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1
VALVULAR CONDUIT

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

SCOPE OF THE INVENTION

This invention relates to a valvular conduit for serving as
a mixing device and/or for control of the resistance to tlow
through the conduit and, more particularly, to a valvular
conduit including a Tesla valvular conduit for mixing of
fluid streams pretferably gas and liquid streams as in the
manner of a foam generator, preferably 1n a dispenser of
hand cleaning and disinfecting tluids.

BACKGROUND OF THE INVENTION

Many foam generators are known particularly as in the
context of hand cleaner dispensers generating a hand clean-
ing foam comprising a mixture of air and a foamable hand
cleaning fluid. Typical foam generators include one or more
screens providing small apertures for passage of the air and
fluid therethrough to create turbulence and generate foam.
Porous sponges are also used as foam generators. Combi-
nations of screens and porous sponges are known for use as
foam generators as, for example, in U.S. Pat. No. 6,601,736
to Ophardt et al, 1ssued Aug. 5, 2003, the disclosure of which
1s incorporated herein by reference and U.S. Pat. No. 7,337,
930 to Ophardt, 1ssued Mar. 4, 2008, the disclosure of which
1s mcorporated herein by reference.

The mventors of the present invention have appreciated
that previously known pumps incorporating such foam gen-
erators suller the disadvantages that they are formed from a
number of parts, leading to increased cost for manufacture
and assembly.

The present inventors have also appreciated that foam
generators which utilize such screens and sponges for foam
generation typically require supporting structure such as
housings which increase the complexity of manufacture and
increase the number of parts required to form a foam
generator.

U.S. Pat. No. 1,329,559 to Tesla, the disclosure of which

1s mcorporated herein by reference, teaches what 1s known
and 1s referred to herein as a Tesla valvular conduit which
provides for relatively low resistance tlow 1n one direction
through the conduit yet high resistance flow in an opposite
direction. The present inventors have appreciated that val-
vular conduits similar to the Tesla valvular conduit have not
been configured which are advantageous for ease of con-
struction and manufacture.

Pumps are known for the simultaneous discharge of a
liquid from a reservoir bottle and air from the atmosphere.
One example of such a pump 1s U.S. Pat. No. 5,271,530 to
Uehira et al, 1ssued Dec. 21, 1993. The inventors of the
present invention have appreciated that such previously
known pumps sufler the disadvantages that they are formed
from a large number of parts, and are complex 1n their
manufacture of the different parts leading to increased costs
for manufacture and assembly.

The present mventors have appreciated that pumps are
known which use diaphragm members, however, 1t 1s appre-
ciated that disadvantages arise 1n respect of the construction
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of known diaphragm members so as to facilitate their
manufacture and advantageous sealing engagement with
other elements of the pumps.

SUMMARY OF THE INVENTION

To at least partially overcome some of these disadvan-
tages of the previously known devices, the present invention
provides an improved construction for a valvular conduit,
preferably a Tesla valvular conduit. To at least partially
overcome some of these disadvantages of the previously
known devices, the present immvention provides a valvular
conduit, preferably a Tesla valvular conduit, as a foam
generator. To at least partially overcome some of these
disadvantages of the previously known devices, the present
invention provides a pump assembly and a dispenser includ-
ing a valvular conduit for mixing and preferably generation
of foam. To at least partially overcome some of these
disadvantages of the previously known devices, the present
invention provides the use of a valvular conduit, preferably
a Tesla valvular conduit, for mixing and a method of using
a valvular conduit to mix two or more fluid streams and,
preferably, as a foam generator.

In a first aspect, the present invention uses a valvular
conduit, preferably Tesla valvular conduit, as a foam gen-
erator, and provides a method of using a valvular conduat,
preferably a Tesla valvular conduit, as a foam generator,
preferably 1 a foaming pump assembly. In another aspect,
the present mnvention provides an improved construction for
a valvular conduit, preferably a Tesla valvular conduit, 1n
which a plug member 1s coaxially received within a bore in
a sleeve member and in which passageways are defined
between the plug member and the sleeve member within
interior walls configured to permit mixing of fluid tlowing
through the passageways 1n at least one direction, preferably,
with the relatively free passage of fluid through the passage-
ways upstream but increased the resistance to downstream
flow of the fluid through each passageway. In another aspect,
the present invention provides an improved construction for
a valvular conduit, preferably a Tesla valvular conduit, 1n
which a plug member i1s coaxially received within a bore 1n
a sleeve member and the sleeve member 1s coaxially
recetved within a bore 1n a tube member, and in which
passageways are defined both between the plug member and
the sleeve member and between the sleeve member and the
tube within interior walls configured to permit mixing of
fluid flowing downstream through the passageways and,
preferably, relatively free passage of fluid through the pas-
sageways upstream but increased the resistance to flow of
the flud through each passageway downstream. In another
aspect, the present imvention provides a foaming piston
pump assembly formed from a minimum of unitary ele-
ments, each preferably formed by injection molding, by the
use of a valvular conduit as a foam generator.

In one preferred embodiment, the invention provides a
valvular conduit comprising a plug member coaxially
received within a sleeve bore 1n a sleeve member with a plug
channelway in an outer wall surface of the plug member
open radially outwardly 1n opposition with a sleeve 1nner
wall surface of the sleeve bore to define between each plug
channelway and the sleeve inner wall surface a plug pas-
sageway for tlow of fluid and 1n which the plug passageway
has plug passage interior walls configured to mix gas and/or
fluids on passage downstream therethrough. Preferably, the
plug passageway interior walls are configured to provide a
plurality of mixing portions in series within the plug pas-
sageway, with each mixing portion configured to split tlow
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downstream from an upstream main channel into a first
channel and a second channel separate from the first chan-
nel, the first channel merging with the second channel 1nto
a downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel m a first direction and the second
channel where the second channel merges with the first
channel directing flow through the second channel 1 a
second direction different than the first direction. The mixing
portions preferably permit relatively free passage of fluid
through the plug passageway upstream but increase the
resistance to flow of the fluid through the plug passageway
downstream. Preferably, fluids such as two liquids or air and
a liqud are passed downstream through the conduit for
mixing and, in the case of simultaneous passage of air and
a foamable liquid through the conduit, foam 1s generated.
Preferably, the conduit may be used to restrict or substan-
tially prevent flow downstream yet permit relatively free
flow upstream. Preferably, the valvular conduit 1s a Tesla
valvular conduit. Preferably, each of the sleeve member and
the plug member 1s 1njection molded as a unitary element.
Preferably, at least one and preferably both of the sleeve
member and the plug member carry a radially extending end
wall with an array of opemings axially through the end wall
through which fluids such as air and liquids can be passed
for mixing and, in the case of mixtures of air and foamable
liquids, foam can be generated. Preferably, when each of the
plug member and the tube member carry end walls with an
array ol openings through each, the openings at one end wall
are 1n overlapping registry with the openings at the other end
wall and provide an array of reduced cross-sectional area
apertures for fluid flow and advantageous generation of
foam.

In one aspect, the present invention provides a mixing
pump assembly discharging a first fluid mixed with a second
fluid, the pump assembly having:

a first pump to discharge the first fluid,

a second pump to discharge the second flud,

a first element and a second element defining a passage-
way therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with a channelway 1n
the outer wall surface open radially outwardly to the outer
wall surface,
the second element 1s received coaxially within the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface, the passageway with an entrance 1nto
the passageway and an exit from the passageway spaced
downstream along the passageway from the entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction,
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cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel i a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction,

wherein the second fluid discharged by the second pump
and first fluid discharged by the first pump are simultane-
ously forced through the entrance into the passageway,
through the passageway, and out the exit,

cach passageway defined between each channelway and
the mner wall surface to have passageway interior walls
configured to provide a plurality of mixing portions 1n series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing

flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel 1n a
second direction different than the first direction to mix the
flow through the first channel and the flow through the
second channel on the first channel merging with the second
channel,

the second direction and the first direction form a merge
angle therebetween of greater than 90 degrees.

Preferably, in the second aspect, the pump assembly
comprising a piston chamber-forming body about the lon-
gitudinal axis and a piston member, the piston member
coupled to the piston chamber-forming body with the piston
member reciprocally coaxially slidable about the axis rela-
tive the piston chamber-forming body 1n a cycle of operation
between a retracted position and an extended position to
define there between both: (a) a the first pump having a
compartment with a variable volume to draw the first fluid
from a first fluid reservoir and discharge the first fluid; and
(b) the second pump with a fluid compartment having a
variable volume to draw in the second fluid and discharge
the second fluid, with the piston member comprising the first
clement and the second element. Preferably, the exit 1s open
to a discharge outlet downstream from the exit, the first fhud
and the second tluid forced from the exit flow from the exit
downstream out the discharge outlet. Preferably, the second
fluid 1s atmospheric air. Preferably, the first fluid 1s a hand
cleaning fluid capable of foaming, the second fluid 1s atmo-
spheric air; the exit 1s open to a discharge outlet downstream
from the exit, the first fluid and the second fluid are forced
from the exit to flow from the exit downstream out the
discharge outlet, the passageway comprising a foam gen-
crator wherein in passage of the air and the first fluid
downstream through the plurality of mixing portions, the air
and the first fluid are mixed to form a foam of the air and the
first fluid discharged from the exit and out the discharge
outlet downstream from the exit. Preferably, the second
pump draws in the atmospheric air via the discharge outlet
upstream through the passageways. Preferably, a merge
angle between the second direction and the first direction 1s
greater than 90 degrees so that tlow downstream provides a
downstream resistance to tlow and flow upstream opposite
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to flow provides an upstream resistance to tlow that 1s less
than the downstream resistance to flow.

In a third aspect, the present invention provides a foaming
pump discharging a hand cleaning fluid mixed with air as a
foam from a discharge outlet having;

a piston liquid chamber-forming body about a longitudi-
nal axis,

a piston member,

the piston member coupled to the piston liquid chamber-
forming body with the piston member reciprocally coaxially
slidable about the axis relative the piston liquud chamber-
forming body in a cycle of operation between a retracted
position and an extended position to define therebetween
both:

(a) a iquid pump to draw a tluid from a fluid reservoir and
discharge the fluid, and

(b) an air pump to draw 1n atmospheric air and discharge
the air;

the piston member comprising a {irst piston element and
a second piston element defimng a foam generator therebe-
tween,

the first piston element having a bore therethrough along
an axis defined within a circumierential radially inwardly
directed inner wall surface,

the second piston element having a circumierential radi-
ally outwardly directed outer wall surface with at least one
channelway 1n the outer wall surface open radially out-
wardly to the outer wall surtace,

the second piston element received coaxially within in the
central passageway with the outer wall surface i opposed
engagement with the mner wall surface defimng between
cach channelway and the inner wall surface a passageway
with an entrance and an exit spaced downstream along the
passageway from the entrance,

wherein with reciprocal movement of the piston member
axially relative the piston liquid chamber-forming body air
discharged by the air pump and fluid discharged by the
liquid pump are simultaneously forced through the entrance
into the passageway, through the passageway, and out the
exit to a discharge outlet,

cach plug passageway defined between each plug chan-
nelway and the mnner wall surface to have passageway
interior walls configured to provide the foam generator as a
plurality of mixing portions in series within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction.

In a fourth aspect, the present invention provides a mixing,
conduit for mixing a first fluid and a second fluid simulta-
neously forced in a downstream direction through a pas-
sageway 1n the conduit,

the conduit comprising a first element and a second
clement defining the passageway therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with a channelway 1n
the outer wall surface open radially outwardly to the outer
wall surface,
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the second element received coaxially within 1n the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance into
the passageway and an exit from the passageway spaced
downstream along the passageway from the entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel 1n a
second direction different than the first direction. The fourth
aspect preferably includes:

a first feed channel for directing the first fluid to the
entrance and a second feed channel for directing the second
fluid to the entrance.

In a fifth aspect, the present invention provides a method
of mixing a first fluid and a second fluid comprising:

simultaneously forcing the first fluid and the second fluid
in a downstream direction through a passageway in the
conduat,

the conduit comprising a first element and a second
clement defining the passageway therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with at least one
channelway 1n the outer wall surface open radially out-
wardly to the outer wall surtace,

the second element received coaxially within 1n the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance and
an exit spaced downstream along the passageway from the
entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction.

In a sixth aspect, the present invention provides use of a
valvular conduit to mix a first fluid and a second fluid by
simultaneously forcing the first fluid and the second fluid 1n
a downstream direction through a passageway in the con-
duait,

the conduit comprising a first element and a second
clement defining the passageway therebetween,
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the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with at least one
channelway 1n the outer wall surface open radially out-
wardly to the outer wall surface,
the second element received coaxially within the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance and
an exit spaced downstream along the passageway from the
cntrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction.

In a seventh aspect, the present invention provides a
valvular conduit comprising;

a first element and a second element defining the pas-
sageway therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with a channelway 1n
the outer wall surface open radially outwardly to the outer
wall surface,
the second element received coaxially within the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the imnner wall surface the passageway with an entrance into
the passageway and an exit from the passageway spaced
downstream along the passageway from the entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction,

a first feed channel for directing the first fluid to the
entrance and a second feed channel for directing the second
fluid to the entrance,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
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with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction.

In an eighth aspect, the present immvention provides a
valvular conduit comprising:

an elongate sleeve member and an elongate center plug
member,

the sleeve member extending from a first sleeve end to a
second sleeve end about a longitudinal axis

the plug member extending from a first plug end to a
second plug end about the longitudinal axis,

the sleeve member having a sleeve side wall with a
circumierential inwardly directed sleeve 1nner wall surface,
preferably circular 1n cross-section normal the axis, defining
a sleeve bore within the sleeve member extending along the
axis,

the plug member having a cylindrical circumierential
outwardly directed plug outer wall surface, preferably cir-
cular 1n cross-section normal the axis,

at least one plug channelway 1n the plug outer wall surface
of the plug member open radially outwardly along 1ts length
to the plug outer wall surface of the plug member,

the plug member received coaxially within in the sleeve
bore with the plug outer wall surface of the plug member in
opposed engagement with the sleeve mner wall surface of
the sleeve member defining between each plug channelway
and the sleeve inner wall surface of the sleeve member a
plug passageway for flow of fluid,

cach plug passageway defined between each plug chan-
nelway and the sleeve inner wall surface of the sleeve
member to have plug passageway interior walls,

the plug passageway interior walls configured to provide
a plurality of mixing portions in series within the plug
passageway, each mixing portion configured to split flow
downstream from an upstream main channel into a {first
channel and a second channel separate from the first chan-
nel, the first channel merging with the second channel 1nto
a downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel where the second channel merges with the first
channel directing flow through the second channel 1n a
second direction different than the first direction. Preferably,
the second direction 1s different from the first direction to
mix the tlow through the first channel and the flow through
the second channel on the first channel merging with the
second channel, as with the second direction and the first
direction forming a merge angle therebetween of at least 90
degrees so that flow downstream provides a downstream
resistance to flow and flow upstream opposite to flow
downstream provides an upstream resistance to flow that 1s
less than the downstream resistance to flow. Preferably, the
plug passageway the interior walls are configured to permit
the relatively free passage of fluid upstream but to subject
the fluid to rapid reversals of direction when the fluid 1s
forced through the plug passageway downstream to thereby
increase resistance to movement of the fluid through the
plug passageway downstream compared to resistance to
movement of the fluid upstream, as with the valvular conduit
preferably comprising a Tesla valvular conduat.

Preferably such a valvular conduit includes:

an clongate tube member,

the tube member extending from a tube first end to a tube
second end about the longitudinal axis, the tube member
having a tube side wall with a circumierential 1nwardly
directed tube mner wall surface, preferably circular in cross-




US RE49,597 E

9

section normal the axis, defining a tube bore within the tube
member extending along the axis,

the sleeve member having a cylindrical circumierential
outwardly directed sleeve outer wall surface preferably
circular 1n cross-section normal the axis,

at least one sleeve channelway 1n the sleeve outer wall
surface of the sleeve member open radially outwardly along
its length to the sleeve outer wall surtace,
the sleeve member received coaxially within the tube bore
with the sleeve outer wall surface of the sleeve member in
opposed engagement with the tube 1nner wall surface of the
tube member defining between each sleeve channelway and
the tube inner wall surface of the tube member a sleeve
passageway lor flow of fluid, each sleeve passageway
defined between each sleeve channelway and the tube 1nner
wall surface of the tube member to have sleeve passageway
interior walls, and

the sleeve passageway interior walls configured to pro-
vide a plurality of the mixing portions in series along the
sleeve passageway.

In a ninth aspect, the present invention provides a foam
dispenser comprising:

as a foam generator, a valvular conduit including a
passageway configured to mix air and fluid when forced in
a flow through the passageway downstream by splitting the
flow 1nto at least two portions that are directed into different
directions and merged 1n the passageway when the portions
have different directions of flow,

an air pump for discharge of the air from the atmosphere
to the passageway for flow downstream through the pas-
sageway to a discharge outlet,

a fluid pump for dispensing fluid to each passageway for
flow downstream through each passageway to the discharge
outlet simultaneously with the flow downstream through
cach passageway of the air discharged by the air pump.
Preferably, the valvular conduit 1s a Tesla valvular conduit 1n
which the passageway permits the relatively free passage of
the air and the flmd through the passageway upstream but
subjects the air and the fluid to the different directions of
flow when the air and the fluid 1s forced through the
passageway downstream. Preferably, the passageway
increases resistance to movement of the fluid through the
passageway downstream compared to resistance to move-
ment of the fluid through the passageway upstream. Prefer-
ably, the foam dispenser 1s a hand cleaner dispenser that
dispenses a hand cleaning fluid such as a foamable liquid
soap and a foamable disinfecting fluid mixed with the air as
a foam.

As a 1% feature, the present invention provides a mixing,
pump assembly discharging a first fluid mixed with a second
fluid, the pump assembly having:

a first pump to discharge the first fluid,

a second pump to discharge the second tluid,

a first element and a second element defiming the pas-
sageway therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with a channelway 1n
the outer wall surface open radially outwardly to the outer
wall surface,
the second element received coaxially within the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface, the passageway with an entrance 1nto
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the passageway and an exit from the passageway spaced
downstream along the passageway from the entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel 1n a
second direction diflerent than the first direction,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel 1n a
second direction diflerent than the first direction,

wherein the second fluid discharged by the second pump
and first fluid discharged by the first pump are simultane-
ously forced through the entrance into the passageway,
through the passageway, and out the exit,

cach passageway defined between each channelway and
the mner wall surface to have passageway interior walls
coniigured to provide a plurality of mixing portions 1n series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing

flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel 1n a
second direction different than the first direction to mix the
flow through the first channel and the flow through the
second channel on the first channel merging with the second
channel,

the second direction and the first direction form a merge
angle therebetween of greater than 90 degrees.

As a 2" feature, the present invention provides a mixing
pump assembly as claimed in the 1°° feature wherein:

the pump assembly comprising a piston chamber-forming
body about the longitudinal axis and a piston member,

the piston member coupled to the piston chamber-forming
body with the piston member reciprocally coaxially slidable
about the axis relative the piston chamber-forming body 1n
a cycle of operation between a retracted position and an
extended position to define there between both:

(a) the first pump having a compartment with a variable
volume to draw the first fluid from a first fluid reservoir and
discharge the first flmd; and

(b) the second pump with a fluid compartment having a
variable volume to draw in the second fluid and discharge
the second fluid,

the piston member comprising the first element and the
second element.
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As a 3™ feature, the present invention provides a mixing
pump assembly as claimed in the 1°* 2" feature wherein the
exit 15 open to a discharge outlet downstream from the exit,
the first fluid and the second fluid forced from the exit flow
from the exit downstream out the discharge outlet.

As a 4™ feature, the present invention provides a mixing
pump assembly as claimed in the 1%, 2”¢ or 3’ feature
wherein the second fluid 1s atmosphere air.

As a 57 feature, the present invention provides a mixing
pump assembly as claimed in the 3™ feature wherein:
the first fluid 1s a hand cleaning fluid capable of foaming,
the second fluid 1s atmospheric air;
the exit 1s open to a discharge outlet downstream from the
exit,

the first fluid and the second fluid forced from the exit
flow from the exit downstream out the discharge outlet,

the passageway comprising a foam generator wherein 1n
passage of the air and the first fluid downstream through the
plurality of mixing portions, the air and the first fluid are
mixed to form a foam of the air and the first fluid discharged
from the exit and out the discharge outlet downstream from
the exit.

As a 6™ feature, the present invention provides a mixing
pump assembly as claimed in the 57 feature wherein the
second pump with a fluid compartment draws 1n the atmo-
spheric air via the discharge outlet upstream through the
passageways.

As a 77 feature, the present invention provides a mixing
pump assembly as claimed in any one of the 1% to 6
features wherein the merge angle therebetween 1s greater
than 90 degrees so that flow downstream provides a down-
stream resistance to tlow and tflow upstream opposite to flow
provides an upstream resistance to tlow that 1s less than the
downstream resistance to tlow.

As an 8” feature, the present invention provides a foam-
ing pump discharging a hand cleaning fluid mixed with air
as a foam from a discharge outlet having:

a piston liquid chamber-forming body about a longitudi-
nal axis,

a piston member,

the piston member coupled to the piston liquid chamber-
forming body with the piston member reciprocally coaxially
slidable about the axis relative the piston liquid chamber-
forming body in a cycle of operation between a retracted
position and an extended position to define therebetween
both:

(a) a liquid pump having a liquid compartment having a
variable volume to draw a fluid from a fluid reservoir and
discharge the fluid, and

(b) an air pump having an air compartment having a
variable volume to draw 1n atmospheric air and discharge the
air;

the piston member comprising a first piston element and
a second piston element defiming a foam generator therebe-
tween,

the first piston element having a bore therethrough along
an axis defined within a circumierential radially inwardly
directed 1nner wall surface,

the second piston element having a circumierential radi-
ally outwardly directed outer wall surface with at least one
channelway 1n the outer wall surface open radially out-
wardly to the outer wall surface,

the second piston element received coaxially within 1n the
central passageway with the outer wall surface i opposed
engagement with the mner wall surface defimng between
cach channelway and the inner wall surface a passageway
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with an entrance and an exit spaced downstream along the
passageway from the entrance,

wherein with reciprocal movement of the piston member
axially relative the piston liquid chamber-forming body air
discharged by the airr pump and fluid discharged by the
liquid pump are simultaneously forced through the entrance
into the passageway, through the passageway, and out the
exit to a discharge outlet,

cach plug passageway defined between each plug chan-
nelway and the iner wall surface to have passageway
interior walls configured to provide the foam generator as a
plurality of mixing portions in series within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing tlow through the second channel in a
second direction different than the first direction.

As a 97 feature, the present invention provides a mixing
conduit for mixing a first fluid and a second tluid simulta-
neously forced i a downstream direction through a pas-
sageway 1n the conduit,

the conduit comprising a first element and a second
clement defining the passageway therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second eclement having a circumierential radially
outwardly directed outer wall surface with a channelway 1n
the outer wall surface open radially outwardly to the outer
wall surface,

the second element received coaxially within 1n the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance into
the passageway and an exit from the passageway spaced
downstream along the passageway from the entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing

flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel 1n a
second direction diflerent than the first direction,

a first feed channel for directing the first fluid to the
entrance and a second feed channel for directing the second
fluid to the entrance.

As a 107 feature, the present invention provides a method
of mixing a first fluid and a second fluid comprising:

simultaneously forcing the first fluid and the second fluid
in a downstream direction through a passageway in the
conduait,

the conduit comprising a first element and a second
clement defining the passageway therebetween,
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the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with at least one
channelway 1n the outer wall surface open radially out-
wardly to the outer wall surface,
the second element received coaxially within in the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance and
an exit spaced downstream along the passageway from the
entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction different than the first direction.

As an 117 feature, the present invention provides use of
a valvular conduit to mix a first fluid and a second fluid by
simultaneously forcing the first fluid and the second fluid 1n
a downstream direction through a passageway 1n the con-
duat,

the conduit comprising a first element and a second
clement defining the passageway therebetween,

the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with at least one
channelway 1n the outer wall surface open radially out-
wardly to the outer wall surtace,
the second element received coaxially within the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance and
an exit spaced downstream along the passageway from the
entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel i a first direction and the second
channel, where the second channel merges with the first
channel, directing tflow through the second channel in a
second direction different than the first direction.

As a 127 feature, the present invention provides a valvular
conduit comprising:

a first element and a second element defining the pas-
sageway therebetween,
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the first element having a bore therethrough along an axis
defined within a circumierential radially inwardly directed
inner wall surface,

the second element having a circumierential radially
outwardly directed outer wall surface with a channelway 1n
the outer wall surface open radially outwardly to the outer
wall surface,

the second element received coaxially within the bore
with the outer wall surface 1n opposed engagement with the
inner wall surface defining between each channelway and
the inner wall surface the passageway with an entrance nto
the passageway and an exit from the passageway spaced
downstream along the passageway from the entrance,

the passageway defined between each channelway and the
inner wall surface to have passageway interior walls con-
figured to provide a plurality of mixing portions in series
within the passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel, where the second channel merges with the first
channel, directing flow through the second channel in a
second direction diflerent than the first direction,

a first feed channel for directing the first fluid to the
entrance and a second feed channel for directing the second
fluid to the entrance,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel m a first direction and the second
channel, where the second channel merges with the first
channel, directing tlow through the second channel in a
second direction different than the first direction.

As a 137 feature, the present invention provides a valvular
conduit comprising;:

an elongate sleeve member and an elongate center plug
member,

the sleeve member extending from a first sleeve end to a
second sleeve end about a longitudinal axis,

the plug member extending from a first plug end to a
second plug end about the longitudinal axis,

the sleeve member having a sleeve side wall with a
circumierential inwardly directed sleeve inner wall surface
circular 1n cross-section normal the axis defining a sleeve
bore within the sleeve member extending along the axis,

the plug member having a cylindrical circumierential
outwardly directed plug outer wall surface circular 1n cross-
section normal the axis,

at least one plug channelway 1n the plug outer wall surface
of the plug member open radially outwardly along 1ts length
to the plug outer wall surface of the plug member,

the plug member received coaxially within in the sleeve
bore with first plug end proximate the first sleeve end and the
plug outer wall surface of the plug member 1n opposed
engagement with the sleeve inner wall surface of the sleeve
member defining between each plug channelway and the
sleeve 1nner wall surface of the sleeve member a plug
passageway for flow of flud,
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cach plug passageway defined between each plug chan-
nelway and the sleeve inner wall surface of the sleeve
member to have plug passageway interior walls,

the plug passageway interior walls configured to provide
a plurality of mixing portions in series within the plug
passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel where the second channel merges with the first
channel directing flow through the second channel 1 a
second direction different than the first direction.

As a 14™ feature, the present invention provides a valvular
conduit as claimed in the 137 feature wherein the second
direction being different from the first direction to mix the
flow through the first channel and the flow through the
second channel on the first channel merging with the second
channel.

As a 15” feature, the present invention provides a valvular
conduit as claimed in the 14” feature wherein each mixing
portion having the upstream main channel, a fork, the first
channel, the second channel separate from the first channel,
a merge, and the downstream main channel,

cach mixing portion configured to split the flow from the
upstream main channel at the fork into the first channel and
the second channel separate from the first channel,

the first channel merging at the merge with the second
channel into the downstream main channel with the first
channel directing flow through the first channel at the merge
in the first direction and the second channel directing tlow
through the second channel at the merge in the second
direction different than the first direction,

the second direction being different from the first direc-
tion to mix the flow through the first channel and the flow
through the second channel at the merge.

As a 16™ feature, the present invention provides a valvular
conduit as claimed in the 13%, 14" or 15" feature wherein
mixing portions are configured so that flow downstream
provides a downstream resistance to tlow downstream and
flow up stream opposite to flow downstream provides an
upstream resistance to flow that 1s less than the downstream
resistance to flow.

As a 17" feature, the present invention provides a valvular
conduit as claimed in the 137, 147, 157 or 16" feature
wherein the second direction and the first direction form a
merge angle therebetween of at least 90 degrees so that flow
downstream provides a downstream resistance to flow and
flow upstream opposite to tlow provides an upstream resis-
tance to flow that 1s less than the downstream resistance to
flow.

As an 187 feature, the present invention provides a
valvular conduit as claimed in the 13%, 14%, 15 or 16"
teature wherein the second direction and the first direction
form a merge angle therebetween selected from the group
consisting of: at least 90 degrees, at least 120 degrees, and
of at least 150 degrees.

As a 197 feature, the present invention provides a valvular
conduit as claimed in any one of the 13" to 187 features
wherein the interior walls are configured to permit the
relatively free passage of fluid upstream but to subject the
fluid to rapid reversals of direction when the fluid 1s forced
through the plug passageway downstream to thereby
increase resistance to movement of the fluid through the
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plug passageway downstream compared to resistance to
movement of the fluid upstream.

As a 207 feature, the present invention provides a valvular
conduit as claimed in any one of the 13” to 19" features
comprising a Tesla valvular conduit.

As a 21% feature, the present invention provides a valvular
conduit as claimed in any one of the 13” to 207 features
wherein each plug passageway extends longitudinally along
the plug member.

As a 22" feature, the present invention provides a val-
vular conduit as claimed in any one of the 137 to 21
features wherein the at least one plug channelway comprises
a plurality of the plug channelways circumierentially spaced
from each other about the plug member.

As a 23" feature, the present invention provides a val-
vular conduit as claimed in any one of the 137 to 2274
features including:

an clongate tube member,

the tube member extending from a tube first end to a tube
second end about the longitudinal axis,

the tube member having a tube side wall with a circum-
terential inwardly directed tube inner wall surface circular 1n
cross-section normal the axis defining a tube bore within the
tube member extending along the axis,

the sleeve member having a cylindrical circumierential
outwardly directed sleeve outer wall surface circular in
cross-section normal the axis,

at least one sleeve channelway 1n the sleeve outer wall
surface of the sleeve member open radially outwardly along
its length to the sleeve outer wall surface,

the sleeve member recerved coaxially within the tube bore
with first plug end proximate the first sleeve end and the
sleeve outer wall surface of the sleeve member 1n opposed
engagement with the tube inner wall surface of the tube
member defining between each sleeve channelway and the
tube 1mner wall surface of the tube member a sleeve pas-
sageway for tlow of fluid,

cach sleeve passageway defined between each sleeve
channelway and the tube mnner wall surface of the tube
member to have sleeve passageway interior walls,

the sleeve passageway interior walls configured to pro-
vide a plurality of the mixing portions in series along the
sleeve passageway.

As a 24" feature, the present invention provides a valvular
conduit as claimed in the 23”? feature wherein each sleeve
passageway extends longitudinally along the sleeve mem-
ber.

As a 25" feature, the present invention provides a valvular
conduit as claimed in the 23" or 24" feature wherein the at
least one sleeve channelway comprises a plurality of the
sleeve channelways circumierentially spaced from each
other about the sleeve member.

As a 26" feature, the present invention provides a valvular
conduit as claimed in the 237%, 24” or 25" feature including
a transier passage directing flow of the fluud radially
between each plug passageway at the first end of the plug
member and each sleeve passageway at the first end of the
sleeve member,

downstream flow in the plug passageways being axially
from the second end of the plug member toward the first end
of the plug member, and

downstream tlow 1n the sleeve passageways being axially
from the first end of the sleeve member toward the second
end of the sleeve member.

As a 27" feature, the present invention provides a valvular
conduit as claimed in any one of the 13? to 25% features
wherein downstream tlow 1n the sleeve passageways being
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axially from the first end of the sleeve member toward the
second end of the sleeve member,

the sleeve member including a radially extending sleeve
end wall closing the sleeve bore at the second end of the
sleeve member but for an array of end wall openings axially
through the sleeve end wall,

the end wall openings in communication with the plug
passageway at the second end of the sleeve member.

As a 28" feature, the present invention provides a valvular
conduit as claimed in any one of the 13" to 257 features
wherein downstream flow 1n the plug passageways being
axially from the second end of the plug member toward the
first end of the plug member;
the plug member including a radially extending end flange
at the second end of the plug member received 1n the sleeve
bore at the second end to close the sleeve bore but for an
array of end flange openings axially through the end flange,

the end flange openings 1n commumnication with the plug
passageway at the second end of the sleeve member.

As a 297 feature, the present invention provides a Tesla
valvular conduit as claimed in the 27” feature wherein the
plug member including a radially extending end flange at the
second end of the plug member recerved 1n the sleeve bore
at the second end axially inwardly of the end wall to close
the sleeve bore but for an array of end flange openings
axially through the end flange,

the end flange openings 1n communication with the plug
passageway at the second end of the sleeve member,

the end wall openings 1n communication with the plug
passageway at the second end of the sleeve member via the
end flange openings.

As a 30” feature, the present invention provides a valvular
conduit as claimed in the 29” feature wherein:

the end wall has an end wall inner surface directed axially
inwardly into the sleeve bore;

the end wall openings passing through the end wall 1nner
surface with each opeming providing a respective cross-
sectional area for fluid flow 1n the end wall inner surface,

the end flange has an end flange outer surface directed
axially outwardly, the end flange openings passing through
the end flange mner surface with each opening providing a
respective cross-sectional area for fluid flow in the end
flange outer surface,

the end flange inner surface engaged with the end wall
inner surface with each of the end flange opemings 1n
overlapping registry with a respective one of the end wall
openings providing at the interface of the end flange 1nner
surtace and the end wall outer surface a cross-sectional area
for fluid flow less than both the cross-sectional area for fluid
flow of the respective end tlange openings 1n the end flange
outer surface and the cross-sectional area for fluid flow of
the respective end wall openings in the end wall inner
surface.

As a 31 feature, the present invention provides a valvular
conduit as claimed in the 26” feature wherein the tube bore
1s closed at the first end of the tube member,

the first end of the sleeve member 1s spaced axially away
from the first end of the tube member toward the second end
of the tube member, and

the transier passage 1s defined axially between the closed
first end of the tube member and the first end of the sleeve
member.

As a 32" feature, the present invention provides a val-
vular conduit as claimed in the 31% feature wherein at the
second end of the sleeve member, the sleeve outer wall
surface sealable engaging with the tube inner wall surface to
form a circumferential seal preventing fluid tlow axially
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between the sleeve member and the tube member, spaced
toward the second end of the sleeve member from the sleeve
passageways.

As a 337 feature, the present invention provides a val-
vular conduit as claimed in the 30” feature wherein the tube
bore 1s open at the second end of the tube member, the tube
member extending beyond the end wall of the sleeve mem-
ber, the tube bore beyond the end wall of the sleeve member
providing a discharge passage extending to a discharge
outlet provided as an open second end of the tube member.

As a 34" feature, the present invention provides a valvular
conduit as claimed in any one of the 23" to 26™ features
wherein the tube member 1s 1mjection molded as an integral
clement.

As a 357 feature, the present invention provides a valvular
conduit as claimed 1n any preceding feature wherein the plug
member 15 1jection molded as an integral element.

As a 36" feature, the present invention provides a valvular
conduit as claimed in any preceding feature wherein the
sleeve member 1s 1njection molded as an integral element.

As a 37" feature, the present invention provides a valvular
conduit as claimed in any one of the 137 to 22" features
wherein:

an air pump for discharge of air from the atmosphere to
cach plug passageway for flow downstream through the plug
passageway to a discharge outlet,

a fluid pump for dispensing fluid from a fluid containing
reservoir to each plug passageway for flow downstream
through each plug passageway to the discharge outlet simul-
taneously with the flow downstream through each plug
passageway of the air discharged by the air pump.

As a 38" feature, the present invention provides a valvular
conduit as claimed in the 377 feature wherein the liquid
pump comprises a piston pump with a piston chamber-
forming body defining a fluid chamber coaxially about the
axis, the fluid chamber open at an outer axial end,

a piston member coaxially slidably received 1n the fluid
chamber for coaxial reciprocal sliding along the axis relative
the piston chamber-forming body to dispense the fluid to
cach plug passageway, the piston-forming element compris-
ing the sleeve member.

As a 39" feature, the present invention provides a valvular
conduit as claimed in the 38" feature wherein the piston-
forming element comprising the tube member.

As a 40" feature, the present invention provides a valvular
conduit as claimed in any one of the 35" to 36™ features
wherein the piston-forming element including the tube
member 15 1jection molded as an integral element.

As a 41° feature, the present invention provides a valvular
conduit as claimed in any one of the 35” to 377 features
wherein the plug member 1s 1njection molded as an integral
clement.

As a 42" feature, the present invention provides a val-
vular conduit as claimed in any one of the 357 to 37"
features wherein the sleeve member 1s 1njection molded as
an integral element.

As a 437 feature, the present invention provides a foam-
ing pump discharging a hand cleaning fluid mixed with air
as a foam from a discharge outlet having:

a piston liquid chamber-forming body about a longitudi-
nal axis,

a piston member,

a foam generator carried by the piston member having a
passageway with an entrance and an outlet,

the piston member coupled to the piston liquid chamber-
forming body with the piston member reciprocally coaxially
slidable about the axis relative the piston liquid chamber-




US RE49,597 E

19

forming body 1n a cycle of operation between a retracted
position and an extended position to define therebetween
both:

(a) an air pump having an air compartment having a
variable volume to draw in atmospheric air into the air
compartment and discharge the air into the entrance; and

(b) a liquid pump having a liquid compartment having a
variable volume to draw a fluid from a tluid reservoir and
discharge the fluid to the entrance,

wherein with reciprocal movement of the piston member
axially relative the piston chamber-forming body air dis-
charged by the air pump and fluid discharged by the liquid
pump are simultaneously forced through the entrance into
the passageway, downstream through the passageway, and
out the exit to a discharge outlet,

characterized by:

the piston member comprising an elongate sleeve member
and an clongate center plug member,

the sleeve member extending from a first sleeve end to a
second sleeve end about the axis,

the plug member extending from a first plug end to a
second plug end about the axis,

the sleeve member having a sleeve side wall with a
circumierential radially inwardly directed sleeve mnner wall
surface about the axis defining a sleeve bore within the
sleeve member extending along the axis,

the plug member having a circumierential radially out-
wardly directed plug outer wall surface about the axis,

at least one plug channelway in the plug outer wall surface
of the plug member open radially outwardly relative the axis
along 1ts length to the plug outer wall surface of the plug
member,

the plug member received coaxially within 1n the sleeve
bore with first plug end proximate the first sleeve end and the
plug outer wall surface of the plug member 1n opposed
engagement with the sleeve mner wall surface of the sleeve
member defining between each plug channelway and the
sleeve mmner wall surface of the sleeve member a plug
passageway forming a first portion of the passageway,

cach plug passageway defined between each plug chan-
nelway and the sleeve inner wall surface of the sleeve
member to have plug passageway iterior walls,

the plug passageway interior walls configured to provide
a plurality of mixing portions in series within the plug
passageway,

cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and a
second channel separate from the first channel,

the first channel merging with the second channel into a
downstream main channel with the first channel directing
flow through the first channel where the first channel merges
with the second channel 1n a first direction and the second
channel where the second channel merges with the first
channel directing flow through the second channel 1 a
second direction different than the first direction to mix the
flow through the first channel and the flow through the
second channel on the first channel merging with the second
channel,

wherein 1n passage of the air and the fluid downstream
through the plurality of mixing portions, the air and the first
fluid are mixed to form a foam of the air and the fluid
discharged from the exit and out the discharge outlet down-
stream from the exit.

As a 44™ feature, the present invention provides a foam-
ing pump as claimed in the 43’ feature wherein:

the inwardly directed sleeve mner wall surface 1s circular
in cross-section normal the axis, and

10

15

20

25

30

35

40

45

50

55

60

65

20

the outwardly directed plug outer wall surface is circular
in cross-section normal the axis.

As a 457 feature, the present invention provides a foam-
ing pump as claimed in the 43’ or 44" feature wherein:

the discharge outlet 1s open to atmospheric air, and

the air pump draws in the atmospheric air via the dis-
charge outlet upstream through the foam generator into the
air compartment.

As a 46™ feature, the present invention provides a foam-
ing pump as claimed in the 43" feature wherein each mixing
portion having the upstream main channel, a fork, the first
channel, the second channel separate from the first channel,
a merge, and the downstream main channel,

cach mixing portion configured to split the flow from the
upstream main channel at the fork into the first channel and
the second channel separate from the first channel,

the first channel merging at the merge with the second
channel into the downstream main channel with the first
channel directing flow through the first channel at the merge
in the first direction and the second channel directing tlow
through the second channel at the merge in the second
direction diflerent than the first direction,

the second direction being different from the first direc-
tion to mix the flow through the first channel and the flow
through the second channel at the merge.

As a 47" feature, the present invention provides a foam-
ing pump as claimed in any one of the 437 to 46™ features
wherein the interior walls are configured so that tlow down-
stream provides a downstream resistance to tlow down-
stream and flow up stream opposite to tlow downstream
provides an upstream resistance to tlow that 1s less than the
downstream resistance to flow.

As a 48" feature, the present invention provides a foam-
ing pump as claimed in any one of the 437 to 477 features
wherein the second direction and the first direction form a
merge angle therebetween of at least 90 degrees so that flow
downstream provides a downstream resistance to flow and
flow upstream opposite to flow provides an upstream resis-
tance to tflow that 1s less than the downstream resistance to
flow.

As a 497 feature, the present invention provides a foam-
ing pump as claimed in any one of the 437 to 48" features
wherein the interior walls are configured to permit the
relatively free passage of tluid upstream but to subject the
fluid to rapid reversals of direction when the fluid 1s forced
through the passageway downstream to thereby increase
resistance to movement of the flud through the passageway
downstream compared to resistance to movement of the
fluid upstream.

As a 50" feature, the present invention provides a foam-
ing pump as claimed in any one of the 437 to 49" features
wherein:

the at least one plug channelway comprises a plurality of
the plug channelways circumierentially spaced from each
other about the plug member, and

cach plug passageway extends longitudinally along the
plug member.

As a 51° feature, the present invention provides a foaming,
pump as claimed in any one of the 43" to 507 features
including;

an clongate tube member,

the tube member extending from a tube first end to a tube
second end about the longitudinal axis,

the tube member having a tube side wall with a circum-
terential inwardly directed tube inner wall surface circular 1n
cross-section normal the axis defining a tube bore within the
tube member extending along the axis,
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the sleeve member having a cylindrical circumierential
outwardly directed sleeve outer wall surface circular 1n
cross-section normal the axis,

at least one sleeve channelway in the sleeve outer wall
surface of the sleeve member open radially outwardly along
its length to the sleeve outer wall suriace,
the sleeve member received coaxially within the tube bore
with first plug end proximate the first sleeve end and the
sleeve outer wall surface of the sleeve member 1n opposed
engagement with the tube inner wall surface of the tube
member defining between each sleeve channelway and the
tube mner wall surface of the tube member a sleeve pas-

sageway forming a second portion of the passageway,
cach sleeve passageway defined between each sleeve

channelway and the tube inner wall surface of the tube

member to have sleeve passageway interior walls,

the sleeve passageway interior walls configured to pro-
vide a plurality of the mixing portions 1n series along the
sleeve passageway.

As a 52" feature, the present invention provides a foam-
ing pump as claimed in the 51* feature wherein:

the at least one sleeve channelway comprises a plurality
of the sleeve channelways circumierentially spaced from
cach other about the sleeve member, and each sleeve pas-
sageway extends longitudinally along the sleeve member.

As a 537 feature, the present invention provides a foam-
ing pump as claimed in the 51* or 52”¢ feature including a
transier passage directing flow of the flmd radially between
cach plug passageway at the first end of the plug member
and each sleeve passageway at the first end of the sleeve
member,

downstream flow 1n the plug passageways being axially
from the second end of the plug member toward the first end
of the plug member, and

downstream flow in the sleeve passageways being axially
from the first end of the sleeve member toward the second
end of the sleeve member.

As a 54™ feature, the present invention provides a foam-
ing pump as claimed in any one of the 51°” to 53" features
wherein downstream flow 1n the sleeve passageways being
axially from the first end of the sleeve member toward the
second end of the sleeve member,

the sleeve member including a radially extending sleeve
end wall closing the sleeve bore at the second end of the
sleeve member but for an array of end wall openings axially
through the sleeve end wall,

the end wall openings in communication with the plug
passageway at the second end of the sleeve member.

As a 55™ feature, the present invention provides a foam-
ing pump as claimed in any one of the 51°" to 53’ features
wherein downstream flow 1n the plug passageways being
axially from the second end of the plug member toward the
first end of the plug member;
the plug member including a radially extending end flange
at the second end of the plug member received 1n the sleeve
bore at the second end to close the leeve bore but for an array
of end flange openings axialy through the end flange,

the end flange openings 1n commumnication with the plug
passageway at the second end of the sleeve member.

As a 56™ feature, the present invention provides a foam-
ing pump as claimed in the 557 feature wherein the plug
member including a radially extending end flange at the
second end of the plug member recerved 1n the sleeve bore
at the second end axially inwardly of the end wall to close
the sleeve bore but for an array of end flange openings
axially through the end flange,
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the end flange opemings in communication with the plug
passageway at the second end of the sleeve member,

the end wall openings 1n communication with the plug
passageway at the second end of the sleeve member via the
end flange openings.

As a 57" feature, the present invention provides a foam-
ing pump as claimed in the 53" feature wherein the tube
bore 1s closed at the first end of the tube member,

the first end of the sleeve member 1s spaced axially away
from the first end of the tube member toward the second end
of the tube member, and

the transfer passage 1s defined axially between the closed
first end of the tube member and the first end of the sleeve
member,

at the second end of the sleeve member, the sleeve outer
wall surface sealable engaging with the tube inner wall
surface to form a circumierential seal preventing fluid tlow
axially between the sleeve member and the tube member,
spaced toward the second end of the sleeve member from the
sleeve passageways, and

the tube bore 1s open at the second end of the tube
member, the tube member extending beyond the end wall of
the sleeve member, the tube bore beyond the end wall of the
sleeve member providing a discharge passage extending to

the discharge outlet provided as an open second end of the
tube member.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects and advantages of the present invention
will become apparent from the following description taken
together with the accompanying drawings 1n which:

FIG. 1 1s a pictorial view of a foaming pump assembly 1n
accordance with a first embodiment of the present invention
in an extended position;

FIG. 2 1s a cross-sectional side view of a foam dispenser
incorporating the foaming pump assembly of FIG. 1;

FIG. 3 1s a cross-sectional pictorial view of the foaming
pump assembly of FIG. 1 1n an extended position;

FIG. 4 1s a cross-sectional exploded perspective view of
the pump assembly of FIG. 1 as seen from below;

FIG. § 1s a cross-sectional side view of the pump assem-
bly of FIG. 1 m an extended position;

FIG. 6 1s a cross-sectional side view the same as FIG. 5
but with the pump assembly of FIG. 1 1n a retracted position;

FIG. 7 1s a cross-sectional pictorial view of the piston
chamber-foaming body of FIG. 4 as seen from above;

FIG. 8 1s a cross-sectional pictorial view of the dia-
phragm-forming component of FIG. 4 as seen from above;

FIG. 9 1s a pictonial view of the diaphragm-forming
component of FIG. 8 as seen from below;

FIG. 10 1s a pictonial view of the piston-forming element
of the foaming pump assembly of FIG. 4 as seen {rom above;

FIG. 11 1s a front view of the piston-forming element
shown 1n FIG. 10 with an inlet portion I in broken lines
enlarged;

FIG. 12 1s a pictorial view of the piston-forming element
of FIG. 10 and the diaphragm-forming component of FIG. 8
assembled to form a piston member;

FIG. 13 1s a cross-sectional pictorial view along section
line A-A' 1n FIG. 12;

FIG. 14 1s a cross-sectional side view of the foaming
pump assembly of FIG. 1 the same as the section line
through the piston-chamber forming body as in FIG. 3 but
through the piston-forming element and the diagram form-
ing component along section line B-B' in FIG. 13;
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FIG. 15 1s a cross-sectional pictorial view along section
line D-D' 1in FIG. 12;

FIG. 16 shows an orthographic projection of a plug
member of the piston-forming element of FIG. 10 as seen
viewed radially normal to the center axis at each circum-
terential point about the axis starting at 0 degrees at the
broken line X on FIG. 10 and ending at 360 degrees at the
same broken line X on FIG. 10;

FIG. 17 1s a perspective view of a foaming pump assem-
bly 1n accordance with a second embodiment of the present
invention;

FIG. 18 1s a cross-sectional side view of a foam dispenser
incorporating the foaming pump assembly of FIG. 17 1n an
extended position;

FIG. 19 1s a cross-sectional side view of the foaming
pump assembly 1n FIG. 17 1n a retracted position;

FI1G. 20 1s a pictorial exploded view of the foaming pump
assembly of FIG. 17 as seen from below;

FIG. 21 1s an exploded perspective view of the foaming
pump assembly of FIG. 17 as seen from above;

FIG. 22 1s a perspective view of a plug member of the
foaming pump assembly as seen 1 FIG. 20;

FIG. 23 15 a perspective view of a sleeve member of the
foaming pump assembly as seen 1 FIG. 21;

FI1G. 24 1s a cross-sectional view of the sleeve member of
FIG. 23 along the same section line as i FIGS. 18 and 19;

FIG. 235 1s a cross-sectional side view of a piston-forming
element 1n the same cross-section as 1n FIGS. 18 and 19;

FIG. 26 1s a perspective view of a foaming pump assem-
bly 1n accordance with a third embodiment of the present
invention;

FIGS. 27, 28 and 29 are cross-sectional views of a piston
member of the foaming pump assembly of FIG. 26 as seen
along respective section lines E-E'; F-F' and G-G'1n FI1G. 26;

FIG. 30 shows an orthographic projection similar to that
of FIG. 16 but of a plug member of a piston-forming element
of FIG. 26;

FIG. 31 shows an alternate orthographic projection to the
orthographic projection of FIG. 30;

FIG. 32 1s a perspective view of a foaming pump assem-
bly 1n accordance with a fourth embodiment of the present
invention; and

FI1G. 33 shows an alternate orthographic projection to the
orthographic projection of FIG. 16.

DETAILED DESCRIPTION OF THE DRAWINGS

First Embodiment

Reference 1s made to FIG. 2 showing a foam dispenser 10
having a foaming pump assembly 11 as shown in FIG. 1
secured to a reservolr 12 containing a foamable fluid 13 to
be dispensed. The fluid 13 is preferably a liquid and, more
preferably, a fluud capable of foaming and, preferably, a
foamable hand cleaning fluid. The foam dispenser 10 1is
preferably a dispenser of hand cleaning fluid as foam. The
pump assembly 11 includes a piston chamber-forming body
14, a piston-forming element 15 and a diaphragm-forming
component 16. As seen 1n FI1G. 2, a dip tube 25 extends from
the piston chamber-forming body 14 downwardly into the
reservolr 12.

The reservoir 12 1s a non-collapsible reservoir 1n the sense
that as the fluud 13 1s drawn from the reservoir 12 by
operation of the pump assembly 11 with the discharge of the
liquid 13 from the reservoir a vacuum comes to be devel-
oped within the reservoir as 1n the gas 18, being substantially
air, 1n the reservoir 12 above the fluid 13.
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The reservoir 12 defines an interior 19 with the interior 19
enclosed but for having an outlet port 20 formed 1n a
cylindrical externally threaded neck 21 of the reservoir 12.
The neck 21 of the reservoir 12 1s sealably engaged on an
internally threaded downwardly extending collar tube 22 on
the piston chamber-forming body 14 with a preferred but
optional resilient annular seal ring 22 (best seen 1n FIG. 3)
axially compressed between the outlet port 20 and the piston
chamber-forming body 14 to form a seal therebetween.

In the preferred embodiment as seen 1 FIGS. 3 and 4,
cach of the piston chamber-forming body 14, the piston-
forming element 15 and the diaphragm-forming component
16 1s formed as an integral element preferably by injection
molding so as to provide the foaming pump assembly 11
from a mimimal of parts. Aside from the major three ele-
ments, namely, the piston chamber-forming body 14, the
piston-forming element 15 and the diaphragm-forming com-
ponent 16, the pump assembly 11 has merely the dip tube 235
and the optional seal ring 22.

The three major elements are assembled with the piston-
forming element 15 aflixed to the diaphragm-forming com-
ponent 16 to form a piston member P and with the piston
member P coupled to the piston chamber-forming body 14
for movement between an extended position as seen 1n FIG.
5 and a retracted position as seen in FIG. 6.

A liquid pump generally indicated 26 1s formed by the
interaction of the piston-forming element 15 and the piston
chamber-forming body 14 and an air pump generally 1ndi-
cated 28 1s formed notably by interaction of the diaphragm-
forming component 16 and the piston chamber-forming
body 14. In moving from the extended position of FIG. 5 to
the retracted position of FIG. 6, the liquid pump 26 dis-
charges the liquid 13 from the reservoir 12 simultaneously
with the air pump discharging air such that air and liquid
may simultaneously be passed through a foam generator 80
and out a dispensing or discharge outlet 29. In moving from
the retracted position of FIG. 6 to the extended position of
FIG. 5, atmospheric air 1s drawn in by the air pump 28.

An optional air relief valve 30 1s provided between the
diaphragm-forming component 16 and the piston chamber-
forming body 14 to permit atmospheric air to flow from the
atmosphere into the interior 19 of the reservoir 12 to relieve
any vacuum that may develop within the reservoir 12.

As seen on FIG. 7, the piston chamber-forming body 14
1s disposed about a central axis 31 and has an axially inner
end 32 and an axially outer end 33. The piston chamber-
forming body 14 includes a center tube 33 disposed coaxi-
ally about the axis 31 and open at both axial ends. The piston
chamber-forming body 14 includes an annular bridge flange
34 which extends radially outwardly from the open upper
end of the center tube 33. The threaded downwardly extend-
ing collar tube 22 extends downwardly from the annular
bridge flange 34 coaxially about the center tube 33. The
annular bridge tlange 34 carries an outer tube 36 extending
axially outwardly from the annular bridge flange 34 to an
axial outer end of the outer tube 36 which carries a radially
inwardly extending return flange 38 comprising circumier-
entially spaced segments. The bridge flange 34 provides a
radially extending axially outwardly directed upper surface
39. The outer tube 36 provides a radially inwardly directed
locating surface 40. The return flange 38 presents a radially
extending axially mwardly directed stopping surface 41
opposed to the axially directed upper surface 39 and spaced
axially a first distance. A plurality of vent passages 42 extend
axially through the annular bridge flange 34 from a first
opening 43 in the upper surface 39 to a lower opening. At
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similar circumierential locations to the vent passages 42, a
number of vent channels 45 are provided open to the
atmosphere.

Inside the center tube 33, a stepped tluid chamber 50 1s
defined having a cylindrical outer chamber 51 and a cylin-
drical mner chamber 52 with the diameter of the inner
chamber 352 being less than the diameter of the outer
chamber 51. Each chamber 1s coaxial about the axis 31. Each
chamber has a cylindrical chamber wall, an inner end and an
outer end. The outer end of the inner chamber 52 opens into
the inner end of the outer chamber 51. An annular shoulder
53 closes the mner end of the mner chamber 51 about the
outer end of the outer chamber 52. The mnner chamber 1s
open via slotways 620 1n a centering guide tube 621 at an
axial inner end 55 of the fluid chamber 50 into an axially
inwardly opening socket 56 at the inner end 32 of the piston
chamber-forming body 14 which socket 56 1s adapted to
secure an upper end of the dip tube 25 such that the dip tube
25 provides communication for tluid 13 from the bottom of
the reservoir 12 into the mnner chamber 52.

The piston-forming element 15 1s coaxially slidably
received within the piston chamber-forming body 14 pro-
viding the liquid pump 26 therebetween. The configuration
of the liquid pump 26 has some similarities to a pump as
disclosed 1n U.S. Pat. No. 5,975,360 to Ophardt, 1ssued Nov.
2, 1999, the disclosure of which 1s incorporated herein by
reference.

FIGS. 10 and 11 illustrate the piston-forming element 15
which has a central stem 58 from which there extends an
iner disc 89 and an intermediate disc 60. Axially outwardly
from the intermediate disc 60, the central stem 58 carries a
locating divider flange 226 having axially extending open-
ings 227 therethrough permitting fluid flow axially there-
through. The central stem 58 carries a locking flange 228
having axial openings 229 permitting tfluid flow axaally
therethrough. Axially mmwardly from the locking flange 228,
the diameter of the stem 58 1s reduced as an annular
distribution groove 230. Axially outwardly of the annular
distribution groove 230, the stem 58 forms an elongate plug
member 232 extending axially between an axially inwardly
first plug end 233 and an axially outwardly second plug end
234. The plug member 232 has a plug outer wall surface 235
which 1s circular 1n any cross-section normal the axis 31 and
1s preferably cylindrical between the first plug end 233 and
the second plug end 234. Four 1dentical plug channelways
236 are provided 1n the plug outer wall surface 235. Fach
plug channelway 236 is cut radially inwardly into the plug
member 232 from the plug outer wall surface 2335 and 1s
open radially outwardly along 1ts length to the plug outer
wall surface 235. Each of the plug channelways 236 1s open
axially at the first plug end 233 and at the second plug end
234.

The piston member P 1s coaxially slidable relative to the
piston chamber-forming body 14 between a retracted posi-
tion as seen 1n FIG. 5 and an extended position as seen in
FIG. 6. In a cycle of operation, the piston member P
including the piston-forming element 15 1s moved relative to
the piston chamber-forming body 14 from the extended
position to the retracted position in a retraction stroke and
from the retracted position to the extended position 1n a
withdrawal stroke. During a cycle of operation, the inner
disc 39 on the piston-forming element 15 1s maintained
within the inner chamber 52 and the intermediate disc 60 on
the piston-forming element 15 1s maintained within the outer
chamber 51. The inner disc 59 and the inner chamber 51
form a first one-way liquid valve 159 permitting liquid tlow
merely outwardly therebetween. The imnner disc 39 has an
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clastically deformable edge portion for engagement with the
inner wall of the inner chamber 32. The inner disc 39 1s
biased outwardly into the wall of the mner chamber 52 to
prevent tluid flow axially inwardly therepast, however, the
iner disc 39 has its end portion deflect radially inwardly
away from the wall of the inner chamber 52 to permit fluid
flow axially outwardly therepast.

The mntermediate disc 60 has an elastically deformable
edge portion which engages the side wall of the outer
chamber 51 to substantially prevent fluid flow axially
inwardly therepast yet to deflect away from the side wall of
the outer chamber 51 to permit fluid to pass axially out-
wardly therepast. The intermediate disc 60 with the outer
chamber 52 form a second one-way liquid valve 160 per-
mitting liquid flow merely outwardly therebetween.

An annular fluid compartment 66 1s defined 1n the tluid
chamber 50 radially between the center tube 33 and the
piston-forming element 15 axially between the inner disc 59
and the intermediate disc 60 with a volume that varies 1n a
stroke of operation with axial movement of the piston-
forming element 15 relative to the piston chamber-forming
body 14. The fluid compartment 66 has a volume in the
extended position greater than i1ts volume 1n the retracted
position. Operation of the liquid pump 26 1s such that 1 a
retraction stroke, the volume of the fluid compartment 66
decreases creating a pressure within the fluid compartment
66 which permits fluid flow radially outwardly past the inner
disc 59 and axially outwardly past the imntermediate disc 60
such that fluid 1s discharged axially outwardly past the
intermediate disc 60 through openings 81, best seen on FIG.
14, and 1nto the foam generator 80. In a withdrawal stroke,
the volume of the liqud compartment 66 increases such that
with the intermediate disc 60 preventing fluid flow axially
outwardly therepast, the increasing volume in the liquid
compartment 66 between the inner disc 39 and the interme-
diate disc 60 draws fluid from the reservoir 12 axially
outwardly past the mner disc 39 from the reservoir 12.

As best seen on FIG. 8, the diaphragm-forming compo-
nent 16 comprises a tlexible annular diaphragm member 70
having at an axially outer end an end cap 71 and an annular
flexible diaphragm side wall 72 that extends axially
inwardly to an annular first end 73 of the diaphragm member
70. The diaphragm member 70 also includes a central tube
74 that extends coaxially about the axis 31. The annular first
end 73 of the diaphragm member 70 engages on an annular
seat arrangement 99 provided on the piston chamber-form-
ing body 14 and formed by the annular bridge flange 34 with
its upper surface 39, the outer tube 36 with 1ts locating
surface 40 and the return flange 38 with 1ts axially inwardly
directed stopping surface 41. The central tube 74 has a
central bore 75 therein open axially inwardly at a bore 1inner
end 76 and at a bore outer end 77.

The diaphragm member 70 includes a discharge tube 78
that extends radially outwardly on the end cap 71 defining
therein a discharge passageway 79 and providing commu-
nication from the central bore 75 outwardly to the dispens-
ing or discharge outlet 29 open to the atmosphere. A plurality
of openings 81 are provided through the side wall 72 of the
central tube 74 to provide communication radially through
the central tube 74 proximate the bore inner end 76.

The piston member P 1s provided by the piston-forming
clement 15 and the diaphragm-forming component 16
fixedly secured together against removal under normal
operation of the pump assembly 11 with the central stem 58
received 1n a Irictional force-fit relation within the central
tube 74. With the piston-forming element 15 and the dia-
phragm-forming component 16 fixed together, the piston-
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forming element 15 1s coaxially engaged within the flud
chamber 50 and the diaphragm-forming component 16 is
engaged with the piston chamber-forming body 14 with the
annular first end 73 of the diaphragm member 70 coupled to
the piston chamber-forming member 14 against removal and
forming a seal with the annular seal arrangement 99 pre-
venting flow therebetween into and out of the annular air
compartment 68 of the air pump 28.

The diaphragm-forming component 16 1s preferably
formed as an integral member from a resilient material
having an inherent bias such that the diaphragm side wall 72
will assume an expanded inherent condition as shown in
FIGS. 1 to 5. The side wall 72 1s deflectable from the
inherent condition with the inherent bias attempting to return
the diaphragm side wall 72 to 1ts inherent condition. The air
pump 28 1s formed with the annular diaphragm member 70
coaxially about the piston-forming element 15 spanning
between an axial outer end of the piston-forming element 15
and the piston chamber-forming body 14 to define the
annular air compartment 68 therebetween having a variable
volume. The diaphragm member 70 sealably engages with
the piston-forming element 135 by reason of the axially outer
end of the central stem 58 being engaged within the central
bore 75 of the center tube 74 of the diaphragm member 70
in a fixed manner.

With the piston member P formed by the piston-forming,
clement 15 and the diaphragm-forming component 16
coupled to the piston chamber-forming body 14 as shown 1n
FIGS. 5 and 6, the air compartment 68 1s defined as an
annular space axially between the end cap 71 of the dia-
phragm-forming component 16 and the bridge flange 34 of
the piston chamber-forming body 14 and radially between
the diaphragm side wall 72 and the central tube 74. The air
compartment 68 1s in communication with the openings 81.
The air compartment 68 has a volume which varies with
displacement of the diaphragm member 70 between the
extended position of FIG. 5 and the retracted position of
FIG. 6.

In use of the foam dispenser 10 as shown in FIG. 2, with
the reservoir 12 sitting a support surtace 100, a user with one
hand may apply downwardly directed force 101 onto the end
cap 71 the diaphragm-forming component 16 as indicated by
the schematic arrow so as to dispense fluid 13 mixed with air
as a foam out of the discharge outlet 29 with the movement
of the piston member P formed by the diaphragm-forming
component 16 and the piston chamber-forming body 14
relative to the piston chamber-forming body 14 from the
extended position of FIG. 5 to the retracted position of FIG.
6. Under the application of the axially directed force 101, the
diaphragm side wall 72 detlects from the expanded position
of FIG. 5 to the compressed and detlated position 1n FIG. 6
and with such deflection of the annular side wall 72, the
volume of the air compartment 68 reduces forcing air from
the air compartment 68 through openings 81 and, hence, to
the foam generator 80. Such discharge of air via the air pump
28 to the foam generator 80 1s simultaneous with the
discharge of the fluid 13 via the liquid pump 26 to the foam
generator 80 such that the discharged liquid and air will
simultaneously be passed through the foam generator 80
and, hence, via to the discharge passageway 79 to discharge
as foam out the discharge outlet 29. On release of the
manually applied force 101, from the end cap 71, the
inherent bias of the diaphragm side wall 72 urges the
diaphragm side wall 72 to assume 1ts inherent configuration
as shown 1n FIG. 5 and, 1n doing so, diaphragm member 70
returns the piston-forming element 15 to the extended posi-
tion as shown in FIG. 5. The inherent resiliency of the
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diaphragm side wall 72 acts, 1n ellect, as a piston spring
member to bias the piston-forming element 15 to the
extended position of FIG. 5 relative to the piston chamber-
forming body 14. In movement in the withdrawal stroke
from the position of FIG. 6 to the position of FIG. 5, the
volume of the air compartment 68 1ncreases drawing atmo-
spheric air into the air compartment 68 via the discharge
outlet 29, the discharge passageway 79, the foam generator
80 and the openings 81.

The foam generator 80 includes notably a valvular con-
duit 200 seen on F1G. 14 including an axially extending plug
passageway 244 defined within the piston member P radially
between a sleeve member 210 of the diaphragm forming
component 16 and the plug member 232 of the piston-
forming element 15.

Reference 1s made to FIGS. 8 and 9 showing the dia-
phragm-forming component 16. The diaphragm-forming
component 16 comprises a tlexible annular diaphragm mem-
ber 70 having the annular flexible diaphragm 72 that extends
axially inwardly to the annular first end 73 that engages on
the annular seat arrangement 99 provided on the piston
chamber-forming body 14 to, on one hand, form the optional
air relief valve 30 to permit atmospheric air to flow from the
atmosphere 1nto the interior of the reservoir to relieve any
vacuum that may develop within the reservoir and, secondly,
to form the annular seal 102 preventing flow between the
diaphragm member 70 and the annular seat arrangement 99
into and out of the annular air compartment 68 of the air
pump 28 in the same manner as 1s the case with the first
embodiment.

As best seen 1n FIG. 8, the diaphragm-forming component
includes the central tube 74 having the central bore 75. The
central tube 74 forms the clongate sleeve member 210
having a sleeve side wall 211 with a sleeve mner wall
surface 212 that 1s circular in any cross-section, normal the
longitudinal axis 31. In this regard, the sleeve side wall 211
1s preferably cylindrical. The sleeve side wall 211 extends
from a first sleeve end 214 to a second sleeve end 215
defining a portion of the central bore 75 to be a sleeve bore
175 within the sleeve member 210 extending along the axis
31.

Reference 1s made to FIG. 16 which shows an ortho-
graphic projection of the plug member 232 axially between
the first plug end 233 and the second plug end 234 as seen
viewed radially normal to the center axis 31 at each circum-
ferential point about the axis 31 starting at the broken line X
on FIG. 10 and extending 360 degrees from one edge
indicated as O degrees to a second edge indicated as 360
degrees also representing the broken line X on FIG. 10. As
seen on FIG. 16, each of the plug channelways 236 extends
axially from the first plug end 233 to the second plug end
234. Each of the plug channelways 236 1s spaced circum-
terentially from adjacent plug channelways 236 about the
plug member 232 1n the plug outer wall surface 235. On
FIG. 16, a downstream direction 1s indicated by the arrow
DD and an upstream direction 1s indicated by the arrow UD.
A first pair of the channelways 236 are centered about an
axially extending line with a 90 degree position and the
second set of plug channelways 236 are centered about an
axial line at a 270 degree location. Such locations facilitate
the mjection molding of the plug channelways 236 in the
plug member 232 formed between two portions of a mold
which are withdrawn from each other normal the axis 31 at
the 90 degree and 270 degree locations.

The plug member 232 1s securely fixedly coupled to the
sleeve member 210 within the sleeve bore 175 yet permits
axial tlow therebetween of air and fluid in the valvular
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conduit 200 via the plug passageways 244 defined between
the sleeve inner wall surface 212 and the plug channelways
236 in the plug member 232.

As can be seen 1 FIG. 13 with the plug member 232
received coaxially within the sleeve member 210 1n the
sleeve bore 175, the plug outer wall surface 2335 1s 1n
opposed close opposition or engagement with the sleeve
inner wall surface 212 and defines between each plug
channelway 236 and the sleeve inner wall surface 235, the
plug passageway 244 for flow of fluud. Four such plug
passageways 244 are provided with each providing for tluid
flow longitudinally between an axially inner end of the plug
passageway 244 opeming axially inwardly at the first plug
end 233 into the annular distribution groove 230 and an
axially outer end of the plug passageway 244 at the second
plug end 234 opening axially outwardly into an annular
mixing cavity 240. As can also be seen 1n FIG. 13 other than
where the plug channelways 236 are provided, the cylindri-
cal plug outer wall surface 235 1s 1n opposed close opposi-
tion or engagement with the cylindrical sleeve mner wall
surface 212 so as to prevent any substantial air or fluid tlow
therebetween other than through the plug passageways 244.

FIG. 5 shows a cross-section piston-forming element 15
and the diaphragm-forming component 16 along section line
C-C' 1 FIG. 13 which does not pass through any of the plug
channelways 236. FIG. 14 1s a cross-sectional side view
through the pump assembly 11 having similarities to FIG. 5.
In FIG. 14, the piston member P 1s shown as cross-sectioned
along section line B-B' in FIG. 13 and thereby axially and
longitudinally through one of the four plug channelways
236. In FIG. 14, the piston chamber-forming member is
shown 1n a cross-section through the axis 31 normal to the
cross-section 1n FIG. 5.

As seen 1n FIGS. 11 and 13, each plug channelway 236 1s
defined circumierentially between a left side wall 251 and a
right side wall 252 and radially between the sleeve inner
wall surface 212 and a radially outwardly directed circum-
ferential inner wall 233 lying 1n a plane of a cylindrical
surface disposed about the axis 31 such that the plug
channelway 236 has an approximately constant radial extent
relative to the axis 31 at any location 1n the plug channelway
236. Between the left side wall 251 and the right side wall
252, lett divider vanes 254 and right divider vanes 235 are
provided extending from the mnner wall 253 to the plug outer
wall surface 235. Each left divider vane 254 has an axially
inwardly directed apex 256 from which a left side wall 257
and a rnight side wall 238 diverge axially outwardly to an
arcuate end wall 259 directed axially outwardly. Similarly,
cach right divider vane 2335 has an axially inwardly directed
apex 260 with a left side wall 261 and a right side wall 262
diverging away from each other to merge with an arcuate
end wall 263.

For flow from the first plug end 233 towards the second
plug end 234, all flow 1s mitially entirely within an upstream
portion of the main channel 264 defined circumierentially
between the left side wall 251 and the right side wall 252.
The flow through the main channel 264 1s split by the left
divider vane 254 into two portions, each to tlow through a
separate channel. A first channel 1s a left side channel 265
which extends to the left of the lett divider vane 254 between
the left divider vane 254 and the left side wall 251 while a
second channel 1s a remaining portion of the main channel
264 defined to the right of the left divider vane 254 between
the left divider vane 254 and the right side wall 252. The
plug passageway 244 may be considered to have a left fork
266 at the apex 256 where the left side channel 2635 splits
from the main channel 264. The left side channel 265 1is
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shown to extend as a substantially linear portion 267 past the
left side wall 257 of the left divider vane 254 to where the
left side channel 265 1s provided with an arcuate return
portion 268 that directs flow towards the right and, prefer-
ably, at least partially, axially inwardly and into a left merge
269 where the left side channel 265 merges with the remain-
ing portion of the main channel 264 forming after the left
merge 269 a downstream portion of the main channel 264
defined circumiferentially between the lett side wall 251 and
the right side wall 252. Axially outwardly of the left merge
269, all tflow 1s within another upstream portion of the main
channel 264 between the left side [all] wal/ 251 and the right
side wall 252 until the flow engages the right divider vane
2355 where the apex 260 of the right divider vane 255 splits
flow at a night fork 270 into two portions each to tlow
through a separate channel. A first channel 1s a right side
channel 271 to the night of the right divider vane 255 while
a second channel 1s a remaining portion of the main channel
264 extending to the left of the right divider vane 255. The
right side channel 271 1s defined between the right side wall
262 of the right divider vane 255 and the right side wall 252.
The right side channel 271 extends as a substantially linear
portion 272 past the right side wall 262 of the right divider
vane 255 to where the right side channel 271 1s provided
with an arcuate return portion 273 spaced from the arcuate
end wall 263 of the right divider vane 255 which directs tlow
towards the left and, preferably, at least partially axially
inwardly and into a right merge 274 where the right side
channel 271 merges with the remaining portion of the main
channel 264 forming after right merge 274 another down-
stream portion of the main channel 264 defined circumier-
entially between the left side wall 251 and the right side wall
252. Axially outwardly of the right merge 274, all tlow 1s
within another upstream portion of the main channel 264
between the lett side wall 251 and the rnight side wall 2352
until the flow engages the next left divider vane 254.

A left mixing portion 301 is defined 1n the plug passage-
way 244 by the combination of: the upstream portion of the
main channel 264; the left divider vane 254: the left fork
266 as a first channel 503, the left side channel 265; as a
second channel 504, the remaining portion of the main
channel 264; the left merge 269; and a downstream portion
of the main channel 264. A right mixing portion 502 1is
defined 1n the plug passageway 244 by the combination of:
the upstream portion of the main channel 264; the right
divider vane 255: the right fork 270: as a first channel 505,
the right side channel 271; as a second channel 506, the
remaining portion of the main channel 264; the right merge
274 and a downstream portion of the main channel 264. The
left mixing portion 501 alternate with the right mixing
portions 502 providing 1n series successive mixing portions,
cach defined in the plug passageway 244 by the combination
of: the upstream portion of the main channel 264; a divider
vane; a fork; a first channel; a second channel; a merge; and
a downstream portion of the main channel 264. The plug
passageway interior walls are configured to provide a plu-
rality of such mixing portions in series within the plug
passageway. Each mixing portion 1s configured to split flow
downstream from the upstream main channel into the first
channel and the second channel separate from the first
channel. The first channel merges with the second channel
into a downstream main channel with the first channel
directing flow through the first channel where the first
channel merges with the second channel 1n a first direction
and the second channel where the second channel merges
with the first channel directing flow through the second
channel in a second direction different than the first direc-
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tion. The second direction 1s different from the first direction
to mix the flow through the first channel and the flow
through the second channel on the first channel merging with
the second channel. The mixing portions are configured so
that tflow downstream provides a downstream resistance to
flow downstream and tlow upstream opposite to tlow down-
stream provides an upstream resistance to tlow that 1s less
than the downstream resistance to flow. Preferably, the
second direction indicated by the arrow 307 on FIG. 11 and
the first direction indicated by the arrow 508 form a merge
angle M also shown on FIG. 11 therebetween of at least 90
degrees, more preferably greater than 90 degrees, so that
flow downstream provides a downstream resistance to tlow
and flow upstream opposite to flow provides an upstream
resistance to flow that 1s less than the downstream resistance
to flow. Preferably, the second direction and the first direc-
tion form a merge angle therebetween selected from the
group consisting of: greater than 90 degrees, at least 120
degrees, and of at least 150 degrees. Preferably, the interior
walls are configured to permit the relatively free passage of
fluid upstream but to subject the fluid to rapid reversals of
direction when the fluid 1s forced through the plug passage-
way 244 downstream to thereby increase resistance to
movement of the fluid through the plug passageway 244
downstream compared to resistance to movement of the
fluid upstream.

As 1llustrated 1in FIG. 11, alternate left divider vanes 254
and right divider vanes 255 are provided such that the main
channel 264 has alternatively left side channels 265 and
right side channels 271 which split flow from the main
channel 264 and return flow to the main channel 264. In flow
downstream from the first plug end 233 towards the second
plug end 234, at each left merge 269 where tlow from each
left side channel 265 merges with flow of the main channel
264, and at each right merge 273 where flow from each right
side channel 271 merges with tlow of the main channel 264,
there 1s a mixing of the flows. Such mixing 1s advantageous
for mixing of the air and the fluid passing through the plug
passageways 244. Preferably, the velocity of the flow down-
stream at each left merge 269 and each right merge 273
creates turbulence that assists 1 such mixing so as to
enhance the mixing of air and fluid and generate a foam of
the air and the fluid. The merger of the flow downstream
through the plug passageway 244 between the left side
channel 271 and the main channel 264 and the right side
channel 271 and the main channel 264, particularly when
turbulence 1s created, increases the resistance to downstream
flow of the fluid axially outwardly, that 1s, flow from the first
plug end 233 to the second plug end 234.

In contrast, with downstream flow through the plug pas-
sageway 244 that 1s axial outward flow through the plug
passageway 244 from the first plug end 233 to the second
plug end 234, 1n upstream tlow through the plug passageway
244, that 1s axial inward tlow from the second plug end 234
towards the first plug end 233, the upstream flow 1s typically
principally through the main channel 264 with the flow
cllectively bypassing the lett side channel 265 and the nght
side channel 271 and thus upstream flow 1s relatively tfreely
with less resistance to downstream flow. As can be seen in
FIG. 11, in upstream, axial inward flow from the second plug
end 234 towards the first plug end 233, the upstream flow 1s
initially through the main channel 264 and the upstream tlow
on engaging the arcuate end wall 259 of the left divider vane
254 tends to direct the upstream flow 1nto the main channel
264 and not i1nto the left side channel 265. Similarly, on
upstream, axial inward tlow through the main channel 264
engaging the arcuate end wall 263 of the right divider vane
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2355, the upstream tlow tends to be directed to continue 1n the
main channel 264 rather than into the right side channel 271.
The upstream tlow from the second plug end 234 to the first
plug end 233 1s to be considered flow 1n a primary direction
and the downstream flow from the first plug end 233 to the
second plug end 234 may be considered flow 1n a secondary
direction opposite to the primary direction. The plug pas-
sageway 244 1s defined between the interior walls to permit
the relatively free passage through the plug passageway 244
upstream 1n the primary direction but to subject flow to
reversals of direction when the fluid 1s forced through the
plug passageway 244 downstream, in the secondary direc-
tion opposite to the primary direction to thereby increase
mixing and downstream resistance to tlow through the plug
passageway 244 1n the secondary direction compared to
upstream resistance to flow through the plug passageway
244 1n the primary direction. Downstream flow through the
plug passageway 244 1n the secondary direction in subjects
the tlow to splitting and tlow through side channels to merge
downstream with the flow through the main channel. At each
merger, the split tlow moves 1n a different direction than the
flow through the main channel which induces mixing at the
merger preferably inducing turbulence and with such mixing
enhancing the generation of foam.

In accordance with the preferred embodiments of the
present invention, at the left merge 269 the direction of
downstream flow from the left side channel 265 1s at a left
merge angle approximately 90 degrees to the downstream
flow through the main channel 264 and similarly at the right
merge 273, the direction of downstream flow from the right
side channel 271 1s at a right merge angle approximately
normal to the downstream flow through the main channel
264. The left merge angle and the right merge angle can be
selected so as to provide for a desired interference between
the downstream flow 1n the main channel 264 at each merger
as can be advantageous, on one hand, to provide advanta-
geous mixing at the merger and, on the other hand, to
provide advantageous resistance to downstream flow.

As will be apparent to a person skilled in the art, the
mixing and the resistance to flow which will occur due to
flow through each plug passageways 244 will be dependent
on factors including the nature of the material being passed
through the passageway 244, that 1s, the nature of the liquid
from the reservorr, the relative proportions of the air and the
fluid from the reservorir, their temperatures and the speed or
velocity of the flows of each. The speed or velocity of the
downstream flows will be, to some extent, a function of the
volume of the fluid from the reservoir and volume of the air
that are 1njected into the plug passageway 236 at the first
plug end 233 with time as well as the cross-sectional areas
of the plug channelway 244 along 1ts length recognizing that
with 1ncreased volumetric discharge into the first plug end
233 of the plug passageway 244, the resistance to down-
stream flow will increase. By reducing the merge angles as,
for example, from 90 degrees to, say, 60 degrees or less, the
resistance to flow in the secondary direction can be reduced
albeit with some reduction of mixing and turbulence at each
merger. By increasing the merge angles from 90 degrees to
say 120 degrees, the resistance to downstream flow at each
merger can increase the mixing and turbulence at each
merger. The mere splitting of the downstream flow at each
fork mto a side channel and the main channel which 1s then
combined at each merger, 1n eflect, provides a repeated
splitting and mixing action which 1s advantageous for mix-
ing of the air and flmd. The left merge angle and the right
merge angle may each be increased from 90 degrees as, for
example, to 150 degrees or to approach 180 degrees. When
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the angles are 180 degrees, then the downstream tlow from
the left side channel 265 and the right side channel 271 1s
approximately opposite to the tflow through the main channel
264 so as to increase the resistance to fluid tlow downstream
and with such resistance at sufliciently high volumetric tlow
rates can, depending on the ratio of volumetric flow through
a side channel at each merger compared to that though the
main channel, substantially prevent downstream tlow of the
air and the fluid. Providing the resistance to flow down-
stream to substantially increase with an increase in the
pressure of the air and the volume of the fluid 1njected with
time 1nto the first plug end 233 can be advantageous so as,
for example, to act as a dampening mechanism so as to
prevent 1n the case of the application of an excess force 101
downwardly onto the end cap 71 to resist undue downward
movement of the piston-forming element 15 and the dia-
phragm-forming component 16 relative to the piston cham-
ber-forming body 14 as may be advantageous, for example,
to prevent the undesired high velocity discharge of the air
and/or the tfluid from the discharge outlet 29.

In the preferred embodiment, as shown i FIG. 11, the
cross-sectional area of each first channel 503 and 505 is
shown to be substantially the same as the cross-sectional
area of each second channel 504 and 506 and the sum of the
cross-sectional area of each of the first channels and the
second channels 1s shown to be approximately equal to the
cross-sectional area of the main channel 264 all downstream
flow axially through the main channel. This 1s not necessary
and by selecting the relative proportion of the cross-sec-
tional area of each first channel and second channel to the
main channel 264, the extent to which there 1s an increase in
resistance to flow downstream and mixing may be adjusted.
As well, the cross sectional area of each of the channels may
change with location downstream as, for example, increas-
ing with distance downstream.

As seen 1n FIG. 8, at the second sleeve end 215, the sleeve
member 210 includes a radially extending sleeve end wall
216 closing the sleeve bore 175 at the second sleeve end 215
but for an array of end wall openings 217 axially through the
sleeve end wall 216. The end wall openings 217 provide for
communication from the sleeve bore 75 mto the discharge
passageway 79 of the discharge tube 78 and hence to the
discharge outlet 29. Axially inwardly from the first sleeve
end 214 between the first sleeve end 214 and the bore 1nner
end 76, there 1s provided a sleeve coupling mechanism 218
for securely fixedly coupling the center tube 74 and 1its
sleeve member 210 to the piston-forming element 15 yet
permitting axial flow therebetween of air and fluid.

Referring to FIG. 9, the central tube 74 has on as radially
outwardly directed outer surface 219 a number of circum-
terentially spaced axially extending exterior channels 222
that extend axially mnwardly to openings 81. The openings
81 each provide communication radially through the central
tube 74 proximate the bore mnner end 76. At circumieren-
tially spaced locations corresponding to the locations of the
exterior channels 222, the central tube 74 has on its radially
inwardly directed surface 221 internal channels 223 that
extend axially outwardly from the opemings 81. The i1nner
surface 221 of the central bore 75 has an annular locking
groove 224 extending circumierentially but for where a
spline key 225 extends radially mnwardly as best seen 1n
FIGS. 13 and 23.

As seen 1n FIGS. 10 and 11, axially outwardly from the
second plug end 234, the plug member 232 carries an end
flange 238 having an array of end flange openings 239
extending axially therethrough. The end flange 238 1is
coupled to the center plug member 232 by axially extending

5

10

15

20

25

30

35

40

45

50

55

60

65

34

support beams 240 which eflectively define between the
second plug end 234 and the end flange 238, an annular
mixing cavity 241.

As seen 1n FIG. 8, the sleeve end wall 216 has an end wall
iner surface 243 directed axially mnwardly into the sleeve
bore 175 with the end wall openings 217 passing through the
end wall inner surface 243 with each opening 217 providing
a respective cross-sectional area for fluid flow 1n the end
wall mner surface 243.

As seen 1n FIG. 10, the end flange 238 of the plug member
232 has an end flange outer surface 344 directed axially
outwardly. The end flange openings 239 pass through the
end flange outer surface 344 with each opening 239 provid-
Ing a respective cross-sectional area for fluid flow 1n the end
flange outer surface 344.

As can be seen 1n FIG. 14, the end flange outer surface
344 15 engaged with the end wall inner surface 243 with each
of the end flange openings 239 in overlapping registry with
a respective one of the end wall openings 217 providing at
the 1interface of the end flange outer surface 344 and the end
wall mner surface 243 a cross-sectional area for fluid flow
less than both (1) the cross-sectional areas for fluid flow of
the respective end flange openings 239 in the end flange
outer surface 344 and (2) the cross-sectional area for fluid
flow of the respective end wall openings 217 in the end wall
inner surface 243. For example, each of the end flange
openings 239 and each of the end wall openings 217 may be
preferably formed as by injection molding to have a diam-
cter 1n the range of 1 mm to 10 mm. Each end wall openings
217 may overlap with a respective end flange opening 239
so as to merely provide a resultant cross-sectional area for
fluid flow at the interface of the end flange outer surface 344
and the end wall inner surface 243 of, for example, one half
to one tenth the cross-sectional area of each of the openings
217 and 239. By accurate keying of the piston-forming
clement 15 to the diaphragm-forming component 16 and
thus keying of the sleeve member 210 to the plug member
232 suitable overlapping registry of the openings 217 and
the openings 239 results so as to provide a desired resultant
area for flow. Providing such a reduced cross-sectional area
for fluid tlow can assist 1n the advantageous production of
advantageous foam from air and liquid simultaneously being
passed therethrough, and in particular foam having homog-
enous sizing of foam bubbles.

In the preferred embodiment as illustrated, for example, 1n
FIG. 14, the plug end flange 238 1s provided on the plug
member 232 1s axially adjacent and engaged with the sleeve
end wall 216 on the sleeve member 210. This location of the
plug end flange 238 engaged with the sleeve end wall 216 1s
not necessary and other configurations of the foam generator
80 may be provided as with the end flange 238 located
axially inwardly from the sleeve end wall 216 so as to
provide a mixing cavity within the sleeve bore 175 between
the end flange 238 and the sleeve end wall 216 as may be
advantageous for diflerent fluids as desired to be foamed,
particularly, 1f the openings 217 through the sleeve end wall
216 and the openings 239 through the end flange 238 may
be selected to individually be a sufliciently small area, and
suitable size for advantageously foaming. In addition, while
not necessarily preferred, where such a mixing cavity 1s
provided separate foaming members such as a porous mem-
ber or sponge and screens may be provided intermediate the
end flange 238 and the sleeve end wall 216.

The radially extending sleeve end wall 216 closes the
sleeve bore 73 at the second sleeve end 215 but for the end
wall openings 217. When 1nserted 1nto the sleeve bore 75, as
shown 1n FIG. 22, the plug end flange 238 closes the sleeve
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bore 75 but for the end flange openings 239. In an alternative
embodiment, either one or both of the plug end flange 238
and the sleeve end wall 216 may be eliminated.

FIGS. 12, 13 and 15 show the piston-forming element 15
and the diaphragm-forming component 16 fixedly secured
together against removal as the piston member P. FIG. 14
shows the piston-forming element 15 and the diaphragm-
forming component 16 fixedly secured together as the piston
member P and coupled to the piston chamber-forming body
14 with the annular first end 73 of diaphragm member 70
engaged with the annular seat arrangement 99 of the piston
chamber-forming body 14 forming the air pump 28 between
the diaphragm-forming component 16 and the piston cham-
ber-forming body 14, and forming the lhiquid pump 26
between the piston chamber-forming body 14 and the pis-
ton-forming element 15.

As can be seen 1n FIGS. 3 and 14, the diaphragm-forming
component 16 1s fixedly secured to the piston-forming
clement 15 with the bore 1nner end 76 of the central tube 74
engaged on an axially outwardly directed surface of the
locating divider tlange 226 and the locking flange 228 of the
stem 58 of the piston-forming element 135 securely received
in a snap-fit within the annular locking groove 224. On FIG.
14 for convenience, cross-sections A-A' and D-D' are shown
corresponding to the same cross-sections A-A' and D-D' 1n
FIG. 12. FIG. 15 1s a pictonial cross-sectional view of the
piston-forming element 15 and the diaphragm-forming com-
ponent 16 as assembled 1n FIG. 12 along section line D-D'.
FIG. 15 shows the spline key 225 carried on the locking
flange 228 of central tube 74 engaged 1n a complementary
keyway 242 1n the stem 58 so as to locate the plug member
232 1n desired angular rotation about the axis 31 relative to
the sleeve member 210. FIG. 15 also shows the axial
openings 229 through the locking flange 228 providing for
axial tlow. Each of FIGS. 13 and 15 show the exterior
channels 222 1n the outer surface 219 of the central tube 74
ending at the opeming 81 thereby spacing the ends 401 of the
exterior channels 222 axially from the locating divider
flange 226 so as to provide each opening 81 as a radially
extending port radially through the center tube 74. FIGS. 13
and 15 also show clearly the axial opemings 227 through the
locating divider tlange 226 for axial outwardly tlow past the
locating divider flange 226 to the openings 81, and the
exterior channels 222 providing for tlow axially mnwardly to
the openings 81.

FIGS. 3 and 14 illustrate the pump assembly 11 in an
extended condition. By the application of forces 101 such as
shown 1 FIG. 2 to the end cap 71, the flexible annular
diaphragm member 70 1s compressed to assume a retracted
position similar to that shown i FIG. 6 and 1n moving to the
retracted position, the piston-forming element 15 1s moved
axially from the extended position to a retracted position
similar to that shown in FIG. 6.

In movement between the extended and retracted posi-
tions, the mner disc 59 on the stem 58 of the piston-forming,
clement 135 1s received within the smaller diameter cylindri-
cal inner chamber 52 of the piston chamber-forming body 14
and the intermediate disc 60 1s received within the larger
diameter cylindrical outer chamber 51 of the piston cham-
ber-forming body 14 with each of the inner disc 59 and the
intermediate disc 60 eflectively acting respectively as the
first one-way valve 139 and the second one-way valve 160
such that mn a cycle of operation in a retraction stroke
moving from an extended position to a retracted position,
fluid from the reservoir 1s discharged 1n the outer chamber
51 axially outwardly past the intermediate disc 60 to tlow
axially outwardly past the locating divider flange 226
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through 1ts openings 227 and into the openings 81. Thus, the
liquid pump 26 1n a retraction stroke discharges fluid from
the reservoir axially upwardly. The air pump 28 in the
retraction stroke with a reduction of volume of the annular
air compartment 68 compresses the air within the air com-
partment 68 so as to discharge air axially outwardly via the
exterior channels 222 annularly between the center tube 33
and the center tube 74 outwardly to the openings 81. The
liguid pump 26 and the air pump 28 1n a retraction stroke
simultaneously discharge fluid from the reservoir and air
from the atmosphere radially inwardly through the openings
81 and hence axially outwardly notably through the plug
passageways 244 to the discharge passageway 79.

Reference 1s made to FIG. 14 which schematically shows
in cross-section the main channel 264 of one plug channel-
way 244 as extending between the first plug end 233 and the
second plug end 234. FIG. 14 shows the piston-forming
clement 15 and the diaphragm-forming component 16 fixed
together as the piston member P and the piston chamber-
forming body 14 coupled to the piston member P in an
extended position. On the application of forces 101 such as
shown 1n FIG. 3, on movement towards the retracted posi-
tion similar to that show on FIG. 6, the liguid pump 26
discharges flmd from the reservoir to the openings 81
simultaneously with the air pump 28 discharging air to the
openings 81. This mixture of air and fluid passes axially
outwardly annularly between the stem 58 of the piston-
forming element 15 and the central tube 74 axially through
the locking flange 228 an into an annular axially inner
mixing chamber 275 formed between the annular distribu-
tion groove 230 on the stem 58 and the central tube 74. From
the mner mixing chamber 275, the fluid flows 1nto the plug
passageways 244 at an entrance 600 to each of the plug
passageways 224 at the first plug end 233 and downstream
through the plug passageways 244 formed between the plug
member 232 and the sleeve mner wall surface 212 to exat the
plug passageways 244 at an exit 602 to each of the plug
passageways 224 at the second plug end 234 where the
mixture of air and the flmd flows 1nto an annular axially
outer mixing chamber 276 formed within the annular mixing
cavity 241 1inside the sleeve bore 175. Subsequently, the
mixture of air and hiquid flows downstream axially out-
wardly through the plug end flange 238 and the sleeve end
wall 216 through the overlapping portions of the end flange
openings 239 and the end wall openings 217 into the
discharge passageway 79 and hence out the discharge outlet
29. The foam generator 80 provides for the mixing of the air
and the fluid from the reservoir and provides for the forma-
tion of a foam of the air and the fluid by such mixing. Foam
generation 1s 1mparted notably by downstream passage
through the plug passageways 244 and by passage through
the end flange openings 239 and the end wall openings 217,
however, merely the plug passageway 244 are required to
provide an advantageous resultant foam. The inclusion of
the end flange 236 with 1ts end flange openings 239 and the
sleeve end wall 217 with 1ts end wall openings 217 1s
advantageous but not necessary. Similarly the inclusion of
the inner mixing cavity 275 and the outer mixing cavity 276
as elements of the foam generator 80 1s advantageous but not
necessary.

In the preferred embodiment as 1llustrated in FIG. 11, the
plug passageways 244 extend longitudinally between the
plug member 232 and the sleeve member 210. In FIG. 11,
the main channel 264 extends longitudinally 1 a slightly
serpentine path wavering left and right along a line parallel
to the axis 31. In the alternate, the plug passageways 244
may, for example, extend helically about the plug member
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232 as, for example, to increase the relative length of each
plug passageway 244. In the preferred embodiment as
illustrated 1n FI1G. 11, there are four plug passageways 244,
cach of which provides an independent path from the other
plug passageways 244, however, this 1s not necessary and
two or more of the plug passageways 244 can interconnect
with flow being transferred between the plug passageways
244 as, Tor example, to provide as an interconnected maze of
channels. For example, some of the main channel and the
left and right side channels of one plug channelway 236 can
connect with, or be split to connect and merge with, the main
channel or the left and right side channels of adjacent plug
channelways 236. Such merging connections between chan-

cls of different plug passageways 244 may preferably
provide for mixing and the creation of turbulence by select-
ing the angle at which the merging downstream tlows
intersect.

FIGS. 8 and 9 illustrate a stop rib 278 which extends
radially outwardly from the central tube 74. The inner tube
33 of the piston chamber-forming body 14 includes, as best
seen 1 FIG. 3, an axially extending slotway 279. The
diaphragm-forming component 16 together with the piston-
forming element 15 fixed together as the piston member P
are rotatable relative to the piston chamber-forming body 14
about the axis 31 between an operative position as shown 1n
FIG. 3 in which the stop rib 278 1s coaxially aligned with the
slotway 279 and the diaphragm-forming component 16 may
be moved axially relative to the piston chamber-forming
body 14 from the extended position as shown in FIG. 3 to
a retracted position similar to that shown in FIG. 6.

From the extended and operative position of FIG. 3, the
piston member P and 1ts diaphragm-forming component 16
may be rotated counter-clockwise about the axis 31 to
positions 1n which an axially mmwardly directed stop surface
282 on the stop b 278 engages with an axially outwardly
directed stopping surface 283 on the axial outer end of 1nner
tube 33 to place the diaphragm-forming component 16 1n an
ioperative position 1n which engagement between the stop
surface 282 of the stop rib 278 and the stopping surface 283
on the outer end of inner tube 33 prevents axial movement
of the diaphragm-forming component 16 from the extended
position towards the retracted position. As seen 1 FIG. 7,
the axially inner end of the inner tube 33 carries a stop button
280 adapted to engage the stop rib 278 and locate the stop
rib 278 axially aligned with the slotway 279 1n the operative
position when the diaphragm-forming component 16 1s
rotated from 1noperative positions clockwise relative the
piston chamber-forming body 14.

In accordance with the preferred embodiments, the major
components of the pump assembly 11, namely, the piston
chamber-forming body 14, the piston-forming element 135
and the diaphragm-forming component 16 are each formed
as an 1ntegral element preferably by injection molding. This
has the advantage of reducing the number of clements
required as 1s of assistance in reducing the ultimate costs of
manufacturing and assembling the resultant product. The
diaphragm-forming component 16 in the preferred first
embodiment 1s preferably configured so as to facilitate
injection molding of the diaphragm-forming component 16
as from a resilient preferably elastomeric matter.

It 1s not necessary but preferred that the diaphragm-
forming component 16 may be formed as an integral ele-
ment. It could be formed from a plurality of elements which
are subsequently assembled. Each of the piston chamber-
forming body 14 and the piston-forming element 15 which,
while preferably are unitary elements, may each be formed
from a plurality of elements.
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The diaphragm-forming component 16 and its diaphragm
member 70 preferably have suflicient resiliency that from an
unassembled condition as 1llustrated, for example, in FIG. 4,
the first end 73 of the diaphragm member 70 can be
resiliently deformed so that the locating flange 82 may be
mampulated to become engaged axially mmwardly of the
return flange 38. The engagement of the radial distal end 87
of the locating flange 82 with the locating surface 40 of the
outer tube 36 of the piston chamber-forming body 14 can
assist 1n preventing radially outward movement of the first
end 73 of the diaphragm member 70 as during application of
the force 101. Referrning to FIG. 14, the locating flange 82 1s
provided on 1ts axially mmwardly directed surface with a
beveled surface 284 and the return flange 38 at 1ts radial
inner edge 1s provided with a complementary axially out-
wardly directed bevel surface 285 to assist by mutual
engagement 1n facilitating the downward movement of the
locating tlange 82 axially inwardly of the return flange 38.

In the preferred embodiment, the piston chamber-forming,
body 14 1s preferably formed from relatively rigid plastic
material.

The return flange 38 i1s shown as being a number of
circumierentially spaced segments on the outer tube 36 with
portions ol the outer tube 36 between the return flange
segments where the vent channels 45 are provided. Provid-
ing the return flange 38 as circumierentially spaced seg-
ments can assist in manufacture of the piston chamber-
forming body 14, however, 1s not necessary and the return
flange 38 may extend circumierentially about the entirety of
the outer tube 36.

The foam generator 80 preferably creates turbulence on
the stmultaneous passage of liquid and air therethrough as 1s
advantageous to provide for preferred foam of the fluid and
air.

While the piston-forming element 13 1s preferably formed
as a unitary element from injection molding, this i1s not
necessary and the piston-forming element may be formed
from a plurality of elements. The liquid pump 26 1s 1llus-
trated as comprising a stepped pump arrangement so as to
minimize the number of components forming the liquid
pump 26. Rather than provide the liquid pump 26 to be
formed merely between the stepped tluid chamber 50 and
the piston-forming element 135, a fluid chamber could be
utilized having a constant diameter and a separate one-way

inlet valve may be provided between this chamber and the
reservolr as in a manner, for example, disclosed 1n the liquid
pump of U.S. Pat. No. 7,337,930 to Ophardt et al, 1ssued
Mar. 4, 2008, the disclosure of which 1s incorporated herein
by reference.

In the first preferred embodiment, the diaphragm-forming
component 16 1s illustrated as including and formed with the
discharge tube 78. This 1s a preferred arrangement for
providing the pump assembly 11 to have the diaphragm-
forming component 16 and the piston-forming element 15
cach formed as a separate integral element. In other arrange-
ments, however, the discharge tube 78 may form part of the
piston-forming element 15 extending radially from an upper
end of the piston-forming element 15 and with the dia-
phragm-forming component 16 simplified so as to have the
central bore 75 extend upwardly through the end cap 17 to
an opening for annular engagement about the piston-forming
clement 15 axially inwardly from the radially outwardly
extending discharge tube. Such a modified diaphragm-form-
ing component would continue to have a flexible annular
diaphragm member coaxially about the piston-forming ele-
ment 15 spanning between an axial outer piston end of the
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piston-forming element 15 and the piston chamber-forming,
body 14 to define a variable volume annular air compart-

ment therebetween.

In accordance with the first embodiment, 1t 1s preferred
that the diaphragm member 70 be utilized 1n a position that
the central axis 31 i1s generally vertical, however, this 1s not
necessary and generally a principal requirement 1in any
oriented use of the pump assembly 11 1s that the fluid 13 1n
the reservoir 12 be at a height below the entranceway 1n the
reservoir 12 to the air relief passageway 106. In one modi-
fication of the dispenser as illustrated in FIG. 2, the neck 21
on the reservoir 12 could be located proximate the upper end
ol the reservoir 12 albeit disposed about a horizontal axis 1n
which case the axis 31 of the embodiment illustrated i FIG.
5 would be horizontal and the discharge outlet 29 would
discharge flmd liquid downwardly. In another variant of
such an arrangement, the discharge tube could be modified
to be coaxial about the axis 31 and extend horizontally rather
than downwardly.

Optional Air Relief Valve

As seen on FIG. 5, the annular first end 73 of the
diaphragm member 70 includes a radially outwardly extend-
ing locating flange 82, an air relief valve member 83, a stop
foot member 84 and a sealing member 85.

The diaphragm-forming component 16 1s engaged with
the piston chamber-forming body 14 with the sealing mem-
ber 85 and the air relief valve member 83 engaged on the
upper surtace 39 of the bridge flange 34 and the locating
flange 82 disposed axially inwardly of the stopping surface
41 of the return flange 38 as seen 1n FIG. 5. The locating
flange 82 includes an axially outwardly directed outer flange
stop surface opposed to and, in FIG. 6, engaging the
stopping surface 41 on the return tflange 38 of the piston
chamber-forming body 14 to restrict actual outward move-
ment of the annular first end 73 of the diaphragm member 70
relative to the piston chamber-forming body 14. The locat-
ing ftlange 82 1s joined at a radially inner end to the
diaphragm side wall 72 and extends radially outwardly as an
annular flange to a radial distal end.

The air relief valve member 83 comprises an annular disc
which extends from an axially outwardly and radially
inwardly inner end axially inwardly and radially outwardly
to a distal end 1n engagement with the upper surface 39 of
the bridge flange 34.

The sealing member 835 extends from an axially outwardly
and radially outwardly mmmer end radially inwardly and
axially inwardly to a distal end 1n engagement with the upper
surface 39 of the bridge tlange 34.

The stop foot member 84 is provided 1n between the air
reliel valve member 83 and the sealing member 85 and
extends axially inwardly from an axially outer end to a foot
stop surface at a distal end.

As seen 1n FIG. 5, the foot stop surface of the stop foot
member 84 in the extended position 1s spaced axially
outwardly from the upper surface 39. As seen in FIG. 4, at
circumierentially spaced locations, a number of vent ports
95 are provided radially through the stop foot member 84
and provide for communication radially through the stop
foot member 84.

Referring to FIGS. 5 and 6, the annular first end 73 of the
diaphragm member 70 engages with the annular seat
arrangement 99 of the piston chamber-forming body 14
annularly about the piston chamber-forming body 14 for
limited reciprocal axial movement of the first end 73 of the
diaphragm member 70 relative the annular seat arrangement
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99 between an axially outer position shown i FIG. 5 and an
axially inner position shown in FIG. 6.

As can be seen 1n FIG. 5, the first end 73 of the diaphragm
member 70 1s engaged on the annular seat arrangement 99
of the piston chamber-forming body 14 with the locating
flange 82 axially disposed between the bridge flange 34 and
the return flange 38 with the axially outwardly directed outer
flange stop surface on the locating flange 82 1n opposition to
the axially inwardly directed stopping surface 41 on the
return flange 38 so as to limit axial outward movement of the
first end 73 of the diaphragm member 70 relative the annular
seat arrangement 99 at the axially outer position as seen 1n
FIG. 5. The stop foot member 84 has i1ts axially mnwardly
directed foot stop surface opposed to the upper surface 39 of
the bridge flange 34 such that engagement between the foot
stop surface and the upper surface 39 of the bridge flange 34
limits axial inward movement of the first end 73 of the
diaphragm member 70 in the axially inner position as shown
in FIG. 6. An annular portion of the upper surface 39 of the
bridge flange 34 where the annular foot stop member 84
engages provides an axially mmwardly directed stopping
surface.

The first end 73 of the diaphragm member 70 includes the
sealing member 85 which 1s an annular disc that extends
axially mmwardly and radially mnwardly to the distal end 91
that 1s 1n sealed engagement with the upper surtace 39 of the
bridge flange 34 of the annular seat arrangement 99 of the
piston-forming body 14 to form an annular seal preventing
flow between the sealing member 85 and the annular seat
arrangement 99 1n all positions of the first end 73 of the
diaphragm member 70 and the annular seat arrangement 99
between the outer position of FIG. 7 and the inner position
of FIG. 6. The sealing member 85 1s formed of resilient
material and has an inherent bias to adopt an inherent
position and when deflected from the inherent position
attempts to return to the inherent position. In moving from
the axial outer position of FIG. 3 to the axially inner position
of FIG. 6, the sealing member 85 1s deflected and 1ts distal
end displaced marginally radially inwardly on the upper
surface 39 yet maintaining the annular seal therewith to
prevent fluid flow. The distal end of the sealing member 85
engages the upper surface 39 to form the annular seal
therewith radially mnwardly of the first opening 43 such that
the annular seal 102 formed between the sealing member 85
and the upper surface 39 prevents flow nto or out of the
annular air compartment 68 between the first end 73 of the
diaphragm member 70 and the annular seat arrangement 99
of the piston chamber-forming body 14. An annular portion
of the upper surtface 39 of the bridge flange 34 where the
sealing member 85 engages provides an axially mwardly
directed sealing seat surface 197. In movement of the first
end 73 of the diaphragm member 70 from the axially outer
position of FIG. 5 to the axially inner position of FIG. 6, the
sealing member 85 1s detlected and the inherent bias of the
sealing member 85 will attempt to remove the first end 73 of
the diaphragm member 70 to the axially outer position of
FIG. 5.

The first end 73 of the diaphragm member 70 carries the
air relief valve member 83 which extends axially inwardly
and radially outwardly to 1ts distal end which 1s 1n engage-
ment with the upper surface 39 of the bridge flange 34. The
air reliel valve member 83 is resilient with an inherent bias
to return to an inherent position and when detlected from the
inherent position attempts to return to the iherent position.
The distal end of the air relief valve member 83 is 1n
engagement with the upper surface 39 of the bridge tlange
34 1n all positions between the outer position of FIG. 5 and
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the mner position of FIG. 6. In axial movement of the outer
end 73 of the diaphragm member 70 from the axial outer
position of FIG. 7 to the axially inner position of FIG. 6, the
distal end of the air relief valve member 83 slides radially
outwardly on the upper surface 39 as the air relief valve
member 83 15 deflected against 1ts inherent bias. An annular
portion of the upper surface 39 of the bridge flange 34 where
the air relief valve member 83 engages provides an axially
inwardly directed annular air relief valve seat surface. The
inherent bias of the air relief valve member 83 biases the first
end 73 of the diaphragm member 70 from the axially inner
position of FIG. 8 to the axially outer position of FIG. 5.

In use of the foam dispenser 10, when a user applies the
downward force 101 to the end cap 71 as indicated by the
schematic arrow 1n FIG. 2, the first end 73 of the diaphragm
member 70 1s moved fI‘OIIl the axially outer position of FIG.
5 to the axially inner position of FIG. 6 during which
movement each of the sealing member 85 and the air relief
valve member 83 are detlected from their inherent position.
On release of the downwardly directed force 101 onto the
end cap 71, the inherent bias of each of the sealing member
85 and the air relief valve member 83 on the first end 73 of
the diaphragm member 70 act on the annular seat arrange-
ment 99 to bias the first end 73 of the diaphragm member 70
from the axial mner position of FIG. 8 to the axially outer
position of FI1G. 5. In this regard, each of the sealing member
85 and the air relief valve member 83, individually and
collectively, act as a resilient positioning spring member to
bias the first end 73 from the 1nner position towards the outer
position.

Referring to FI1G. 5 showing the axially outer position, the
air relief valve member 83 has 1ts distal end engage the
upper surface 39 radially inwardly of the radial inner end of
the vent channels 45. On moving from the axially outer
position of FIG. 3 to the axially inner position of FIG. 6, the
distal end of the air relief valve member 83 slides radially
outwardly on the upper surface 39 so that an opening 105 1s
provided radially mwardly of the distal end of the air relief
valve member 83 and radially outwardly of the radially
inwardly end 49 of the vent channels 45.

As can be seen i FIG. 6, an air relief passageway 1s
defined through the piston liquid chamber-forming body 14
providing communication between external atmospheric air
and the terior 19 of the reservoir 12. The air relief
passageway 1ncludes (a) the vent passage 42 providing
communication through the piston chamber-forming body
14 to the first opening 43 on the upper surface 39 of the
annular seat arrangement 99; (b) an outer portion including
the vent channel 45 providing communication between
external atmospheric air and the opening 105 on the axially
outwardly directed upper surface 39; and (¢) an intermediate
portion between the first opening 43 and the second opening
105 which, as can be seen 1n FIG. 6, passes through the vent
port 95 through the stop oot member 84. The air relietf valve
member 83 engages the air relief valve seat surface to close
and to open the air relief passageway dependent upon the
axial position of the first end 73 of the diaphragm member
70 relative the annular seat arrangement 99 between the
axially inner position and the axially outer position.

As seen 1n FIG. 6 1n the axial outer position, the air relietf
valve member 83 engages the air relief valve seat surface of
the upper surface 39 so as to open the air relief passageway.
As seen 1 FIG. 5 1n the axial outer position, the air relief
valve member 83 has moved radially inwardly of the radial
inner end of the vent channel 45 and engages the air relief
valve seat surface of the upper surface 39 1n a sealed manner
so as to close the air relief passageway 106.
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The interaction of the air relief valve member 83, the air
relief valve seat surface and the air relief passageway forms

the air reliet valve 30 across the air relief passageway that
opens and closes the air relief passageway dependent upon
the relative axial position of the piston-forming member 135
and the liquid chamber-forming body 14. In the position of
FIG. 5, the air relietf valve 30 closes the air relief passageway
and thus encloses the 1nterior 19 of the reservoir 12. In the
axially inner position of FIG. 6, the air relief valve 30 opens
the air reliel passageway so as to permit air from the
atmosphere to flow into the interior 19 of the reservoir 12 as
to relieve any vacuum condition which may have arisen in
the interior 19 due to discharge of the liquid 13 from the
reservoir 12 by the liquid pump 26.

The optional air relief valve 30 1s not necessary and the
annular first end 73 of the diaphragm member 70 may
merely be fixedly sealably engaged on the bridge tflange 34.

Second Embodiment

Reference 1s made to FIGS. 17 to 25 which illustrate a
second embodiment of the foaming pump assembly 11 1n
accordance with the present invention. The foaming pump
assembly 11 has similarities to a pump assembly as shown
in Canadian patent application Serial No. 2,873,105 to
Ophardt et al, published Jun. 20, 2015, the disclosure of
which 1s incorporated herein by reference.

Reference 1s made to FIG. 18 showing a foam dispenser
10 having a foaming pump assembly 11 of the second
embodiment of FIG. 17 secured to a reservoir 12 containing
a foamable fluid 13 to be dispensed. The flmd 13 1s prefer-
ably a liquid. The pump assembly 11 includes a piston
chamber-forming body 14, a piston-forming element 15, a
sleeve member 210 and a plng member 232. The reservoir
12 1s a non-collapsible reservoir in the sense that as the fluid
13 1s drawn from the reservoir 12 by operation of the pump
assembly 11 with the discharge of the liquid 13 from the
reservolr, a vacuum comes to be developed within the
reservoir 12 as 1n the gas 18, being substantially air, 1n the
reservoir 12 above the fluid 13. The reservoir 12 defines an
interior 19 with the interior 19 enclosed but for having an
outlet port 20 formed in a cylindrical externally threaded
neck 21 of the reservoir 12. The neck 21 of the reservoir 12
1s sealably engaged on an internally threaded upwardly
extending collar tube 22 on the piston chamber-forming
body 14 with the outlet port 20 and the piston chamber-
forming body 14 engaged to form a seal therebetween.

In the second preferred embodiment as seen 1 FIGS. 17
to 25, each of the piston chamber-forming body 14, the
piston-forming element 15, the sleeve member 210 and the
plug member 232 1s formed as an integral element prefer-
ably by imjection molding so as to provide the foaming pump
assembly 11 from a mimimal of parts, namely these major
four elements.

These four major elements are assembled with the sleeve
member 210 and the plug member 232 aflixed to the
piston-forming element 15 forming a piston member P and
with the piston-forming element 135 of the piston member P
coupled to the piston chamber-forming body 14 for move-
ment between an extended position as seen 1n FIGS. 18 and
a retracted position as seen 1n FIG. 19.

A liquid pump 26 1s formed by the interaction of the
piston-forming element 15 and the piston chamber-forming
body 14 and an air pump 28 i1s formed notably by interaction
of the piston-forming element 15 and the piston chamber-
forming body 14. In moving from the extended position of
FIG. 235 to the retracted position of FIG. 26, the liquid pump
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26 discharges the fluid 13 from the reservoir 12 simultane-
ously with the air pump 28 discharging air such that air and
the fluid 13 are simultaneously passed through a foam
generator 80 out a discharge outlet 29. In moving from the
retracted position of FIG. 19 to the extended position of FIG.
18, atmospheric air 1s drawn 1n by the air pump 28. An air
reliel valve 30 1s provided between the piston-forming
clement 15 and the piston chamber-forming body 14 to
permit atmospheric air to flow from the atmosphere into the
interior 19 of the reservoir 12 to relieve any vacuum that
may develop within the reservoir 12.

The piston chamber-forming body 14 1s disposed about a
central axis 31 and has an axially mner end 32 and an axially
outer end 29. The piston chamber-forming body 14 includes
a center tube 33 disposed coaxially about the axis 31, open
at the axially outer end 129 and closed at an axially inner end
32 by an end wall 302 including a center locating tube 301.
The collar tube 22 extends upwardly from the center tube 33
coaxially radially outwardly about the center tube 33.

Inside the center tube 33, there 1s defined an axially outer
air chamber 300, a stepped fluid chamber 50, and a transfer
chamber 303.

The stepped fluid chamber 50 1s defined having a cylin-
drical axially outer chamber 51 and a cylindrical axially
inner chamber 52 with the diameter of the mnner chamber 52
being less than the diameter of the outer chamber 51. Each
chamber 51 and 52 is coaxial about the axis 31. Each
chamber 51 and 52 has a cylindrical chamber wall, an 1nner
end and an outer end. The axial outer end of the inner
chamber 52 opens into the axial inner end of the outer
chamber 51. An annular shoulder 53 closes the inner end of
the mner chamber 52 about the outer end of the outer
chamber 51.

The 1mner chamber 52 1s open at an axial inner end 35 of
the fluid chamber 50 into the transfer chamber 303 at the
axially mner end 32 of the piston chamber-forming body 14
closed by the end wall 302. Transfer ports 304 extend
radially through the center tube 33 to provide communica-
tion between the interior 19 of the reservoir 12 and the
interior of the center tube 33 into the mner chamber 52.

The air chamber 300 1s defined within the center tube 33
open axially outwardly to the axially outer end 29. The
axially outer end of the outer chamber 51 opens into the air
chamber 300. The air chamber 300 1s defined within an outer
wall portion 305 of the center tube 33 having a larger
diameter than the diameter of the outer chamber 51.

As best seen 1 FIG. 18, the piston-forming element 135 1s
coaxially slidably received within the piston chamber-form-
ing body 14 providing the liquid pump 26 therebetween. The
piston-forming element 15 has a central stem 58 from which
there extends radially outwardly an annular inner disc 59, an
annular mtermediate disc 60 and an annular outer disc 61.
The stem 58 defines internally an axially extending internal
passageway 62 extending from an axially inner open end 63
to an axially outer open end 64. Liquid ports 65 extends
radially through the central stem 58 providing communica-
tion between the internal passageway 62 and the outer
chamber 51 axially between the intermediate disc 60 and the
outer disc 61.

The piston-forming element 15 1s coaxially slidable rela-
tive to the piston chamber-forming body 14 between a
retracted position as seen mm FIG. 19 and an extended
position as seen 1n FIG. 18. In a cycle of operation, the
piston-forming element 15 1s moved relative to the piston
chamber-forming body 14 from the extended position to the
retracted position 1 a retraction stroke and from the
retracted position to the extended position in a withdrawal
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stroke. During a cycle of operation, the mner disc 59 1s
maintained within the inner chamber 52 and the intermediate
disc 60 and the outer disc 61 are maintained within the outer
chamber 51. The mner disc 59 with the mnner chamber 51
form a first one-way liquid valve 159 permitting liquid tlow
merely outwardly therebetween. The 1nner disc 59 has an
clastically deformable edge portion for engagement with the
inner wall of the inner chamber 352. The inner disc 39 1s
biased outwardly into the wall of the mner chamber 52 to
prevent fluid flow axially inwardly therepast, however, the
mner disc 39 has its end portion deflect radially inwardly
away from the wall of the inner chamber 52 to permat fluid
flow axially outwardly therepast.

The outer disc 61 engages the side wall of the outer
chamber 51 1n a manner to substantially prevent fluid tlow
axially imnwardly or outwardly therepast. The intermediate
disc 60 has an elastically deformable edge portion which
engages the side wall of the outer chamber 51 to substan-
tially prevent fluid flow axially inwardly therepast yet to
deflect away from the side wall of the outer chamber 51 to
permit fluid to pass axially outwardly therepast. The inter-
mediate disc 60 with the outer chamber 52 form a second
one-way liquid valve 160 permitting liquid flow merely
outwardly therebetween.

An annular fluid compartment 66 1s defined 1n the fluid
chamber 50 radially between the center tube 33 and the
piston-forming element 15 axially between the inner disc 59
and the outer disc 61 with a volume that varies 1n a stroke
of operation with axial movement of the piston-forming
clement 13 relative to the piston chamber-forming body 14.
The fluid compartment 66 has a volume 1n the extended
position greater than i1ts volume in the retracted position.
Operation of the liquid pump 26 1s such that in a retraction
stroke, the volume of the flmd compartment 66 decreases
creating a pressure within the fluid compartment 66 which
permits flwmd tlow radially outwardly past the inner disc 59
and axially outwardly past the intermediate disc 60 such that
fluad 1s discharged axially outwardly past the intermediate
disc 60 and via the liquid ports 635 into the internal passage-
way 62. In a withdrawal stroke, the volume of the liquid
compartment 66 increases such that with the intermediate
disc 60 preventing tluid flow axially outwardly therepast, the
increasing volume.

As best seen 1 FIG. 25, the piston-forming element 15
has on the central stem 58 axially outwardly of the annular
outer disc 61 an air disc 306 which extends radially out-
wardly into sealed engagement with the outer wall portion
305 of the center tube 33. The piston-forming element 15
includes on 1ts central stem 58 axially between the outer disc
61 and the air disc 306 air ports 67 providing for commu-
nication between the internal passageway 62 of the stem
radially through the central stem 58 with an air compartment
68 defined between the piston-forming element 15 and the
piston chamber-forming body 14.

The air compartment 68 1s defined radially between the
center tube 33 and the stem 58 axially between the outer disc
61 and the air disc 306 with a volume that varies in a stroke
of operation with axial movement of the piston-forming
clement 15 relative to the piston chamber-forming body 14.
The air compartment 68 has a volume in the extended
position greater than i1ts volume in the retracted position.
Operation of the airr pump 28 1s such that in a retraction
stroke, the volume of the air compartment 68 decreases
creating a pressure within the air compartment 68 which
discharge air via the air ports 67 into the internal passageway
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62. In a withdrawal stroke, the volume of the air compart-
ment 68 draws air and the tluid from the internal passageway
62.

The piston-forming element 15 has on the central stem 58
axially inwardly of the annular inner disc 59 a vent disc 308
which extends radially outwardly into sealed engagement
with an interior wall 309 of the transier chamber 303 of the
center tube 33 axially inwardly of the transfer ports 304. The
vent disc 308 and interior wall 309 cooperate 1n a manner as
described 1n the above noted Canadian Patent Application
2,875,103, to provide the air relief valve 30 such that 1f a
suflicient vacuum condition may exist in the reservoir 12,
flow 1s permitted between the vent disc 308 and the interior
wall 309 from the internal passageway 62 into the interior 19
of the reservoir 12, such that with the internal passageway
62 open to the atmosphere through the discharge outlet 29,
atmospheric air may relieve a vacuum condition in the
reservolr 12.

In the use of the foam dispenser 10 as shown 1 FIG. 18,
in a retraction stroke, the liquud pump 26 forces the fluid
from the reservoirr 12 from the liquid compartment 66
through the liquid ports 65 into the internal passageway 62
of the central stem 38 simultaneously with air pump 28
forcing air from the air compartment 68 through the air ports
67 1nto the internal passageway 62 of the central stem 58
and, hence, each of the discharged fluid and air are simul-
taneously passed to and through the foam generator 80 to
discharge as foam out the discharge outlet 29. In the with-
drawal stroke from the position of FIG. 18 to the position of
FIG. 19, the volume of the air compartment 68 increases
drawing atmospheric air into the air compartment 68 via the
discharge outlet 29, through the foam generator 80, the
internal passageway 62, and the air ports 67.

The internal passageway 62 within the central stem 38
includes proximate the outer open end 64 an enlarged
foaming chamber 69. While not shown, one or more addi-
tional foam generating components may optionally be pro-
vided 1 foaming chamber 69, for example, as screens and
a porous foam inducing sponge that may extend across the
internal passageway 62, for example, supported at an axially
inner end of the foaming chamber 69 1n a manner as
described 1n the above noted Canadian Patent Application
2,875,105, On FIG. 19, an optional such one screen 630 and
an optional porous foam inducing sponge 631 are shown 1n
broken lines.

As best seen 1n FIGS. 23 and 24, the clongate sleeve
member 210 has a sleeve side wall 211 with a sleeve inner
wall surface 212 and a sleeve outer wall surtace 312.

The sleeve side wall 211 extends from a first sleeve end
214 to a second sleeve end 213 defining a central sleeve bore
175 within the sleeve member 210 extending along the axis
31. At the second sleeve end 215, the sleeve member 210
includes a radially extending sleeve end wall 216 closing the
sleeve bore 75 at the second sleeve end 215 but for an array
of end wall openings 217 axially through the sleeve end wall
216.

The sleeve inner wall surface 212 is circular in any
cross-section, normal the longitudinal axis 31. In this regard,
the sleeve inner wall surface 212 1s preferably cylindrical.

The sleeve outer wall surface 312 of the sleeve member
210 1s circular 1n any cross-section normal the axis 31 and
preferably cylindrical between the first sleeve end 214 and
the second sleeve end 215. Four air sleeve channelways 336,
four mixing sleeve channelways 436 as well as an annular
air manifold channelway 314 and an annular liquid manifold
channelway 316 are provided in the sleeve outer wall
surface 312. Each air sleeve channelway 336, mixing sleeve
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channelway 436, air manifold channelway 314 and liquid
mamifold channelway 316 1s a channelway that 1s cut radi-
ally inwardly into the sleeve member 210 from the sleeve
outer wall surface 312 forming a channelway in the sleeve
outer wall surface 312 opening radially outwardly along the
length of each channelway to the sleeve outer wall surface
312. Fach annular air manifold channelway 314 and each
annular liquid manifold channelway 316 extends annularly
about the sleeve inner wall surface 312. Each air sleeve
channelway 336 1s open axially into the air manifold chan-
nelway 314 at an axially outer end and into the liquid
manifold channelway 316 at an axially inner end. Each air
sleeve channelway 336 provides communication between
the air manifold channelway 314 and the liquid manifold
channelway 316. Each mixing channelways 436 provides
communication between the liquid manifold channelway
314 and the first sleeve end 214. The mixing channelways
436 are open axially at an axially mmner end in the liquid
manifold channelway 316 and at the first sleeve end 214.

Referring to FIG. 25, the stem 58 of the piston-farming
clement 15 provides the passageway 62 1nside a central tube
member 74 of the stem 58. A central tube bore 75 of the tube
member 74 about the axis 31 forms the passageway 62
therethrough between a tube first end 410 and a tube second
end 412. The central tube member 74 has a tube side wall
414 with a circumierentially inwardly directed tube inner
wall surface 418 that i1s cylindrical and circular 1n cross-
section normal the axis 31 defining the tube bore 75 extend-
ing along the axis 31. As seen 1n FIGS. 18 and 19 the sleeve
member 210 1s securely fixedly coupled to the piston-
forming element 15 within the passageway 62 that 1s within
the central tube bore 75 of the tube member 74.

With the sleeve member 210 received coaxially within the
tube member 74, the cylindrical sleeve outer wall surface
312 1s 1 opposed close opposition on engagement with the
cylindrical tube mner wall surface 418 so as to prevent any
substantial air or fluid flow therebetween other than through
sleeve passageways generally indicated 320 defined
between the tube 1nner wall surface 318 and each of the air
mamfold sleeve channelways 314, the air sleeve channel-
ways 336, the annular liquid manifold channelway 316, and
the mixing sleeve channelways 436. Such sleeve passage-
ways 320 together provide for flow longitudinally between
air manifold sleeve channelways 314 and the first sleeve end
214. The air sleeve channelways 336 and the mixing sleeve
channelways 436 1n the second embodiment are configured
to be substantially the same as the plug channelways 336 in
the first embodiment and configured to provide the sleeve
passageways 320 with successive mixing portions 1n series
along the sleeve passageway 320 that will mix any air and
fluid that are passed downwardly axially mmwardly there-
through 1n the same manner that the plug channelways 344
in the third embodiment mix any air and fluid that are passed
downstream axially outwardly therethrough. Flow down-
stream, that 1s axially inwardly, through the sleeve passage-
ways 320 where formed by the air sleeve channelways 336
and mixing sleeve channelways 436 that 1s towards the first
sleeve end 214 increases the resistance to downstream tlow
of the flmd, and upstream flow that 1s axially outwardly,
through sleeve passageways 320 where formed by the air
sleeve channelways 336 and mixing sleeve channelways 436
that 1s the towards the second sleeve end 215 i1s relatively
freely without the increased resistance to upstream tlow that
1s caused by tlow downstream through the splitting of the
downstream flow. The flow upstream axially towards the
first sleeve end 214 1s to be considered flow 1 a first
direction and the flow downstream axially towards the
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second sleeve end 215 i1s considered flow 1 a second
direction opposite to the first direction.

As seen 1n FIG. 22, the elongate plug member 232 extends
axially from a first plug end 233 axially outwardly to a
second plug end 234. The plug member 232 has a plug outer
wall surface 235 which 1s circular 1n any cross-section
normal the axis 31 and 1s preferably cylindrical between the
first plug end 233 and the second plug end 234. Four
identical plug channelways 236 are provided in the plug
outer wall surtace 235, each plug channelway 236 1s a
channelway that i1s cut radially inwardly into the plug
member 232 from the plug outer wall surface 235 forming,
a channelway that opens radially outwardly along the length
of each plug channelway 236 to the plug outer wall surface
235. Each of the plug channelways 236 1s open axially at the
first plug end 233 and at the second plug end 234. The plug
member 232 1s securely fixedly coupled to the sleeve
member 210 within the sleeve bore 175 yet permitting axial
flow therebetween of air and fluid.

With the plug member 232 received coaxially within the
sleeve member 210, the cylindrical plug outer wall surface
235 15 1n opposed engagement with the cylindrical sleeve
inner wall surface 212 so as to prevent any substantial air or
fluid flow therebetween other than through plug passage-
ways 244 defined between each plug channelway 236 and
the sleeve mner wall surface 212 for tlow of fluid. Four such
plug passageways 244 are provided with each providing for
fluid tlow longitudinally between an axially inner end of the
plug passageway 244 opening axially mnwardly at the first
plug end 233 and an axially outwardly into the annular
mixing cavity 241 at the second plug end 234.

The plug channelways 336 in the second embodiment are
configured to be substantially the same as the plug channel-
ways 336 1n the first embodiment and configured to provide
the plug passageways 244 that will mix any air and tluid that
are passed downstream axially inwardly therethrough 1n the
same manner that the plug passageways 244 in the first
embodiment mix any air and fluid that are passed down-
stream axially inwardly therethrough. As 1n the first embodi-
ment, 1n the second embodiment, the plug passageways 244
have left mixing portions 501 alternating with right mixing,
portions 502 providing 1n series successive mixing portions
in the plug passageway 236. The plug passageways 244 1n
the second embodiment are thus configured to be substan-
tially the same as the plug passageways 244 in the first
embodiment and configured with successive mixing por-
tions 1n series along the plug passageways 244 to mix the air
and fluid that are simultaneously passed downstream axially
outwardly therethrough and by such mixing of the air and
liquid, foam of the air and fluid 1s generated. As 1n the first
embodiment downstream tlow from the first plug end 233
towards the second plug end 234 increases the resistance to
flow of the fluid from the first plug end 233 to the second
plug end 234, and upstream flow through the plug channel-
way 236 from the first plug end 233 to the second plug end
234, 1s relatively freely without the increased resistance to
flow that 1s caused by downstream through the splitting of
the downstream flow. As 1n the first embodiment, in the
second embodiment, upstream flow from the second plug
end 234 to the first plug end 233 is to be considered flow 1n
a primary direction and the downstream flow from the first
plug end 233 to the second plug end 234 may be considered
flow 1n a secondary direction opposite to the primary direc-
tion.

Axially outwardly from the second plug end 234, plug
member 232 carries an end flange 238 having an array of end
flange openings 239 extending axially therethrough. The end
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flange 238 1s coupled to the center plug member 232 by
support beams 240 which eflectively define between the
second plug end 234 and the end flange 238, an annular
mixing cavity 241.

In the second embodiment, the sleeve member 210 and
the plug member 232 are fixed together in a desired rota-
tional orientation against relative angular rotation by an
arrangement not shown but preferably similar to the spline
key 225 and the complementary keyway 248 described
regarding the third embodiment.

The sleeve end wall 216 has an end wall inner surface 243
directed axially mnwardly into the sleeve bore 175 with the
end wall openings 217 passing through the end wall 1inner
surface 243 with each opening 217 providing a respective
cross-sectional area for fluid flow in the end wall 1nner
surface 243. The end flange 238 of the plug member 232 has
an end flange outer surface 344 directed axially outwardly.
The end flange openings 239 pass through the end flange
outer surface 344 with each end flange opening 239 provid-
ing a respective cross-sectional area for fluid flow 1n the end
flange outer surface 344. The end flange outer surface 344 1s
engaged with the end wall inner surface 243 with each of the
end flange openings 239 in overlapping registry with a
respective one of the end wall opemings 217 providing at the
interface of the end flange outer surface 344 and the end wall
inner surface 243 a cross-sectional area for flmd flow less
than both the cross-sectional areas for fluid flow of the
respective end flange openings 239 1n the end flange outer
surface 344 and the cross-sectional area for fluid tlow of the
respective end wall openings 217 in the end wall inner
surface 243. As described with the first embodiment pro-
viding such a reduced cross-sectional area for fluid flow can
assist in the advantageous production of advantageous foam
of air and liquid simultaneously being passed therethrough.

In the preferred embodiment as illustrated, for example, 1n
FIG. 18, the end flange 238 1s axially adjacent and engaged
with the sleeve end wall 216. This 1s not necessary and other
configurations may be provided as, for example, with the
end flange 238 located axially outwardly from the sleeve end
wall 216 so as to provide a mixing cavity between the plug
end flange 238 and the sleeve end wall 216. In addition,
while not necessarily preferred, a separate foaming mecha-
nism such as a porous member or sponge may be provided
intermediate the end flange 238 and the sleeve end wall 216.

The radially extending sleeve end wall 216 closes the
sleeve bore 175 at the second end 215 of the sleeve member
210 but for the end wall openings 217. When 1nserted into
the sleeve bore 75, as shown in FIG. 25, the end flange 238
closes the sleeve bore 75 but for the end flange openings
239. In an alternative embodiment, either one or both of the
end flange 238 and the end wall 216 may be eliminated.

As can best be seen 1n FIG. 18, 1n a retraction stroke the
air pump 28 discharges air through the air ports 67 into the
sleeve passageways 320 where formed by the annular air
mamfold channelway 314 for downstream flow via the
sleeve passageways 320 where formed by the air sleeve
channelways 336 to the sleeve passageways 320 where
formed by the annular liquid manifold channelway 316,
simultaneously with the liquid pump 26 discharging the fluid
from the reservoir through the liquid ports 65 1nto the sleeve
passageways 320 where formed by the annular liquid mani-
fold channelway 316 for mixing with the discharged air. The
discharged air and flmd are passed downstream axially
inwardly longitudinally from the sleeve passageways 320
where formed by the annular liquid manifold channelway
316 through the sleeve passageways 320 where formed by
the four mixing sleeve channelways 436 into the transier
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chamber 303. The transfer chamber 303 1s closed to tlow
axially inwardly therefrom by the end wall 302, the interior
wall 309 of the transfer chamber 303 and the engagement of
the vent disc 308 with the mterior wall 309 of the transier
chamber 303, at the least when the transter chamber 303 1s
pressurized by air and fluid the retraction stroke. The mix-
ture of the air and fluid flows from the sleeve passageways
320 at the first sleeve end 214 1nto the transfer chamber 303,
downstream through the transter chamber 303 and from the
transier chamber 303 into the plug passageways 244 at the
axially iner plug first end 233 of the plug member 232. The
mixture of the air and flmd flows then flows downstream
axially outwardly through the plug passageways 244 to exit
the plug passageways 244 at the second plug end 234 where
the mixture of air and the fluid flows downstream into an
outer annular mixing chamber 276 formed within the annu-
lar mixing cavity 241 inside the sleeve bore 75. Subse-
quently, the mixture of air and liquid flows downstream
axially outwardly through the plug end flange 238 and the
sleeve end wall 216 through the overlapping portions of the
end tlange openings 239 and the end wall openings 217 and
hence out the discharge outlet 29.

In the retraction stroke, the air pump 28 forces air through
the air port 67 into the annular air channelway 314 which
acts 1n the manner of an annular manifold header from which
the air flows 1nto the air sleeve channelways 336 and, hence,
into the annular liquid channelway 316. Simultaneously, the
liguad pump 26 forces the fluid into the annular liquid
channelway 426. The annular liquid channelway 426 effec-
tively serves as an initial mixing chamber for mixing of the
air and the flmud and, as well, as a manifold header for
directing the mixture of air and fluid simultaneously down-
stream 1nto the mixing sleeve channelways 436. The mixture
of air and fluid flows downstream through the mixing sleeve
channelways 436 to the axially inner first sleeve end 214 of
the sleeve member 210 and into the transfer chamber 303
which serves as another mixing chamber open to the axially
inner openings of the plug passageways 236 following
which the mixture flows downstream through the plug
passageways 236 from the first plug end 233 to the second
plug end 234 and, hence, into the annular mixing chamber
276 betore passage through the plug end flange and the vent
disc 208 and into a discharge mixing chamber 69 and, hence,
to be discharged downstream out the discharge outlet 29 as
foam.

The mixing of the air and the fluid from the reservoir
provides for the formation of a foam of the air and the fluid
which such mixing and foam generation assisted notably by
the passage downstream through the sleeve passageways
320 where formed by the mixing sleeve channelways 436
and through the plug passageways 244 which can provide
adequate foaming. The inclusion of the various mixing
chambers such as the transter chamber 303, the annular
mixing chamber 276 and the discharge mixing chamber 69
as well as the overlapping screen structure formed by the end
flange 238 and the sleeve end wall 217 and the openings
therethrough can be advantageous, however, each 1s not
necessary.

In a return stroke, 1n moving from a retracted condition
such as shown 1 FIG. 19 to an extended position as shown
in FIG. 18, atmospheric air 1s drawn into the air compart-

ment 68 by the upstream flow of air via the dispensing outlet
29 through a discharge tube 78 through the openings 217 and

239 1n the sleeve end wall 216 and the end flange 238
through the outer mixing compartment 276, through the plug,
passageways 244, the transier chamber 303, the sleeve
passageways 320, the air ports 67 into the air compartment
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68. In the drawing of air into the air compartment 68
upstream through the plug passageways 244 from the second
plug end 234 to the first plug end 233, the air flow 1s
upstream, that 1s 1n the primary direction, and the air 1s able
to tlow upstream relatively freely through the plug passage-
ways 244, and similarly in the drawing of air into the air
compartment 68 upstream through the sleeve passageways
230 from the second sleeve end 215 to the first sleeve end
214, the air tlow 1s upstream, that 1s 1n the first direction, and
the air 1s able to flow upstream relatively freely through the
sleeve passageways 230. In the drawing of air into the air
compartment 68 upstream through both the plug passage-
ways 244 and the sleeve passageways 230, any foam and
liguid may be drawn back, for example, to sit as 1n a sump
formed 1n the air compartment 68 axially inwardly of the air
disc 306 for discharge in the next stroke of operation.

Reference 1s made to FIGS. 26 to 29 and FIG. 31 which
illustrate a third embodiment of the foaming pump assembly
11 1n accordance with the present invention. FIG. 26 15 a
cross-sectional side view of the third embodiment 1n a
retracted position substantially the same as FIG. 19 showing
the second embodiment 1n side view. The third embodiment
of FIG. 26 1s 1dentical to the second embodiment of FIG. 19
with the exception that, while the third embodiment has both
a sleeve member 210 and a plug member 232 inside the
piston-forming element 15, 1n the third embodiment of FIG.
26 there 1s provided merely a plug member 232 1nside the
piston-forming element 13.

Reference 1s made to FIG. 30 which shows an ortho-
graphic projection of the plug member 233 of FIG. 26 which
1s similar to the orthographic projection shown 1n FIG. 16 1n
showing four plug channelways 236 extending axially from
a first plug end 232 to a second plug end 234. Each of the
plug channelways 236 1s open at a first plug end 233 and at
the second plug end 234. Each of the four plug channelways
comprise Tesla valvular conduits the same as in FIG. 16.
However, on FIG. 30, a fifth plug channelway 336 1s shown
extending axially centered on the 180 degree location and
open at a second end 538 at the first plug end 233. The plug
channelway 336 extends axially towards the second plug
end 234 but terminates at a first blind end 537. The plug
member 232 1s fixedly recerved within the piston-forming
clement 15 1n a desired position against angular rotation
about the axis 31 such that, as seen on FIG. 26, a single air
port 67 through the piston-forming element 15 and a single
liguid port 65 to the piston-forming element align and
communicate with the plug channelway 536. The plug
channelway 336 thus provides for communication between
cach of the air compartment 68 and the liquid compartment
66 to the transter chamber 303. The four plug channelways
236 provide for communication between the transier cham-
ber 303 and the discharge outlet 29. In the plug channelways
536, fluid flow 1n a downstream direction 1s from the first
blind end 537 towards the open second end 3538. In the
channelways 236, flow 1n a downward direction 1s from the
first plug end 233 towards the second plug end 234. The
single plug member 232 1 FIG. 26 provides for the plug
channelways 236 and 536 in the same plug outer wall
surface 235 to tlow downstream from the liquid pump 26
and the air pump 28 to the transier chamber 303, that is,
axially inwardly and then reversing direction to provide for
flow from the transter chamber 303 in a downstream direc-
tion axially outwardly to the discharge outlet 29.

FIG. 27 illustrates a cross-sectional view through the
piston member P formed by the piston-forming element 135
and the plug member 232 along section line E-E' on FIGS.

26 and 31 through the liquid port 65. FIG. 28 shows a similar
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cross-section to that of FIG. 27 but along section line F-F' on
FIGS. 26 and 31. FIG. 29 shows a similar cross-section to
that of FIG. 27 but along section line G-G' in FIGS. 26 and
31.

As can be seen, the radial depth of plug channelway 536
increases from its first end 537 to its second end 538 and, as
well, the circumierential width of the plug channelway 536
increases from 1ts first end 337 to 1ts second end 538. Thus,
the cross-sectional area of the plug channelway 336 normal
the axis 31 increases from 1ts first end 537 to its second end
538. As well, the radial depth of each of the plug passage-
ways 236 increases from the first plug end 233 to the second
plug end 234 thus increasing the cross-sectional area of each
plug passageway 236 normal the axis 31 so as to accom-
modate 1n the flow 1n a downward direction from the transier
chamber 303 towards the discharge outlet 29 an increase 1n
volume of the mixture of the fluud and air as can be
advantageous with the sequential generation of foam 1n flow
in the downward direction through each plug passageway
236.

Reference 1s made to FIG. 31 which 1llustrates an ortho-
graphic projection of an alternative version of the plug
member 232 i FIG. 26, however, in which the plug chan-
nelway 536 of FIG. 30 1s replaced by a Tesla valvular
conduit 636 having a configuration substantially the same as
the other plug passageways 236, however, arranged for
mixing and increased resistance to fluid flow 1n a direction
from the blind first end 637 toward the open second end 638.
The plug channelway 636 includes enlarged portions 1den-
tified as 661 and 662 where the air port 67 and the liquid port
65 are to communicate with the plug passageway 636.
Merely one such plug passageway 636 may be spaced
circumierentially about the plug member 232 spaced cir-
cumierentially between the other plug passageways 236.

In the embodiment of FIG. 26, the plug passageway 536
provides communication from each of the air port 67 and
liquid port 65 axially inwardly to the transier chamber 303.
An alternative configuration to provide for communication
between the air port 67 and the liquid port 65 and the transter
chamber 303 is to eliminate the plug passageway 536 and to
provide in communication with the air port 67 an opening,
167 radially through the plug member 232 as indicated by
dashed lines 1n FIG. 26 into an internal center passage 135
within the plug member 232 for flow within the internal
center passage 135 to the transter chamber 303. Similarly, an
opening 165 shown 1n dashed lines may be provided radially
through the plug member 232 1n communication with the
liquid port 65 to provide flow from the liquid port 63 into the
center passage 133 and, hence, by the center passage 135 to
the transier port.

Reference 1s made to FIG. 32 showing a fourth embodi-
ment of the foaming pump assembly 11 having close simi-
larities to the foaming pump assembly of the third embodi-
ment. The foaming pump assembly 11 of FIG. 32 does not
provide an equivalent to an air relief valve 30 as 1n the third
embodiment and, as such, the central stem 58 terminates at
the transfer ports 304. The plug member 232 1n FIG. 32 1s
the same as the plug member 232 in FIG. 26, however,
includes an axially inwardly extending tube portion 590
from the axial inner end of the plug member 232 terminating
at a radially outwardly extending stop tlange 391 sealably

engaged with the inner end of the piston-forming element 135
to form the annular transfer chamber 303.

Reference 1s made to FIG. 33 which shows an ortho-
graphic projection of plug channelways 232 for a plug
member 232 similar to the orthographic projection of FIG.
16 which can be used on the plug member 232 of the
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piston—forming clement, for example, of FIG. 10. Similar to
that 1n FIG. 16, prox1mate the first plug end 233, the plug
channelways comprise four circumierentially spaced plug
channelways 232, each having a first portion 601, each first
portion 601 split at 602 into two downstream portions 602
and 603. In addition, there are shown in dashed lines a
number of additional connecting channels 603 that can be
provided to laterally connect adjacent of the channelways
over the first channel portions 601 and also a series of
optional interconnecting plug channelways 604 to connect
adjacent of the downstream portions 602 and 603. FIG. 33
thus 1llustrates manners of splitting and interconnecting the
various plug channelways as, for example, to achieve dii-
ferent objectives such as interconnecting the plug channel-
ways to provide for umiform pressure drop and tlow through
plug passageways and/or to increase the cross-sectional area
for flow by increasing the number of passageways. As with
the other embodiments, the cross-sectional areas of each of
the channelways may be increased by increasing either the
circumierential width of each channelway or their radial
depth of the outer plug surface.

In the preferred embodiments, the reservoir 12 1s shown
as being a non-collapsible reservoir with an air relief valve
30 to permit atmospheric air to relieve any vacuum that may
be developed in the reservoir. The reservoir 12, notably as in
the fourth embodiment of FIG. 26, need not be a non-
collapsible reservoir and may well, for example, comprise a
collapsible reservoir 1n which there 1s no need for the air
relief valve 30.

The preferred embodiments illustrate arrangements 1in
which air 1s drawn 1nto the air compartment 68 by drawing
atmospheric air upstream through the foam generator 80 into
the air compartment. This can be advantageous as, for
example, to draw back air foam and the liquid from the foam
generator 80 and notably from the discharge outlet 29 so as
to prevent possible dripping from the discharge outlet 29
when the pump assembly 11 is not used, however, this 1s not
necessary. Rather, a separate arrangement may be provided
to permit atmospheric air to be drawn 1nto the air compart-
ment 68. For example, a separate air pump one-way inlet
valve could be provided, for example, through where the
tube 33 defines the air compartment 68.

In each of the embodiments, the liquud pump 26 and the
air pump 28 are 1llustrated as being 1n phase, that 1s, each 1s
operated 1n the same stroke of operation, mn each of the
embodiments 1illustrated 1n the retraction stroke. Firstly,
pumps could be arranged in which there 1s simultaneous
discharge of air and liquid and both the liquid pump 26 and
the airr pump 1n a withdrawal stroke. As well, the liquid
pump 26 and the air pump 28 can be arranged to operate out
of phase as, for example, with the liquid from the liquid
pump 26 being injected into a liquid sump, for example, 1n
the air compartment 68 and operation of the airr pump 28
serving to simultaneously discharge the fluid 1n the sump
together with air into the foam generator.

In each of the embodiments, the plug member 232 1s
shown as having an outer surface 235 which 1s circular 1n
any cross-section along the axis 31 and preferably cylindri-
cal and adapted to complementarily mate 1n the sleeve bore
175 having 1ts sleeve inner wall surface that 1s circular 1n any
cross-section along the axis. Various cross-sectional shapes
along the axis could be provided other than circular which
would provide for closely opposed or engaged interaction
between the plug outer wall surface 235 and the sleeve inner
wall surface 212 so as to permit plug passageways 244 to be
defined therebetween. Such shapes could include, for
example, oval shapes and other parts which are arcuate or
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polygonal shapes accommodating receipt of a tubular plug
member 232 coaxially within a complementary sleeve bore
175. Insofar as the complementary cross-sectional shapes
are not circular, then their engagement may provide for
suitable relative rotational location of the plug member 232
within the sleeve member 210 as can be advantageous.

In the second embodiment as 1llustrated in FIGS. 17 to 25,
an air relief valve 30 1s provided formed between the vent
disc 308 and the interior wall 309 of the transfer chamber
303 in a manner as described in above-noted Canadian
Patent Application 2,875,105. The provision of such an air
reliel valve 30 1s advantageous but not necessary as, for
example, 11 the reservoir 12 1s a collapsible reservoir or 1f
there 1s some other air relief valve provided to relieve
vacuum conditions 1n the reservoir 12. For example, what 1s
referred to as a vent disc 308 may merely engage the interior
wall 309 so as to prevent any fluud flow mmwardly or
outwardly therethrough.

While the mvention has been described with reference to
preferred embodiments, many modifications and variations
will now occur to a person skilled 1n the art. For a definition
of the invention, reference 1s made to the following claims.

We claim:

1. A foaming pump discharging a hand cleaning fluid

mixed with air as a foam from a discharge outlet having:

a piston [liquid] chamber-forming body about a longitu-
dinal axis,

a piston member, a foam generator carried by the piston
member having a passageway with an entrance and an
[outlet] exiz,

the piston member coupled to the piston [liquid] chamber-
forming body with the piston member reciprocally
coaxially slidable about the axis relative the piston
[liquid] chamber-forming body in a cycle of operation
between a retracted position and an extended position
to define therebetween both:

(a) an air pump having an air compartment having a
variable volume to draw in atmospheric air into the air
compartment and discharge the air into the entrance;
and

(b) a liguid pump having a liquid compartment having a
variable volume to draw a fluid from a fluid reservoir
and discharge the fluid to the entrance,

wherein with reciprocal movement of the piston member
axially relative the piston chamber-forming body air
discharged by the air pump and fluid discharged by the
liqguid pump are simultanecously forced through the
entrance 1nto the passageway, downstream through the
passageway, and out the exit to [a] /e discharge outlet,

characterized by:

the piston member comprising an elongate sleeve member
and an elongate center plug member,

the sleeve member extending from a first sleeve end to a
second sleeve end about the axis,

the plug member extending from a first plug end to a
second plug end about the axis,

the sleeve member having a sleeve side wall with a
circumierential radially inwardly directed sleeve inner
wall surface about the axis defining a sleeve bore
within the sleeve member extending along the axis,

the plug member having a circumierential radially out-
wardly directed plug outer wall surface about the axis,

at least one plug channelway in the plug outer wall surface
of the plug member open radially outwardly relative the
axis along its length to the plug outer wall surface of the
plug member,
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the plug member received coaxially within [in] the sleeve
bore with first plug end proximate the first sleeve end
and the plug outer wall surface of the plug member 1n
opposed engagement with the sleeve inner wall surface
of the sleeve member defining between each plug
channelway and the sleeve inner wall surface of the
sleeve member a plug passageway forming a first
portion ol the passageway,

cach plug passageway defined between each plug chan-

nelway and the sleeve inner wall surface of the sleeve
member to have plug passageway interior walls,

the plug passageway interior walls configured to provide

a plurality of mixing portions 1n series within the plug
passageway,
cach mixing portion configured to split flow downstream
from an upstream main channel into a first channel and
a second channel separate from the first channel,

the first channel merging with the second channel 1nto a
downstream main channel with the first channel direct-
ing ftlow through the first channel where the first
channel merges with the second channel in a first
direction and the second channel where the second
channel merges with the first channel directing tlow
through the second channel in a second direction dif-
ferent than the first direction to mix the flow through
the first channel and the flow through the second
channel on the first channel merging with the second
channel,

wherein 1n passage of the air and the fluid downstream

through the plurality of mixing portions, the air and the
first fluid are mixed to form a foam of the air and the
fluid discharged from the exit and out the discharge
outlet downstream from the exit.

2. A foaming pump as claimed in claim 1 wherein:

the inwardly directed sleeve inner wall surface 1s circular

1n cross-section normal the axis, and

the outwardly directed plug outer wall surface 1s circular

in cross-section normal the axis.

3. A foaming pump as claimed in claim [2] /wherein:

the discharge outlet 1s open to atmospheric air, and the air

pump draws 1n the atmospheric air via the discharge
outlet upstream through the foam generator 1nto the air
compartment.
4. A foaming pump as claimed in claim 1 wherein each
mixing portion having the upstream main channel, a fork,
the first channel, the second channel separate from the first
channel, a merge, and the downstream main channel,
cach mixing portion configured to split the flow from the
upstream main channel at the fork into the first channel
and the second channel separate from the first channel,

the first channel merging at the merge with the second
channel ito the downstream main channel with the
first channel directing flow through the first channel at
the merge 1n the first direction and the second channel
directing flow through the second channel at the merge
in the second direction diflerent than the first direction,

the second direction being different from the first direc-
tion to mix the flow through the first channel and the
flow through the second channel at the merge.

5. A foaming pump as claimed in claim 1 wherein the
interior walls are configured so that flow downstream pro-
vides a downstream resistance to tlow downstream and flow
up stream opposite to ftlow downstream provides an
upstream resistance to flow that is less than the downstream
resistance to tlow.

6. A foaming pump as claimed in claim 1 wherein the
second direction and the first direction form a merge angle
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therebetween of at least 90 degrees so that flow downstream
provides a downstream resistance to flow and tflow upstream
opposite to flow downstream provides an upstream resis-
tance to flow that 1s less than the downstream resistance to
flow.

7. A foaming pump as claimed in claim 1 wherein the
interior walls are configured to permit the relatively free
passage of fluid upstream but to subject the fluid to rapid
reversals of direction when the fluid 1s forced through the
passageway downstream to thereby increase resistance to
movement of the fluid through the passageway downstream
compared to resistance to movement of the fluid upstream.

8. A foaming pump as claimed 1n claim 1 wherein:

the at least one plug channelway comprises a plurality of

the plug channelways circumierentially spaced from
cach other about the plug member, and

cach plug passageway extends longitudinally along the

plug member.

9. A foaming pump as claimed 1n claim 1 including:

an clongate tube member,

the tube member extending from a tube first end to a tube

second end about the longitudinal axis,
the tube member having a tube side wall with a circum-
ferential mwardly directed tube inner wall surface
circular 1n cross-section normal the axis defining a tube
bore within the tube member extending along the axis,

the sleeve member having a cylindrical circumierential
outwardly directed sleeve outer wall surface circular 1n
cross-section normal the axis,

at least one sleeve channelway 1n the sleeve outer wall

surface of the sleeve member open radially outwardly
along its length to the sleeve outer wall surface,

the sleeve member received coaxially within the tube bore

with the tube first [plug] end proximate the first sleeve
end and the sleeve outer wall surface of the sleeve
member 1 opposed engagement with the tube inner
wall surface of the tube member defining between each
sleeve channelway and the tube mnner wall surface of
the tube member a sleeve passageway forming a second
portion of the passageway,

cach sleeve passageway defined between each sleeve

channelway and the tube inner wall surface of the tube
member to have sleeve passageway interior walls,

the sleeve passageway interior walls configured to pro-

vide a plurality of the mixing portions 1n series along
the sleeve passageway.

10. A foaming pump as claimed 1n claim 9 wherein:

the at least one sleeve channelway comprises a plurality

of the sleeve channelways circumierentially spaced
from each other about the sleeve member, and

cach sleeve passageway extends longitudinally along the

sleeve member.

11. A foaming pump as claimed in claim 9 including a
transier passage directing flow of the flmd radially between
cach plug passageway at the first p/lug end of the plug
member and each sleeve passageway at the first sleeve end
of the sleeve member,

downstream flow 1n the plug passageways being axially

from the [second] first plug end of the plug member
towards the [first] second plug end of the plug member,
and downstream flow in the sleeve passageway being
axially from the [first] second sleeve end of the sleeve
member towards the [second] first sleeve end of the
sleeve member.

12. A foaming pump as claimed 1n claim 9 wherein
downstream flow in the sleeve passageway being axially
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from the [first] second sleeve end of the sleeve member

toward the [second] first sleeve end of the sleeve member,

the sleeve member including a radially extending sleeve

end wall closing the sleeve bore at the second s/eeve

end of the sleeve member but for an array of end wall
openings axially through the sleeve end wall,

the end wall openings 1n communication with the plug

passageway at the second sleeve end of the sleeve
member.

13. A foaming pump as claimed in claam 9 wherein
downstream flow in the plug passageways being axially
from the [second] first p/ug end of the plug member toward
the [first] second plug end of the plug member;

the plug member including a radially extending end flange

at the second plug end of the plug member received 1n
the sleeve bore at the second sleeve end to close the
sleeve bore but for an array of end flange openings
axially through the end flange, the end flange openings
in communication with the plug passageway at the
second sleeve end of the sleeve member.

14. A foaming pump as claimed in claim [13] /2wherein
the plug member including a radially extending end flange
at the second plug end of the plug member received 1n the
sleeve bore at the second sleeve end axially inwardly of the
end wall to close the sleeve bore but for an array of end
flange openings axially through the end flange,

the end flange opemings in communication with the plug

passageway at the second sleeve end of the sleeve
member,

the end wall openings in communication with the plug

passageway at the second sleeve end of the sleeve
member via the end flange openings.

15. A foaming pump as claimed in claim [11] /2wherein
the tube bore 1s closed at the tube first end of the tube
member,

the first sleeve end of the sleeve member 1s spaced axially

away from the tube first end of the tube member toward
the tube second end of the tube member, and the
transier passage 1s defined axially between the closed
tube first end of the tube member and the first sleeve
end of the sleeve member,

at the second s/eeve end of the sleeve member, the sleeve

outer wall surface [sealable] sealably engaging with the
tube 1nner wall surface to form a circumierential seal
preventing fluid tlow axially between the sleeve mem-
ber and the tube member, spaced toward the second
sleeve end of the sleeve member from the sleeve
passageways, and the tube bore 1s open at the tube
second end of the tube member, the tube member
extending beyond the end wall of the sleeve member,
the tube bore beyond the end wall of the sleeve member
providing a discharge passage extending to the dis-
charge outlet provided as an open tube second end of
the tube member.

16. A foaming pump as claimed in claim 5 wherein:

the discharge outlet is open to atmospheric aiv, and the air

pump draws in the atmospheric air via the discharge
outlet upstream through the foam generator into the air
compariment.

17. A foaming pump as claimed in claim 7 wherein:

the discharge outlet is open to atmospheric air, and the air
pump draws in the atmospheric air via the discharge
outlet upstream through the foam generator into the air
compariment.
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18. A foaming pump as claimed in claim 10 wherein:

the discharvge outlet is open to atmospheric aiv, and the air
pump draws in the atmospheric aiv via the discharge
otuitlet upstream through the foam generator into the air
compariment.

19. A foaming pump as claimed in claim 14 wherein.

the discharge outlet is open to atmospheric aiv, and the air
pump draws in the atmospheric aiv via the discharge
outlet upstream through the foam generator into the air
compariment.

20. A foaming pump as claimed in claim 15 wherein:

the discharge outlet is open to atmospheric aiv, and the air
pump draws in the atmospheric aiv via the discharge
otuitlet upstream through the foam generator into the air
compariment.
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