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A FOAM DISPENSER
BACKGROUND

This disclosure relates to foam dispensers and in particular to
dispensers that may have a resiliently deformable dome piston and dispensers that
may have an improved mixing chamber.

The present disclosure relates to foam dispensers and more
specifically non-aerosol foam dispensers or unpressurized foam dispensers. The
popularity of these type of foam dispensers has increased dramatically over the last
decade and they are now used widely throughout the world. The advantage of foam
dispensers over conventional liquid dispensers is that they use substantially less
liquid for each use or shot. For example if the foam dispenser is being used for
hand hygiene either as a soap dispenser or an alcohol foam dispenser, each hand
cleansing event uses substantially less liquid than would be used with a straight
liquid dispenser.

However, there are always opportunities for reducing the cost of
production, whether that be by way of reducing the number of parts or simplifying
the manufacturing process. As well there are opportunities for improving the quality
of the foam or in the alternative producing a commercially acceptable foam in a

device that may be produced at a reduced cost.

SUMMARY
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According to a first aspect of the present invention, there is provided a
foam assembly connectable to a liquid container comprising: a main pump body
having an exit nozzle; a piston dome attached to the main pump body, wherein the
piston dome comprises a resiliently deformable dome and a liquid piston portion,
and has an at rest position and a depressed position; an air chamber defined by the
piston dome and the main pump body; a liquid chamber defined by the liquid piston
portion and the main pump body and having a liquid inlet valve and a liquid outlet
valve; a mixing zone in flow communication with the air chamber and in flow
communication with the liquid chamber; and a porous member in the exit nozzle
downstream of the mixing zone; and whereby the volume of the air chamber is
dependent on the position of piston dome and volume of the liquid chamber is
dependent on the position of the liquid piston portion of the piston dome and during
an activation stroke the piston dome moves from the at rest position to the
depressed position and responsively the volume of the air chamber and the volume
of the liquid chamber are reduced.

According o a second aspect of the present invention, there is
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provided a foam dispenser comprising: a liquid container; a main pump body having
an exit nozzle; a piston dome attached fo the main pump body wherein the piston
dome comprises a resiliently deformable dome and a liquid piston portion, and has
an at rest position and a depressed position; an air chamber defined by the piston
dome and the main pump body; a liquid chamber defined by the liquid piston portion
and the main pump body and having a liquid inlet valve and a liquid outlet valve; a
mixing zone in flow communication with the air chamber and in flow communication
with the liquid chamber; and a porous member in the exit nozzle downstream of the
mixing zone; and whereby the volume of the air chamber is dependent on the
position of the piston dome and volume of the liquid chamber is dependent on the
position of the liquid piston portion of the piston dome and during an activation
stroke the piston dome moves from the at rest position to the depressed position
and responsively the volume of the air chamber and the volume of the liquid
chamber are reduced.

The main pump body may include a main pump body portion and a
liquid and air bore. The liquid inlet valve may be integrally formed in the liquid and
air bore. The liquid and air bore may further include an air path integrally formed
therein wherein the air path extends between the air chamber and the mixing zone.

The foam assembly may further include an air inlet valve in flow
communication with the liquid container. The air inlet valve may be integrally
formed in the liguid and air bore.

The mixing zone may include an elongate mixing channel and the
mixing channel may have an upstream end and a downstream end and the liquid
chamber may be in flow communication with the upstream end of mixing channel via
the liquid outlet valve., The foam assembly may further include a chamber at the
downstream end of the mixing channel whereby the chamber expands in a
downstream direction. The mixing channel may further include a plurality of air
ports spaced downstream from the upstream end of the mixing channel.

The foam assembly may further include a mixing tube and the mixing channel and
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chamber may be formed in the mixing tube. Further the air ports may also be
formed in the mixing tube. There may be a plurality of air ports. The plurality of air
ports may be four air ports equally spaced around the mixing channel. The plurality
of air ports may be two air ports equally spaced around the mixing channel.

The foam assembly may further inciude one foam tube wherein the
foam tube has a porous member attached to one end thereof. The foam tube may
have a second porous member attached to the other end thereof. The foam
assembly may further include a second foam tube wherein the second foam tube
has a porous member attached to one end thereof.

The liquid container may be an upright liquid container, an inverted
liquid container, an inverted pouch, or an upright pouch.

The mixing zone may inciude at least one air port upstream of the
elongate mixing channel.

The foam dispenser may include a dispenser housing having a push
bar for engaging the piston dome.

According to a third aspect of the present invention, there is provided a
mixing tube for use in a foam assembly wherein the foam assembly has an air
chamber, a liquid chamber, a means for pressurizing the air chamber and the liquid
chamber and a porous member, the mixing tube comprising a mixing channel
having an upstream end and a downstream end, the mixing channel being of an
elongate shape having a cross sectional area substantially the same from the
upstream end to the downstream end,; an exit zone being a chamber expanding
from the downstream end of the elongate mixing channel to a cross sectional area
that is larger than the cross sectional area of the elongate mixing channel; the
elongate mixing channel having a length greater than the exit zone; and the
upstream end of the elongate mixing channel is configured for flow communication

with the liquid chamber such that liquid is pushed into the elongate mixing channel
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under pressure from the liquid chamber, and the elongate mixing channel is
configured for flow communication with the air chamber such that air is pushed into

the elongate mixing channel under pressure from the air chamber.

The exit zone may be a chamber that expands in a downstream
direction.

The elongate mixing channel and the exit zone may form an elongate
venturi tube.

The mixing tube may include at least one air port in the elongate
mixing channel and the air port is in flow communication with the air chamber.

The air port may be a plurality of air ports spaced around the mixing

channel.
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According to a fourth aspect of the present invention, there is provided
a foam assembly connectable to a liquid container comprising: a pump having an air
chamber and a liquid chamber, the pump having an activation stroke wherein the
pump moves from an at rest position to a compressed position and a return stroke
wherein the pump moves from the compressed position to an at rest position, the
volume of the air chamber and liquid chamber are each substantially smaller in the
compressed position; a mixing zone in flow communication with the air chamber and
in flow communication with the liquid chamber, the mixing zone having a mixing
channel being of an elongate shape having a cross sectional area éubstantially the
same from an upstream end to a downstream end, and an exit zone being a
chamber expanding from the downstream end of the elongate mixing channel to a
cross sectional area larger than the cross sectional area of the elongate mixing
channel, the elongate mixing channel having a length greater than the exit zone; a
porous member downstream of the mixing zone; and when the pump is compressed
air is pushed into the elongate mixing channel under pressure from the air chamber
and liquid is pushed into the elongate mixing channel under pressure from the liquid

chamber.

The exit zone may be a chamber that expands in a downstream
direction.

The elongate mixing channel and the exit zone together may form an
elongate venturi tube.

At least one air port may be formed in the elongate mixing channel
and each air port is in flow communication with the air chamber. The at least one air
port may be a plurality of air ports spaced around the elongate mixing channel.
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The volume of the liquid chamber to the air chamber may be between
1:2 and 1:50.

The volume of the liquid chamber to the air chamber may be between
1:8 and 1:9

Further features will be described or will become apparent in the

course of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
The foam dispenser and improved mixing chamber will now be
described by way of example only, with reference to the accompanying drawings, in
which:
Fig. 1 is a perspective view of an embodiment of a foam dispenser;
Fig. 2 is a sectional view of the foam dispenser of figure 1;
Fig. 3 is a blown apart perspective view of the foam dispenser of

figures 1 and 2;
Fig. 4 is a sectional view of the assembled pump body including a
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main pump body portion and a liguid and air bore of the foam dispenser;

Fig. 5 is an enlarged sectional view of a portion of the assembled
pump body including a main pump body portion and a liquid and air bore showing
the air inlet valve;

Fig. 6 is an enlarged sectional view of a portion of the pump body
including @ main pump body portion and a liquid and air bore showing the liquid
outlet vaive in the closed position;

Fig. 7 is an enlarged sectional view of a portion of the pump body
including a main pump body portion and a liquid and air bore similar to that shown in
figure 6 but showing the liquid outlet valve in the open position;

Fig. 8 is an enlarged sectional view of a portion of the pump body
including a main pump body portion and a liquid and air bore similar to that shown in
figure 6 but also including the mixing tube;

Fig. 9 is an enlarged perspective view of the mixing tube;

Fig. 10 is an enlarged sectional view of the foam tube;

Fig. 11 is an enlarged sectional view of a portion of the pump body
including a main pump body portion and a liquid and air bore similar to that shown in
figure 8 but also including the foam tube;

Fig. 12 is an enlarged sectional view of a portion of the pump body
including a main pump body portion and a liquid and air bore similar to that shown in
figure 11 and showing the air flow during the activation stroke;

Fig. 13 is an enlarged sectional view of a portion of the pump body
including a main pump body portion and a liquid and air bore similar to that shown in
figure 11 and showing the air flow during the return stroke;

Fig. 14 is an enlarged sectional view of a portion of the pump body
including a main pump body portion and a liquid and air bore similar to that shown in
figure 11 and showing the liquid flow during the activation stroke;

Fig. 15 is a sectional view of the foam dispenser similar to that shown
in figure 2 and showing the liguid flow during the return stroke;

Fig. 16 is a perspective view of an alternate embodiment of the foam
dispenser with an inverted cartridge;

Fig. 17 is a blown apart perspective view of the foaming assembly of
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the dispenser of figure 16;

Fig. 18 is an enlarged sectional view of the foaming assembly and a
portion of the inverted cartridge of the dispenser of figure 16;

Fig. 19 is an enlarged sectional view of the foaming assembly and a
portion of the inverted cartridge similar to that shown in figure 18 and showing the
air and liquid flow during the activation stroke;

Fig. 20 is an enlarged sectional view of the foaming assembly and a
portion of the inverted cartridge similar to that shown in figure 18 and showing the
air and liguid flow during the return stroke;

Fig. 21 is a perspective view of another alternate embodiment of the
foam dispenser with a pouch;

Fig. 22 is a blown apart perspective view of the foaming assembly of
the dispenser of figure 21;

Fig. 23 is an enlarged sectional view of the foaming assembly and a
portion of the inverted cartridge of the dispenser for figure 21;

Fig. 24 is an enlarged sectional view of the foaming assembly similar
to that shown in figure 23 and showing the air and liquid flow during the activation
stroke;

Fig. 25 is an enlarged sectional view of the foaming assembly and a
portion of the inverted cartridge similar to that shown in figure 23 and showing the

air and liquid flow during the return stroke;

Fig. 26 is a sectional view of a prior art foaming assembly;

Fig. 27 is a sectional view of an alternate foaming assembly including
a mixing tube and showing the air and liquid flow during the activation stroke;

Fig. 28 is a sectional view of the alternate foaming assembly including
a mixing tube shown in figure 26 but showing the air and liquid flow during the return
stroke;

Fig. 29 is a sectional view of a portion of the alternate foaming
assembly showing the mixing tube but sectioned 90 degrees from the views shown
in figures 26 and 28;

Fig. 30 is a sectional view of an alternate embodiment of the foaming
assembly during the return stroke, the foaming assembly being similar to that shown
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in figures 27 to 30 but showing a different path for air into the mixing chamber;

Fig. 31 is a sectional view of the foaming assembly of figure 30 during
the activation stroke;

Fig. 32 is a sectional view of the foaming assembly of figure 30 but
sectioned 90 degrees therefrom;

Fig. 33 is a sectional view of the foaming assembly of figure 31 but
sectioned 90 degrees therefrom;

Fig. 34 is a sectional view of an alternate prior art foaming assembily;

Fig. 35 is a sectional view of a modified version of the foaming
assembly of figure 34 showing the air flow path and liquid flow path on the return
stroke;

Fig. 36 is a sectional view similar to that shown in figure 35 but
showing the air flow path and liquid flow path on the activation stroke;

Fig. 37 is sectional view of the foam dispenser of figures 16 to 21 in a
dispenser housing; and

Fig. 38 is a sectional view of the foam dispenser and housing of figure
37 but showing the return stroke.

DETAILED DESCRIPTION

Referring to figure 1, 2 and 3, an embodiment of a foam dispenser is
shown generally at 10. Dispenser 10 includes a liquid container 12 and a foaming
assembly 14. For reference upstream and downstream are determined during an
activation stroke and therefore upstream is where the liquid starts in the liquid
container 12 and downstream is where it ends and exits the foam dispenser 10 from
the exit nozzle 44. The activation stroke is when the pump or piston dome 30 is
depressed and the return stroke is when the piston dome or pump returns to its at
rest position.

The pump has an activation stroke wherein the pump moves from an
at rest position to a compressed position and a return stroke wherein the pump
moves from the compressed position to an at rest position. The volume of the air
chamber and liquid chamber are each substantially smaller in the compressed
position. The foaming assembly 14 has an air chamber 16 in flow communication
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with a mixing zone 19 and a liquid chamber 20 in flow communication with the
mixing zone 19. The liquid chamber 20 is in flow communication with the liquid
container 12 and has a liquid inlet valve 22. A liquid outlet valve 24 is between the
liguid chamber and the mixing zone 19.

In one embodiment the foaming assembly 14 includes a main pump
body 28 and a piston dome 30. The main pump body 28 includes a liquid and air
bore 32 which is a press fit into the main pump body portion 28, as best seen in
figure 4. The liquid and air bore 32 of the main pump body 28 and the piston dome
together define the liquid chamber 20 and has the liquid inlet valve 22 integrally
formed therein which include a body liquid chamber portion 33 and a liquid piston
portion 35 as shown on figure 2. The main pump body portion 29 includes a dip
tube 34 that extends into the liquid container 12, as shown in figure 2. A tailored
valve seat 36 is positioned at one end of the dip tube 34 at the transition to the liquid
chamber 20. The liquid inlet valve 22 is seated on the tailored valve seat 36 and
biased in the closed position. The liquid inlet valve 22 selectively controls the liquid
iniet to the liquid chamber 20 and is responsive to a reduction in the pressure in the
liquid chamber. The liquid and air bore 32 and the piston dome 30 define the air
chamber 16. An air path 38 is defined by the liquid and air bore 32 and provides an
air flow path between the air chamber and the mixing zone 19. The mixing zone 19
in the embodiment shown in figures 1 to 16 is a mixing tube 18.

In the embodiment shown herein the liquid container is an upright
liquid container 12. The liquid and air bore 32 includes an air inlet valve 26 which is
a one way valve that allows air to enter into the liquid container 12. When the liquid
and air bore 32 is press fit into the main pump body portion 29, the air inlet valve 26
is deflected to bias it closed. The air inlet valve 26 flexes open when the pressure in
the bottle reaches a predetermined pressure such that the liquid container will not
collapse. A mating cup 40 is formed in the main pump body portion 29 and a seal
off feature 42 formed in the air inlet valve 26 is sealingly seated in the mating cup
until the pressure in the liquid container 12 is over a predetermined pressure.

In one embodiment, the main pump body portion 29 has an exit nozzle
44 formed therein as best seen in figures 6 and 7. The liquid outlet valve 24 is
press fit into a portion of main pump body portion 29. The liquid outlet valve 24 is
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positioned at the liquid outlet 46 of the liquid chamber 20. The liquid outlet valve 24
acts similar to an umbrella valve such that as it moves responsive to pressure in the
liquid chamber 20 from the rest position as shown in figure 6 to the open position as
shown in figure 7. The liquid outlet valve selectively controls the liquid flowing from
the liquid chamber 20 into the mixing tube 18. The arrows 48 shows the flow path of
the liquid when the liquid outlet valve 24 is in the open position.

An embodiment of the mixing tube 18 is shown in figures 8 and 9. The
mixing tube 18 is press fit into the exit nozzle 44. The mixing fube 18 has a cenfral
elongate mixing channel 50. The mixing tube 18 acts as a stop for the liquid outlet
valve 24. The liquid outlet 46 is in flow communication with an upstream end of the
elongate mixing channel 50 via an inner annular liquid channel 52. The elongate
mixing channel is relatively long and narrow forming a channel from the upstream
end to the downstream end. Air is ported into the central elongate mixing channel
50 through at least one air port 54 and in the embodiment shown herein through a
plurality of air ports 54. In this embodiment there are four air ports 54 equally
spaced around the central elongate mixing channel 50. The mixing tube has an
annular gap 56 which in situ creates an outer annular air channel 58. Air channels
59 connect the annular air channel 58 and the air ports 54. Thus air flows from the
air chamber 16 through the air path 38 in the liquid and air bore 32 into the outer
annular air channel 58 into the air channel 59 through the air ports 54 and into the
central elongate mixing channel 50. At the downsiream end of the central elongate
mixing channel there is an exit zone. The exit zone expands such that it has a cross
sectional area that is larger than the cross sectional area of the elongate mixing
channel. By way of example the exit zone is a chamber 60 oriented such that it
expands in the downstream direction. The central elongate mixing channel 50 and
chamber 60 fogether form an elongate venturi tube.

In the embodiment shown herein there are four airports. However, it
will be appreciated by those skilled in the art that the number of air ports may vary.
In the embodiment shown herein air ports 54 are spaced around the central
elongate mixing channel. Accordingly in use air is injected from four sides into the
stream of liquid passing through the elongate mixing channel.

A foam tube 62 with at least one porous member 63 is positioned in
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the exit nozzle 44 such that the porous member is downstream of the elongate
mixing channel 50. A foam tube 62 is press fit downstream of the mixing tube 18.
The foam tube is tapered such that the downstream end has a smaller diameter
than the upstream end. Alternatively the foam tube 62 could have a parallel bore.
The foam tube may have a porous member 63 attached fo one or both ends thereof.
The porous member may be mesh, gauze, foam, sponge or other suitable porous
material and may be the same gauge or a larger gauge upstream of a smalier
gauge. Accordingly the user may tailor their choice of porous member to the type
and characteristics of the liguid.

The piston dome 30 operably attached to the main pump body
whereby it is retained between the main pump body portion 29 and the liquid and air
bore 32. The piston dome has a liquid piston portion 35 which sealingly fits inside
the liquid chamber 20 and slides up and down in the liquid chamber to change the
volume of the liquid chamber 20 responsive to the movement of the piston dome 30.
The piston dome 30 is resiliently deformable such that once it has been depressed
the profile and material of the piston dome will return to its at rest position without
the need for a spring. The liquid and air bore 32 and piston dome 30 together
define the air chamber 16 whereby when the piston dome 30 is pushed inwardly the
volume of the air chamber 16 is reduced.

The foam dispenser 10 also inciudes a transit cap 66 which is press fit
onto the exterior of the exit nozzle 44 as best seen in figures 1to 3.  The transit
cap 66 includes a pull tab 68 to aid in the removal when ready o be used.

in use the piston dome 30 is compressed and air from the air chamber
16 is pushed through the air path 38 into the outer annular air channel 58 through
air ports 54 and into the central elongate mixing channel 50 in mixing tube 18 as
shown in figure 12. Mixing tube 18 is constructed so that the air from the air
chamber 16 is under pressure when it enters the central elongate mixing channe!l 50
through the air ports 54. When the piston dome 30 is released the resiliently
deformable dome returns to its original shape and the air chamber is recharged.
When the piston dome 30 returns to its original shape, a sucking action draws air
through the mixing tube and back into the air chamber 16, as shown in figure 13. If
there is any liquid or foam still in the mixing tube 18 it too wili be sucked back into
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the foaming assembly 14. In regard to the liquid flow, when the piston dome 30 is
compressed liquid pressure in the liquid chamber 20 builds up such that liquid outlet
valve 24 opens and liquid flows into the central elongate mixing channel 50 of
mixing tube 18 as shown in figure 14. When the piston dome 30 returns to its
original shape in the return stroke the liquid chamber is recharged because a
vacuum is created in the liquid chamber 20 and the liquid inlet valve 22 is opened
and liquid is sucked into the liquid chamber 20 as shown in figure 15.

As can be seen in figure 3 foam dispenser 10 is constructed from eight
pieces namely the piston dome 30, the liquid and air bore 32, the main pump body
portion 29, the liquid container 12, the liquid outlet valve 24, the mixing tube 18, the
foam tube 62 and the transit cap 66. The main pump body portion 29 and the liguid
and air bore 32 have some of the other features integrally formed therein. By way of
example the air inlet valve 26, the liquid inlet valve 22 and the air path 38 are
integrally formed in the liquid and air bore 32. Similarly the dip tube 34 is integrally
formed in the main pump body portion 29. The piston dome 30 and the liquid and
air bore 32 cooperate to form the air chamber 16 and the liquid chamber 20 and
they are supported by the main pump body portion 29. The respective volume of
the air chamber 16 and liquid chamber 20 is dependent on the position of the piston
dome 30. During the activation stroke of the piston dome 30, the piston dome 30
moves from an at rest position to a depressed position whereby responsively the
volume of the air chamber 16 and the volume of the liguid chamber 20 are both
reduced. In the return stroke the piston dome 30 moves from the depressed
position back to the at rest position wherein the volume of the air chamber 16 and
the liquid chamber 20 are both returned to their maximum volume.

An alternate foam dispenser 70 is shown in figures 16 to 20 wherein
the liquid container is an inverted liquid container 72. The foaming assembly 74 is
similar to the foaming assembly 14 described above and only those portions of the
foaming assembly 74 that are different from foaming assembly 14 will be described
in detail. Main pump body portion 76 has a connecting portion 78 which is
connectable to the inverted liquid container 72. In the embodiment shown herein
connecting portion 78 is connected using a threaded connection, however any leak
free connection may be used.
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The main pump body portion 76 includes a liquid channel 79 which is
in flow communication with the liquid chamber 20. The upstream end of the liquid
channel 79 includes a valve seat 80. The liquid inlet valve 22 is seated on the valve
seat 80 and biased in the closed position.

The flow of air and liquid through the foaming assembly 74 when the
piston dome 30 is compressed is shown in figure 19 and after it has been released
is shown in figure 20. The air flow is shown with arrows 82 and the liquid flow with
arrows 84.

inverted liquid container 72 is a collapsible container. Thus in this
embodiment the foaming assembly 74 need not contain an air inlet and air inlet
valve that is in flow communication with the liquid container.

Anocther alternate foam dispenser 90 is shown in figures 21 to 25
wherein the liquid container is an inverted collapsible liquid pouch 92 with a pouch
connector 94 attached thereto. Foam dispenser 90 is similar to both foam dispenser
10 and foam dispenser 70 described above.

Foam dispenser 90 includes foaming assembly 95 with a main pump
body portion 96 which has a connector portion 98 which connects to pouch
connector 94. Connector portion 98 includes a valve seat 100 and the liquid inlet
valve 22 is seated on the valve seat 100 and biased in the closed position. Pouch
connector 94 has a liquid channel 102 which when the pouch connector 94 is
connected to the connector portion 98 of the main pump body portion 96 is in flow
communication with fiquid chamber 20.

The flow of air and liquid through the foaming assembly 90 when the
piston dome 30 is compressed is shown in figure 24 and after it has been released
is shown in figure 25. The air flow is shown with arrows 104 and the liquid flow with
arrows 106.

The mixing tube 18 or alternate embodiments of the mixing tube may
be used in other foam dispensers. Any foam dispenser that has an air chamber, a
liquid chamber and a means for pressurizing the air chamber and liquid chamber
may be modified to incorporate the mixing tube shown herein. An example of a
prior art foam assembly for a dispenser is shown in figure 26 and an embodiment of
a mixing tube 112 is shown in figures 27 to 29 and an alternate embodiment of a
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mixing tube 130 is shown in figures 30 to 33. The prior art foam assembly 110
shown herein is a foam assembly for a dispenser similar to that shown in US patent
6,082,586. The dispenser includes pump that has an activation stroke wherein the
pump moves from an at rest position to a compressed position and a return stroke
wherein the pump moves from the compressed position to an at rest position. The
volume of the air chamber and liquid chamber are each substantially smalier in the
compressed position.

Referring to figures 27 to 29, the mixing chamber shown in US patent
6,082,586 has been modified to include a mixing tube 112, In addition, since the
mixing tube 112 is more efficient than the prior art mixing chamber the volume of the
air chamber could be reduced while generally maintaining the quality of the foam.
Mixing tube 112 is similar to mixing tube 18 described above with a central elongate
mixing channel 114 and air ports 116. In this embodiment there are two air ports
116 equally spaced generally equidistant from each other around the central
elongate mixing channel 114. At the downstream end of the central elongate mixing
channel 114 there is an exit zone which herein is a chamber 122. The mixing
elongate channel 114 and the chamber 122 together form an elongate venturi tube.

The foam dispenser includes a foaming assembly 111 with an air
chamber 118 and a liquid chamber 120. The air chamber 118 is in flow
communication with the central elongate mixing channel 114 through air ports 116.
The liquid chamber 120 is in flow communication with the central elongate mixing
channel 114 at the upstream end of the elongate mixing channel. At the
downstream end of the central elongate mixing channel 114 there is a chamber 122.
An upstream or first 124 and a downstream or second 126 foam tube are in the exit
nozzle 128 downstream of the mixing tube 112. Each foam tube 124, 126 has a
porous member attached thereto. Alternatively there may be one foam tube with a
porous member attached to each end thereof. Accordingly the second foam tube
has 126 a second foam tube porous member attached thereto. Typically the
upstream porous member has larger holes than the downstream porous member.
The inside diameter of the upstream foam tube 124 is generally the same as the
downstream end of the chamber 122, It has been observed that in the configuration
shown in figures 27 to 29 there is a risk that after activation the dispenser might drip.
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Accordingly an exit valve could be added or the volume of the air well below the air
ports could be increased.

An alternate embodiment of the foaming assembly 131 and an
alternate mixing tube 130 is shown in figure 30 to 33. Figure 30 shows the return
stroke and figure 31 shows the activation stroke. Similarly figure 32 also shows the
return stroke but it is a sectional view 90 degrees the view shown in figure
30.therefrom and figure 33 is the activation stroke taken 90 degrees from figure 31.

Mixing tube 130 is similarly for use in a modified foam dispenser that is
similar to the foam dispenser shown in US patent 6,082,586. Mixing tube 130 is
similar to mixing tube 112 described above with a central elongate mixing channel
132 and an exit zone which herein is a chamber 134. In this embodiment there are
no air ports in the mixing tube 130 per se, rather the liquid and the air is mixing
together up stream of the mixing tube 130. The elongate mixing channel 132 and
the chamber 134 together form an elongate venturi tube.

The foam dispenser includes a foaming assembly with an air chamber
118 and a liquid chamber 120. Liquid chamber 120 has an exit valve 136 which
controls the flow of the liquid into a mixing chamber 138. Air chamber 118 has an
outlet port 140 into mixing chamber 138. Mixing chamber 138 is upstream of mixing
tube 130. Mixing chamber 138 is in flow communication with the central elongate
mixing channel 132 at the upstream end of the mixing tube 130. At the downstream
end of the central elongate mixing channel 114 there is a chamber 122, An
upstream 124 and a downstream 126 foam tube are in the exit nozzle 128 ‘
downstream of the mixing tube 130. The inside diameter of the upstream foam tube
124 is generally the same as the downstream end of the chamber 134.

Referring to figure 34 the foaming assembly of an upright foam
dispenser is shown generally at 140. The foaming assembly 140 includes an air
chamber 142, a liquid chamber 144, a mixing chamber 146 and an exit nozzle 148.
This dispenser is described in detail in US patent 5,443,569 issued to Uehira et al.
on August 22, 1995. This dispenser includes a pump that has an activation stroke
wherein the pump moves from an at rest position o a compressed position and a
return stroke wherein the pump moves from the compressed position to an at rest

position. The volume of the air chamber and liquid chamber are each substantially
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smaller in the compressed position.

This foam assembly may be modified in a similar fashion as described
above, For example it could be modified by inserting a mixing tube similar to those
described above. Alternatively the foaming assembly 151 could be modified as
shown in figures 35 and 36. Figure 35 shows the return stroke and figure 36 shows
the activation stroke and wherein the dotted lines 158 show the air flow and the sold
line 160 shows the flow of the liquid. Foaming assembly 151 is similar to the prior
art foaming assembly 140 shown in figure 34 but with a modified mixing chamber
and a reduced volume of air in the air chamber. The mixing chamber has a central
elongate mixing channel 150 with an exit zone which herein is a chamber 152
downstream thereof. The volume of the combined central elongate mixing channel
150 and chamber 152 is approximately one quarter of the volume of the prior art
mixing chamber 146. The improved mixing action aliows the volume of the air
chamber 154 to be reduced as compared to air chamber 142 by about 10 percent.
The volumes of the liquid chambers 146 and 156 are similar. It will be appreciated
by those skilled in the art that mixing tube described above could be molded
separately as a mixing tube and then inserted into the mixing chamber in a foaming
assembly or alternatively it could be formed as an integral part of the mixing
chamber.

It has been observed that the mixing tubes 18, 112 and 130, and the
central elongate mixing channel 150 combines the air and liquid in a more turbulent
manner as compared to the prior art. It was observed that a ratio of 0.75 ml of
liquid to 14.2 ml air yields a theoretical ratio of 1:18.9 but in the prior art device
similar to that shown in figure 26 the observed result is generally 1:12. In contrast a
ratio of 1.5 ml of liquid to 13.2 mi of air yields a theoretical ratio of 1:8.8 with an
observed result of 1:8.1 in the embodiments shown in figures 30 to 33. Accordingly
the air to liquid volume ratio may be reduced from the prior art shown herein and
thus more liquid per shot may be dispensed while maintaining the same packaging
or dispenser size whilst also providing a commercially acceptable foam quality. The
ratio of the volume of liquid to air may be between 1:2 and 1:12 or in specific
applications it may be 1:8 and 1:9.

It will be appreciated that the embodiments of foam dispensers shown
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herein may be used in association with a dispenser housing wherein the dispenser
housing includes a push bar assembly that engages the piston dome by moving the
push bar assembly enables the activation stroke of the piston dome. Further, the
push bar may be activated manually or automatically wherein a motion sensor is
operatively connected to the push bar assembly such that motion within a
predetermined range of the motion sensor will activate the push bar assembly. An
example of this is shown in figures 37 and 38 which show a dispenser housing 170
used in conjunction with the foam dispenser 70 shown in figures 16 to 20 and
wherein figure 37 shows the push bar 172 in the at rest position ready for the
activation siroke and figure 38 shows the push bar 172 pushing against the piston
dome 30 and in the return stroke. It will be appreciated by those skilled in the art
that the other embodiments could similarly be housed in a dispenser housing.
Dispenser housing 170 includes a push bar 172 which pushes against the piston
dome 30 of foam assembly 74. Dispenser housing 170 includes a back portion 174
and a front portion 176. Back portion 174 will typically be attached to a wall. Front
portion 176 is attachable to back portion 174. Push bar 172 is hingeably attached fo
front portion 176.The embodiments of the foam dispensers described herein may be
used with foamable liquid and in particular soaps, creams or other lotions that are
capable of being foamed. Alternatively it may be used with a foamable aicohol.

Generally speaking, the systems described herein are directed to foam
dispensers and improved insert. As reguired, embodiments of the foam dispenser
and improved insert are disclosed herein. However, the disclosed embodiments are
merely exemplary, and it should be understood that the foam dispenser and-
improved insert may be embodied in many various and altemative forms. The
Figures are not to scale and some features may be exaggerated or minimized fo
show details of particular elements while related elements may have been
eliminated to prevent obscuring novel aspects. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting but merely as
a basis for the claims and as a representative basis for teaching one skilled in the
art to variously employ the foam dispenser and improved mixing chamber. For
purposes of teaching and not limitation, the illustrated embodiments are directed to
foam dispensers.
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As used herein, the terms “comprises” and “comprising” are to be
construed as being inclusive and opened rather than exclusive. Specifically, when
used in this specification including the claims, the terms “comprises” and
“comprising” and variations thereof mean that the specified features, steps or
components are included. The terms are not to be interpreted to exclude the
presence of other features, steps or components.
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WHAT I8 CLAIMED IS:

1. A foam assembly connectabls to a liquid container comprising:

a main pump body having an exit nozzle;

a piston dome attached to the maln pump body, wherein the piston
dome comprises a resifiently deformable dome and a {iquid piston portion, and
has an at rest position and a deprassad position;

an alr chamber defined by the pigton dome and the main pump body,

a liguld chamber dafined by the liquid plston portioh and the maln pump
body and having a liquid inlet valve and a liquid outlet valve;

a mixing zone In flow communication with the air chamber and in flow
communication with the liquid chamber; and

a porous member in the exit nozzle downstream of the mixing zone;
and

whersby the volume of the alr chamber Is dependent on the positlon of
the piston dome and volume of the liquid chamber is dependent an the
position of the liquid piston portion of the piston dome and during an activation
stroke the plston dome moves from the at rest position to the depressed
position and responsively the volume of the air chamber and the volume of the
liquid chamber are reduced.

2. The foam assembly of claim 1 wherein the main pump body includes a
main pump bady portion and a second pump body portion forming & figuid and
air bore |

3. The foam agssembly of claim 2 whereln the liguid Inlet valve is Integrally
formed in the second pumgp body portion.

4, The foam assembly of claim 2 or 3 wherein the second pump body portion
further includes an alr path integrally formed thersin wherein the air path
extends between the air chamber and the mixing zone.

5. The foam assembly of any cne of claims 1 to 4 further Including an alr inlst
valve in flow communication with the liquid container.
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6. The foam assembly of any one of claims 1 to 5 wherein the mixing zone
includes an elongate mixing channel has an upstream end and a downstream
end and the liquid chamber is in flow communication with the upstream end of

the elongate mixing channel via the liquid outlet valve.

7. The foam assembily of claim 6 further including a chamber at the
downstream end of the elongate mixing channel whereby the chamber

expands in a downstream direction.

8. The foam assembly of claim 7 wherein the elongate mixing channel
includes at least one air port spaced downstream from the upstream end of

the elongate mixing channel.

9. The foam assembly of claim 8 further including a mixing tube and the
elongate mixing channel, the chamber and air ports are formed in the mixing
tube.

10. The foam assembly of claim 8 or 9 wherein the at least one air port is four

air ports equally spaced around the elongate mixing channel.

11. The foam assembly of claim 8 or 9 wherein the at least one air port is two

air poris equally spaced around the elongate mixing channel.

12. The foam assembly of any one of claims 1 to 11 further including a foam
tube wherein the foam tube has the porous member attached to one end

thereof.

13. The foam assembly of claim 12 wherein the foam tube has a second
porous member attached to the other end thereof.

14. The foam assembly of claim 12 or 13 further including a second foam

tube wherein the second foam tube has a second foam tube porous member

attached to one end thereof.
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16. The foam assembly of any one of claims 1 to 14 wherein the liquid
container is one of an upright liquid container, an inverted liquid container and
an Inverted pouch.

16. Afoam dispenser comprising:

g liquid container;

a main pump body having an exit nozzle;

a pision dome atfached to the main pump body wherein the piston
dome comprises a resiliently deformable dome and a liguid pision portion, and
has an at rest position and a depresssd position;

an air chamber defined by the piston dome and the main pump body;

a liquid chamber defined by the liquid piston portion and the main pump
body and having & fiquid Infet valve and a liquid outlet vaive;

a mixing zone in flow communication with the air chamber and in flow
communication with the liquid chamber; and

a porous member in the exii nozzle downstream of the mixing zons;
and

whareby the volume of the air chamber is depandent on the posltion of
the piston dome and velume of the liguid chamber Is dependant on the
position of the liquid piston portion of the piston dome and during an activation
siroke the piston dome movas from the at rest position to the depressed
position and responsively the volume of the alr chamber and the volume of the
liquld chamber are reduced.

17. The foam dispanser of claim 16 wharsin the main pump body includes a
main pump body portion and & second pump body portion forming a liguid and
air bare.

18. The foam dispanser of claim 17 whersin the liguld Inlet valvs Is Integrally
formed in the second pump body portion.

189, The foam dispenser of 17 of 18 wherain the second pump body portion
further Includes an alr path integrally formed thereln wherein the air path
20
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extends betwsen the air chamber and the mixing zons.

20. The foam dispenser of any one of claims 18 to 18 further including an air
inlet valvs In flow communication with the liquid container,

21. The foam dispenser of any one of claims 17 to 18 further including an air
inlat valve in flow communisation with the liguld container and whersin the air
inlet vaive Is Integrally formad in the second pump body portion.

22. The foam disperisar of any one of claims 16 to 21 whersin the mixing
zone includes an elongate mixing channel has an upsiresm end and &
downstream end and the liquid chambet & in flow communication with the
upstream end of elongate mixing channe| via the liguid outlet valves,

23. The foam dispenser of claim 22 further including a chamber at the
downstream end of {the elongate mixing channel whereby the chamber
expands in a downstream direction.

24. The foam dispenser of claim 23 whereln the elungate mixing channal
includes at least one air port spaced downstream from the upstream and of
the slongate mixing channel,

25. The foam dispenser of claim 24 further including a mixing tube and the
elongate mixing channel and the chamber are formed in the mixing tube.

26. The foam dispansar of claim 24 or 25 wherein at least one air port is four
air ports equally spaced around the slonhgate mixing channel,

27, The foam dispenser of claim 24 or 25 wharsin at least one afr port is two
air ports equally spaced around the elongate mixing channel,

28. The foam dispenser of any one of claims 16 o 25 further Including a foam

tube wharain the foam tWbe has the poraus member attached o onhe ang
theraof,
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29, The foam dispenser of claim 28 wharein the foam tube has a second
porous member attachead o the other end thereof.

30. The foam dispenser of clalm 28 or 28 further Including a second foam
tube wherein the secand foam tube has 2 second feam tube porous member
attached to one end thereof,

31. The foam dispenser of any onz of clalms 16 to 30 wherein the liquid
container is one of an upright liguid contalner, an inverted liguid container and
an inverted pouch.

32, The foam dispenser of claim 18 further including a dispensear housing, the
dispenser housing including a push bar for engaging the piston dome.

33. A mixing tube for use in a foam assembly wherein the foam assembly has
an air chamber, a liguid chamber, & means for pressurizing the air chamber
and the llquid chamber and a porous membet, the mixing tube comprising

a mixing channs! having an upsiream end and a downstream and, the
mixing charnel being of an elongate shape having a cross sectional area
substantially the same from the upstream end to the downstream end,;

an exit zone being a chamber expanding from the downstream end of
the slongate mixing channelio a cross sectional area that is larger than the
cross sectional area of the elongate mixing channel;

the elongate mixing channel having & langth greater than the exit zone;
and

the upstream end of the elongate mixing channs! s sonfigured for flow
sommunication with the liguld chamber such that liguid i pushed into the
slongats mixking channel undar pressure from tha liquid chamber, and the
slongate mixing channel is configured for flow communication with the air
chamber such that air Is pushed info the slongate mixing channe! under
prassure from the air chamber

34. The mixing tube of claim 33 further including at least one air port (in the
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slongate mixing channel and each air port is in flow communication with the
air chamber.

35. The mixing tube of clalm 34 whera the at lsast one air port is a plurality of
air ports spaced around the slongats mixing channel,

38. A foam assambly connectable fo a fiquid container comprising:

a pump having an air chamber and & liguld chamber, the pusﬁp having
an activation stroke wherain the pump moves from an at rest position to a
comprassed position and a return stroke wherein the pump moves from the
comprassed position to an at rest position, the volume of the air chamber and
liguid chamber are each substantially smaller in the comprassed position;

a mixing zone in flow communication with the air charmbar and in flow
communication with the liquid chamber, the mixing zone having @ mixing
channe! being of an elongate shape having a cross sectional area
eubstantizlly the sams from an upsiream end t© a downstream end, and

an exit zone being a chamber expanding from the downstream end of
the elongate mixing channe] to & cross sectionsl area {arger than the crogs
sectional area of the elopgate mixing channal,

the slongate mixing channel having a length greater than the exit zone,

- & porous msmber downsiream of the mixing zons; and

when the pump is compressed air is pushad Into the slongats mixing
channs! under pressure from the air chamber and liquid is pushed info the
elongate mixing channe! under pressurs from the liguld chamber.

37. The foam assémbly of clalm 36 further including at least one air portin
the slongats mixing channel and each air port is in flow communication with
the air chamber.

38. The foam assembly of claim 37 wherein the at least one afrportis a
plurality of air ports spaced around the elongate mixing channel.

38, The foam asssmbly of any one of claims 36 to 38 whersin the volume of
the liguid chamber to the air chamber is between 1.2 and 1112,
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40. The foam assembly of any one of claims 36 to 38 wherein the volume of
the liquld chamber to the air chamber is betwesan 1:8 and 1:8.
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