slightly tapered, peripheral, marginal surface 174 which begins at an axially

mwardly peripheral comer of the valve head 160 and extends axially outwardly therefrom with a

slightly radially inward taper to ultimately terminate at the connector sleeve 150,

{0058] The valve head exterior side 170 hag an exierior surface 176 (FIG. 10) which
interfaces with the environment on the valve exterior side 170 and which has a recessed
configuration as viewed looking toward the exterior surface 176 when the valve head 160 is in

the fully retracied, closed position.

{00591 The valve head interior side 160 has an interior surface defined by a radially
outward annular portion {80 (FIG. 10) that is partially spherical (and convex as viewed looking
toward the valve interior side 166), and that is located radially cutwardly from a central portion
181 of the valve head 160 when the valve head 160 is in the fully retracted, closed configuration.
The central portion 181 has a planar, circular configuration when the valve head 160 1s in the
fully retracted, closed, position. With reference to FIG, 10, the annular portion 180 of the
surface of the valve head interior side 166 lies on a partially spherical locus that defines a
circular arc in longitudinal cross section as viewed along a plane containing the longitudinal axis
162. In the embodiment of the valve 140 illostrated in FIGS, 9 and 10, the boundary between
the annular portion 180 and circular inner central portion 181 is defined by a circular tangent line

182 on the interior surface of the interior side 166 of the valve head 160

10060} With reference to FIG. 10, the valve head exterior surface 176 lies on a partially
spherical locus that defines a circular are in longitudinal cross section as viewed along a plane

containing a longitudinal axis 162.
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{0061} Further, in a preferred form of the embodiment of the valve 140 illustrated in FIG.
10, the radius of the circular arc of the valve head exterior surface 176 is smaller {less) than the

radius of the circular arc of the annular portion 180 of the valve head interior side surface.

{0062} When the valve head 160 13 viewed in cross section as {llustrated in FIG. 10, the
valve head 160 is somewhat thicker at a radially outside portion of the valve head 160, and is
thinner at a radially inside portion of the valve head 160. This configuration assists in providing

a desirable opening action and closing action.

[0063] With reference to FIGS. 8, 9, and 10, the valve head 160 has a normally closed
orifice defined by a plurality of slits 184 radiating laterally or radially from the valve head
longitudinal axis 162 (llustrated in FIG. 10). The illustrated embodiment of the valve 140 has
four slits 184, A lesser or greater number of slits 184 could be used. The slits 184 extend
trangversely through the valve head 160 from the interior side 166 to the exterior side 176. Fach
slit 184 terminates in a radially outer end. In the illustrated embodiment of the valve 140, the

slits 184 are of equal length, although the slits conld be of unequal lengths.

[0064] In the preferred form embodirent of the valve 140, each slit 184 is planar and
parallel to the central longitudinal axis 162 of the valve. Each slit 184 preferably defines a linear
locus along the head exterior side surface 176 and along the surface of the head interior side 166,
Preferably, the slits 184 diverge from an origin on the longitudinal axis 162 and define equal size
angles between each pair of adjacent slits 184, Preferably, four slits 184 diverge at 90 degree
angles to define two mutually perpendicular, intersecting, longer slits. In the preferred form of
the valve 140, the four slits 184 may be alternatively characterized as being two longer
intersecting slits oriented at equal angles of intersection. The length and location of the slits 184
can be adjusted to vary the predetermined opening pressure of the valve 140, as well as other

dispensing characteristics.

[0065] The slits 184 define four, generally sector-shaped, equally sized flaps or petals
186 (FIGS. 8 and 17) in the valve head 160, The flaps or petals 186 may be also characterized as
“openable regions™ or “openable portions” of the valve head 160. Each flap or petal 186 has a
pair of diverging transverse faces defined by the slits 184, and each transverse face seals against

a confronting transverse face of an adjacent petal 186 when the valve 140 is closed.
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{00686} The valve 140 can be molded with the slits 184, Alternatively, the valve slits 184
can be subsequently cut into the central head 160 of the valve 140 by suitable conventional
techniques, In operation, the petals 186 can be forced open outwardly (downwardly in FIG. 17)
from the intersection point of the slits 184 when a sufficient force is applied to the interior side
166 of the valve head 160 (as by subjecting the valve head 160 to a pressure differential across
the valve head 160).

[0067] When the valve 140 is in the fully retracted, closed position (FIG. 10), the
connector sleeve 150 has a tubular configuration in the form of a tubular membrane 150, and the
membrane 150 detines an interior surface 188 and an exterior surface 190. When viewed in
longitudinal cross section (as seen in FIG. 10), the connector sleeve 150 has an arcuate, first leg
portion 192 that is connected with the valve flange 142, and has a generally straight, second leg
portion 194 that extends from the first leg portion 192 to connect with the valve head 160. The
thickness of each leg portion 192 and 194 is about the same in the illustrated embodiment, but

the thicknesses may vary.

[0068] In the illustrated embodiment of the valve 140, the connector sleeve 150 locates
the valve head 160 so that a portion of the valve head 160 projects axially outwardly beyond the

marginal flange 142 {(FIG. 10).

[0069] The sleeve 150 of the valve 140 is preferably configured for use in conjunction
with a particular system, and a specific type of fluid substance, 50 as to achieve the flow
characteristics desired. For example, the viscosity and density of the fluent substance are factors
to be considered. The rigidity and durometer of the valve material, and size and thickness of
portions of both the valve head 160 and the connector sleeve 150, are additional factors to he

considered.

[0070] The valve 140 opens outwardly when the valve 140 is subjected to a sufficient
pressure differential (e, a lower pressure on the exterior side of the valve head 160 than on the
interior side of the valve head 160). In some applications (not described hersin), the valve 140
could be utilized to accommodate in-venting by opening inwardly {when the lower pressure is on

the interior side of the valve 140).
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{6071} The preferred embodiment of the illustrated flow control device 20 is intended in
many applications to be opened by a pressure on the interior that is greater than the ambient
pressure at the device outlet. However, the valve 140 could be opened outwardly by subjecting
the valve extetior side to a reduced pressure (i.e., greater than the ambient exterior (1.e., external)
pressure). Nevertheless, in many contemplated typical dispensing applications, the valve 140 is
opened by subjecting the interior side of the valve head 160 to an increased pressurve. In the
following discussion, the operation of the valve 140 will be described with reference to such an
mcreased interior pressure which is sufficient to open the valve 140 cutwardly into a lower

ambient pressure environment.

[0072] The opening of the valve 140 may be characterized as occurring in response to a
predeternuned minimun opentng presswe. The valve 140 1s typically designed to have a
predeternmined minimum opening pressure which causes the valve peials 186 to open (o a desired
cross-sectional flow area which may be characterized as fully open for the particular desigy
pressure differential across the valve. The selection of a desired predetermined minimum
opening pressure 15 defermined in accordance with, inter alia, the flow criteria desired for a
particular fluid substance, and/or the maximum static head (if any), or other upstream pressure,
that is exerted on the interior side of the valve 140 below which the valve 140 is designed to

remain closed.

{0073} in operation, the valve 146 functions in the following manner. The valve 140
normally asswmes an initial, normally closed configuration illustrated in FIGS. 5, 6, 7, and 10,
wherein the valve 140 remains substantially in its original, as-molded shape without deformation
{execept perhapa at the flange 142 if the flange 142 is sufficiently compressively engaged by the
mounting components). When the valve 140 is in the normally closed configuration, the
connector sleeve 150 is substantially unstressed, the valve discharge orifice slits 184 are
completely closed, and the valve head 160 is in a retracted position that is somewhat axially

inwardly relative to the position that the valve head 160 will have when it is opened.

{0074] When a sufficient pressure differential is established gcross the valve head 160 --
such as when increased pressure is established on the valve interior side 166 -- the leg portions

192 and/or 194 of the connector sleeve 150 begin to distort, and the valve head 160 begins to
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shift somewhat axially outwardly (downwardly in FIGS. 5, 6, and 7 toward the full open position

shown in FIG. 17).

[6075] As the interior 166 side of the valve head 160 is subjected to additional pressure,
the valve head 160 continues to move slightly outwardly as the sleeve 150 is distorted outwardly

(downwardly as viewed in FIG. 10,

[0076] When the interior side of the valve head 160 is subjected to further increased
pressure, the valve head 160, per se, continues to shift slightly cutwardly. However, because
connector sleeve 150 is already extended outwardly, further eutward shifting of the valve head
160 slightly stretches and tensions the connector sleeve 150, thereby increasing the outwardly
directed torque applied to the valve head 160, Also, the further outward movement of the valve
head 160 tends to flatien or straighten the valve head 160, particularly along the exterior swrface
176 thereof. This flattening motion tends to slightly enlarge or dilate the circular plan
configuration of the valve head 160, which enlargement is in turn resisted by radially inwardly
directed forces applied to the marginal surface 174 of the valve head 160 by the connector sleeve
150, thereby generating another complex patiern of stresses within the valve 140, and these

include stresses which tend o compress the valve head 160 in a radially inward divection.

{00773 When additional pressure is applied to the interior side of the valve head 160, the
valve head 160 continues to shift cutwardly by further longitudinal stretehung of the connector
sleeve 150 in the outward direction, and further enlargement of the plan shape of the valve head
160. The marginal portion 174 of the valve head 160 is elastically deformed further innwardly, as
a consequence of the increased torgue forces applied thereto by the conmector sleeve 150, These
combined forces and motions also serve to further compress the valve head 160, which occurs
just prior to the valve petals 186 starting to open, wherein the valve head 160 is in a temporary,
refatively unstable condition of equilibrium that can be characterized as a "bifurcation state".
The combined forces acting on the valve head 160 in the bitfureation state will, upon application
of any additional outward force on the surface of the valve head interior side 166, cause the valve
140 to quickly open outwardly by separating the valve petals 186 to create an open orifice in the
manner illustrated in FIG. 17, and thereby dispense the fluid substance through the valve head

open petals 186,

17
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[0078} [t will be appreciated that while various theories and explanations have been set
forth herein with respect to how forces and stresses may atfect the operation of the valve 140,
there is no intention to be bound by such theories and explanations. Further it is intended that all
structures falling within the scope of the appended claims are not to be otherwise excluded from
the scope of the claims merely because the operation of such valve structures may not be

accounted for by the explanations and theories presented herein.

[6079] With reference to FIG. 7, the novel arrangement of the retainer ring 30 and
annular frame 40 defines a "housing” 30/40 that locates the valve 140 across the outlet discharge
end 57 at a location spaced from the housing orifice 84 so that (a) the longitudinal axis 162 of the
valve head 160 is co-linear with the longitudinal axis 162 defined by the orifice 84, and (b) the
valve 140 and the housing 30/40 together define an expansion chamber 198 (FIG. 7) between the
orifice §4 and the valve 140 for receiving the fluid substance at a pressure reduced from the
pressure within the supply system 22, The above-described novel arrangement results in the
pressure from the supply system 22 being reduced to a lower pressure, but the pressure is still
sufficiently high to open the valve 140 to the designed open configuration (FIG. 17). The
relatively long shits 184 of the valve 140 enable the valve petals 186 to open relatively wide to

provide a desirably large cross-sectional flow area.

{00801 The fluid substance can be discharged through the flow control device 20 at a
relatively low pressure and a relatively low flow speed (velocity) but with enough volumetric
flow to provide the desired amount of discharged product. The low pressure and low flow speed

can climinate, or at Jeast minimize or reduce, lateral spray.

{6081} Further, the lower pressure and lower flow speed can eliminate, or at least reduce,
other undesirable flow characteristics (e.g., flow stream non-uniformity, inconsistent substance

properties across the fow sireaim, undesirable flow streawn cross-sectional configuration, etc.)

[0082] Also, the use of the flow control device 20 can eliminate, or at teast reduce, the
tendency of a small drop or droplets of a discharging fluid substance to remain on the device or
system after the flow discharge has been terminated. That is a result of the relatively quick and
posifive sealing action of the valve petals 186 after completion of the substance discharge {(as
would oceur upon all of the substance being dispensed from the supply system 22, or after the

pressure in the supply system 22 has been reduced to a lower pressure at which the pressure
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differential across the open valve petals 186 would permit the open valve petals 186 to return to

the closed configuration) owing to the resiliency of the valve 140.

[0083] According to one presently preferred embodiment design for a particular

application, and with reference to FIG. 10, the valve 140 has a darometer of 40 and is molded

from

a liquid silicone rubber sold under U.S. trademark XIAMETER and product design grade

RBL-9595-40 LSR in the United States of America by the Dow Corning Corporation having a
corporate center office mail address of PO Box 994, Midland, Michigan 48686 U.5.A. The

valve 140 has the following specific design features:

2

. The valve head exterior surface 176 lies on a partially spherical locus that defines a
circular are in longitudinal cross section as viewed along a plane containing the
longitudinal axis 162. The radius of the circular arc spherical exterior surface 176 is

designated in FIG. 10 by the reference character By and is 3.962 mm,

. As illustrated in FIG. 10, the radially outer annular portion 180 of the surface of the valve
head interior side 160 is partially spherical, and as can be seen in FIG. 10, has a circular
arc radius Rz (as viewed in longitudinal cross section along a plane containing

longitudinal axis 162} equal to 5.384 mum.

. The inmer circular central portion 181 of the surface of the valve head interior side 166 has

a diarneter By of 2.01 mm.
. The outermost diameter B of the valve head 160 is 548 mm.

. The thickness Fyof the valve head 160 at the center of the intersecting slits 184, is less
than the valve head thickness Ty at the valve head along the peripheral surface 174, and

Tyis5 0.96 mm and T2i5 0.58 mm.
. The height H of the connector sleeve 15015 0.71 mm.

The diameter B; of the widest part of the sleeve 150, where it connects with flange 142, is

6.26 mum.
. The thickness Ty of the sleeve 150 is 0.17 mm.
. Each slit 184 has the same length as measured from the central longitudinal axis 162 to

the radial outmost end of the slit 184 in plan view (i.e., pot the actual arc length). For one
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type of substance dispensed at desired conditions, a presently preferred range of the

fength of each slit 184 is between about 1.78 mm and about 2.03 num.

10. The minimum pressure differential across the valve 140 that causes the valve 140 to
open to its design opening cross-sectional flow area is in the range of about 10.5 kPato

about 12.3 kPa.

[0084] According to one presently preferred embodiment design of the retainer ring 30
and annular frame 40 for a particudar application using the above-~described preferred form of the
valve 140 having a valve head slit length of about 1.78 mum, the following dimensions are

preferred:

e

. the diamveler of the retainer ring orifice 84 (FIG. 16} s 2.1 mny

2. the axial length of the orifice 84 through retainer ring plate 74 is 0.63 mum; and

(o]

. when the valve 140 is in the closed configuration as shown in FIG. 7, the axial
perpendicular distance between (1) a first plane defining the exit side of the orifice 84
along the bottom of the plate portion 74, and (2) a paraliel, sccond plane defining the
surface of the valve head circular, planar, central portion 181 is in the range of 0.34-0.44

nu. With this arrangement, the following relationships are defined:
a) the diameter of the orifice 84 is about 40% of the diameter of the valve head (160)
when the valve 140 is closed,
by the diameter of the orifice 84 is about 3.3 times the length of the onifice 84,

¢) the ratio of the diameter of the orifice 84 to the shortest distance between the
orifice 84 and the valve head 160 is between about 4.8 and 6.2 when the valve

140 is closed; and
d} the volume of the expansion chamber 19§ is about 0.022781 mL.

[0088] The following characteristics are observed when dispensing a particular fluid
substance (having a temperature between about 4.4°C and about 15°C) from a flow control
device 20 comprising the embodiments of the valve 140, ring 30, and frame 40 having the
preferred dimensions and features as described above (except the length of each valve head slit

184 is 1.9 mm (as measured from the central longitudinal axis 162 to the radial outermost end of
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the slit in plan view)), and wherein the pressure of the fluid substance in the supply system 22 at
the upstrean: side of the orifice 84 is about 24.1 kPa, and the fluid substance is discharged from
the valve 140 into an external ambient atmosphere having a pressure in the vange of about 3.7

IPato about 4.3 kPa (28-32 iuches of mercury) and a tfemperature in the range of 20°C to 24°C:
1) the expansion chamber internal pressure is about 16.96 kPa;
2y the fluid flow rate through the valve 140 is about 10.25 ml/s; and
3} the exit speed is about 3.42 m/s through the valve 140,
{0086} The present invention can be sunumarized in the following statements or aspects
numbered 1-16.

1. A flow control device for controlling the flow of a pressurized fluid substance from a
supply system that has an opening between the exterior and interior of the supply system,
said tlow control device comprising:

A. ahousing that

1) has an indet end that can be located at the supply system opening;

2) includes an orifice that is centered on a central longitudinal axis and that
can communicate between the exterior and interior of the supply system;

and

)

s and

s

} has an outlet end defining a discharge opening

4

B. avalve having a flexible, resilient, circular valve head centered on said

{ongitudinal axis and that has
1) at least one self-sealing slit through said valve head; and

23 confronting, openable portions along said at least one self-sealing slit inan
initially closed configuration, said openable portions being movable from
said closed configuration to an open confignration when said valve head is
subjected to a pressure differential acting across said valve head; and

wherein said valve is located across said housing outlet end discharge opeming at a

location spaced from said housing orifice so that (&) said longitudingl axis of said valve head is
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co-linear with caid longitudinal axis defined by said orifice, and (b) said valve and said housing
together define an expansion chamber between said orifice and said valve for receiving the fluid

substance at a pressure reduced from the pressure within the supply system.

2. The flow control device in accordance with aspect 1 in which said housing is either

A. a separate structure for being attached to a supply system at the supply systemn

opening, or

B. an integral structure that is 8 unitary part of the supply systent at the supply

system opening.

3. The flow control device in accordance with the preceding aspects 1 or 2 for use with a
supply system that is defined by a container having an opening that defines the supply
systent opening, and wherein said flow control device is mitially separate from, but can

be subsequently attached to, the container at the container opening.

4. The flow contro} device in accordance with any of the preceding aspects 1-3 in which
said housing is a two-piece housing comprising:
{1} an annular frame for
(a) being attached to the supply system at the supply system opening; and
{b} recetving said valve supported thereon; and
{(2) an annular retainer ring that
{(a) is received in said annular frame;
(b) defines said ortfice; and
{¢) retains said valve in said annular frame so that said expansion
chamber is defined between said anmular retainer ring and said
valve.
5. The flow control device in accordance with aspect 4 in which said annular frame includes
1. a first annular wall;
2. a frustoconical seating surface extending radially inwardly from said first
annolar wall for engaging a portion of said valve; and
3. a plurality of circumferentially spaced-apart beads that extend radially inwardly

from said first annular wall and that are spaced axially inwardly of said seating surface
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=3

1.

L1

3.

for engaging said retainer ring to hold said retainer ring in snap-fit engagement against a
portion of said valve to clamp said valve between said retainer ring and said annular
frame.
The flow control device in accordance with aspect 5 in which said annular frame includes

1. & second annular wall around said first annular wall; and

2. a plurality of cireumferesntially spaced tabs extending from said second annular
wall, each said tab including a radially owtwardly facing recess for receiving a portion of
the supply system in snap-fit engagement to mount said flow control device to the supply
system.
The flow control device in accordance with aspect 6 in which each said tab has a
chamfered distal end to accommeodate initial shiding engagement with, and movement
relative to, the supply system to effect snap-fit engagement of said flow control device
with the supply system.
The flow control device in accordance with aspect 4 in which said retainer ring includes a
frustoconical clamping surface for engaging a portion of said valve to clamp said valve
between said retainer ring and said annular frame,
The flow control device in accordance with any of the preceding aspects 1-4, in which
said valve includes a peripheral attachment portion engaged with said housing;
said valve includes an annular, flexible, resilient intermediate portion connecting said
peripheral attachiment portion with said valve head; and
said valve head has a pair of intersecting, self-sealing slits, and four confronting,
openable portions.
The flow control device in accordance with any of the preceding aspects 1-9 in which
said orifice has a diameter which is about 3.3 times the length of said orifice.
The flow control device in accordance with any of the preceding aspects 1-10 in which
said orifice has a diameter which is about 40% of the diameter of said valve head when

said valve is closed.

. The flow control device in accordance with any of the preceding aspects 1-11 in which

the ratio of the diameter of said orifice to the shortest distance between said orifice and
said valve head is between about 4.8 and about 6.2 when said valve is closed.

The flow control deviee in accordance with any of the preceding aspects 1-12 in which
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said valve head is generally circular with respect to a longitudinal axis and has
slits intersecting at said longitudinal axis; and
said orifice has a cylindrical configuration centered on said longitudinal axis.

14, A flow control device for controlling the flow of a pressurized fluid substance from a
supply system that has an opening between the exterior and interior of the supply system,
said flow controller comyprising:

A, ahousing that
{1} bas an inlet end that can be located at the supply system opening;
(2) defines an orifice for comununicating between the supply system exterior and
interior; and
(3) has an outlet end defining a discharge opening; and

B. avalve having a flexible, resilient valve head that has

o
S

at least one self-sealing slit through said valve head; and

o]
ol

confronting, openable portions along said at least one self-sealing stit in an
initially closed configuration, said openable portions being movable from
said closed configuration to an open configuration when said valve head is
subjected 1o a pressure differential acting across said valve head;
wherein said valve is located across said hounsing outlet end discharge opening at a
location spaced from said housing orifice so that said valve and said housing together define an
expansion chamber between said orifice and said valve for receiving the fluid substance at a
pressure reduced from the pressure within the supply system;
wherein said housing comprises
1}y an annular frame for
a) being attached to the supply system at the supply system opening; and
b} receiving said valve supported thereon; and
2} an annular retainer ring that
a) is received in said annular frame;
b) defines said orifice; and
¢) retains said valve in said annular frame so that said expansion
chainber is defined between said annular refainer ring and said

valve: and
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wherein said annular frame includes

1) afirst annudar wall for engaging said retainer ring to hold said retainer ring
against said valve;

2) ascating surface extending radially inwardly from said first annular wall for
engaging a portion of said valve;

33} asecond anmuilar wall around said first annudar wall; and

4} aplurality of eircumferentially spaced tabgs extending from said second annular
wall, each eaid tab including a radially outwardly facing recess for receiving a
portion of the supply system in snap-fit engagement to mount said flow control
device to the supply system.

15. The flow control device in accordance with aspect 14 in which each said tab has a
chamfered distal end to accommodate initial sliding engagement with, and movement
relative to, the supply systenm to effect snap-fit engagement of said flow control device
with the supply system.

16. A process for controlling the flow of a pressurized fluid substance from a supply system
that has an opening between the extenor and interior of the supply system, said process
comprising the steps of:

A. providing a housing that
1) has an inlet end that can be located at the supply systemn opening;
2) defines an orifice for communicating between the exterior and inferior of the
supply system; and
3} has an outlet end defining a discharge opening; and
B. providing a valve haviug an upstrean, interior side for facing said orifice and
having a flexible, resilient valve head that has
1) at least one self-sealing shif through said valve head; and
2) confronting, openable portions along said at least one self-sealing slit inan
initially closed configuration, said openable portions being movable from
said closed configuration to an open configuration when said valve head 1s
subjected to a pressure differential acting across said valve head;
C. locating said valve across said housing outlet end discharge opening at a location

spaced from said housing orifice so that said valve and said housing together
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define an expansion chamber between said orifice and said valve for receiving the
fluid substance at a pressure reduced from the pressure within the supply systemy;
3. supplying the flnid substance in the supply system at a gauge pressure between

about 24 kPa and about 25 kPs;

)

admitting the fluid substance through said orifice into said expansion chamber at a
gauge pressure between about 16 kPa and about 21 kPa on said upstream side of

said valve; and

rrs

discharging the fInid substance through said valve in the open configuration.

[0087] Various modifications and alterations to this invention will become apparent to
those skilled in the art withowt departing from the scope and spirit of this invention. lHustrative
embodiments and examples are provided as examples only and are not intended fo limit the

scope of the present invention.

b
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WHAT IS CLAIMED 18:
1. A flow control device (20) for controlling the flow of a pressurized fluid substance from
a supply system (22) that has an opening {24) between the exterior and interior of the
supply system (22), said flow controller {20) comprising:

A. ahousing (30/40) that

Y

[y

} has an inlet end that can be located at the supply system opening (24);
2y defines an orifice (84) for cornmunicating between the supply system
exterior and interior; and
3) has an outlet end defining a discharge opening (57); and
B. avalve {140} baving a flexible, resilient valve head (160) that has
1} at least one self-sealing slit (184) through said valve head (160}; and
2) confronting, openable portions (186) along said at least one self-sealing slit
(184} in an initially closed configuration, said openable portiens (186) being
movable from said closed configuration to an open configuration when said
valve head (160} is subjected to a pressure differential acting across said
valve head (160); and
wherein said valve (140) is located across said housing outlet end discharge opening (57}
at a location spaced from said housing orifice (84) so that said valve {140) and said housing
(30/40) together define an expansion chamber (198) between said orifice (84) and said valve
(140) for receiving the fluid substance at a pressure reduced from the pressure within the supply

system (22).

2. The flow control device (20) in accordance with claim 1 in which said housing (30/40} is
one of
1} a separate structure (30/40) for being attached to a supply system (22} at the

supply system opening (24); and

o
N

an integral structure that is a unitary part of the supply system (22) at the supply

system opening (24).

3. The flow control device (20} in accordance with claim 1 for use with a supply system

(22) that is defined by a container (22) having an opening (24) that defines the supply
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system opening (24), and wherein said flow controller (20) is initially separate from, but

can be subsequently attached to, the container (22) at the container opening (24).

4. The flow control device {20) in accordance with claim 1 in which said housing (30/40) is
a two-piece housing (30/40) comprising
1) an annular frame (40) for
a) being attached to the supply system (22) at the supply system opening
(24); and
b) receiving said valve (140) supported thereon; and
2) an annular retainer ring (30) that
a) isreceived in said annular frame (40);
b} defines said orifice (84); and
¢} retains said valve (144) in said annular frame (140) so that said expansion
chamber (198) is defined between said annular retainer ring (30) and said

valve (140}

5. The flow control device (20) in accordance with claim 4 in which said annular frame (40)
includes
1} a first annular wall {51}
2} a Irustoconical seating surface (53) extending radially inwardly from said first
annular wall (51} for engaging a portion of said valve (140); and

a plurality of circumferentially spaced-apart beads (59) that extend radially

o
pa—

inwardly from said first annular wall (51) and that ave spaced axially inwardly of
said seating surface (53) for engaging said retainer ring (30) to hold said retainer
ring (30) in snap-fit engagement against a portion of said valve (140) to clamp

said valve (140) between said retainer ring (30) and said annular frame (40).
6. The flow control device (20} in accordance with claim 5 in which said annular frame (40)

includes

1} asecond annular wall (62} around said first annular wall (51}); and
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2}  a plurality of circumferentially spaced tabs (66) extending from said second
annnlar wall (62), each said tab (166) including a radially outwardly facing
recess (68) for receiving a portion of the supply system {22) in snap-fit

engagement to mount said flow control device (20) to the supply systerm (22).

7. The flow control device (20} in accordance with claim & in which each said tab (66) has a
chamfered distal end (71) to accommodate initial sliding engagement with, and
movement relative to, the supply system (22) to effect snap-fit engagement of said flow

control deviece (20) with the supply system (22).

8. The flow control device (20) in accordance with claim 4 in which said retainer ring (30)
includes a frustoconical clamping surface (78) for engaging a portion of said valve (140}

to clamp said valve (140) between said retainer ring (30) and said annular frame (40).

9. A flow control device (20) in accordance with ¢laim 1, in which
said valve (140) includes a peripheral attachment portion {142) engaged with said
housing (30/40);
said valve (140) includes an annular, flexible, resilient intermediate portion (150)
connecting said peripheral attachment portion (142) with said valve head (160}; and
said valve head (160) has a pair of intersecting, self-sealing slits (184), and fowr

confronting, openable portions (186).

10. The flow control device (20) in accordance with claim 1 in which said orifice (84) has a

diameter which is about 3.3 times the length of said orifice (84).

11. The flow control device (20) in accordance with claim 1 in which said orifice (84) hasa
diameter which is about 40% of the diameter of said valve head (160) when said valve

{140} 1s closed.
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12. The flow control device (20) in accordance with claim 1 in which the ratio of the
diameter of said orifice (84) to the shortest distance between said orifice (84) and said

valve head (160) is between about 4.8 and about 6.2 when said valve (140) is closed.

o
a3

. The flow control device (20} in accordance with claim 1 in which
satd valve head (160) is generally eircular with respect to a longitndinal axis (162)
and has slits (184) intersecting at said longitudinal axis (162); and
said orifice (84 has a cylindrical configuration centered on said longitudinal axis

(162).

14. A flow control device (20) for controiling the flow of a pressurized fluid substance from
a supply systeny (22) that has an opening (24) between the exterior and interior of the
supply system (22), said flow controller (20) comprising:

A. ahousing (30/40) that
1} has an inlet end that can be located at the supply system opening (24);
2} defines an orifice (84) for communicating between the supply system
exterior and interior; and
3} has an outlet end defining a discharge opening (57); and
B. avalve (140) having a flexible, resilient valve head (160) that has
1y at least one self-sealing slit (184) through said valve head (160); and
2) confronting, openable portions (186) along said at least one self-sealing shit
(184) in an initially closed configuration, said openable portions (186) being
mevable from said closed configuration to an open configuration when said
valve head (160) is subjected to a pressure differential acting across said
valve head (160},

wherein said valve (140) is located across said housing outlet end discharge opening (57)

at a location spaced from said housing orifice (84) so that said valve (140) and said housing

{(30/40) together define an expansion chamber (198} between said orifice (84) and said valve

(140} for receiving the fluid substance at a pressure reduced from the pressure within the supply

system (22};

wherein said two-piece housing (30/40) comprises

30
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1} an annular frame (40) for
a) being attached to the supply system (22) at the supply system opening
{24}, and
b) receiving said valve (140) supported thereon; and
2} an annular retainer ring (30} that
a) is received in said annular frame (40);
by defines said orifice (84); and
c) retains said valve (140) in said annular framne {140) so that said expansion
chamber (128) is defined between said annular refaiver ring (30) and said
valve (140); and
wherein said annular frame (40) inclodes
1} afirst annular wall (51) for engaging said retainer ring (30) to hold said retainer
ring (30) against said valve (140);
2) aseating surface {53) extending radially inwardly from said first annular wall
(51} for engaging a portion of said valve (140);
3) a second annular wall (62} around said first annular wall (51); and
4} aplurality of circumferentially spaced tabs (66) extending from said second
annular wall (62), each said tab (166) including a radially outwardly facing recess
{68) for receiving a portion of the supply system (22) in snap-fit engagement to

mount said flow control device (20) to the supply system {22).

15. The flow control device (20) in accordance with claim 14 in which each said tab (66} has
a chamfered distal end (71) to accommuodate initial sliding engagement with, and
mevement relative to, the supply system (22) to effect snap-fit engagement of said flow

control device (20) with the supply system (22).

16. A process for controlling the flow of a pressurized {luid substance from a supply system
(22) that has an opening (24) between the exterior and interior of the supply system (22),
said process comprising the steps oft
A. providing a housing (30/40) that

(1) has an inlet end that can be located at the supply system opening (24);

31



WO 2016/164007 PCT/US2015/024861

{2} defines an orifice (84) for communicating between the exterior and interior of
the supply system (22}; and
{3) has an outlet end defining a discharge opening (57); and
B. providing a valve (140} having an upstream, interior side (166) for facing said
orifice (84) and having a flexible, resilient valve head (160) that has
3) at least one self-sealing slit (184} through said valve head {160); and
4} confronting, openable portions (186) along said at least one self-sealing slit
(184) in an initially closed configuration, said openable portions {186) being
movable from said closed configuration fo an open configuration when said
valve head (160} is subjected to a pressure differential acting across said
valve head (160);

C. locating said valve (140) across said housing outlet end discharge opening (57) at
a location spaced from said housing orifice (84) so that said valve (140) and said
housing (30/40) together define an expansion chamber (198) between said orifice
{84) and said valve (140) for receiving the fluid substance at a pressure reduced
from the pressure within the supply systern (22);

3. supplying the fluid substance in the supply system (22} at a gauge pressure
between about 24 kPa and about 25 kPa;

E. admitting the fluid substance through said orifice (84) into said expansion
chamber (198) at a gauge pressure between about 16 kPa and about 21 kPa on

saxd upstream side (160} of said valve {140); and

e

discharging the flnid substance through said valve (140) in said open

configuration.
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