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DISPENSING MACHINE VALVE AND METHOD
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 119(e) of co-pending U.S.
Provisional Application No. 61/332,551 filed May 7, 2010, which is hereby incorporated by

reference in their entirety as part of the present disclosure as if fully set forth herein.

FIELD OF THE INVENTION

[0002] The present invention relates to one-way valves, and more particularly, to one-way
valves that can be used in dispensing apparatus to deliver products, such as perishable food
products, from reservoirs while aseptically storing the unused product to allow, for example, for

prolonged shelf-life without requiring refrigeration.

BACKGROUND INFORMATION

[0003] Aseptic packaging is widely used to prolong the shelf life of food and drink products.
With conventional aseptic packaging, the produict is filled and sealed in the package under sterile
or bacteria-free conditions. Aseptic packaged food and drink products work in conjunction with
a dispensing apparatus constrained by the requirements that the system deliver sterile product at
the point of use and be cost effective. The shelf-life of aseptically packaged product after
opening is re-contamination. The dispensing path of an aseptic package, culminating in a one-
way valve, creates an avenue whereby re-contamination can occur and has been the subject of
improvement efforts.

[0004] One-way valves used in conjunction with aseptic packaging can be classified as those
integral to the dispensing apparatus, those comprised of parts integral to the dispensing apparatus
and other parts integral to the aseptic packaging, and those integral to the aseptic package. These
different one-way valve choices influence the duration of time between opening and product re-
contamination, the cost of packaging, and the requirement for product refrigeration.

[0005]) A dispensing apparatus with an integral one-way valve has the risk of product re-
contamination in the connection of the aseptic package to the one-way valve. Absent effective
cleaning the life of the product may be considerably lowered due to contamination at the point of
connection from the dispensing apparatus to the aseptic package. One effort to address this

problem in the prior art is U.S. Patent No. 6,024,252 where the dispensing apparatus includes
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integral pinchers to open and close an open-ended, flexible tube connected to the pouch for
dispensing product therethrough. The one-way valve closes the tube from the ambient
atmosphere by pinching the open end of the tube. In order to dispense product, the pinch valve is
released from the tube, and the product is in turn allowed to flow from the pouch and through the
open end of the tube. One of the drawbacks of this type of prior art dispenser and packaging is
that during installation of the pouch and tube assembly intb the dispenser, and during dispensing,
there is a risk that bacteria or other unwanted substances can enter into the open ended tube and
contaminate the product. If the product is a non-acid product, such as a milk-based product, it
must be maintained under refrigeration to ensure the life of the product. -

[0006] One-way valves integral to an aseptic package address the problem of re-
contamination at the connection interface between the aseptic package and the dispensing
apparatus through removing the interface, limiting this class of one-way valves to re-
contamination solely through the outlet of the one-way valve itself. U.S. Patent 7,322,491
further addresses this problem through advantégeous use of a valve-seat, valve-cover
combination to hermetically seal the product in the package throughout its shelf life and multiple
dispensing of the product. Such a one-way valve allows for the use of non-acid products, such as
milk-based products, without refrigeration. Such a one-way valve also creates the need for
integration into a dispensing apparatus and the challenges thereby imposed.

[0007] Aseptic packaged materials face the problem of contamination upon exit from the
package.. Sources of contamination include residual material from previous operation of the
valve, micro-organism contamination, and contamination introduced to the outlet face of the one-
way valve during assembly or cleaning of the dispensing apparatus. A remedy known in the art
includes the incorporation of clean-in-place functionality. Clean-in-place functionality institutes
periodic cleaning of food contact surfaces by introducing a cleaﬁing fluid like water, soap,
bleach, or a like material or combination of materials to the surfaces. The surface then is
exposed to an atmospheric change that includes elevated temperature or pressure change. The
result of the process is to substantially remove material that would otherwise be positioned to
contaminate product subsequently crossing the one-way valve,

[0008] Such clean-in-place functionality imposes the constraint that the cleaning fluid not
break the hermetic seal between the space being cleaned and the product reservoir. Further, if a

one-way valve is used in connection with such clean-in-place functionality, the one-way valve
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must resist the pressure of fluid used by the clean-in-place functionality so as to prevent the
introduction of contaminates into the one-way valve. Additionally, such one-way valves need to
maintain their hermetic seal when a temperature gradient is imposed across the one-way valve by
the clean-in-place fluid contacting the exterior surface of the one-way valve. Such one-way
valves need to not distort or change shape so as to pass a different amount of material in response
to a given product pressure as a result of having been subjected to a series of clean-in-place
cycles. Finally, such one-way valves need to maintain their hermetic seal when clean-in-place
functionality includes the application of a vacuum to the surface of the one-way valve.

[0009] Accordingly, it is an object of the present invention to overcome one or more of the

above-described drawbacks and/or disadvantages of the prior art. '

SUMMARY OF THE INVENTION

[0010] In accordance with a first aspect, the present invention is directed to a valve
connectable in fluid communication with a fluid-receiving chamber, such as a dilution chamber
or a mixing chamber for diluting or mixing a perishable food product, such as a milk product or
chocolate product, and forming a substantially fluid-tight seal therebetween. The valve
comprises a relatively rigid valve seat, and a relatively flexible valve member or cover overlying
the valve seat and forming an axially-elongated, normally-closed valve opening therebetwéen
defining an inlet at one end of the valve seat, an outlet at an opposite end of the valve seat, and
an axially-extending seal therebetween that forms a fluid-tight seal between the inlet and outlet
of the normally-closed valve opening. An axially-extending valve body is radially spaced
relative to the valve member and forms a space therebetween allowing fluid-flow therethrough
for cleaning the valve and the fluid-receiving chamber. A seal is engageable with the fluid-
receiving chamber and forms a substantially fluid-tight seal therebetween to seal the valve outlet
and fluid-receiving chamber with respect to ambient atmosphere. The valve member is movable
radially away from the valve seat in response to substance at the inlet to the valve open'ing
exceeding a valve opening pressure to flow into the normally closed valve opening, through the
outlet, and into the fluid-receiving chamber.

[0011] In some embodiments of the present invention, the valve further comprises a deflector
extending axially beyond the outlet of the normally closed valve opening. In some such

embodiments, the deflector extends axially beyond a distal end of the valve body. In some such
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embodiments, the deflector extends axially from the valve seat. In some such embodiments, the
deflector defines a distal end, the valve body defines a distal end, and the distal end of the
deflector either (1) extends axially about the same extent as the distal end of the valve body, or
(2) extends axially beyond the distal end of the valve body. In some embodiments, the deflector .
is substantially conical shaped.

[0012] Preferably, the valve member and the valve seat form an interference fit
therebetween. In some such embodiments, the valve member and valve seat define a decreasing
level of interference at the inlet relative to the outlet of the normally-closed valve opening. In
some such embodiments, the valve member and valve seat define a progressively vdecreasing
level of interference in the direction from the inlet to the outlet of the normally-closed valve
opening.

[0013] In some embodiments of the present invention, the valve member defines a first
thickness at the inlet and a second thickness at the outlet that is less than the first thickness. In
some such embodiments, the first thickness is at least about 1-1/4 times greater than the second
thickness, is preferably at least about 1-1/2 times greater, and is more preferably at least about 1-
3/4 times greater,

[0014] In some embodiments of the present invention, the valve member defines a distal end,
the valve body defines a distal end, and the distal end of the valve member is spaced inwardly
relative to the distal end of the valve body. In some such embodiments, the valve body extends
annularly about the valve member. In some such embodiments, the valve member extends
annularly about the valve seat and includes a base located approximately at the valve opening or
upstream of the valve opening. The base extends radially between the valve seat and valve body.
In some such embodiments, the base of the valve member defines a curvilinear surface extending
substantially radially between the valve seat and valve body. In some such embodiments, the
base includes a first curvilinear surface portion adjacent to the valve seat defined by a first
radius, and a second curvilinear surface portion adjacent to the valve body defined by a second
radius. Preferably, the first radius is greater than the second radius. ,
[0015] In some embodiments of the present invention, the seal extends annularly about a
distal end of the valve body. In some such embodiments, the seal is formed integral with the
valve member. In some such embodiments, the valve member and seal are co-molded to the

valve body, such as by over-molding the valve member and seal to the valve body.
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[0016] In some embodiments of the present invention, the valve member, seal, and valve
body define a space that extends annularly along the valve member and radially between the
valve member and valve body for receiving fluid therethrough for cleaning the valve. In some
embodiments of the present invention, the chamber is a dilution chamber or a mixing chamber
for receiving a perishable food product, the dilution chamber or mixing chamber and valve are
subjected to a clean-in-place process involving elevated temperatures above ambient temperature
(e.g., up to about 95° C) and vacuum pressure, and the valve member is made of a material and is
configured to define a valve opening pressure that is sufficiently high to maintain a hermetic seal
between the valve member and valve seat during the clean-in-place process. In some such
émbodiments, the valve opening pressure is at least about 5 psi, is preferably at least about 6-1/2
psi, and more preferably is at least about 8-1/2 psi. In some embodiments of the present
invention, the valve member is made of silicone.

[0017] In some embodiments of the present invention, the valve further comprises a
relatively flexible filler extending axially and radially between the valve member and valve
body. The valve member defines a first hardness that allows the valve member to flex outwardly
relative to the valve seat in response to substance at the inlet exceeding the valve opening
pressure. The filler defines a second hardness less than the first hardness for flexing with
‘movement of the valve member, and allowing the valve member to move substantially radially
between normally closed and open positions and for substantially preventing debris and like
substances from collecting between the valve member and body. In some such embodiments, the
first hardness is within the range of about 25 A to about 70 A durometer (“Shore A”), and the
second hardness is within the range of about 35 A to about 40A durometer.

[0018] In accordance with another aspect, the present invention is directed to a device
including a one-way valve of the present invention and a variable-storage chamber connected in
fluid communication with the inlet of the one-way valve. In some such embodiments, the device
further includes a flexible tube connected in fluid comrhunication between the valve and
variable-volume storage chamber. In some such embodiments, the variable-volume storage
chamber is defined by a flexible pouch.

[0019] In accordance with another aspect, the present invention is directed to a valve for
storing a sterile food product hermetically sealed in a variable-volume storage chamber, and

dispensing the sterile food product through the valve and into a dilution chamber or a mixing
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chamber. The valve is connectable in fluid communication with the dilution chamber or mixing
chamber and forms a substantially fluid-tight seal therebetween. The valve comprises first
means for forming a relatively rigid valve sealing surface, and second means that is relatively
flexible for overlying the first means for forming an axially-elongated, normally closed valve
opening therebetween defining an inlet at one end of the first means, an outlet at an opposite end
of the first means, and an axially-extending seal therébetween. The second means moves
radially away from the first means in response to sterile food product at the inlet exceeding a
valve opening pressure to allow the sterile food product to flow into the normally closed valve
opening, through the outlet, and into the dilution chamber or mixing chamber. The valve
includes third means for enclosing the first and second means that is radially spaced relative to
the second means, and extends axially adjacent to the second means for forming a space
therebetween and allowing fluid-flow therethrough for cleaning the valve and the dilution
chamber or mixing chamber. The valve further includes fourth means engageable with the
dilution chamber or the mixing chamber for forming a substantially fluid-tight seal therebetween,
and sealing the outlet and the dilution chamber or the mixing chamber with respect to ambient
atmosphere. In some embodiments of the present invention, the first means is a valve seat, the
second means is a valve member, the third means is a valve body, and the fourth means is a seal.
[0020] In accordance with another aspect, the present invention is directed to a method
comprising the following steps:

i) providing a one-way valve connected in fluid communication with a variable-
volume storage chamber storing therein a liquid that is hermetically sealed with respect to
ambient atmosphere;

ii) connecting the one-way valve in fluid communication with a dilution chamber or a
mixing chamber, and forming a substantially fluid-tight seal between the one-way valve and
the dilution chamber or the mixing chamber; |

iii) pressurizing a portion of the liquid from the variable-volume storage chamber to a
pressure that exceeds a valve opening pressure of the one-way valve;

iv) introducing the pressurized liquid into an inlet of a normally closed valve opening

of the one-way valve;
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v) moving with the pressurized liquid a flexible valve member radially away from a
relatively rigid valve seat of the one-way valve to open a normally-closed axially extending
valve opening of the one-way valve;

vi) allowing the pressurized liquid to flow from the inlet, through the normally-closed
axially extending valve opening and, in turn, through an outlet of the normally-closed valve
opening and into the dilution chamber or the mixing chamber;

vii)upon passagé of the pressurized liquid through the normally-closed valve opening,
allowing the resilient flexible valve member to move radially into engagement with the valve
seat to seal the normally-closed valve opening; and

viii) maintaining the liquid in the variable-volume storage chamber sterile  and
hermetically sealed with respect to ambient atmosphere throughout the foregoing steps.

[0021] In some embodiments of the present invention, the liquid is a perishable food product.
In some such embodiments, the perishable food product is a milk product or a chocolate product.
[0022] One advantage of the present invention is that it provides a one-way valve for use in a
dispensing apparatus whereby liquid can be dispensed from a pouch or other storage chamber
without contamination of the product remaining in the pouch. In doing so the one-way valve can
provide for a relatively low-cost pouch or other variable-volume storage chamber, for dispensing
ready—to;use product, while improving the shelf-life of the product after opening and removing
the need for refrigeration after opening.

[0023] A further advantage of the currently preferred embodiments of the present invention
is that they provide a one-way valve integral to an aseptic pouch or other variable-volume
storage chamber where the one-way valve may be easily incorporated into a dispensing
apparatus without allowing contamination of the product within the storage chamber. Yet
another advantage is that such point-of-use replacements can be made with minimal dispensing
apparatus out-of-service time, without the use of tools, if desired, and the one-way valve may be
readily inspectable for tampering.

[0024] A further advantage of the currently preferred embodiments of the present invention
is that the one-way valve can prevent contamination of the remaining product when exposed to
an external cleaning or sterilization process. The one-way valve can be exposed to a high
temperature fluid such as water during the wash phase of a clean-in-place operation, and debris

and/or other material dislodged is prevented from introduction into the one-way valve. Yet
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another advantage is that the one-way valve maintains ité hermetic seal on exposure to a vacuum
should negative pressure be employed or otherwise encountered during a clean-in-place
operation.

[0025] Yet another advantage of the currently preferred embodiments of the present
invention is that they allow for dispensing ready-to-drink beverages, or ingredients of beverages,
such as milk-based ingredients for coffee drinks or chocolate-based ingredients for coffee and/or
_milk.-based drinks, from one or more hermetically sealed, flexible pouches or other variable-
volume storage chambers. Yet another advantage is that the unused portion of a perishable
product can be stored hermetically while aseptically preventing contamination and allowing for
hermetically-sealed storage after dispensing without refrigeration.

[0026] Other objects and advantages of the present invention, and/or of the currently
preferred embodiments thereof, will become more readily apparent in view of the following

detailed description of the currently preferred embodiments and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a somewhat schematic view of a dispensing apparatus employing multiple
one-way valve, tube and pouch assemblies, and including pumps, dilution chambers or mixing
bowls, and passageways so as to allow for the further selective mixing of fluid passed across the
one-way valves; |

[0028] FIG. 2 is a perspective view of one of the flexible pouch, tube and valve assemblies
of the dispensing apparatus of FIG. 1;

[0029] FIG. 3 is a perspective view of one of the dilution chambers or mixing bowls and a
one-way valve releasably connected thereto of the dispensing apparatus of FIG. 1;

[0030] FIG. 4 is a cross-sectional view of the dilution chamber/mixing bowl and one-way
valve of FIG. 3; r’

[0031] FIG. 5 is a perspective view of the one-way valve of FIGS. 3 and 4 without the
flexible tube and pouch connected thereto;

[0032] FIG. 6 is a cross-sectional view of the one-way valve of FIG. 5; and

[0033] FIG. 7 is a cross-sectional view of another embodiment.of a one-way valve releasably

connected to a dilution chamber/mixing bowl of the dispensing apparatus of FIG. 1
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0034] In FIG. 1 a dispensing apparatus embddying the present invention is indicated
generally by the reference numeral 10. The dispensing apparatus 10 is contained within the
dashed line of FIG. 1 and includes the elements described below so as to effect the preparation
and dispensing of ready-to-serve beverages into serving containers “A”. The dispensing
apparatus 10 includes two primary sections 12 configured in a parallel relationship with respect
to each other for supplying respective ingredients, such as milk concentrate and chocolate
concentrate, diluting and/or mixing the respective ingredients with hot water or other liquid(s), if
desired, and, in turn, supplying the diluted/mixed ingredients to a secondary section 18 for final
preparation and dispensing into serving containers A. Each primary section 12 includes a
reservoir assembly 16 containing a first aseptically stored substance. In a preferred embodiment,
one reservoir assembly 16 contains an aseptically stored substance differing from that contained
in the other reservoir assembly 16. As may be recognized by those of ordinary skill in the
pertinent art based on the teachings herein, the dispensing apparatus may include only one
primary section 16, may include more than two primary sections 16, and may include more than
one secondary section 18 each coupled in fluid communication with one or more respective
primary section(s) 16.

[0035] The two reservoir assemblies 16, 16 hermetically seal with respect to the ambient
atmosphere first and second substances, respectively, until such time as one, the other, or both
are triggered for release. The substances contained within each reservoir assembly 16 may take
the form of any of numerous different products that are currently known, or that later become
known, including without limitation any of numerous different food and beverage products, such
as milk based products, including milk, evaporated milk, condensed milk, cream, half-and-half,
baby formula, yogurt, soup (whether milk-based or not), and any of numerous other liquid
nutrition products, ice cream (including dairy and non-dairy, such as soy-based ice cream), juicé,
syrup, chocolate, chocolate concentrate, coffee, condiments, such as ketchup, mustard, and
mayonnaise, and gases, such as coffee aroma. An exemplary embodiment hermetically seals
milk concentrate in one reservoir assembly 16 and chocolate concentrate in the other reservoir
assembly 16 which pass through the respective primary sections 12, 12, are diluted by and mixed
with hot water, are further passed to and mixed together in the secondary section 18, and finally

deposited into a serving container A as a ready-to-drink beverage accessible to the user.
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[0036] A computerized controller 20 is electrically connected to the primary sections 12 and
secondary section 18, including the pumps and other electrically actuated or other electrical
components of such sections and the dispensing apparatus 10, in order to control actuation of
such components in a manner known to those of ordinary skill in the pertinent art. For example,
triggering of the release of one, the other, or both substances and the their subsequent
manipulation with the dispensing apparatus so as to be combined as a ready-to-drink beverage in
the serving container A is effected through interaction of the user with the controller 20. The
user, by selecting a specific, desired ready-to-drink beverage causes the controller 20 to operate
the elements further described in such order and fashion as to effect the delivery of the ready-to-
drink beverage into the serving container A. The controller 20 also triggers the functionality
required to clean the subsequently described elements in place so as to substantially remove
debris, contamination, and' residue so as to provide a safe, sterile, and desirable ready-to drink
beverage into the serving container A.

[0037] As further shown in FIG. 1, each reservoir assembly 16 includes a variable-volume
storage chamber 22, a flexible tube 24, and a one-way valve 26 through which the reservoir is
releasably engaged to the dispensing apparatus 10. Each variable-volume storage container 22 is
releasably engaged to the dispensing apparatus 10 by structure known to those of ordinary skill
in the pertinent art adapted to support, fix, and allow for ease of installation and removal of the
assembly. For example, in one such embodiment (as shown in broken lines in FIG. 2), each
variable-volume storage chamber is a flexible pouch contained within a cardboard or like box.
Each one-way valve 26 is releasably engaged to the dispensing apparatus 10 through connection
to a respective primary dilution chamber or mixing bowl 28 through means subséquently
described, whereby the volume of the dilution chamber or mixing bowl 28 is hermetically sealed
from its outside environment and allows for ease of installation and removal by an apparatus
operator. A flexible tube 24 included with each first reservoir assembly 16 is releasably engaged
to the dispensing apparatus 10 by a respective peristaltic pump 30 which employs rollers to
selectively squeeze the flexible tube 24 for purposes of moving a desired portion of the substance
contained within the respective reservoir assembly 16 across the one-way valve 26. In manner
likewise to the one-way valve 26 and the variable-volume storage container 22, the engagement
of the flexible tube 24 provides accessibility whereby installation and removal by an operator is

effected quickly, safely, and without the requirement of tools, if desired.
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[0038] Each primary section 12 further includes elements for mixing portions of product and
delivering them to the secondary section 18. Each primary section 12 further includes a primary
dilution chamber or mixing bowl 28 shown in cross-section in FIG. 1 to illustrate a valve
connector 58 adapted to releasably engage the one-way valve 26 and, in turn, releasably connect
the valve to the dilution/mixing bowl 28 and form a hermetic or substantially fluid-tight seal
therebetween. Each primary dilution chamber or mixing bowl 28 further defines a first port 32
and a second port 34, both substantially adapted to allow for engagement to either or a
combination of a vacuum source (not shown), a water source (not shown), or a clean-in-place
wash down means (also not shown). As may be recognized by those of ordinary skill in the
pertinent art based on the teachings herein, each dilution/mixing chamber 28 can include only
one port 32 or 34, or can include more than two such ports, as may be desired or otherwise
required. Each “dilution chamber or mixing bowl 28 is adapted to so engage a respective
interconnect line 36 as to permit the selective fluid communications between the respective
primary dilution chamber or mixing bowl 28 and the secondary section 18.

[0039] The secondary section 18 of the dispensing apparatus 10 delivers the substances from
one or both primary dilution/mixing chambers through an outlet 46 to a serving container A or
other container or device. For example, the secondary section 18 may deliver substances from
one or both primary dilution/mixing chambers 28 to a container A, or may combine the
substances from one or more primary dilution/mixing chambers or one or more secondary
dilution/mixing chambers (not shown), and in turn deliver the mixed substances to one or more
containers A. As may be recognized by those of ordinary skill in the pertinent art based on the
teachings herein, the secondary section 18 of the dispensing apparatus 10 may take the form of
any of numerous different devices or configurations for receiving and further combining or
mixing substances and, in turn, delivering such mixed substances to a serving or other container
or device, and/or for delivering the substances from one or more primary sections directly to a
respective serving or other container or device, that is currently known, or that later becomes
known, _ ‘

[0040] As may .be recognized by those of ordinary skill in the pertinent art based on the
teachings herein, the reservoir assemblies 16, 16 may include elements of different size,
geometries and be constructed of different material and design to accommodate different stored

substances or other requirements. Exemplary embodiments include variable-volume storage
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containers 22 sized differently due to the different ratios of sealed content required for the ready-
to-drink beverages the dispensing apparatus 10 provides. One peristaltic pump 30 in anofher
exemplary embodiment is sized differently than the other peristaltic pump 30, engages with a
flexible tube 24 of a different stiffness, and/or works in conjunction with a one-way valve 26
constructed of different materials to account for differing viscosities between the substances
hermetically sealed in the respective reservoir assemblies. Further, while these exemplary
embodiments demonstrate the ability of the dispensing apparatus 10 to accommodate a variety of
substances, they do not exclude the configuration where the reservoir assemblies 16, 16 are
substantially identical. Still further, the specific types of variable-volume storage chambers,
pumps and other components described herein are only exemplary, and any of numerous other
types of storage chambers, pumps and other components that are currently known, or that later
become known, equally may be employed.

[0041] FIG. 1 further illustrates an operating mode of the. apparatus 10 through the
configurable setup of each primary dilution chamber or mixing bowl 28. The illustrated
embodiment of each primary dilution chamber or mixing bowl 28 includes the first port 32 and
optional second port 34 whereby, in a preferred embodiment, a substance like heated water is
introduced to dilute the substance that has moved across the one-way valve 26 which is then
passed to the secondary section 18 for further mixing and delivery and/or direct delivery to the
container or device A. In an alternative embodiment, a substance such as coffee or tea
concentrate moves across a first port 32 and is combined with a substance introduced into the
respective primary mixing bowl 28 through the second port 34, The concentrate and water, once
combined in the respective primary dilution chamber or mixing bowl 28 (which is
distinguishable due to entry without the passage of an aseptically stored substance across the
respective one-way valve 26), then pass to the secondary section 18 and out as a ready-to-drink
beverage through the outlet 46.

[0042] These exemplary embodiments serve to illustrate the flexibility of the dispensing
apparatus with regard to the preparation of ready-to drink beverages that would be apparent to
one skilled in the art. Beverages can be prepared from neither of, one of, or both of the
substances contained in each reservoir assembly 16, 16 (or additional reservoir assemblies if so
employed, as indicated above). Further, beverages can be prepared from substances which due

to a property such as acidity do not require a hermetically sealed reservoir to store the unused

12



WO 2011/140508 PCT/US2011/035630

portions. Finally, ready-to-drink beverages can be prepared using the subject invention where a
subset of the required substances require hermetic, aseptic storage and a subset which do not.
[0043] The inclusion of additional primary section(s) 12 provides for additional operating
modes to that described above. For example, in another mode the apparatus 10 operates so as to
receive in the secondary section 18 the contents of a second primary dilution/mixing bowl 28,
further mix, and discharge the contents through the outlet 46. I.n a further operating mode, the
secondary section 18 receives contents from both a first primary dilution/mixing bowl 28 and a
second primary dilution/mixing bowl 28, mixes the substances, and discharges the combination,
through the outlet 46. Finally, in another operating mode, the contents of the secondary section
18 received from any one of the aforementioned operating modes are further combined with ‘a
substance received into the secondary section 18 prior to discﬁarge as a ready-to-drink beverage
through the outlet 46. If desired, the secondary section 18 may define plural outlets 46, wherein
each outlet is coupled in fluid communication directly or indirectly with respective primary
sections 12 or plural primary sections 12. These additional operating modes illustrate a subset of
the operating means provided by the dispensing apparatus 10 whereby ready-to-drink beverages
are prepared from individual or multiple liquids stored in the plural reservoir assemblies 16, 16.
As would bé recognized by those of ordinary skill in the pertinent art based on the teachings
herein, the described operating modes may be employed in any of numerous other ways to create
ready-to-serve beverages that are currently known or that later become known.
[0044] With reference to FIG. 2, each reservoir assembly 16, which is releasably mountable
within the dispensing apparatus 10, includes the variable-volume storage chamber 22 for the
aseptic storage of the unused portions subsequent to the installation of the reservoir into the
dispensing apparatus. Each reservoir assembly 16 further includes the flexible tube 24 and the
one-way valve 26 where the flexible tube 24 couples the one-way valve 26 in fluid
communication with the variable-volume storage chamber 22. The variable-volume storage
chamber 22 is hermetically affixed to the flexible tube 24 through a reservoir fitting 54. The
_one-way valve 26 is further hermetically affixed to the flexible tube 24 by means of a one-way
valve fitting 56. Alternatively, the flexible tube 24 may be heat sealed, welded, adhesively
attached, or otherwise permanently connected to the variable-volume storage chamber 22, or
material forming the reservoir, such as a plastic or laminated pouch, in any of numerous different

ways that are currently known, or that later become known, to hermetically seal the flexible tube
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24 to the one-way valve 26 and Variabl.e—volume storage chamber 22. Similarly, the one-way
valve 26 may be connected to the flexible tube 24 in any of numerous different ways that are
currently known, or that later become known. In the illustrated embodiment, the variable-
volume storage chamber 22 is defined by a flexible pouch of a type known to those of ordinary
skill in the pertinént art, and is aseptically filled with the respective perishable food product or
other substance in a manner known to those of ordinary skill in the pertinent art.

[0045] As also shown in FIG. 2, during shipping and handling, the one-way valve 26 may
include a protective cover 27 that encloses the valve, and is frangibly connected thereto by a
frangible ring connector 29. Prior to releasably connecting the one-way valve 26 to the
respective dilution/mixing chamber 28, the operator manually grips and breaks the frangible ring
connector 29 which, in turn, allows remoyal of the protective cover 27. One advantage of the
protective cover 27 is that it protects the one-way valve 26 during shipping and handling, and
prevents anyone from tampering with the one-way valve prior to installation in the dispensing
apparatus.

[0046] As indicated in broken lines in FIG. 2, the flexible pouch 22 is contained within a
rigid pouch support structure 61, such as a cardboard box or like enclosure of a type known to
those of ordinary skill in the pertinent art, to facilitate handling, shipping, and installation into
and removal from the dispensing apparatus 10. The support structure 61 in the exemplary
embodiment of FIG. 2 imposes a substantially cubical shape to the ﬂexible pouch so as to protect
the pouch during shipment, storage, installation, and use. The Support structure 61 further aids in
quick, economical, and safe installation of each reservoir assembly 16, 16 into the dispensing
apparatus 10; As would be recognizéd by those of ordinary skillb in the pertinent art based on the
teachings herein, the shape of each variable-volumé storage chamber 22 can be adapted through
the selection of a rigid support structure so as to meet the needs of the dispensing apparatus 10,
for example, by having an inverted taper so as to.present at its bottom a cross-section similar to
that of flexible tube 24 to facilitate the movement of material out of the variable-volume storage
container. Further, the shapes of each variable-volume storage chamber 22 may comparatively
vary in volume in accordance with disparate usage requirements as when used to create a ready-
to-drink hot chocolate drink where a greater ia,ortion of a first milk concentrate is combined with

a smaller portion of a second chocolate concentrate, or vice versa.
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[0047] FIG. 3 illustrates in further detail an exemplary connector 58 for releasably
connecting the one-way valve to the respective dilution/mixing chamber 28 and, in turn,
facilitating the formation of and/or maintaining a fluid-tight seal between the connected valve
and the dilution/mixing chamber. As may be recognized by those of ordinary skill in the
pertinent art based on the teachings herein, each connector 58 may take the form of any of
numerous different connectors that are currently known, or that later become known. For
example, the connectors may form a snap fit or a threaded connection between the valves and
dilution/mixing chambers. Alternatively, the connectors may employ fasteners, such as thumb
screws or bail screws, or other fasteners that are currently known, or that later become known,
for releasably connecting the valves to the dilution/mixiﬁg chambers. As hereinafter described,
each valve includes a seal between the valve and the dilution/mixing chamber to form a fluid-
tight or hermetic seal therebetween, If desired, the connectors may facilitate in compressing the
seals when releasably connecting the valves to, in turn, form and/or maintain the fluid-tight or
hermetic seals between the releasably connected valves and dilution/mixing chambers. -

[0048] In the illustrated embodiment, each exemplary connector 58 is a ring connector that
surrounds the inlet tube 59 of the one-way valve. Although not shown in FIG. 3, the outlet end
of the flexible tube 24 is connected to the inlet tube 59 to introduce substance from the variable-
volume storage chamber 22 and flexible tube 24 into the valve. The connector 58 surrounds the
flexible tube 24 in such a way that it both translates axially along the flexible tube 24 and rotates
about the axis of the flexible tube 24 and inlet tube 59. The connector 58 is further permanenﬂy
included in the reservoir assembly insofar as the depicted embodiment includes a connector 58
where the inside radius “R” of the connector is greater than that of the flexible tube 24 but
smaller than the outer diameter of the one-way valve 26 (i.c., the connector 58 is captured on the
flexible tube 24 between the one-way valve 26 and pouch connector 54 (FIG. 2)).

[0049] As shown best in FIG. 3, each exemplary connector 58 includes a plurality of
installation ears 60 that are angularly spaced relative to each other about the axis of one-way
valve 26. As shown in FIGS. >3 and 4, each exemplary connector 58 further includes a plurality
of depending connection tabs 62 that are angularly spaced relative to each other about the
circumference of the connector, and are received within corresponding angularly-extending slots
64 formed through a laterally-extending upper wall 66 of the dilution/mixing chamber 28 to

releasably connect the one-way valve to the dilution/mixing chamber. As shown in FIG. 4, each
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depending tab 62 defines a laterally extending leg 68 that frictionally engages the underside of
the upper wall 66 to releasably hold the connector and one-way valve in place.

[0050] As shown best in FIGS. 4 through 6, each one-way valve 26 includes an annular
valve body 70 and an elastomeric seal including a first or distal seal 72 formed at the distal end
of the valve body, and second or lateral seal 74 formed on the outer periphery of the distal end of
the valve body. As shown in FIG. 4, the dilution/mixing chamber 28 includes a valve port 76 in
fluid communication with the internal dilution/mixing chamber for receiving therein the one-way
valve 26, and defines at the base thereof a first sealing surface 78 oriented substantially normal
to the axis of the valve and dilution/mixing chamber, and a second sealing surface 80 defined by
the side wall of the valve port 76 contiguous to the first sealing surface 78. As can be seen, when
the one-way valve 26 is inserted into the valve port 76 of the dilution/mixing chamber 28, the
first seal 72 sealingly engages the first sealing surface 78, and the second seal 74 sealingly
engages the second sealing surface 80, to thereby form a substantially fluid tight seal between the
one-way valve and dilution/mixing chamber and hermetically seal the chamber from the ambient
atmosphere.

[0051] . | In order to releasably connect the one-way valve 26 to the dilution/mixing chamber
28, the operator removes the frangible cover 27 (FIG. 2) and inserts the valve body 70 into the
valve port 76 until the first seal 72 abuttingly engages the first sealing surface 78, and the second
seal 74 abuttingly engages the second sealing surface 80. Then, the operator inserts the
depending tabs 62 of the ring connector 58 into the corresponding slots 64 of the dilution/m.ixing
chamber 28, manually engages two of the diametrically opposed ears 60, and rotates the
connector 58 so that the laterally extending legs 68 frictionally engage the underside of the upper
wall 66 of the dilution/mixing chamber. In order to rotate the connector, the user may
simultaneously press downwardly on the connector and/or one-way valve to compress the first
and/or second seals 72 and 74, respectively. The compression of the seal(s) 72, 74 facilitates in
maintaining a fluid-tight seal between the one-way valve 26 and dilution/mixing chamber 28,
and contributes to frictionally engaging the laterally-extending legs 68 with the underside of the
upper wall 66 to releasably hold the connector and one-way valve in place. As indicated above,
any of numerous different connectors that are currently known, or that later become known,
equally may be employed to releasably connect the valves to the dilution/mixing chambers. The

connectors may, if desired, operate to compress the seals to further effect and/or maintain a
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substantially fluid-tight seal between the respective valve and dilution/mixing chamber. As
shown in FIG. 5, the external periphery of the valve body 70 includes a plurality of axially-
extending alignment ribs 81 that are angularly spaced relative to each . The alignment ribs 81
serve to axially align the one-way valve 26 to the dilution/mixing bowl 28 and affix the one-way
valve 26 rotationally with respect to the axis of the dilution/mixing chamber,

[0052] As shown in FIG. 4, each one-way valve 26 includes the valve body 70 that extends
annularly about the one-way valve, the inlet tube 59 that is connected to the flexible tube 24
(FIG. 2) and defines an axially-extending passageway, an axially-extending, relativevly rigid
valve seat 82, and a plurality of flow apertures 84 on a substantially fixed radius from the axis of
the valve seat 82 extending axially through the valve body 70 adjacent to the valve seat 82 and
coupled in fluid communication with the axially-extending passageway of the inlet tube 59. An
exemplary embodimént of the one-way valve 26 includes three flow inlet apertures 84 spaced
about 120° apart about a common radius from the axis of the valve seat 82. However, as may be
recognized by those of ordinary skill in the pertinent art based on the teachings herein, each one-
way valve may define any of numerous different numbers of apertures and/or aperture
configurations that are currently known or that later become known.

[0053] The one-way valve assembly 26 further includes an annular valve member or cover
86 formed of an elastic material, such as silicone, and including a cover base 88 mounted on the
valve body 70 and fixedly secured against axial mbvement relative thereto. The valve member
86 further defines a valve portion 90 overlying the valve seat 82, and as indicated by the
overlapping liﬁes in FIG. 6, defining an interference fit therebetween. The valve portion 90
defines an inner diameter D1 less than the outer diameter D2 of the valve seat 82 to thereby form
the interference fit therebetween (as indicated by the overlapping lines in FIG. 6). The flexible
overlying valve portion 90 and underlying rigid valve seat 82 form an axially-elongated,
normally-closed valve opening therebetween defining an inlet 92 at one end of the valve seat 82,
an outlet 94 at an opposite end of the valve seat 82, and an axially-extending seal 96
therebetween that forms a fluid-tight seal between the inlet and outlet of the normally-closed
valve opening. The valve portion 90 is movable radially away from the valve seat 82 in response
to substance at the inlet apertures 84 and inlet 92 exceeding a valve opening pressure to flow into
the normally closed valve opening 96, through the outlet 94, and into the respective

dilution/mixing chamber 28.
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[0054] As may be recognized by those of ordinary skill in the pertinent art based on the
teachings | herein, the valve member and valve seat may define any of numerous different
configurations that are currently known, or that later become known. For example, the valve
portion 90 and valve seat 82 may define a decreasing level of interference at the inlet 92 relative
to the outlet 94 of the normally-closed valve opening 96. Further, the valve portion 90 and valve
seat 82 may define a progressively decreasing level of interference in the direction from the inlet
92 to the outlet 94 of the normally-closed valve opening 96. Still further, the valve portion need
not be annular as shown, but rather may define an arc shape, such as a semi-circular shaped
valve seat. Further, the valve portion and valve seat may define a progressively increasing level
of interference when moving angularly from the center of an arc-shaped valve portion and valve
seat laterally (or angularly) outwardly from the center toward the lateral or marginal edge
portions of the valve portion/valve seat interface. |

[0055] In the illustrated embodiment, the valve member 86 is made of a material, such as
silicone, and is configured to define a valve opening pressure that is sufficiently high to maintain
a hermetic seal between the valve member and valve seat during a clean-in-place process. The
valve opening pressure is at least about 5 psi, is preferably at least about 6-1/2 psi, ahd more
preferably is at least about 8-1/2 psi. The valve member also defines a first thickness T1 at the
base of the valve portion and/or at about the inlet 92, and a second thickness T2 at about the
outlet 94 that is less than the first thickness T1. The first thickness T1 is at least about 1-1/4
times greater than the second thickness T2, is preferably at least about 1-1/2 times greater, and is
more preferably at least about 1-3/4 times greater. One advantage of this configuration is that
the increased thickness at the base can be selected to set the valve opening pressure at a le‘vel that
prevents the valve from opening when subjected to a vacuum within the respective
dilution/mixing chamber 28, such as durihg a clean in place cycle.

[0056] The one-way valve 26 further comprises a deflector 98 extending axially beyond the
outlet 94 of the normally closed valve opening 96. The distal end of the deflector 98 either (1)
extends axially about the same extent as the distal end of the valve body 70, or (2) extends
axially beyond the distal end of the valve body 70. In the illustrated embodiment, the deflector
98 extends axially from the valve seat 82 beyond the distal end of the valve body defined by the
first seal 72. Also in the illustrated embodiment, the deflector 98 is substantially conical shaped

and, as shown in FIG. 6, the side wall of the cone is curved inwardly and defined by a radius
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“R”. The deflector 98 protects the valve portion 90 and substantially prevents contact with the
outlet 94 of the valve. The recessed cone defined by one or more radii R facilitates in deflecting
fluid that impacts the deflector, such as a cleaning fluid, from directly impacting the valve outlet
94, and in directed such fluid into the annular space formed between the valve member and valve
body as hereinafter described.

[0057] As seen in the Figures, in the illustrated embodiment the valve 26 is comprised of
multiple parts, here two. The valve body 70, which includes the valve cover 86, is formed as one
part, and a valve core 110 is formed as another part. The valve core 110 includes the inlet tube
59, valve seat 82 and deflector 98, which in the illustrated embodiment are integral with each
other, and defines the flow apertures 84. As illustrated, the valve body 70 and valve core 110 are
snap fit together. The valve core 110 is inserted into the annular space 112 defined by the
annular valve member 86 until a valve core flange 114 of the valve core 110 seats against a rear
flange 116 of the valve body 70. The valve core flange 114 is positioned relative to the valve
seat 82, and the rear flange 116 is positioned relative to the valve portion 90, so that when the
valve core 110 seats into the valve body 70, the valve seat 82 engages the valve portion to form
the valve opening and seal 96.

[0058] To maintain the valve core flange 114 in place in the valve body 70, the valve body
70 has an engagement portion 118, in the illustrated embodiment located at the rear end of the
valve body 70, that contains a plurality of inwardly extending snap tabs 120. The snap tabs 120
locate a rear surface 122 of the valve core flange 114 when the valve core 110 is seated in the
valve body 70. Similar to known snap fit arrangements, and as seen in the Figures, the forward
surfaces 124 of the snap tabs 120 that locate the rear surface 122 of the valve core flange 114 are
oriented substantially parallel to the rear surface 122, and the rearward surfaces 126 of the snap
tabs 120 are angled relative to the valve core flange 114. In addition, the engagement portion
118 is sufficiently resilient so that when the valve core flange 114 engages the rearward surfaces
126 during snap fit insertion of the valve core 110 into the valve body 70, the snap tabs 120 flex
sufficiently outward to permit the valve core flange 114 to pass beyond the snap tabs 120 seat
into the valve body 70. Once the valve core flange 114 passes by the snap tabs 120, the snap
taps 120 return towards an inward position so that the forward surfaces 124 overlap the rear

surface 122 and normally prevent the valve core 110 from removal from the valve body 70.
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[0059] As further seen in the illustrated embodiment, the valve cover 86 defines an annular
rear sealing surface 128 that sealingly engages the valve core flange 114 when the valve core
flange 114 is seated in the valve body 70. The rear sealing surface 128 thus defines a liquid-tight
seal between the valve body 70 and the valve core 110.

[0060] As shown in FIG. 6, the axially-extending valve body is radially spaced relative to the
valve portion 90 and forms a radially and axially extending space 100 therebetween allowing
fluid-flow therethrough for cleaning the valve 26 and the dilution/rhixing chamber 28. The
deflector 98 facilitates in directing any watef or other fluid contacting it into an annular space
100 to facilitate cleaning the valve. As shown typically in FIG. 6, in order to protect the outlet
94 of the valve, the distal end of the valve portion 90 is spaced inwardly relative to the distal end
of the valve body 70 to thereby allow the valve body to substantially enclose and protect the
valve. As also shown typically in FIG. 6, the valve member defines a base 102 located
approximately at the flow apertures 84, and in the illustrated embodiment, the base 102 extends
upstream relative to the flow apertures. As can be seen, the base 102 extends radially between
the valve seat 82 and annular valve body 70, and defines a curvilinear surface 104 extending
substantially radially between the valve seat 82 and valve body 70. The curvilinear surface 104
includes a first curvilinear surface portion adjacent to the valve seat 82 defined by a first radius
R1, and a second curvilinear surface portion adjacent to the valve body 70 defined by a second
radius R2, As can be seen, the first radius R1 is greater than the second radius R2. One .
advantage of the curvilinear contour at the base of the valve member is that it facilitates the flow
of fluid, such as cleaning fluid, through the annular space 100 and substantially prevents the
collection of any residue or debris within this space. As also shown in FIG. 6, the first and
second seals 72 and 74, respectively, are formed integral with the valve portion 90 by co-
molding the valve member and seals. In the illustrated embodiment, the valve portion 90 and
seals 72, 74 are overmolded to the valve body 70. |

[0061] In an exemplary operation of the dispensing apparatus 10, a user dispenses a
substantially predetermined amount of fluid from the variable-volume storage chamber 22
through the one-way valve 26 into the first primary dilution/mixing bowl 28. The content of the
first primary mixing bowl 28 is then combined with a second, different fluid which enters
through the port 32. The combined fluid contents of the first primary dilution/mixing bowl 28 is

then conveyed through the interconnect tube 36 to the secondary section 18. Concurrently or in
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a sequehce appropriate to the fluid, the controller 20 then dispenses a substantially predetermined
amount of fluid from the variable-volume storage chamber 22 into the second primary
dilution/mixing bowl 28. The content of the secondary section 18 is then conveyed through the
interconnect tube 36 to the secondary section 18. There the fluids are then mixed, and conveyed
through the outlet 46 for consumption as a ready-to-serve beverage.

[0062] As may be recognized by those of ordinary skill in the pertinent art based on the
teachings herein, the dispensing apparatus 10 is particularly suitable for storing and dispensing
ready-to-drink products, Such as those that are generally difficult to preserve upon opening.
Accordingly, a significant advantage is that such products can be distributed and stored at an
ambient temperature while allowing the product to remain shelf-stable even after dispensing
product from the pouch, whether refrigerated or not. Further, the present invention has the
advantage of combining the product with other products or diluting it based on the requirements
of the user. Finally, the present invention has the added advantage of allowing for clean-in-place
of the product facing surfaces of the one-way valves so as to substantially prevent the
accumulation of debris or growth of micro-organisms thereon.

[0063] Turning to FIG. 7, another one-way valve embodying the present invention is
indicated generally by the reference numeral 126. The one-way valve 126 is substantially the
same as the valve 26 described above, and therefore like reference numerals preceded by the
numeral “1” are used to indicate like elements. The primary difference of the one-way valve 126
is that it includes a filler 200 located in the annular region between the valve portion 190 and
valve body 170, that is formed of an elastic material of lesser hardness than that of the valve
portion. The filler 200 defines an inner filler end 202, and a distal filler end 204, where the filler
material constitutes the contact face of the one-way valve 126. As can be seen, filler 200 is
contoured at the distal filler end 204 so as to presént to an inverted, cupped surface S that is
easily cleaned. The cupped cavity surface S defines a gently curved surface which is amenable
to cleaning by fluid introduced into the respective dilution/mixing bowl 128 for that specific
purpose with sufficient volume and force so as to remove debris, contaminates and micro-
organisms thereby producing a sanitary surface.

[0064] As may be recognized by those of ordinary skill in the pertinent art based on the
teachings herein, numerous changes, modification and improvements may be made to the above-

described and other embodiments of the present invention without departing from its scope as
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defined in the appended claims. For example, the one-way valve may be made of any of
numerous different materials, and may take any of numerous different configurations. For
example, the valve cover may extend annularly about the valve seat, or may define a non-
annular, arcuate shape that forms an interference fit with a correspoﬁdingly shaped valve seat.
The one-way valve may define any desired number of inlet apertures, normally-closed valve
opening seal lengths, and may or may not include any of numerous different deflectors.
Similarly, the one-way valve may be connected and sealed to a fluid-receiving chamber, such as
a dilution chamber and/or mixing bowl, in any of numerous different ways that are currently
known, or that later become known. For example, the one-way valve need not include separate
connectors, such as the exemplary ring connectors, but rather the valve itself may form a
connector or fastener for releasably connecting the valve to the dilution/mixing chamber or other
structure or device. In one such embodiment, the valve frictionally engages the dilution/mixing
chamber to releasably connect the valve thereto. In another exemplary embodiment, the valve
and dilution/mixing chamber form cooperating threads to threadedly connect the valve to the
dilution/mixing chamber, such as by rotatably connecting the valve to the dilution/mixing
chamber. Further, the seal between the one-way valve and the fluid-receiving chamber may take
any of numerous different configurations, or the valve and chamber may not include such a seal.
Still further, the present invention may be used to store and dispense any of numerous different
types of substances, to make any of numerous different types of products, including any of
numerous different types of beverages, foods or other types of products. Similarly, the variable-
volume storage chambér need not define a variable volume, and/or may be formed by any of
numerous structures other than flexible pouches that are currently known, or that later become
known, Still further, the pump need not be a peristaltic pump, but may be defined by any of
numerous different types of pumps, that are electric or manually actuated (or foot actuated) that
may or may not be assembled or formed integral with the one-way valve and/or an actuator for
the valve. Accordingly, this detailed description of the currently preferred embodiments is to be

taken in an illustrative as opposed to a limiting sense.
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What is claimed is:

1. A valve connectable in fluid communication with a fluid-receiving chamber and
forming a substantially fluid-tight seal therebetween, the valve comprising a relatively rigid
valve seat, a relatively flexible valve member overlying the valve seat and forming an axially-
elongated, normally-closed valve opening therebetween defining an inlet at one end of the valve
seat, an outlet at an opposite end of the valve seat, and an axially-extending seal therebetween
that forms a fluid-tight seal between the inlet and outlet of the normally-closed valve opening, an
axially-extending valve body radially spaced relative to the valve member and forming a Space
therebetween allowing fluid-flow therethrough for cleaning the valve and ﬂuid—receivihg
chamber, and a seal engageable with the fluid-receiving chamber and forming a substantially
fluid-tight seal therebetween to seal the valve outlet and fluid-receiving chamber with respect to
ambient atmosphere, wherein the valve member is movable radially away from the valve seat in
response to substance at the inlet to the valve opening exceeding a valve opening pressure to
flow into the normally closed valve opening, through the outlet, and into the fluid-receiving

chamber.

2. A valve as defined in claim 1, further comprising a deflector extending axially

beyond the outlet of the normally closed valve opening.

3. A valve as defined in claim 2, wherein the deflector extends axially beyond a

distal end of the valve body.

4, A valve as defined in claim 2, wherein the deflector extends axially from the
valve seat.
5. A valve as defined in claim 4, wherein the deflector defines a distal end and the

valve body defines a distal end, and the distal end of the deflector either (1) extends axially about
the same extent as the distal end of the valve body, or (2) extends axially beyond the distal end of

the valve body.

6. A valve as defined in claim 4, wherein the deflector is substantially conical

shaped.
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7. A valve as defined in claim 1, wherein the valve member and the valve seat form

an interference fit therebetween.

8. A valve as defined in claim 7, wherein the valve member and valve seat define a
decreasing level of interference at the inlet relative to the outlet of the normally-closed valve

opening.

9, A valve as defined in claim 8, wherein the valve member and valve seat define a
progressively decreasing level of interference in the direction from the inlet to the outlet of the

normally-closed valve opening.

10, A valve as defined in claim 1, wherein the valve member defines a first thickness

at the inlet and a second thickness at the outlet that is less than the first thickness.

11, A valve as defined in claim 10, wherein the first thickness is at least about 1-1/4

times greater than the second thickness.

12. A valve as defined in claim 1, wherein the valve member defines a distal end, the
valve body defines a distal end, and the distal end of the valve member is spaced axially

inwardly relative to the distal end of the valve body.

13. A valve as defined in claim 7, wherein the valve body extends annularly about the

valve member,

14. A valve as defined in claim 13, wherein the valve member extends annularly
about the valve seat and includes a base located approximately at the valve opening or upstream

of the valve opening, wherein the base extends radially between the valve seat and valve body.

15. A valve as defined in claim 14, wherein the base of the valve member defines a

curvilinear surface extendihg substantially radially between the valve seat and valve body.

16. A valve as defined in claim 15, wherein the base includes a first curvilinear
surface portion adjacent to the valve seat defined by a first radius, a second curvilinear surface
portion adjacent to the valve body defined by a second radius, and wherein the first radius is

greater than the second radius.
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17. A valve as defined in claim 15, wherein the seal extends annularly about a distal

end of the valve body.

18. A valve as defined in claim 17, wherein the seal is formed integral with the valve
member.
19. A valve as defined in claim 17, wherein the valve member and seal are co-molded

to the valve body.

20. A valve as defined in claim 18, wherein the valve member, seal, and valve body
define a space that extends annularly along the valve member and radially between the valve

- member and valve body for receiving fluid therethrough for cleaning the valve.

21. A valve as defined in claim 1, wherein the chamber is a dilution chamber or a
mixing chamber for receiving a perishable food product, the dilution chamber or mixing chamber
and valve are subjected to a clean-in-place process ir_wollving elevated temperatures above
ambient temperature and vacuum pressure, and the valve member is made of a material and is
configured to define a valve opening pressure that is sufficiently high to maintain a hermetic seal

between the valve member and valve seat during the clean-in-place process.

22, A valve as defined in claim 21, wherein the valve opening pressure is at least
about 5 psi.

23, A valve as defined in claim 1, wherein the valve member is made of silicone.

24, A device including a valve as defined in claim 1 and a variable-storage chamber

connected in fluid communication with the inlet,

25. A device as defined in claim 24, further comprising a flexible tube connected in

fluid communication between the valve and variable-volume storage chamber.

26. A valve as defined in claim 1, further comprising a relatively flexible filler
extending axially and radially between the valve member and valve body, wherein the valve
member defines a first hardness that allows the valve member to flex outwardly relative to the

valve seat in response to a substance at the valve inlet exceeding the valve opening pressure; and
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the filler defines a second hardness less than the first hardness for flexing with movement of the
valve member and allowing the valve member to move substantially radially between normally
closed and open positions and for substantially preventing debris and like substances from

collecting between the valve member and body.

27. A valve as defined in claim 26, wherein the first hardness is within the range of
about 25 A to about 70 A, and the second hardness is within the range of about 35 A to about
40A.

28. A valve for storing a sterile food product hermetically sealed in a variable-volume
storage chamber, and dispensing the sterile food product through the valve and into a dilution
chamber or a‘ mixing chamber, wherein the valve is connectable in fluid communication with the
dilution chamber or mixing chamber and forms a substantially fluid-tight seal therebetween, the
valve comprising: first means for forming a relatively rigid valve sealing surface; second means
that is relatively flexible for overlying the first means and forming an axially-elongated,
normally closed valve opening therebetween defining an inlet at one end of the first means, an
outlet at an opposite end of the first means, and an axially-extending seal therebetween, and for
moving radially away from the first means in response to sterile food product at the inlet
exceeding a valve opening pressure to allow the sterile food product to flow into the normally
closed valve opening, through the outlet, and into the dilution chamber or mixing chamber; third
means for enclosing the first and second means that is radially spaced relative to the second
means and extends axially adjacent to the second means for forming a space therebetween and
allowing fluid-flow therethrough for cleaning the valve and the dilution chamber or mixing
chamber; and fourth means engageable with the dilution chamber or the mixing chamber for
forming a substantially fluid-tight seal therebetween and sealing the outlet and the dilution

chamber or the mixing chamber with respect to ambient atmosphere.

29. A valve as defined in claim 27, wherein the first means is a valve seat, the second

means is a valve member, the third means is a valve body, and the fourth means is a seal.

30. A device comprisiﬁg a valve as defined in claim 29, and further comprising fifth
means coupled in fluid communication with the inlet for storing multiple portions of the sterile

perishable food product hermetically sealed with respect to ambient atmosphere.
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31. A method comprising the following steps:
| i) ‘providing a one-way valve connected in fluid communication with a
‘variable-volume storage chamber storing therein a liquid that is hermetically sealed with
respect to ambient atmosphere; |

ii) connecting the one-way valve in fluid communication with a dilution
chamber or a mixing chamber, and forming a substantially fluid-tight seal between the one-
way valve and the dilution chamber or the mixing chamber;

iii) pressurizing a portion of the liquid from the variable-volume storage
chamber to a pressure that exceeds a valve opening pressure of the one-way valve;

iv) introducing the pressurized liquid into an inlet of a normally closed valve
opening of the one-way valve; |

v)  moving with the pressurized liquid a flexible valve member radially away
from a relatively rigid valve seat of the one-way valve to open a normally-closed axially
extending valve opening of the one-way valve;

vi) allowing the pressurized liquid to flow from the inlet, through the
normally-closed axially extending valve opening and, in turn, through an outlet of. the
normally-closed valve opening and into the dilution chamber or the mixing chamber;

vii)  upon passage of the pressurized liquid through the normally-closed valve
opening, allowing the resilient flexible valve member to move radially into engagement with
the valve seat to seal the normally-closed valve opening; and

viii)  maintaining the liquid in the variable-volume storage chamber sterile and

hermetically sealed with respect to ambient atmosphere throughout the foregoing steps.
32, A method as defined in claim 31, wherein the liquid is a perishable food product.

33. A method as defined in claim 32, wherein the perishable food product is a milk

product or a chocolate product.

34. A method as defined in claim 31, further comprising the steps of providing in

combination a plurality of variable-volume storage chamber and one-way valve assemblies, and

releasably connecting each one-way valve assembly to a respective dilution chamber or mixing

bowl.
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35. A method as defined in claim 34, wherein the providing step further includes
providing in each variable-volume storage chamber a respective perishable liquid food product

sealed therein with respect to ambient atmosphere.

36. A method as defined in claim 31, further comprising the step of frangibly

connecting a cover to the one-way valve to protect the valve during handling prior to the

connecting step.

37. A method as defined in claim 31, wherein the pressurizing step includes

pressurizing the portion of the liquid to a pressure at or above a valve opening pressure.

38. A method as defined in claim 31, wherein the one-way valve defines an axially
and radially extending space between the valve member and valve body, and the method further
comprises the step of directing a flow of cleaning fluid through said space to clean the valve

member and prevent the collection of residue thereon.

39. A method as defined in claim 31, further comprising providing a deflector on the

valve and using the deflector to protect and prevent contact with the valve member.

40. A method as defined in claim 39, further comprising recessing a distal end of the

~ valve member within an annular valve body to further protect the valve member.
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