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DEVICE AND METHOD FOR DILUTION CONTROL

BACKGROUND OF THE INVENTION

[0001] Many different types of dosing equipment are used to dose concentrated
cleaning chemicals and other types of chemicals into a final use solution at a
predetermined dilution ratio. Some types of equipment are plumbed directly to a
water source (i.e., volumetric eductor based dispensing). However, installation of this
type of equipment can be cost prohibitive. Other types of equipment utilize portion
control, wherein a predetermined amount of concentrated chemicals is dispensed into
a mixing container and another liquid is added to the container separately to dilute the
concentrated chemicals. This type of equipment requires the user to know exactly
how much of the chemical and diluent is needed for the proper mixing ratio.
Accordingly, it can require a user to know the size or volume of a container being
filled and to fill the container to an appropriate level. This, however, may be difficult
when filling or only partially filling sinks, reservoirs within a floor cleaning machine,

buckets, and various other containers.

[0002] Accordingly, there is a need for a dilution control system that utilizes

volumetric dosing principles without the need for expensive installation costs.

SUMMARY OF THE INVENTION

[0003] In some embodiments, a device for receiving fhuid to be diluted is
provided, and can include a mechanism for controlled dispense of the fluid mixed
with diluent a predetermined dilution ratio. The device can include a mechanism for
automatically adjusting the dispense rate of concentrate as the flow rate of fluid is

changed to maintain the predetermined dilution ratio.
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[0004] Some embodiments of the present invention provide a method of
dispensing fluid diluted to a predetermined dilution ratio, wherein the ratio is

maintained as the flow rate of fluid is varied.

[0005] The present invention relates to a dilution control system that utilizes
volumetric dosing, but does not necessarily require expensive installation costs. In
other words, some embodiments of the present invention provide a dispensing
apparatus or method that draws or otherwise delivers a concentrated chemical
proportionally to the flow rate of a diluent. Some embodiments of the present
invention utilize a wheel with a horizontal axis and buckets, floats, or other containers
at its rim, wherein diluent or water flowing into or onto the buckets provide power to
dispense concentrated chemicals at an appropriate dilution ratio to the diluent flowing
into or onto the wheel. Specifically, the wheel harnesses the power of diluent and

provides power to other structures or elements for dispensing concentrated chemicals.

[0006] One particular embodiment of the present invention utilizes a free flow or
gravity fed wheel as part of a dilution control system. The diluent can freely flow
from a source over an air gap into the wheel. The diluent is captured within the
scoops or containers of the wheel, which causes the wheel to rotate. The wheel is
mounted to a shaft that rotates with the wheel. Rotation of the shaft is then used
dispense the concentrated chemical. In some embodiments, the shaft directly
dispenses the concentrated chemical. In other embodiments, the shaft indirectly
dispenses the concentrated chemical by actuating other devices, such as gears, shafts,

pumps, etc.

[6007] Another embodiment utilizes a wheel directly connected to a source of
diluent, such as a faucet, as part of a dilution control system. The pressure and speed
of the diluent as it is fed to the wheel can provide mechanical advantage for
dispensing chemical product inio the diluent. The diluent is captured within the
scoops or containers of the wheel, which causes the wheel to rotate. The wheel is
coupled to a shaft that rotates with the wheel. Rotation of the shaft is then used
dispense the concentrated chemical. In some embodiments, the shaft directly
dispenses the concentrated chemical. In other embodiments, the shaft indirectly
dispenses the concentrated chemical by actuating other devices, such as gears, shafts,

pumps, etc. In some embodiments, the wheel is coupled to an electrical generator.

2
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The power generated {rom the electrical generator can then be utilized to power a

pumnp.

[0008] Some particular embodiments of the present invention provide a chemical
dispensing apparatus comprising a housing at least partially defining a flow path or
fluid passageway adapted to recetve a diluent from a diluent source and a rotary
power wheel coupled to the housing and in fluid communication with the flnid
passageway. The rotary power wheel is driven by the impact or weight of diluent
flowing through the fluid passageway. A shaft is coupled to the housing and the
wheel, wherein the shaft is adapted to rotate with the wheel. A pump is coupled to the
housing and the shaft. The pump is in fluid communication with a reservoir
containing a concentrated chemical and the pump is actuated by rotation of the shaft

to deliver concentrated chemicals to diluent flowing throngh the fluid passageway.

[0009]  Some other embodiments of the present invention provide a chemical
dispensing apparatus comprising a housing at least partially defining a flow path or
fluid passageway adapted to receive a diluent from a diluent source and the housing is
coupled to a concentrated chemical reservoir. A rotary power wheel coupled to the
housing and in fluid communication with the fluid passageway. The rotary power
wheel is driven by the impact or weight of diluent flowing through the fluid
passageway. A shaft is coupled to the housing and the wheel and adapted to rotate in
response to rotation of the wheel. The shaft is positioned within an aperture or flow
path of the concentrated chemical reservoir and is adapted to selectively dispense
concentrated chemicals from the reservoir via rotation of shaft. In some
embodiments, the shaft includes a rotary metering device in communication with the
aperture or flow path of the concentrated chemical reservoir. Rotation of the shaft
causes the rotary metering device to dispense concentrated chemical from the
reservoir. The rotary metering device of some embodiments comprises a flatted
portion of the shaft in selective communication with the concentrated chemical;
rotation of the flattened portion adjacent the aperture provides metered dispensing of a
concentrated chemical in the chemical reservoir. The rotary metering device of other
embodiments comprises a disc coupled to the shaft and having at least one aperture
for receiving concentrated chemical when in communication with the concentrated

chemical. Also, in some embodiments, the shaft is a first shaft and the chemical
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dispensing apparatus further comprises a second shaft and a set of gears. The second
shaft is directly coupled to the wheel and adapted to rotate with the wheel, and the set

of gears are positioned to provide power from the second shaft to the first shaft.

[0010] Some embodiments of the present invention provide a chemical dispensing
apparatus comprising a housing at least partially defining a fluid passageway adapted
to receive a diluent from a diluent source and a wheel coupled to the housing and in
fluid communication with the fluid passageway. The wheel is driven by the impact or
weight of diluent flowing through the fluid passageway. A shaft is coupled to the
housing and the wheel, wherein the shaft is adapted to rotate with the wheel. A
generator is coupled to the shaft and adapted to rotate in response to rotation of the
shaft. Rotation of the generator produces electricity. A pump is in electrical
communication with the generator and in fluid communication with a reservoir
containing a concentrated chemical. The pump is actuatable during rotation of the
wheel to deliver concentrated chemicals to diluent flowing through the fluid

passageway.

[0011] Some constructions of the above embodiments can include other features.
For example, some embodiments include a conduit at least partially positioned in the
housing to deliver the concentrated cleaning chemical from the pump to diluent
passing through the fluid passageway. The conduit can be positioned to deliver the
concentrated cleaning chemical to the wheel to allow the concentrated chemical to be
mixed with the diluent in the wheel. Also, in some embodiments, the reservoir
containing the concentrated chemical is contained within the housing. In other
embodiments, the reservoir containing the concentrated chemical is located remotely
relative to the housing and in fluid communication with the housing via a conduit
extending between the pump and the reservoir. Some embodiments also include a set
of gears coupled to the housing and positioned to provide power from the shaft to the
pump. The set of gears can include a gear ratio that is selected to provide
predetermined dilution ratio. In some embodiments, the pump is dimensioned and
configured to deliver a predetermined amount of concentrated chemical to the diluent
per each rotation of the wheel. Some embodiments also include a funnel along the
fluid passageway, upstream from the wheel, wherein the funnel gathers water without

direct connection to a source of diluent and directs the diluent to the wheel. Other
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embodiments, however, include a backflow prevention device that is coupled to the
housing and wherein the backflow prevention device is directly connected to the

source of diluent.

[0012] Other embodiments are directed to a method of proportionately mixing a
concentrated chemical with a diluent. One particular method comprises delivering a
diluent to a fluid passageway of a housing and rotating a wheel coupled to the housing
and in fluid communication with the fluid passageway via the impact of diluent on the
wheel. A pump coupled to the housing is operated via rotation of the wheel. The
pump is in fluid communication with a reservoir containing a concentrated chemical
and operation of the pump is proportional to the rotation of the wheel. Concentrated
chemicals are drawn from the reservoir in response to operating the pump and
delivered to the diluent. Some embodiments also include the steps of operating a
generator with the wheel and generating electricity with the generator. The electricity

is then used to power the pump.

[0013] Another method comprises delivering a diluent to a fluid passageway of a
housing and rotating a wheel that is coupled to the housing and in {luid
communication with the fluid passageway via the impact of diluent on the wheel.
This causes rotation of a shaft coupled to the wheel. The shaft includes a rotary
metering device coupled to the shaft and positioned in a selectively blocking position
of an aperture positioned in a concentrated chemical reservoir. Concentrated
chemical is selectively dispensed from the reservoir in response to rotation of the

shaft and the rotary metering device and delivered to the diluent.

[0014] Further aspects of the present invention, together with the organization and
operation thereof, will become apparent from the following detailed description of the

invention when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is side cross-sectional view of one embodiment of a dispensing

apparatus embodying aspects of the invention.

[0016] FIG. 2 is a top cross-sectional view of the embodiment shown in FIG. 1.
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[0017]  FIG. 3 is a side cross-section view of a second embodiment of a dispensing

apparatus embodying aspects of the present invention.

[0018] FIG. 4 is a side cross-section view of a third embodiment of a dispensing

apparatus embodying aspects of the present invention.
[0019] FIG. 5 is a top cross-sectional view of the embodiment shown in FIG. 4.

[0020] FIG. 6 is a side cross-section view of a fourth embodiment of a dispensing

apparatus embodying aspects of the present invention.

[0021] FIG. 7 is a first top cross-sectional view of the embodiment shown in FIG.

6.

[0022] FIG. 8 is an alternative top cross-sectional view of the embodiment shown

in FIG. 6.

[0023] FIG. 9 is a top schematic view of another embodiment of a dispensing

apparatus embodying aspects of the present invention.

{00241 FIG. 10 is a perspective view of dispensing apparatuses embodying

aspects of the present invention coupled to dividers of a sink.

[0025] FIG. 11 is a perspective view of dispensing apparatuses embodying

aspects of the present invention coupled to dividers of a sink.

[0026] FIG. 12 is a perspective view of a dispensing apparatus embodying aspects
of the present invention coupled to a container to be dispensed into, such as the

divideis of a sink, the wall of a bucket, and the like.
[0027] FIG. 13 is another perspective view of the embodiment shown in FIG. 13.

[0028] FIG. 14 is a perspective view of a container or bottle forming part of the

dispensing apparatus shown FIG. 13.

[0029] FIG. 15 is a perspective view of a dispensing apparatus embodying aspects
of the present invention coupled to a container to be dispensed into, such as the

dividers of a sink, the wall of a bucket, and the like.
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[0030] FIG. 16 is a perspective view of a container or bottle forming part of the

dispensing apparatus shown FIG. 15.

[0031] Fig. 17A is a side view of a dilution control device according to an

embodiment of the present invention;

[0032] Fig. 178 is a partial front view of the dilution control device shown in Fig.
17A;

[6033] Fig. 18A is a perspective view of a dilution control device according to

another embodiment of the present invention;

[0034]  Fig. 18B is a partially exploded perspective view of the dilution control

device shown in Fig. 18A,;

[0035] Fig. 19 is a perspective view of a dilution control device according to

another embodiment of the present invention;

[0036] Fig. 20A is a schematic view of a dilution control device according to

another embodiment of the present invention, shown in a first state of operation;

[0037} Fig. 20B is a schematic view of the dilution control device illustrated in

Fig. 20A, shown in a second state of operation;

[038] Fig. 21A is an alternative view of the dilution control device illustrated in

Figs. 20A and 20B, shown in the first state of operation;

{0039] Fig. 21B is another alternative view of the dilution control device

illustrated in Figs. 20A and 20B, shown in the second state of operation;

[0040] Fig. 22A is a schematic view of a dilution control device according to

another embodiment of the present invention, shown in a first state of operation;

[0041] Fig. 22B is a schematic view of the dilution control device illustrated in

Fig. 22A, shown in a second state of operation,;
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[6042] Fig. 23 is a cross-sectional elevational view of a dilution control device

according to another embodiment of the present invention;

[0043] Fig. 24A is an schematic view of a dilution control device according to yet

another embodiment of the present invention; and
{0044] Fig. 24B is a detail view of the dilution control device shown in Fig. 24A.

[0045] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of components set forth in the following description
or illustrated in the following drawings. The invention is capable of other
embodiments and of being practiced or of being carried out in various ways. Also, it
is to be understood that the phraseology and terminology used herein is for the
purpose of description and should not be regarded as limiting. The use of
“including,” “comprising,” or “having” and variations thereof herein is meant to
encompass the items listed thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled” and variations thereof are used broadly and encompass
both direct and indirect mountings, connections, supports, and couplings. Further,
“connected” and “coupled” are not restricted to physical or mechanical connections or

couplings.
DETAILED DESCRIPTION

[0046] Referring to Figs. 1 and 2, one particular embodiment of a dispensing
apparatus 10 embodying aspects of the present invention is illustrated. The illustrated
dispensing apparatus 10 provides a dilution control system that doses volumetricaltly.
In other words, the dispensing apparatus 10 of this embodiment draws or otherwise
delivers a concentrated chemical proportionally to the flow rate of a diluent passing

through the dispensing apparatus 10 and into a container.

[0047]  As illustrated, the dispensing apparatus 10 of this embodiment has a
housing 12 at least partially defining a fluid passageway 14 adapted to receive a
diluent 16 from a diluent source, such as a faucet, hose, pipe or other conduit, and the

like. A wheel 20 with a horizontal axis is coupled to the housing 12 and in fluid
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communication with the fluid passageway 14. The wheel 20 has buckets, scoops,
vanes, blades, floats, or other containers 22 located at its rim to contact diluent 16
passing through the fluid passageway 14. Diluent or water 16 flowing into or onto the
buckets 22 provides power to dispense concentrated chemicals at an appropriate
dilution ratio to the diluent 16 flowing into or onto the wheel 20. A shaft 26 is
coupled to the housing 12 and the wheel 20 and adapted to rotate in response to
rotation of the wheel 20. In this embodiment, at least a portion of the shaft 26 is
positioned within a flow path 30 or reservoir 32 of a concentrated chemical 34 and is
adapted to selectively dispense concentrated chemicals 34 into the diluent 16 or

container via rotation of shaft 26.

[0048] Specifically, the illustrated housing 12 has a first flow path 14 for diluent
16, such as water, to pass through the housing 12. The flow path 14 through the
housing 12 generally includes an inlet 36 and an outlet 38. Although it is not
illustrated in Fig. 1, 2 funnel 40 can be located along or adjacent the flow path 14 to
collect, gather, or focus the flow of diloent 16 from a diluent source. Generally, the
diluent source will be a plumbed water source such as a faucet on a sink, a spigot, a
hose or hose bib, and the like. However, in some embodiments, the diluent source
can also be a reservoir or container of diluent 16 and/or tubing, piping, channels, or

other conduits and valves extending there from.

{00491 As described in greater detail below, the diluent source can be directly
coupled to the dispensing assembly 10 in some embodiments, while it can be placed
in free flow fluid communication (i.e., not directly coupled) in other embodiments. In
the directly coupled embodiments, the housing 12 can be directly connected or
plumbed to the faucet or other diluent source to receive the diluent 16. Such an
embodiment will be able to utilize the force, pressure, and speed of water flowing
from the source to aid with dispensing. Additionally, such directly connected
embodiments may utilize a back flow prevention device, such as valves, air gap
devices, and the like, to comply with some plumbing codes. In the free flow
embodiments, the funnel 40 described above can be utilized to capture dilvent 16
flowing freely from the source. Although the pressure and speed of diluent 16

flowing through the dispensing assembly 10 can aid with dispensing, generally the
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weight of the diluent 16 accumulated in the funnel 40 or flow path 14 will drive the
wheel 20.

[0050] Further, although it is not shown, the diluent 16 flowing through the
housing 12 and out the outlet 38 can be received in a container, vessel, or other type
of reservoir. In some embodiment, the diluent 16 is received in a sink compartment.
In other embodiments, the diluent 16 can be received in a bucket, spray bottle,
reservoir of a cleaning machine, and the like. In yet other embodiments, the diluent
16 may not be collected in a container. Rather, it may be directly dosed onto a floor
or other surface, such as a counter top, wall, vehicle, window, animal carcass and the

like.

[0051] As illustrated, the housing 12 also has a second flow path 30 for
concentrated chemicals 34. The second flow path 30 has an inlet 42 that is coupled to
a source of concentrated chemicals 34, such as a container, reservoir, or other
connection from such devices, such as tubing or other conduits extending from a
container. The outlet 44 of the second flow path 30 of this embodiment is co-
terminus with the outlet 38 of the first flow path 14. In other words, as shown in Fig.
1, the second flow path 30 intersects and feeds into the first flow path 14 inside the
housing 12. In other embodiments, however, the second flow path 30 can have its
own distinct outlet. In the illustrated embodiment, the co-terminus outlet can help
prevent concentrated chemicals from contacting people or objects adjacent the
dispenser by causing the concentrated chemicals to mix with the diluent 16 prior to

exiting the housing 12.

[0052] In the embodiment illustrated in Fig. 1, a reservoir 32 of chemicals 34 is
positioned above and in fluid communication with the second passageway or flow
path. Due to this arrangement, the concentrated chemicals 34 are gravity fed into the
flow path 30. However, as described in greater detail below, in some embodiments, a
pummp or other device can be used to deliver the chemicals to the flow path or

otherwise into the diluent 16.

[0053] As indicated above, a wheel 20 is coupled to the housing 12 and in fluid
communication with the diluent flow path 14. The wheel 20 can be configured in a

variety of different manners, as exemplified in several figures. In general, the wheel

10
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20 can have a central hub, spindle, or shaft with a plurality of vanes, buckets,
containers, floats, or blades 22 extending there from, much like a water wheel,
tarbine, or paddle wheel. The wheel 20 generally operates as a rotary power unit
driven by the impact of, weight, or reaction from a flow stream of fluid on the blades,
buckets, containers, or vanes 22 of the wheel 20. The wheel 20 harnesses the power
of flowing diluent 16 and provides power to other structures or elements for

dispensing concentrated chemicals 34.

[0054] As illustrated in this embodiment, the wheel 20 is fully contained within
the housing 12. However, in other embodiment, one or more portions of the wheel 20
can be exposed outside of the housing 12. A portion of the wheel 20 is located in the
diluent flow path 14. More specifically, the wheel 20 can be positioned in the flow
path 14 to substantially block or interrupt all flow of diluent 16 through the flow path
14. As such, substantially all diluent 16 flowing through the flow path 14 drives the
wheel 20 to provide maximum power. Additionally, with such a configuration, the
amount of diluent 16 passing through the flow path 14 can be measured by the
number of scoops, buckets, etc. 22 filled on the wheel 20 or by the number of
rotations of the wheel 20. The rotation of the wheel 20 can be proportionately

coupled to the dispense of concentrated chemical 34.

[0055] As best shown in Fig. 2, the wheel 20 is coupled to a rotary metering
device 50 in the concentrated chemical flow path 30. Specifically, the wheel 20 is
coupled to a shaft 27 which is coupled to a gear 54. In some embodiments, the wheel
20 is integrally formed with one or more of the shaft 27 and/or the gear 54. This gear
54 is coupled to a second gear 56 which is in-turn coupled to a second shaft 26. The
second shaft 26 is coupled to the rotary metering device 50. More specifically, in the
illustrated embodiment, the second shaft 26 is integrally formed with the rotary
metering device 50. In some embodiments, the second gear 56, second shaft 26, and
the rotary metering device 50 can be integrally formed. Furthermore, as illustrated in
this embodiment, the wheel 20, the shafts, the gears, and the rotary metering device

can all be contained within the housing 12.

[0056] The rotary metering device 50 of this embodiment includes two flattened
sections 52 on a shaft 26. However, in other embodiments, the rotary metering device

50 can be a water wheel, paddle wheel, or turbine type device, such as is shown in

11
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Fig. 3. Additionally, the rotary metering device 50 can also comprise one or more
apertures in or through the shaft 26. Referring to the embodiment shown in Fig. 1,
the rotary metering device 50 is located in an aperture 58 located at the base of the
concentrated chemical reservoir 32. More specifically, the rotary metering device 50
is located in a conduit or passageway 30 extending from the reservoir 32. Generally,
the rotary metering device 50 can have at least two positions. In the first position, the
rotary metering device 50 prevents concentrated chemical from flowing through the
passageway 30. In another position, it allows a specific quantity of chemical to be
dispensed or moved to a position where it can be dispensed. The flattened sections 52
of this embodiment of the rotary metering device 50 allow a predetermined amount of
concentrated chemical 34 to be dosed per rotation of the shaft 26 or per rotation of the
wheel 20. Specifically, when the flatted portion 52 is in a specific position,
concentrate 34 can flow into an aperture 60 defined by the flow path housing 12 and
shaft 26. Rotation of the shaft 26 eventually prevents further communication of this
aperture 60 and the reservoir 32. Even further rotation of the shaft 26 places the
aperture 60 (and captured chemicals) into communication with the remainder of the
flow path 30 — allowing the chemical to be dispensed. Accordingly, through the use
of a metering device 50 coupled to the wheel 20, the concentrated chemical 34 can be

dispensed volumetrically and in proportion to the amount of diluent 16 dispensed.

[0057] The amount of concentrated chemical 34 dispensed per unit of diluent 16
can be controlled many ways in the embodiment illustrated in Fig. 1. One particular
way of controlling the amount of concentrated chemical 34 dispensed is by
controlling the size and configuration of the rotary metering device 50. Specifically,
with reference to Fig. 1, this can be controlled by altering the size or shape of the
flattened portion 52 of the second shaft 26. Additionally, this can be controlled by
altering the shape of the housing 12 defining the flow path adjacent the rotary
metering device 50. Also, this can be controlled by adjusting the gear ratio of the first
gear to the second gear. This can alter the number of rotations of the second shaft 26
relative to each rotation of the first shaft 26. By altering these features, the dilution
ratio of diluent 16 to concentrated chemical can be a ratio of about 1:1 or less to a
ratio of about at least 3000:1 or more. Note that the viscosity of the concentrated

chemical can also be a controlling factor relative to the dilution ratio.

12
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[0058] Operation of the embodiment illustrated in Fig. T will now be described.

A concentrated chemical 34 is provided in the reservoir 32 and a diluent source is
provided to the dispensing assembly 10. Again, the diluent 16 can be directly
connected to the dispensing assembly 10 or it can freely flow (i.e., air gap between the
source and the dispensing assembly) to the dispensing assembly 10. In the free flow
configuration, diluent 16 can be captured in the funnel 40 that is in communication
with the flow path 14, Accumulated diluent 16 in the funnel 40 can then flow into the
flow path 14 where it will come into contact with the wheel 20 and fill one or more
buckets or containers in the wheel 20. The weight of the difuent 16 against the wheel

20 will cause rotation of the wheel 20.

[0059] Rotation of the wheel 20 allows a measured amount of diluent 16 to flow
through the flow path 14 per rotation of the wheel 20. Specifically, the volume of
each bucket 22 is known and the number of buckets 22 filled and dumped per rotation
is known. Accordingly, the amount of diluent 16 passing through the flow path 14

per rotation is known.

[0060] Rotation of the wheel 20 also causes the rotary metering device 50 in the
concentrated chemical flow path 30 to rotate and dispense chemical 34 at a
predetermined dilution ratio. Specifically, rotation of the wheel 20 causes the first
shaft 27 to rotate, which causes the first gear 54 to rotate. The first gear 54 drives the
second gear 56, which in-turn rotates the second shaft 26. Rotation of the second
shaft 26 causes the rotary metering device 50 to dispense chemicals 34 from the

concentrated chemical flow path 30.

[0061] In the illustrated embodiment of Fig. 1, concentrated chemicals 34 are
delivered to the chemical flow path 30 and the rotary metering device 50 via gravity.
Rotation of the rotary metering device 50 allows a predetermined amount of chemical
34 to be dispensed into the diluent 16. As shown in the drawings, the concentrated

chemical 34 mixes with the diluent 16 inside the housing 12 in this embodiment.

[0062] As shown and briefly described above, the embodiment iHustrated in Fig.
3 is configured and operates substantially the same as the embodiment shown in Tig.
1. Accordingly, the construction and operation of this device will not be described in

detail rather.only the major differences in construction will be described.
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{0063] As illustrated in Fig. 3, the only significant difference in construction of
this embodiment relative to Fig. 1 is with regard to the rotary metering device 50.
Specifically, the rotary metering device 50 of this embodiment is a water wheel,
paddle wheel, or turbine type device, opposed to the flattened shaft illustrated in Fig.
1, that is driven by a shaft and gear arrangement similar to that shown in Fig. 2. As
will the previous embodiment, the size, shape, number, and configuration of this
wheel 20 type device can at least partially control the amount of concentrated

chemical dispensed per rotation.

[0064]  Figs. 4 and 5 illustrate another embodiment of a dispensing assembly 10
embodying aspects of the present invention. This embodiment is configured and
operates in a similar manner to the embodiment shown in Fig. 1. Accordingly, the
construction and operation of this device will not be described in detail rather only the

major differences in construction will be described.

[0065] As shown in the figures, this embodiment has a housing 12 that at least
partially defines a diluent flow path 14 and at least partially contains a wheel 20 in
fluid communication with the diluent flow path 14. The housing 12 of this
embodiment also includes a chemical reservoir 32. As illustrated, the chemical
reservoir 32 of the illustrated embodiment is positioned adjacent the wheel 20. As
best illustrated in Fig. 5, the chemical reservoir 32 includes an aperture 58 positioned
in the base of the chemical reservoir 32. Preferably, the aperture 58 is located at the
lowest point in the reservoir 32 so that the entire reservoir 32 can be emptied via
gravitational forces. A shaft 26 coupled to the wheel 20 is positioned adjacent the
aperture 538 to selectively dispense chemicals 34 from the reservoir 58. More
specifically, a rotary metering device 50 coupled to the shaft 26 can be positioned in
or adjacent the aperture 38 to selectively open and close the aperture 58 or otherwise
dispense chemical through the aperture 58. As noted above, the shaft 26 can be
position within a passageway that is in communication with the reservoir 32 via the

aperture 58.

[0066] In this particular embodiment, the shaft 26 is directly driven by the wheel
20. Accordingly, dilution control is achieved by controlling the size of the aperture
58 and/or size and configuration of the rotary metering device 50. In other words, a

set of gears or other transmission assembly is not included in this embodiment. As
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such, this means of controlling the dilution ratio is not available. However, in other
embodiments, additional shafts and transmission assemblies can be utilized to control

the frequency of allowing the chemical to dispense via the aperture.

[0067] Although the chemical reservoir 32 of this embodiment is shown as being
5 integral with the housing 12, in other embodiments, the chemical reservoir 32 can be

coupled to the housing in other manners. For example, the chemical reservoir 32 can

be coupled to the housing 12 via conduits. Additionally, in some embodiments, the

housing 12 can directly receive a bottle containing the concentrated chemicals.

[0068] The operation of the embodiment shown in Figs. 4 and 5 will now be

10 described. A concentrated chemical 34 is provided in the reservoir 32 and a diluent
source is provided to the dispensing assembly 10. Again, the diluent 16 can be
directly connected to the dispensing assembly 10 or it can freely flow (i.e., air gap
between the source and the dispensing assembly) to the dispensing assembly 10. In
the free flow configuration, diluent 16 can be captured in the funnel 40 that is in

15  communication with the flow path 14. Accumulated diluent 16 in the funnel 40 can
then flow into the flow path 14 where it will come into contact with the wheel 20 and
fill one or more buckets 22 in the wheel 20. The weight of the diluent 16 against the

wheel 20 will cause rotation of the wheel 20,

[0069] As described in previous embodiments, rotation of the wheel 20 allows a

20  measured amount of diluent 16 to flow through the flow path 14 per rotation of the
wheel 20. Rotation of the wheel 20 also causes the rotary metering device 50 in
communication with the concentrated chemical 34 to rotate and dispense chemical 34
at a predetermined dilution ratio. Specifically, rotation of the wheel 20 causes the
shaft 26 to rotate, which then causes the rotary metering device 50 to rotate and

25  dispense chemicals from the concentrated chemical flow path 30 or reservoir 32.

[0070] The embodiments described above at least partially work under a different
principle than the embodiments shown in Fig. 6-9. The embodiments shown in Figs.
1-5 generally operate under a gravitational feed principle. In other words,
concentrated chemicals 34 are delivered from a reservoir 32 of concentrated

30  chemicals 34 to the diluent 16 via gravity. Further, gravity delivers the concentrated

chemicals 34 to the rotary metering device 50. Then, rotation of the rotary metering
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device 50 allows a predetermined amount of chemical 34 to be dispensed. The
embodiments illustrated in Figs. 6-9 operate via a pumping principle. In other words,
a pump 62 is utilized to dispense the concentrated chemical 34 from a reservoir 34 of
concentrated chemical 34. The pump is some embodiments can overcome
gravitational forces, while the pump in other embodiments can work in conjunction
with gravitational forces. For example, in some embodiments, the chemical reservoir
or portions thereof may be positioned below the pump or the dispensing outlet of the
concentrated chemicals. Accordingly, gravity must be overcome by the pump. In one
particular example, the pump draws chemical from a dip tube positioned in a
reservoir, However, in some embodiments, the pump may be positioned such that
concentrated chemicals are delivered fo the pump via gravitation feed and the pump

must deliver the concentrated chemicals against the force of gravity to an outlet.

{0071} Figs. 6 and 7 illustrate one particular embodiment of a dispensing
assembly 10 embodying inventive aspects. This embodiment has many features n
common with the previously described embodiments. Accordingly, many of the
common features will not be discussed in detail. Rather, one must refer to the
description previously provided for a better understanding of some of the common
features. (enerally, only the new or different features of this embodiment will be

discussed in detail.

[0072] The embodiment illustrated in Figs. 6 and 7 includes a housing 12 that has
a fluid passageway 14 and a turbine, water wheel, or paddle wheel type device 20 and
a pump 62 coupled to the housing 12. Like the previous embodiments, the housing 12
of this embodiment at least partially defines a fluid passageway or flow path 14
adapted to receive a diluent 16, such as water, from a diluent source. The flow path
14 through the housing 12 generally includes an inlet 36 and an outlet 38. As
illustrated, a funnel 40 can be located along or adjacent the flow path 14 to collect,

gather, or focus the flow of diluent 16 from a diluent source.

[0073] As indicated above, a wheel 20 is coupled to the housing 12 and in fluid
communication with the diluent flow path 14. The wheel 20 can be configured in a
variety of different manners, as exemplified in several figures and discussed above. A
portion of the wheel 20 is located in the diluent flow path 14. More specifically, the

wheel 20 can be positioned in the flow path 14 to substantialty block or interrupt all
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flow of diluent 16 through the flow path 14. Diluent 16 contacting the wheel 20
imparts power to the wheel 20 which is used to drive or actuate a pump 62 to dispense

concentrated chemical 34.

[0074] The pump 62 is in fluid communication with a reservoir 32 containing a
concentrated chemical 34. Actuation of the pump 62 delivers concentrated chemicals
34 to diluent 16 flowing through the fluid passageway or flow path 14. As best shown
in Fig. 7, the wheel 20 is coupled to a shaft 27 which is coupled to a gear 54. This
gear 54 is coupled to a second gear 56 which is coupled to a second shaft 26. The
second shaft 26 is coupled to the pump device 62. In some embodiments, the pump
62 can be directly coupled to the wheel 20, such as with the shaft extending from the
wheel 20. Accordingly, the gears and second shaft would be eliminated in such an
embodiment. In yet other embodiments, additional gears, shafts, and other structures
can be included between the wheel 20 and the pump to provide an appropriate dilution

ratio.

[0075] Although substantially any pump can be utilized (for select dilution ratios),
preferably a positive displacement pump is utilized. For example, in some

embodiments, a gear pump, piston pump, diaphragm pump, rotary vane pump, and the
like can be used. Further, in some embodiments, centrifugal pumps may be able to be

utilized.

[0076] A variety of items can be varied to accurately control the dilution ratio.
For example, if gears are utilized to transmit power from the wheel 20 to the pump 62,
the gear ratio can be selected to provide the proper dilution ratio. Further, the
configuration, capacity, and size of the pump 62 can be selected to provide dilution
control. Note that the viscosity of the concentrated chemical can also be a controlling

factor relative to the dilution ratio.

{0077] As illustrated in Fig. 7, the pump 62 can draw concentrated chemicals
from a concentrated chemical reservoir 32 that is located remotely from the housing
12. In other words, the reservoir 32 is not directly connected to housing 12. Rather,
the reservoir 32 is connected to the housing 12 and pump 62 via a conduit 64, such as
tubing, extending between the pump 62 and the reservoir 32. Concentrated chemical

34 can be drawn from the reservoir 32 during operation of the pump 62 via the
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conduit 64. Alternatively, as shown in Fig. 8, the reservoir 32 can be coupled or
integrally formed with the housing 12. Further, the inlet to the pump 62 can be placed
in communication with the reservoir. Preferably, the inlet is placed at the lowest
position within the reservoir to allow substantially all of the concentrated chemicals to

be gravity fed to the pump.

[0078] Concentrated chemicals 34 can be pumped to a variety of locations within
the housing 12. However, in the illustrated embodiment, the concentrated chemicals
are purnped to an aperture 66 positioned above or adjacent the wheel 20. As such, the
concentrated chemicals 34 are dispensed onto the wheel 20 wherein they mix with the
diluent 16 prior to exiting the housing 12. Additionally, with such as configuration,
the flow of diluent 16 into the whee! 20 can cause some agitation to cause the
concentrated chemical 34 to foam in the diluent 16, which may be desirable in some
circumstances. As illustrated, the chemicals 34 are delivered from the pump 62 to the
wheel 20 via 2 conduit 68, However, in other embodiments, the pump can be
positioned within the housing 12 such that the conduit may not be necessary.
Furthermore, in some embodiments, it may not be desirable to dispense the chemicals
onto the wheel 20. Accordingly, the pump outlet (or any conduit extending there

from) can be directed elsewhere.

(00791 As discussed above, the dispensing apparatus 10 can be configured to
adjust foaming of the chemical. For example, the dispensing apparatus can be
configured as discussed in the previous paragraph to enhance foaming. However, in
other embodiments, the apparatus can be specifically configured to minimize agitation
and resulting foaming. In embodiments where foaming is desired, the wheel 20 can
be provided with additional fins, projections, recesses, apertures, and the like to cause

additional agitation or otherwise produce additional foam.

[0080] Operation of the embodiment illustrated in Fig. 7 will now be described.

A concentrated chemical 34 is provided in the reservoir 32 and a diluent source is
provided to the dispensing assembly 10. Again, the diluent 16 can be directly
connected to the dispensing assembly 10 or it can freely flow (i.e., air gap between the
source and the dispensing assembly) to the dispensing assembly 10. In the free flow
configuration, diluent 16 can be captured in the funnel 40 that is in communication

with the flow path 14. Accumulated diluent 16 in the funnel 40 can then flow into the
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flow path 14 where it will come into contact with the wheet 20 and fill one or more
buckets in the wheel 20. The weight of the diluent 16 against the wheel 20 will cause

rotation of the wheel 20.

[0081] Rotation of the wheel 20 allows a measured amount of dilaent 16 to flow
through the flow path 14 per rotation of the wheel 20. Specifically, the volume of
each bucket 22 is known and the number of buckets 22 filled and dumped per rotation
is known. Accordingly, the amount of diluent 16 passing through the flow path 14

per rotation is known.

[0082] Rotation of the wheel 20 also causes actuation of the pump 62 as discussed
above to deliver concentrated chemicals to the diluent 16. Specifically, in the
illustrated embodiment, rotation of the wheel 20 causes the first shaft 27 to rotate,
which causes the first gear 54 to rotate. The first gear 56 drives the second gear26,
which in-turn rotates the second shaft 26. Rotation of the second shaft 26 causes the
pump 62 to dispense chemicals from the concentrated chemical reservoir 32, The
concentrate 34 is delivered to the top of the wheel 20 and mixed with diluent 16 in the
wheel 20. The mixing in the wheel 20 can cause foam to form in the mixture via

agitation in the wheel 20.

{0083] Fig. 9 is yet another embodiment of a dispensing assembly 10 embodying
inventive aspects. Like the previous embodiment, this embodiment utilizes a pump
62 to deliver the concentrated chemical 34 to the diluent 16. However, unlike the
previous embodiment which used purely mechanical power to operate the pump 62,
this embodiment utilizes an electrical generator 70 to power the pump 62. As
described below, the electrical generator 70 is driven by a turbine or wheel type
device 20. As can be seen in the figures and understood in the description provided
below, this embodiment has many features in common with the previously described
embodiments. Accordingly, many of the common features will not be discussed in
detail. Rather, one must refer to the description previously provided for a better
understanding of some of the common features. Generally, only the new or different

features of this embodiment will be discussed in detail.

[0084] The embodiment illustrated in Fig. 9 includes a housing 12 that has a fluid
passageway 14 and a turbine or wheel type device 20 coupled to the housing 12. Like
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the previous embodiments, the housing 12 of this embodiment at least partially
defines a fluid passageway 14 adapted to receive a diluent 16 from a diluent source.
The flow path 14 throngh the housing 12 generally includes an inlet and an outlet. A
funnel can be located along or adjacent the flow path 14 to collect, gather, or focus the
flow of diluent 16 from a diluent source in a free flow configuration. However, the
diluent source can preferably be directly coupled to the dispensing assembly to take

advantage of the pressure and velocity of diluent 16 exiting the diluent source.

[0085] As indicated above, a wheel 20 is coupled to the housing 12 and in fluid
communication with the diluent flow path 14. The wheel 20 can be configured in a
variety of different manners, as exemplified in several figures and discussed above. A
portion of the wheel 20 is located in the diluent flow path 14. More specifically, the
wheel 20 can be positioned in the flow path 14 to substantially block or interrupt all
flow of diluent 16 through the flow path 14. With such a configuration, the full
mechanical advantage of the diluent source can be harnessed and the amount of
diluent 16 passing through the flow path 14 can be measured by the number of
scoops, buckets, etc. 22 filled on the wheel 20 or the number of rotations of the wheel
20. As discussed in greater detail herein, by knowing the amount of diluent 16
passing by wheel 20, concentrated chemical 34 can be proportionately coupled to the

rotation of the wheel 20.

[0086] An electrical generator 70 is coupled to and driven by the wheel 20.
Rotation of the wheel 20 causes rotation of the generator 70 (more specifically, a rotor
relative o a stator). Rotation of the generator 70 causes electricity to be generated.
This generated electricity is then used to power a pump 62, which delivers concentrate

to the diluent 16.

[0087] The pump 62 is in electrical communication with the generator 70 and in
fluid communication with a reservoir 32 containing a concentrated chemical 34. The
pump 62 can be positioned adjacent the reservoir 32 or placed remotely relative to the
reservoir 32. In some embodiments, the pump 62 is contained within the housing 12
and coupled to the reservoir 32, which is located remotely relative to the housing 12,
via a conduit 64. In other embodiments, the pump 62 is coupled to the reservoir 32,

which is located remotely relative to the housing 12, and delivers chemical to the
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housing 12 via a conduit 68. In yet other embodiment, the pump 62 and reservoir 32

can be integrally formed with or directly coupled to the housing 12.

[0088] The purmnp 62 can be triggered and actuated many ways. In some
embodiments, the pump 62 is actuated when an electric current is received from the
generator 70. In other embodiments, the pump 62 is actuated when a trigger signal is
received from the wheel 20, housing 12, or generator 70. Additionally, the pump 62
can be triggered to pump for limited period of time based upon the number of
rotations of the wheel 20 or it can be modulated on and off a select number of times

per rotation of the wheel 20.

[0089] As described above, the pump 62 can be configured and sized to provide a

predetermined dilution ratio.

[0090] Operation of the embodiment illustrated in Fig. 9 will now be described.

A concentrated chemical 34 is provided in the reservoir 32 and a diluent source is
provided to the dispensing assembly 10. Again, the diluent 16 can be directly
connected to the dispensing assembly 10 or it can freely flow (i.e., air gap between the
source and the dispensing assembly) to the dispensing assembly 10. In the direct
connection configuration, the housing 12 can be directly coupled to the diluent source,
such as a faucet. For example, the threaded connection or quick connect device can
be used to connect the housing 12 to the diluent 16 source. With the diluent source
turned on, diluent 16 can flow into the flow path 14 where it will come into contact
with the wheel 20 and fill one or more buckets 22 in the wheel 20. The weight of the
diluent 16 against the wheel 20 will cause rotation of the wheel 20. Additionally, the
pressure of the diluent source and the velocity of diluent 16 from the diluent source

can drive the wheel 20,

[0091] Rotation of the wheel 20 drives the electrical generator 70, which causes
electricity to be generated. This electricity is then used to power the pump 62, which
delivers concentrated chemicals 34 from the reservoeir 32 to the diluent 16, As
described above, the pump can be sized, configured, and operated to deliver a proper
amount of concentrate to the diluent 16 per unit of diluent 16 passing through the

wheel 20. The concentrate 34 can be delivered to the top of the wheel 20 and mixed
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with diluent 16 in the wheel 20. The mixing in the wheel 20 can cause foam to form

in the mixture via agitation in the wheel 20.

[0092] Figs. 10 and 11 illustrate alternative configurations for a dispensing
assembly embodying inventive aspects. The embodiments illustrated in these figures
are configured to be received on a divider of a sink or multi-compartment sink.
Accordingly, the housing 12 is provided with an attaching mechanism to connect the
housing 12 to the sink. In some embodiments, the attaching mechanism is a hook-like
structure that straddles the wall of the sink. The hook-like structure can have a fixed
sized opening or an adjustable opening to fit on a variety of different wall thicknesses.
Alternatively, as shown in other figures, the housing 12 can be provided with a ledge
to rest and balance on an edge of the sink. In some embodiments, other attaching
means can be used such as adhesive, suction cups, hook and loop fasteners, and the
like. Additionally, structures can be provided on the sink to receive and hold one or
more portions of the dispensing assembly. Further, as described above, the housing

12 can be directly coupled to the faucet.

[0093] In the embodiments illustrated in Figs. 10 and 11, the dispensing assembly
can be placed in or on the sink when in use and moved to another location for storage
when not is use. Although a sink is described and illustrated with respect to this
embodiment, the dispensing assembly can be used in other areas, as described above.
For example, the dispensing assembly can be coupled to the wall of a bucket to fill the
bucket or it can be coupled to the reservoir of the tloor cleaning machine to fill the
reservoir. Alternatively, the dispensing assembly can be coupled to a wall and

configured to dispense into small containers, such as spray boitles.

[0094] Figs. 12-16 illustrate other configurations of a dispensing assembly
embodying inventive aspects. These embodiments include a container adapted for use
as a concentrated chemical reservoir, wherein the container directly couples to the
dispenser housing 12. In other words, the wheel 20 and pump is contained in the
dispenser housing 12 and a dip tube extends into the chemical reservoir located below
the dispenser housing 12 to draw concentrate from the reservoir. In some
embodiments, the dispenser housing 12 and chemical reservoir can be configured
differently such that the dispenser housing 12 (or substantial portions of it) are

received within the separable container used as the concentrated chemical reservoir.
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[0095] Although it is not specifically described above, some embodiments can
dispense concentrated chemicals in a variety of forms. For example, in some
embodiments, the concentrate in a concentrated cleaning chemical in liquid form. In
other embodiments, the concentrate is in solid or powder form. In these later
embodiments, various metering devices and techniques can be used. For example,
with a solid, water can flow via the aid of gravity from the diluent source directly over
the solid and drain from the housing via the assistance of gravity. The solid product
can be selected or arranged to dissolve at a predetermined rate corresponding to the
flow of diluent to provide the correct dilution ratio. In such situation, the flow of
diluent can be controlled with a wheel, valve, controlled aperture, tortured pathways,
and the like. Further, the solid product can be impregnated or encapsulated on the
wheel and be selected to dissolve at a predetermined rate. In such situations, the solid
product can be a concentrated cleaning chemical, a water softening chemical, and the
like. With a powder chemical configuration, the paddle wheel can be configured to
drive a dispensing closure, such as illustrated in U.S. Patent Publication Number
2005/0247742 entitled “Metering and Dispensing Closure,” the entire contents of
which are hereby incorporated by reference. Alternatively, a controlled amount of the
diluent can be flushed against a powder interface within the dispenser to provide a
proper dilution ratio to the flow of diluent. The amount of diluent contacting the
powder can be controlled by a wheel, a valve, conirolled aperture, tortured pathways,

diversions in flow paths, and the like.

[0096] A dilution control device 21 according to an embodiment of the present
invention is illustrated in Fig. 17A. The illustrated dilution control device 21 includes
a rigid or semi-rigid container 24. Although the container 24 can have any shape
desired, the container 24 in Fig. 17A is shaped with a reservoir 28 and a head chamber
31, both of which are shaped to retain an amount of fluid. The container 24 in the
illustrated embodiment also includes a vent opening 37 at an upper end of the head
chamber 31, although other embodiments need not necessarily have a vent opening
37, or can have a vent opening 37 in other locations of the container 24. The reservoir
28 in the embodiment of Fig. 17A is shaped to retain a pliable container, such as a bag
41. The bag 41 can have any shape capable of being at least partially retained within

the reservoir 28, and in some embodiments has a shape corresponding to or adaptable

23



WO 2007/109727 PCT/US2007/064524

10

15

20

25

30

to that of the reservoir 28. The container 24 illustrated in Fig. 17A also includes a

flnid inlet 43 and a number of fluid outlets 48 and 51.

[0097] In some embodiments, the fluid outlet 51 is defined by an orifice in an
orifice plate 53 permanently or releasably attached to the container 24 in any suitable
manner. For example, the orifice plate 53 can be permanently attached to the
container 24 by ultrasonic welding, hot melting, overmolding, adhesive or cohesive
bonding material, and the like. Alternatively, the orifice plate 53 can be releasably
attached to the container 24 by one or more screws, pins, clips, clamps, or other
conventional fasteners, one or more inter-engaging elements on the orifice plate 53

and container 24, and the like.

[0098] The fluid inlet 43 receives a diluent fluid from a diluent fluid conduit or
flow-controlling device, such as the illustrated dispenser 55. The illustrated dispenser
55 includes an actuator 61 for actuating a flow-controlling valve 63 of the dispenser
55. In some embodiments, the actuator 61 and the valve 63 are spring-biased to
closed “no-flow” positions. Although the container 24 is illustrated in Fig. 17A as
being connected to a manually-actuatable dispenser 55 having a lever-type actuator
61, it should be noted that the container 24 can instead by connected to any other
manual or automatic control for operation of the valve 63. For example, in other
embodiments, the valve 63 can be opened, closed, or otherwise adjusted by one or
more knobs, buttons, slides, twistable grips, or other manual valve controls, all of
which are well-known to those skilled in the art. As another example, the valve 63
can instead by opened, closed, or otherwise adjusted by one or more solenoids, plezo-
actuated drives, magnets or magnet sets, ball and screw actuators, and the like, all of

which are well-known to those skilled in the art.

[0099] Although the device 21 illustrated in Fig. 17A has only one fluid inlet 43
connected to the container 24 near a top of the container 24, the device 21 can have
any number of fluid inlets 43 located anywhere on the container 24. In those
embodiments having two or more fluid inlets 43, each of the fluid inlets 43 can be

provided with a corresponding valve 63 that can be powered or operated manually.

For example, the container 24 can be provided with different diluents through two or

more different dispensers 55. Any one or more of the dispensers 55 can be opened or

closed alone or at the same time as one or more other dispensers 55 in order to
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generate different types of concentrate and diluent mixtures. As another example, the
container 24 can be connected to the same type of diluent through different dispensers
55, such as for diluents introduced into the container 24 from different dispensers 55

at different respective temperatures.

[00100] The bag 41 within the reservoir 28 can contain a fluid to be diluted (such
as a detergent, bleach, ammonia, or other cleaning fluid, soda syrup, fruit concentrate,
or other comestible fluid, and the like), herein referred to as a “concentrate”. In this
regard, the term “concentrate” does not indicate or imply the degree to which the
subject fluid is concentrated, and instead only means that the fluid is at a higher
concentration than that which is produced by mixture with the diluent fluid. The bag
41 illustrated in Fig. 17A includes a concentrate outlet 67 in communication with the
fluid outlet 51 of the container 24. The remaining fluid outlets 48 of the container 24

allow flow of the diluent fluid out of the container 24.

[00101] When the diluent fluid is dispensed into the container 24, it at least
partially fills the head chamber 31 of the container 24, and can partially or fuily fill
that portion of the reservoir 28 not occupied by the bag 41. As diluent fluid
accumulates in the container 24, a pressure head develops under the principles of
hydrostatic pressure. As the pressure head increases and the diluent fluid level
surpasses the height of the fluid outlets 48, diluent fluid empties from the container 24
at a rate proportional to the pressure head. The pressure head also acts upon the
concentrate within the bag 41, and causes the concentrate to be dispensed from the
bag 41 (and therefore, from the fluid outlet 51) at a rate proportional to the pressure
head. Therefore, because both the dispense rate of the diluent fluid and the dispense
rate of the concentrate are dependent upon the pressure head, there exists a
proportional relationship between the dispense rate of the diluent fluid and that of the
concentrate. This proportional relationship can exist through a range of diluent and
concentrate flow rates and through a range of volumes occupied by the diluent fluid in

the head chamber 31.

[00102] If the rate of diluent fluid dispensed into the container 24 exceeds the rate
of diluent fluid drainage from the container 24, the pressure head continues to
increase as the level of diluent fluid reaches higher and higher into the head chamber

31. As the pressure head increases, it causes a proportional increase in the dispense
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rate of the concentrate from the bag 41 out the fluid outlet 51, and also a proportional
increase in the dispense rate of the diluent fluid out of the container 24 through the
openings 48. In some embodiments, the container 24 is rigid or semi-rigid to avoid
deformation or stretching under internal fluid pressure. In other embodiments, it may
5  not be necessary for the container 24 to maintain a given rigid form, and some degree

of stretching, deforming, or sagging of the container 24 can be acceptable.

[00103] Fig. 17B illustrates an example of a configuration for the fluid outlets 48
and 51 described above. In the illustrated embodiment, the fluid outlet 51 for the
concentrate is circular, is located centrally along the width of the container 24, and is

10 flanked by two larger circular diluent fluid outlets 48 on each side. The dilution ratio
of the concentrate in the diluent fluid is determined at least in part by the position,
size, and number of the fluid outlets 48 and 51. An outlet nearer the bottom of the
container 24 experiences a higher fluid flow rate due to increased fluid pressure (at a
given diluent fluid level) than one nearer the top of the container 24. Likewise, an

15  outlet with a larger cross-sectional area or a plurality of outlets with a collectively
larger cross-sectional area allows increased fluid flow. It will be appreciated that any
number of combinations of fluid outlet size, shape, and relative position are possible,
many of which result in different dilution ratios in operation of the device 21. In this
regard, the device 21 can have any number and size of diluent fluid outlets 48 and

20  concentrate fluid outlets 51 in any location or combinations of locations for

generating a desired diluent ratio.

[00104]  Although the fluid outlets 48, 51 illustrated in Fig. 17B are all circular, any
one or more of the fluid outlets 48, 51 can have different shapes. The selection of
different fluid outlet shapes (e.g., outlets 48, 51 that are horizontally or vertically

25  elongated, outlets 48, 51 having triangular or other polygonal shapes, outlets 48, 51
having irregular shapes, and the like). It is contemplated that the dilution control
device 21 is capable of operating at different dilution ratios by varying at least one
characteristic (e.g., the size, shape, number, or location) of one or more concentrate
fluid outlets 51 and/or diluent fluid outlets 48. In some embodiments, the dilution

30 ratio of the container 24 can be changed by plugging or opening one or more outlets
48 and 51 and/or by replacing the orifice plate 53 with an orifice plate 53 having one

or more outlets 48, 51 with different characteristics.
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[00105] The reservoir 28 of the container 24 in the illustrated embodiment is
generally rectangular, and extends laterally beyond at least one side wall of the head
chamber 31. This container shape keeps the bag 41 in a predetermined position
within the container 24. The position of the bag 41 within the container 24 affects the
level of pressure acting on the concentrate within the bag 41 (and thus, the fluid
pressure of the concentrate and the dispense rate thereof). In some embodiments, it is
desirable to keep the bag 41 adjacent a bottom surface 72 of the container 24. Also,
in some cases, the density of the concentrate may be sufficiently greater than the
density of the diluent fluid such that the bag 41 remains at the bottom of the container
24 by gravity. In some embodiments, the bag 41 is located above a bottom surface 72
of the container 24, in which case concentrate can still be dispensed from the bag 41
at a desired ratio with respect to diluent based upon the same principles described
above. If the bag 41 is at a location spaced from a bottom surface 72 of the container
24, any suitable method of retaining the bag 41 in a fixed vertical position relative to
the container 24 can be employed (e.g., container shape, one or more fasteners

securing the bag 41 with respect to the container 24, and the Iike).

[060106] Figs. 18A and 18B illustrate a dilution control device 76 according to
another embodiment of the present invention. The dilution control device 76 is
similar to the dilution control device 21 shown in Figs. 17A and 17B and described
above. For the sake of brevity, those characteristics and principles of operation which
are substantially similar to those discussed above are not repeated in detail. Likewise,
the dilution control device 76 illustrated in Figs. 18A and 18B can include any of the

variations described above in connection with the embodiment of Figs. 17A and 17B.

f00107] The dilution control device 76 illustrated in Figs. 18A and 18B includes a
dispenser 80 for dispensing diluent fiuid into a container 84. The dispenser 80 is
formed with a cap 88 and a grip 92. In some embodiments, the cap 88 attaches
directly to the container 84 by a releasable connection, such as by a threaded
connection, a snap or other type of interference fit, a retaining ring, and the like. The
cap 88 can be provided with one or more grips 96 for enabling a user to twist or
otherwise manipulate the cap 88 for installation and removal. Also, the cap 88 and/or
the container 84 can be equipped with one or more vent openings (not shown) to vent

the container 84. In some embodiments, a portion 100 of the container 84 comprising
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the bag 116 and an orifice plate 104 can be pre-assembled and then installed in the
container 84 as a unit. The illustrated embodiment of Figs. 18A and 18B also
provides another example of a manner in which the diluent and concentrate outlets
108, 112 can be arranged. In this embodiment, a number of diluent fluid outlets 108

surround a central fluid concentrate outlet 112.

[00108] In some embodiments, the containers 24, 84 described above are disposed
after one use (i.e., after one bag 41, 116 of concentrate is consumed). In other
embodiments, the container 24, 84 can be used repeatedly by inserting a new full bag
41, 116 of concentrate after each prior bag 41, 116 is consumed. A removable or
openable orifice plate 53, 100 or other access door or panel of the container 24, 84 can
permit a quick switch-out of bags 41, 116 by providing access to the interior of the
container 24, 84 without removing the dispenser 55, 80. With reference again to the
illustrated embodiment of Figs. 18A and 18B, a scale or other visual indicia 118 can
be located on a wall of the container 84, and can be oriented to allow an operator {0
monitor either or both of the diluent and concentrate fluid levels within the container

84.

[00109] Fig. 19 illustrates a dilution control device 120 according to another
embodiment of the present invention. The dilution control device 120 illustrated in
Fig. 19 is similar to the dilution control devices 21, 76 shown in Figs. 17A-18B and
described above. For the sake of brevity, those characteristics and principles of
operation which are substantially similar to those discussed above are not repeated in
detail. Likewise, the dilution control device 120 illustrated in Fig. 19 can include any
of the variations described above in connection with the embodiments of Figs. 17A-

18B.

[00110] The dilution control device 120 illustrated in Fig. 19 includes & container
124 with a reservoir 128 and a head chamber 132. The reservoir 128 retains a bag
136, which in turn holds concentrate to be dispensed in a predetermined ratio with a
diluent fluid. The concentrate in the bag 136 is dispensed via a fluid outlet 140 of the
container 124. Additional fluid outlets 144 are provided in the container 124 for
dispensing the diluent fluid. The container 124 includes an opening 148 at an upper
portion thereof. The opening 148 serves as an entry location for receiving the diluent

fluid into the container 124. The opening 148 also serves as a vent opening, allowing
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air to escape from the container 124 as it is filled with the diluent fluid. The container
124 is well-suited for receiving diluent fluid from a stationary fixture, such as a
faucet 152. In some embodiments, the container 124 is shaped to be connected to or
otherwise supported upon a sink, container, shelf, bracket, or other structure adjacent
the location to which the diluent and concentrate is dispensed. For example, the
container 124 can have a lip or flange (not shown) enabling the container to be hung
other shape and/or be provided with any device suitable for connecting or otherwise

supporting the container 124 as described above.

[00111] Figs. 20A-21B illustrate a dilution control device 156 according to another
embodiment of the present invention. The difution control device 156 illustrated in
Figs. 20A-21B includes a container 160 having a pair of chambers 164 and 168
separated by a partition wall 172. The chambers 164, 168 illustrated in Figs. 20A-
21B are substantially the same in size and shape, although the chambers 164, 168 can

have different sizes and/or shapes in other embodiments.

[00112] The container 160 has a fluid cutlet 176 located below the chambers 164
and 168. In other embodiments, the fluid cutlet 176 is located in different positions
with respect to the chambers 164, 168, such as laterally to either side of the chambers
164, 168.

[00113] A first fluid passage 180 includes a first end 180a in communication with
the first chamber 164 and a second end 180b for delivering fluid toward the fluid
outlet 176. A second fluid passage 184 includes a first end 184a in communication
with the second chamber 168 and a second end 184b for delivering fluid toward the

fluid outlet 176.

[00114] Diluent fluid is supplied via a conduit 188 to the interior of the container
160. As illustrated in Figs. 20A and 20B, a valve 192 can be used in some
embodiments to control the flow of diluent fluid into the container 160. In addition, a
volume of concentrate is held in a container 196. The concentrate container 196 is
located within, adjacent to, or remotely from the container 160. In the illustrated
embodiment of Figs. 20A-21B, a concentrate supply line 200 fluidly connects the

concentrate container 196 and a pump 204. A second concentrate supply line 208
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fluidly connects the pump 204 and a concentrate fluid outlet 212. Figs. 20A and 20B
illustrate one suitable location for the concentrate fluid outlet 212, whereas Figs. 21A
and 21B illustrate an alternative location for the concentrate fluid outlet 212. The
concentrate fluid outlet 212 can be in any other location suitable for delivery of
concentrate pumped by the pump 204 {as described below) toward a flow of diluent
through the device 156. Diluent fluid and concentrate are commingled within the
container 160 or altem_ately, are dispensed separately from the containers 160 and 196
for mixture downstream of the device 156. In some embodiments, it is an object to
merely control the relative volumes or flow rates of diluent fluid and concentrate
delivered by the device 156. The diluent fluid and concentrate are collected
separately, and can be dispensed into a single container such as a sink, bucket, tub,
machine reservoir, or other container. In some embodiments, it is an object to mix the
diluent fluid and concentrate together either prior to dispensing (“pre-mix’) or after
dispensing (“post-mix™). Provisions for mixing, stirring, agitating or processing the
diluent and concentrate fluids together in any other manner are either incorporated

into the dilution control device 156 or are utilized separately.

[00115] The dilution control device 156 illustrated in Figs. 20A-21B also includes
a rocker 216 reciprocable to different positions for directing diluent to different
chambers 164, 168 of the container 160. The rocker 216 can be located partially or
entirely in the container 160, or can be located outside of the container 160 and
upstream of either or both chambers 164, 168. The rocker device 216 illustrated in
Figs. 20A-21B includes at least a first link 222, and a second link 224, both of which
are drivably connected to the pump 204 as will be described in greater detail below.
The first link 222 is coupled to or is positioned to be moved by a first float 228 when
the first float 228 rises based upon a rising diluent level in the first chamber 164,
whereas the second link 224 is coupled to or is positioned to be movable by a second
float 232 when the second float 232 rises based upon a rising diluent level in the
second chamber 168. This motion of the first and second links 222, 224 can be
transferred to the pump 204 in a number of different manners. For example, the first
and second links 222, 224 in the #llustrated embodiment of Figs. 20A-21B are
drivably coupled to a common third link 220 which is drivably connected to the pump
204. When the first and second links 222, 224 move upward and downward, this
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motion causes the third link 220 to pivot, thereby imparting motive force to the pump

204 by virtue of its connection thereto.

[00116] With continued reference to the embodiment of Figs. 20A-21B, a baffle
236 is coupled to the first and second links 222, 224. The baffle 236 has a surface
across which diluent flows toward the first chamber 164 in at least one position of the
baffle 236, and a surface across which diluent flows toward the second chamber 168
in at least one other position of the baffle 236. In some embodiments (see Figs. 20A-
21B), the baffle 236 has two surfaces which are angled with respect to one another.
In some embodiments, the baffle 236 is shaped as a wide, upside-down “V” (i.e.,
having an obtuse angle generally facing the chambers 164, 168) having surfaces of
equal or unequal length. The baffle 236 is configured to direct diluent fluid from the
supply conduit 188 into one of the first chamber 164 and the second chamber 168. In
other embodiments, the baffle 236 can have surfaces at different angles with respect
to one another while still directing diluent fluid as described above. Acceptable
deflector shapes capable of performing this function can be determined at least in part
by the shape, size, and/or relative position of the chambers 164, 168, and the position
of the baffle 236 with respect thereto.

[00117] In operation, as diluent fluid is supplied to the container 160 and onto the
baffle 236, the rocker 216 rocks side to side (as viewed in Figs. 20A-21B) to actuate
the pump 204 and to dispense concentrate at a rate proportional to the dispense rate of
the diluent fluid. The first and second floats 228 and 232 are configured to drive the
rocking action of the rocker 216. The rocker device 216 illustrated in Figs. 20A and
21A is in a first position (the first float 228 being higher than the second float 232)
because the second chamber 168 contains less diluent fluid than the first chamber 164.
Due to the orientation of the baffle 236 when the rocker device 216 is in the first
position, diluent fluid from the supply conduit 188 is directed to the second chamber
168. As the diluent fluid level in the second chamber 168 rises, the second float 232
also rises. The buoyant force on the second float 232 drives the rocker device 216
toward a second position (shown in Fig. 21B) in which the first float 228 is positioned
lower than the second float 232. In effect, the rising diluent fluid level in the second

chamber 168 drives the first float 228 downward into the first chamber 164, thereby
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pushing diluent from the first chamber 164 through the first fluid passage 180 toward
the fluid outlet 176.

[00118] When the sccond float 232 rises sufficiently, the baffle 236 is positioned
such that diluent fluid is no longer directed into the second chamber 168, but rather, is
5  directed into the first chamber 164. The first chamber 164 is re-filled with diluent

fluid, and the rocking motion is reversed. In this manner, the buoyant force on the
first float 228 causes a downward motion of the second float 232, which drains the
dituent fluid from the second chamber 168. As diluent fluid continues to flow into
the container 160, the rocking motion continues, driving the first link 220 back and

10 forth. The first link 220 is coupled to the pump 204, which can be driven by the
reciprocation of the first link 220 (e.g., via a piston within the pump 204). The back
and forth motion of the piston 240 draws concentrate from the container 196 and
delivers the same toward the fluid outlet 176 or another desired location. In some
embodiments, first and/or second check valves 244 and 248 can be included to

15  prevent backflow of concentrate from the pump 204 toward the container 196, and
from the concentrate fluid outlet 212 toward the pump 204. The pumping rate, and
therefore the dispense rate of concentrate, increases with increased diluent fluid flow
rate, and decreases with decreased diluent fluid flow rate. The rocker 216 and pump
204 therefore automatically provide concentrate at a predetermined dilution ratio

20  when diluent fluid is dispensed into the container 160. The predetermined dilution
ratio is also maintained while the dispense rate of diluent fluid is varied. In a batch-
type operation, a volume of diluent fluid is dispensed into the container 160, and a
corresponding volume of concentrate (according to the predetermined dilution ratio)

is dispensed by the dilution control device 156.

25  [00119] The predetermined dilution ratio of concentrate to diluent is variable, and
can be changed in various ways. In some embodiments, the sizes of the concenirate
supply lines 200 and 208 can be changed to adjust this dilution ratio. In these and
other embodiments, the pump 204 can be replaced with a differently sized or
differently performing pump. Also, in some embodiments, the stroke of the pump

30 204 can be limited by any device internal or external to the pump 204 (in any manner
well-known to those in the art of pumps and pumping equipment). The rocker 216

can also be modified or replaced to provide a different motion path for the baffle 236
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and the third link 220, thereby changing the force and/or actuation movement
provided by the third link 220. In some embodiments, the first float 228 and the
second float 232 can be modified in shape, size, material, and/or weight to change
their buoyant characteristics, thereby changing the speed and/or force exerted by the
rocker 216 upon the pump 204. Tn these and other embodiments, the capacities of the
first chamber 164 and/or the second chamber 168 can be changed to affect the speed
and force of the rocker 216. Furthermore, in some embodiments, the shape and/or
size of the first and second passages 180, 184 can be changed to affect the rate of flow
through the passages. Also, in some embodiments, multiple pumps 204 can be driven
by the same rocker device 216. Those of ordinary skill in the art will appreciate that
additional modifications and variations of the rocker 216, floats 228, 232, container
196, pump 204, passages 180, 184, supply lines 200, 208, conduit 188, and/or valves
244, 248 are possible for modifying the dilution ratio of fluid generated by the
dilution control device 156, all of which fall within the spirit and scope of the present

invention.

[00120] As an alternative to the rocker 216 as shown and described, in some
embodiments a single float and chamber are used with a biased return (either internal
or external to the pump 204) from a biasing element, such as a spring, elastic band, or

the like.

[00121] In alternative embodiments, motion of either or both of the first and
second links 222, 224 (as described above) can operate the pump 204 by direct
connection of either or both links 222, 224 thereto. Alternatively, the pump 204 can
be driven by motion of the baffle 236, such as by rotational motion of a pivot about
which the baffle 236 rotates. In those embodiments in which the pump 204 is driven
by motion of the baffle 236, the links 222, 224 need not necessarily be used. Still
other manners of directly or indirectly transferring motion of the baffle 236 to
actuation of the pump 204 are possible, and fall within the spirit and scope of the

present invention.

[00122] A dilution control device 232 according to another embodiment of the
present invention is illustrated in Figs. 22A and 22B. The dilution control device 120
illustrated in Figs. 22A and 22B is similar in many respects to the dilution control

devices 21, 76 shown in Figs. 20A-21B and described above. For the sake of brevity,
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those characteristics and principles of operation which are substantially similar to
those discussed above are not repeated in detail. The following description of the
dilution control device 252 is focused mainly upon the differences from the above-
described devices. Also, it should be noted that the dilution control device 252
illustrated in Figs. 22A and 22B can include any of the variations described above in

connection with the embodiments of Figs. 20A-21B.

[00123] The dilution control device 252 illustrated in Figs. 22A and 22B includes a
main container 256, a concentrate container 260, and a rocker 264. Diluent fluid is
supplied to the container 256 via a conduit 268, and is subsequently delivered to a
fluid outlet 272 of the container 256. A pump 276 pumps concentrate from the
concentrate container 260 to the fluid outlet 272 along first and second concentrate

supply lines 280 and 284.

[00124] The rocker 264 illustrated in Figs. 22A and 22B includes first and second
links 292, 296, both of which are drivably connected to the pump 276 as will be
described in greater detail below, and are also connected to a baftle, lustrated in
Figs. 22A and 22B as a receptacle 300. The receptacle 300 has at least two different
chambers 312, 316 within which diluent can be received. In the illustrated
embodiment, for example, the receptacle 300 includes a partition wall 304 and
peripheral walls 308a and 308b defining a first chamber 312 and a second chamber
316. Referring to Fig. 22A, the diluent fluid enters the first chamber 312 as diluent
fluid from the second chamber 316 is emptied toward the fluid outlet 272. As diluent
fluid fills the first chamber 312 and evacuates the second chamber 316, the movable
receptacle 300 begins to tip toward the position shown in Fig. 22B due to the shifting
of mass within the movable receptacle 300. As the rocker 264 reaches the position
shown in Fig. 22B, the chambers 312, 316 are re-positioned such that diluent from the
conduit 268 enters the second chamber 316. As a result of this movement of the
receptacle 300, the diluent fluid previously dispensed into the first chamber 312 is
dumped toward the fluid outlet 272. This rocking cycle repeats as long as diluent

fluid is supplied from the conduit 268.

[00125]  As the receptacle 300 rocks back and forth, the first link 292 and the
second link 296 drive a reciprocating element, such as a piston 320, back and forth in

the pump 276. This motion can be transferred in a number of different manners. By
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way of example only, the first and second links 292, 296 are connected to the pump
276 by a common third link 288. The third link 288 is coupled to the pump 276, and
moves to actuate the pump 276 as the first and second links 292, 296 move (as
described above). In other embodiments, the pump 276 can be driven by direction
connection with either or both of the first and se_cond links 292, 296, by a pivot about
which the receptacle 300 rotates, or in any other manner in which motive force is

transferred from the receptacle 300 to the pump 276.

[00126] In some embodiments, one or more check valves are used on the first
and/or second concentrate supply lines 280, 284 to assist in preventing backflow.
Also, as an alternative to a multi-chamber receptacle 300, a single-chamber receptacle
300 can be used. In such embodiments, the single-chamber receptacle can be
positioned to fill with diluent fluid, tip by gravity to dump diluent fluid collected
therein, and return to an original position under force of a biasing element such as a

spring, elastic band, and the like.

[00127] The receptacle 300 in the illustrated embodiment is pivotable to different
positions in order o discharge diluent collected therein. However, it should be noted

that the receptacle 300 can instead move in other manners enabling diluent discharge.

[00128] A dilution control device 324 according to another embodiment of the
present invention is illustrated in Fig. 23. The illustrated dilution control device 324
includes a pliable concentrate package {e.g., a bag 328) positioned within a rigid or
semi-rigid container 332. The dilution control device 324 also has a diluent fluid inlet
336 connectable to a diluent fluid source, and a diluent fluid passage 340 fluidly
coupling the diluent fluid inlet 336 and a fluid outlet 344 of the dilution control device
324. The concenirate bag 328 in the illustrated embodiment is fluidly coupled to the
fluid outlet 344 by a fitting 348 having a flow controlling orifice 352.

[00129] The dilution control device 324 in the illustrated embodiment of Fig. 23
also has a flow divider 356 through which diluent is passed to different portions of the
dilution control device 324. The illustrated flow divider 356 has first and second
outlets 360 and 364 for directing incoming diluent fluid to the diluent fluid passage
340 and to an interior chamber 368 of the container 332 (i.e., between the concentrate

bag 328 and the walls of the container 332), respectively. The diluent fluid inlet 336,
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flow divider 356, fluid passage 340, and fluid outlet 344 can be located in a large
number of other positions with respect to the container 332 and each other while still
providing the same flow of diluent (as described above) to the interior chamber 363
and toward the fluid outlet 344. Accordingly, the container 332, interior chamber
368, and concentrate bag 328 can have a number of different shapes and sizes while

still falling within the spirit and scope of the present invention.

[00130] In some embodiments, the flow divider 356 provides a majority of the
incoming diluent fluid to the diluent fluid passage 340, and the remaining minority of
diluent fluid to the interior chamber 368. As diluent fluid is supplied to the dilution
control device 324, it is split between the first and second outlets 360 and 364 of the
flow divider 356. The diluent fluid directed through the first outlet 360 of the flow
divider 356 is passed through the diluent fluid passage 340 and the fluid outlet 344 to
a desired delivery or collection location. The diluent fluid directed through the
second outlet 364 of the flow divider 356 at least partially fills the interior chamber
368, and compresses the contents of the concentrate bag 328. Pressure from the
diluent fluid squeezes concentrate through the orifice 352, toward the fluid outlet 344.
In the illustrated embodiment, the concentrate and the diluent fluid from the diluent
fluid passage 340 join proximate the fluid outlet 344, and are delivered to a desired
location together. In other embodiments, concentrate exiting the orifice 352 is
delivered to another location for mixture with diluent downstream of the fluid outlet

344.

[00131] In some embodiments, the fluid outlet 344 and/or the orifice adapter 348
are defined and/or positioned in a cap 372 attached to the container 332. Also, in
some embodiments, the cap 372 is removable from the container 332, thereby
facilitating access to the interior chamber 368 and/or enabling removal and
replacement of the concentrate bag 328. In those embodiments having a removable
cap 372, a releasable fitting 376 can be provided in the diluent fluid passage 340 ata

location enabling removal of the cap 372.

[00132]  As diluent fluid is supplied to the dilution control device 324 illustrated in
Fig. 23, the volume of diluent fluid in the interior chamber 368 increases while the
volume of concentrate within the concentrate bag 328 decreases. In some

embodiments, the flow rate of the diluent fluid can be set at a desired level, whereby
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the dilution control device 324 provides a flow rate of concentrate through the orifice
352 according to a desired dilution ratio. Modulation of the diluent fluid flow rate can
cause a proportional change in pressure exerted by diluent upon the concentrate bag
328 and a proportional change in the rate of concentrate fluid flow through the orifice
352, thereby maintaining the dilution ratio at the desired value through a range of
diluent flow rates. In some embodiments, a check valve (not shown, but location
indicated in Fig. 23) at the orifice 352 prevents diluent fluid at the fluid outlet 344
from flowing into the concentrate bag 328 through the orifice 352.

[00133] In some embodiments, the dilution control device 324 can be adapted to
permit user control over the amount and/or flow rate of fluid (at a desired dilution
ratio) dispensed from the dilution control device 324. In such embodiments, an
operator can activate one or more controls to begin, increase, or stop diluent flow
through the dilution control device 324. Such controls can be manual or powered,
such as by one or more knobs, solenoids, pumps, or other devices controlling one or
more valves along the flow path of fluid into or out of the dilution control device 324.
These variations are not exclusively applicable to the dilution control device 324
iltustrated in Fig. 23, but also to any of the devices according to other embodiments of

the present invention described herein.

[00134] As a variation or addition to the dilution control device 324 as described
above, the dilution control device 324 can be provided with a control by which
pressure exerted by diluent upon the bag 328 can be adjusted. Such a control can
comprise one or more valves for controlling diluent entering the interior chamber 368
and/or one or more valves for controlling diluent exiting the interior chamber 368
(c.g., through one or more vents or other outlets (not shown) of the interior chamber

368).

[00135] A dilution control device 380 according to another embodiment of the
present invention is illustrated in Figs. 24A and 24B. The illustrated dilution control
device 380 includes a diluent fluid inlet 384, a flow-metering chamber 388, and a
concentrate container or chamber 392. The flow-metering chamber 388 has a diluent
fluid outlet 396 through which diluent flows toward a fluid outlet 400 of the dilution
control device 380. In some embodiments, the diluent fluid outlet 396 is a weir

opening (shown in detail in Fig. 24B). With continued reference to the embodiment
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of Figs. 24A and 24B, the concentrate chamber 392 in the illustrated embodiment is
fluidly coupled with the fluid outlet 400 via a concentrate flow passage 404. A valve
408 of a flow-metering mechanism 412 is located at a concentrate outlet 416 of the
concentrate chamber 392, or can instead be located anywhere along the concentrate
flow passage 404 between the concentrate chamber 392 and the fluid outlet 400. In
addition to the valve 408, the flow-metering mechanism 412 in the illustrated
embodiment includes a float 420, a float link 424, a valve link 428, and a spring 432.
The valve link 428 of the illustrated flow-metering mechanism 412 is pivotable about
a pivot point P at a support 436. Also, the valve 408 and the float link 424 of the
illustrated embodiment are pivotally coupled to the valve link 428.

[00136]  As diluent fluid flows into the flow-metering chamber 388, diluent fluid
collects in the flow-metering chamber 388, and the level of diluent fluid within the
flow-metering chamber 388 rises. In a state of the dilution control device 380 in
which there is relatively little or no diluent fluid in the flow-metering chamber 388,
the float 420 is in a position (lower than that shown in Fig. 24A) in which the float
420 substantially block the diluent fluid outlet 396. Alternatively, in this position of
the float 420, another object coupled to the float 420 can block the diluent fluid outlet
396. As the diluent fluid level in the flow-metering chamber 388 rises, the float 420
is lifted by buoyant force upon the float 420. When the float 420 rises to a level that
at least partially opens the diluent fluid outlet 396, diluent fluid passes through the
diluent fluid outlet 396 toward the fluid outlet 400 of the dilution control device 380.
Also as the float 420 rises, the valve link 428 is driven upward against the downward
bias of the spring 432 to create an opening between the valve 408 and the concentrate

outlet 416.

[00137] In some embodiments, the flow of concentrate toward the fluid outlet 400
allowed by the valve 408 is proportional to the flow of diluent fluid toward the fluid
outlet 400 according to a predetermined dilution ratio. Also in some embodiments, as
the flow rate of diluent fluid is increased into the flow-metering chamber 388 (and out
through the diluent fluid outlet 396), the float element 420 is driven higher, and the
valve link 428 further opens the valve 408 against force of the spring 432, thereby
allowing a greater flow rate of concentrate from the concentrate container 392. The

increase in concentrate flow rate can be proportional to the increase in the diluent
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fluid flow rate to maintain the predetermined dilution ratio. Accordingly, the flow of
diluent fluid and concentrate through the dilution control device 380 can be
proportional through a range of diluent fluid flow rates. In particular, the float 420
and the flow-metering mechanism 412 can open and close the diluent fluid outlet 396
and the valve 408 through a range of amounts, permitting proportional diluent and

concentrate fluid flow therethrough, respectively.

[00138] Those of ordinary skill in the art will appreciate that variations to the flow-
metering mechanism 412 can be made in order to achieve dilution control in a similar
manner as that described above (i.e., varying the degree of opening of a valve in
response to a proportional change in the rate of diluent fluid flow). In some
embodiments, the flow-metering mechanism 412 is provided with components such
as sensors, actuators, and other devices suitable for electronic, pneumatic, or
computer control of the flow-metering mechanism 412. In some embodiments,
modifications can be made to the dilution control device 380 to replace the float 420
with one or more sensors or other sensory-control devices that respond to a detected
diluent fluid flow rate and that automatically change the flow rate of the concentrate
(e.g., by adjustment of a valve 408 of any type) accordingly. Sensory-control devices
capable of reacting to the flow rate of diluent can include, for example, a vane or a
bladder in fluid communication with diluent entering, moving through, or exiting the
dilution control device 380. In such cases, the sensory-control devices can be
mechanically and/or electrically coupled to a valve or other mechanism controlling

the flow rate of concentrate from the concentrate container 392,

[00139] It will be appreciated that a number of different valve types can be utilized
in the dilution control device 380 in order to control the flow of diluent from the
concentrate container 392 responsive to the rate of diluent flow. By way of example
only, the valve 408 can be a needle valve, a ball valve, and the like. Regardless of the
type of valve 408 employed, the valve 408 need not necessarily be spring-loaded,
such as in cases where the valve 408 is capable of closing itself under the weight of
one or more other elements of the flow-metering mechanism and/or float 420. It
should also be noted that a number of other types of mechanical connections between
the float 420 and the valve 408 are possible for transferring float movement to valve

movement 408, all of which fall within the spirit and scope of the present invention.
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[00140] The embodiments described above and illustrated in the figures are
presented by way of example only and are not intended as a limitation upon the
concepts and principles of the present invention. As such, it will be appreciated by
one having ordinary skill in the art that various changes in the elements and their
configuration and arrangement are possible without departing from the spirit and
scope of the present invention. For example, a rotary metering device is utilized in
some embodiments to control the flow of concentrate through the dispenser. In some
embodiments, other non-rotary structures can be used, such as a reciprocating
member that selectively blocks a dispensing aperture. In other embodiments, one or
more pumps or other metering devices can be utilized. For example, two pumps can
be configured or driven to provide different dilution ratios of the same chemical.
Alternatively, the additional pumps can be placed in communication with additional
chemical reservoirs containing additional chemicals to dispense those chemicals. The

additional chemicals can be dispensed simultaneously, sequentially, or alternatively.

[00141] Various alternatives to the certain features and elements of the present
invention are described with reference to specific embodiments of the present
invention. With the exception of features, elements, and manners of operation that are
mutually exclusive of or are inconsistent with each embodiment described above, it
should be noted that the alternative features, elements, and manners of operation
described with reference to one particular embodiment are applicable to the other

embodiments.

[00142] Various features of the invention are set forth in the following claims.
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What is claimed is:

1. A chemical dispensing apparatus comprising:

a housing at least partially defining a fluid passageway adapted to
receive a diluent from a diluent source;

a wheel coupled to the housing and in fluid communication with the
fluid passageway, the wheel driven by the impact or weight of diluent flowing
through the fluid passageway;

a shaft coupled to the housing and the wheel, wherein the shaft is
adapted to rotate with the wheel; and

a pump coupled to the housing and the shaft, wherein the pump is in
fluid communication with a reservoir containing a concentrated chemical and wherein
the pump is actuated by rotation of the shaft to deliver concentrated chemicals to

diluent flowing through the fluid passageway.

2. The chemical dispensing apparatus of claim 1, further comprising a
conduit at least partially positioned in the housing to deliver the concentrated cleaning

chemical from the pump to diluent passing through the fluid passageway.

3. The chemical dispensing apparatus of claim 2, wherein the conduit is
positioned to deliver the concentrated cleaning chemical to the wheel to allow the

concentrated chemical to be mixed with the diluent in the wheel.

4. The chemical dispensing apparatus of claim 1, wherein the reservoir

containing the concentrated chemical is contained within the housing.

5. The chemical dispensing apparatus of claim 1, wherein the reservoir
containing the concentrated chemical is located remotely relative to the housing and
in fluid communication with the housing via a conduit extending between the pump

and the reservoir.

6. The chemical dispensing apparatus of claim 5, further comprising a set

of gears coupled to the housing and positioned to provide power from the shaft to the

pump.
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7. The chemical dispensing apparatus of claim 6, wherein the set of gears

include a gear ratio that is selected to provide predetermined dilution ratio.

8. The chemical dispensing apparatus of claim 1, wherein the pump is a

positive displacement pump.

9. The chemical dispensing apparatus of claim 8, wherein the positive

displacement pump is a gear pump.

16. The chemical dispensing apparatus of claim 1, wherein the pump is
dimensioned and configured to deliver a predetermined amount of concentrated

chemical to the diluent per each rotation of the wheel.

11. The chemical dispensing apparatus of claim 1, wherein the housing
further comprises a funnel along the fluid passageway, upstream from the wheel, and
wherein the funnel gathers water without connection to a source of diluent and directs

the diluent to the wheel.

12. The chemical dispensing apparatus of claim 1, further comprising a
backflow prevention device coupled to the housing and wherein the backflow

prevention device is directly connected to the source of diluent.
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13. A chemical dispensing apparatus comprising:

a housing at least partially defining a fluid passageway adapted to
receive a diluent from a diluent source and the housing is coupled to a concentrated
chemical reservoir,

a wheel coupled to the housing and in fluid communication with the
fluid passageway, the wheel driven by the impact or weight of diluent flowing
through the fluid passageway; and

a shaft coupled to the housing and the wheel and adapted to rotate in
response to rotation of the wheel, the shaft is positioned within an aperture of the
concentrated chemical reservoir and is adapted to selectively dispense concentrated

chemicals from the reservoir via rotation of shaft.

14. The chemical dispensing apparatus of claim 13, wherein the shaftis a
first shaft and the chemical dispensing apparatus further comprises a second shaft and
a set of gears, wherein the second shaft is directly coupled to the wheel and adapted to
rotate with the wheel, the set of gears are positioned to provide power from the second

shaft to the first shaft.

15.  The chemical dispensing apparatus of claim 14, wherein the set of

gears include a gear ratio that is selected to provide predetermined dilution ratio.

16.  The chemical dispensing apparatus of claim 13, wherein the shaft
includes a rotary metering device in communication with the aperture of the
concentrated chemical reservoir, wherein rotation of the shaft causes the rotary

metering device to dispense concentrated chemical from the reservoir.

17.  The chemical dispensing apparatus of claim 16, wherein the rotary
metering device comprises a flatted portion of the shaft in selective communication
the aperture in the concentrated chemical reservoir, rotation of the flattened portion
adjacent the aperture provides metered dispensing of a concentrated chemical in the

chemica! reservoir.

18.  The chemical dispensing apparatus of claim 16, wherein the rotary

metering device comprises a disc coupled to the shaft and having at least one aperture
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for receiving concentrated chemical when in communication with the concenirated

chemical.

15. The chemical dispensing apparatus of claim 13, wherein the housing
further comprises a funnel along the fluid passageway, upstream from the wheel, and
5  wherein the funnel gathers water from a free flowing source of diluent and directs the

diluent to the wheel.

20.  The chemical dispensing apparatus of claim 13, further comprising a
backflow prevention device coupled to the housing and wherein the backflow

prevention device is directly connected to the source of diluent.
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21. A chemical dispensing apparatus comprising:
a housing at least partially defining a fluid passageway adapted to
receive a diluent from a diluent source;

a wheel coupled to the housing and in fluid communication
with the fluid passageway, the wheel driven by the impact or weight of diluent
flowing through the fluid passageway;

a shaft coupled to the housing and the wheel, wherein the shaft
is adapted to rotate with the wheel;

a generator coupled to the shaft and adapted to rotate in response to
rotation of the shaft, rotation of the generator produces electricity, and

a pump in electrical communication with the generator and in
fluid communication with a reservoir containing a concentrated chemical, the pump is
actuated by rotation of the wheel to deliver concentrated chemicals to diluent flowing

through the fluid passageway.

22.  The chemical dispensing apparatus of claim 21, wherein the reservoir

is coupled to the housing.

23, The chemical dispensing apparatus of claim 21, wherein the reservoir

is integrally formed with the housing.

24.  The chemical dispensing apparatus of claim 21, wherein the reservoir

is located remotely relative to the housing.

25.  The chemical dispensing apparatus of claim 21, wherein the pump is

coupled to the housing.

26.  The chemical dispensing apparatus of claim 21, wherein the pump is

located remotely relative to the housing.
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27. A method for proportionately mixing a concentrated chemical with a

diluent, the method comprising:

delivering a diluent to a fluid passageway of a housing;

rotating a wheel that is coupled to the housing and in fluid
communication with the fluid passageway via the impact or weight of diluent on the
wheel;

operating a pump coupled to the housing via rotation of the wheel,
wherein the pump is in fluid communication with a reservoir containing a
concentrated chemical and operation of the pump is proportional to the rotation of the
wheel,

drawing concentrated chemical from the reservoir in response to
operating the pump; and

delivering the concentrated chemical to the diluent.

28, The method of claim 27, wherein the concentrated chemical is
delivered to the wheel and further comprising mixing the diluent and concentrated

chemical in the wheel.

29.  The method of claim 28, further comprising generating a foam in

response to mixing the concentrated chemical and the diluent in the wheel.

30. The method of claim 27, further comprising:
operating a generator with the wheel;
generating electricity with the generator; and

powering the pump with the electricity.

31.  The method of claim 30, further comprising:
rotating a shaft coupled to the wheel:
rotating a set of gears in response to rotation of the shaft, wherein

rotation of the gears operaies the pump.
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32. A method for proportionately mixing a concentrated chemical with a

diluent, the method comprising:

delivering a diluent to a fluid passageway of a housing;

rotating a wheel that is coupled to the housing and in fluid
communication with the fluid passageway via the impact or weight of diluent of
dituent on the wheel;

rotating a shaft coupled to the wheel in response to the rotating the
wheel, wherein the shaft includes a rotary metering device coupled to the shaft, the
rotary metering device being positioned in a selectively blocking position of an
aperture positioned in a concentrated chemical reservoir;

selectively dispensing concentrated chemical from the reservoir in
response to rotation of the shaft and the rotary metering device; and

delivering the dispensed concentrated chemical to the diluent.
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33. A dilution control device for dispensing concentrate fluid and diluent
fluid in a predetermined ratio, the dilution control device comprising:

a first container having a diluent fluid inlet, a diluent fluid outlet, and
an interior defining a chamber for a head of diluent fluid within the first container;
and

a second container comprising a substantially pliable body, a
concentrate fluid outlet, an internal concentrate fluid reservoir, and an exterior surface
exposed to the interior of the first container, the substantially pliable body responsive
to pressure from a head of diluent fluid in the first container by transmitting pressure

to concentrate fluid within the concentrate fluid reservoir.

34.  The dilution control device of claim 33, wherein pressure upon the
substantially pliable body generates concentrate fluid flow through the concentrate
fluid outlet at a rate substantially proportional to a rate of dilnent fluid flow through

the diluent fluid outlet through a range of concentrate floid flows.

35. The dilution control device of claim 33, wherein the concentrate fluid
outlet is positioned to dispense concentrate fluid for mixture with diluent fluid only

downstream of the first container.

36. The diluent control device of claim 33, wherein the diluent fluid inlet
is defined in a top of the housing for receiving a flow of diluent fluid from an external

source.

37.  The diluent control device of claim 36, further comprising a removable

cap covering the diluent fluid inlet.

38.  The diluent control device of claim 33, wherein the chamber within the
first container is adapted to at least temporarily retain unpressurized diluent fluid

received through the diluent fluid inlet.

39. The diluent control device of claim 33, wherein the second container

comprises a bag.
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40. A dilution control device, comprising:

a housing having a diluent fluid inlet and a diluent fluid outlet;

a baffle within the housing, the baffle movable from a first position in
which the baffle directs diluent fluid in a first direction within the housing, and a
second position in which the baffle directs diluent fluid in a second direction within
the housing;

a chamber within the housing, the chamber positioned to receive and
collect diluent fluid and to discharge diluent fluid based at least in part upon the
position of the baffle; and

a source of concentrate fluid coupled to the baffle, wherein movement
of the baffle generates a flow of concentrate fluid from the source of concentrate

fluid.

41, The dilution control device of claim 40, wherein the chamber is at least

partially defined by the baffle.

42.  The dilution control device of claim 40, wherein diluent fluid
discharge from the chamber is substantially proportional in amount to the flow of
concentrate fluid from the source of concentrate fluid through a range of concentrate

fluid flow amounts.

43, The dilution control device of claim 40, wherein the chamber is a first
chamber, and is positioned to receive and collect diluent fluid when the baffle is in the
first position, the dilution control device further comprising a second chamber within
the housing, the second chamber positioned to receive and collect diluent fluid when

the baffle is in the second position.

44.  The dilution control device of claim 40, wherein the baffle is pivotable.

43. The dilution control device of claim 40, wherein the baffle is mounted

to reciprocate between the first and second positions within the housing.
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46. The dilution control device of claim 40, further comprising a pump
coupled to the baffle, the pump driven by the baffle to pump concentrate fluid from

the source of concentrate tluid.
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47. A dilution control device, comprising:
a housing having a diluent fluid inlet and a diluent fluid outlet;
a chamber within the housing, the chamber positioned to receive

diluent fluid;

a float movable to different positions within the chamber based at least
in part upon an amount of diluent fluid within the chamber; and
a source of concentrate fluid providing a flow of concentrate fluid, wherein the flow
of concentrate fluid is dependent at least in part upon at least one of movement and

the position of the float.

48. The dilution control device of claim 47, wherein diluent fluid through
the diluent fluid outlet is substantially proportional in amount to the flow of
concentrate fluid from the source of concentrate fluid through a range of concentrate

fluid flow amounts.

49. The dilution control device of claim 47, further comprising a valve

coupled to the float and movable by the float to control the flow of concentrate fluid.

50.  The dilution control device of claim 47, further comprising a pump

coupled to the float and driven by the float to generate the flow of concentrate fluid.

31. The dilution control device of claim 47, wherein the float is movable to

change a rate of diluent fluid flow through the device.

52.  The dilution control device of claim 47, wherein the diluent fluid outlet
is positioned to mix diluent fluid with concentrate fluid only downstream of the

housing
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