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VORTEX ATOMIZING FOAM PUMP AND REFILL UNIT UTILIZING SAME

TECHNICAL FIELD

[0001] The present invention relates generally to foam pumps and more particularly to

inverted vortex atomizing foam pumps and refill units utilizing same.

BACKGROUND OF THE INVENTION

[0002] Liquid dispensers, such as liquid soap and sanitizer dispensers, provide a user with a
predetermined amount of liquid upon the actuation of the dispenser. It is known to dispense
liquids, such as soaps, sanitizers, cleansers and disinfectants from a dispenser housing that
uses aremovable and replaceable cartridge containing the liquid. In addition, it is sometimes
desirable to dispense the liquids in the form of foam by, for example, interjecting air into the
liquid to create a foamy mixture of liquid and air bubbles. Foam pumps typically include a
liquid pump and an air pump, wherein the air pump is used to force air under pressure, and
the liquid pump is used to pump the liquid under pressure into a mixing chamber where the
air aerates the liquid thereby creating foam. Vortex foam pumps have been used in upright
trigger sprayers, however, these vortex foam pumps are not suitable for use in an inverted

position.

SUMMARY

[0003] Foam dispensers, refill units for foam dispensers, and liquid pumps for use in foam
dispensers are disclosed herein. In one embodiment, a pump for inverted foam dispensing

having a connector for connecting the pump to a liquid container. During operation, the
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connector is located a the top of the inverted pump. The inverted pump includes a
compression chamber having an inlet valve and an outlet valve. The compression chamber is
in fluid communication with aflow restrictor, an atomizer, amixing chamber, a foaming chip
and an outlet. The outlet islocated at the bottom of the inverted pump during operation. The
inlet valve, outlet valve, flow restrictor, atomizer, mixing chamber, foaming chip and outlet
extend along a common axis that extends vertically. An air inlet isincluded that extends into
the mixing chamber, the air inlet is open to atmospheric pressure. During operation, the
liguid pump is located below the liquid container and liquid flowing from the compression
chamber is accelerated and atomized. The atomized liquid enters the mixing chamber a a

velocity sufficient to draw in air from the air inlet to mix with the liquid to form a foam.

[0004] Also provided herein is arefill unit for a foam pump dispenser. The refill unit
includes a liquid container and a foam pump connected to the liquid container. The liquid
container is located above the foam pump during operation. The foam pump has a centra
vertical axis and includes an inlet valve, a compression chamber, an outlet valve, a foaming
nozzle having a flow restrictor, arotator, an atomizer, and an air inlet open to atmospheric
pressure, and an outlet. The inlet valve, outlet valve, foaming nozzle and outlet extend along
the central vertical axis. During operation, the foaming nozzle accelerates the velocity of the
liquid, imparts arotational motion on the liquid, atomizes the liquid and draws in air to mix

with the atomized liquid to form afoam that is dispensed out of the outlet.

[0005] In addition, a pump having a cap for securing the pump to a liquid container is
provided. The pump includes apump body having an inlet valve and avalve body located a
least partially within the pump body. A compression chamber is located within the pump
body, the compression chamber compress vertically. The vave body includes a seal for

engaging an interior wall of the pump body. There is afirst passage between the inlet valve
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and an interior of the valve body and a second passage from the interior of the valve body to
the exterior of the valve body. The valve body includes a surface for engaging avalve seat.
A biasing mechanism for biasing the surface of the valve body against the valve seat is aso
included. During operation, movement of the valve body in afirst direction causes liquid to
flow past the inlet valve into the valve body and movement in a second direction causes
liquid to flow out of the valve body and causes the surface of the valve body to move away

from the valve seat and alow fluid to flow out of the pump body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the accompanying drawings which are incorporated in and constitute a part of the
specification, embodiments of the invention are illustrated, which, together with a genera
description of the invention given above, and the detailed description given below, serve to

example the principles of the inventions.

[0007] Figure 1 illustrates a block diagram of an exemplary vortex atomizing foam

dispenser system;
[0008] Figure 2 isacross-sectiona view of an exemplary vortex foam pump;
[0009] Figure 3isan exploded cross-sectional view of the vortex foam pump of Figure 2;

[0010] Figure 4 is an enlarged cross-section of an exemplary embodiment of a foaming

nozzle secured to the end of the vortex foam pump of Figure 2;
[0011] Figure 5isanother enlarged cross section of the foaming nozzle of Figure 4;
[0012] Figure 6isan enlarged cross-section of arotator of the foaming nozzle of Figure 2;

[0013] Figure 7 is aplan view of afoaming chip for the foaming nozzle of Figure 2;
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[0014] Figure 8 is a cross-sectional view of the exemplary vortex foam pump of Figure 2

charged with aliquid;

[0015] Figure 9 isacross-sectiona view of the exemplary vortex foam pump of Figure 2 in

adischarged position;

[0016] Figure 10 isacross-sectiona view of another exemplary vortex foam pump;

[0017] Figure 11lisan exploded cross-sectional view of the exemplary vortex foam pump of

Figure 10;

[0018] Figure 12 is across-sectional view of the exemplary vortex foam pump of Figure 10

charged with aliquid;

[0019] Figure 13 is across-sectiona view of the exemplary vortex foam pump of Figure 10

in adischarged position;

[0020] Figure 14 isacross-sectiona view of another exemplary vortex foam pump;

[0021] Figure 15 is across-sectional view of the exemplary vortex foam pump of Figure 14

charged with aliquid;

[0022] Figure 16 isacross-sectional view of the exemplary vortex foam pump of Figure 14

in adischarged position; and

[0023] Figure 17 isan exploded cross-sectional view of another exemplary foaming nozzle.

DETAILED DESCRIPTION

[0024] Figure lillustrates ablock diagram of an exemplary inverted vortex atomizing foam
pump dispenser system 100. Atomizmg foam pump dispenser system 100 includes a housing

102. Housing 102 includes an actuator (not shown). The actuator may be amanual actuator,,
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such as, for example, a lever or push bar. Optionaly, the actuator may be an electronic
actuator with a sensor that senses the presence of an object and causes the actuator to
dispense a shot of foam. Inside of housing 102 is arefill unit that includes a liquid container
104, an inlet valve 106, a liquid pump 108, an outlet valve 110 and a foaming nozzle 120.
During operation, liquid container 104 is located above liquid pump 108 and foaming nozzle

120.

[0025] Inlet valve 106 is a one-way valve and may be any type of one-way valve, such as,
for example, a mushroom valve, a flapper valve, a plug valve, an umbrella valve, a poppet
valve, etc. Inlet valve 106 should have sufficient cracking pressure to prevent liquid from
passing by the inlet valve absent avacuum created downstream of inlet valve 106. Similarly,
outlet valve 106 is a one-way valve and can be any type of one-way valve, such as, for
example, a dit-valve, aplug valve, an umbrella valve, a poppet valve, etc. Outlet valve 106
must have a sufficient cracking pressure to prevent leaking of liquid from the atomizing foam
pump and preferably has a sufficient cracking pressure that allows pressure to build up in the
compression chamber, thereby forcing the liquid past outlet valve 106 at a higher velocity.
Liquid pump 108 isillustrated as a piston pump, but liquid pump 108 may be any type of
liquid pump, such as, for example, a dome pump, a bellows pump or any other device that
has a liquid chamber that may be expanded and contracted to move liquid through the refill

unit.

[0026] In one embodiment, foaming nozzle 120 includes a flow restrictor 122, a liquid
rotator 124, an atomizer 126, an air inlet 128 and a foaming chip 130. Air inlet 128 is an
opening to air & atmospheric pressure, i.e., N0 air compressor or air pump isrequired. Flow
restrictor 122 creates an area of reduced cross-section. Fluid flowing past flow restrictor 122

increases in velocity as it is forced through flow restrictor 122. Flow restrictor 122 may be,
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for example, an orifice that has a smaller diameter than the inlet to the flow restrictor 122, a
cylinder in the flow path that reduces the cross-sectional area of the flow path or a similar

flow-restricting mechanism.

[0027]  Liquid rotator 124 imparts rotation on the liquid as the liquid passes through liquid
rotator 124 and out of atomizer 126. Atomizer 126 creates a fine mist or spray of droplets
that enter into a mixing chamber located in foaming chip 130. The fine mist or spray of
droplets travel past air inlet 128 a a velocity that is sufficient to draw air into the foaming
chip 130 through a Venturi effect. The air mixes with the spray or mist of droplets and
creates a foam that exits foaming chip 130 and is dispensed to a user through the outlet

nozzle.

[0028] One or more of the components of the foaming nozzle 120, such as, for example,
flow restrictor 122, liquid rotator 124, atomizer 126, air inlet 128, and foaming chip 130, may
be combined in one unit. In some embodiments, one or more of these components may be

left out entirely.

[0029] Figures 2-5 illustrate an exemplary inverted vortex atomizing foam pump 200 for
use in a foam pump dispenser 100. Vortex foam pump 200 includes a cap 202. Cap 202
includes threads 204 for securing vortex foam pump 200 to aliquid container. Cap 202 may
be connected to aliquid container through other means, such as, for example, an adhesive or
snap-fit connection. Also included is a gasket 206 within cap 202 that is placed in contact
with the liquid container (not shown) to form aliquid tight seal between the container and a
vortex foam pump 200. Cap 202 includes a bottom lip 301. Bottom lip 301 retains base 208
within cap 202. Base 208 includes inverted annular troughs 302 and 306. In one
embodiment, inverted annular troughs 302 and 306 include one or more projections and/or

recesses around their interior walls. Pump body 318 includes upstanding projecting members
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304 and 308. Upstanding projecting members 304 and 308 fit into inverted annular troughs
302 and 306 respectively. In one embodiment, projecting members 304 and 308 include one
or more recesses and/or projections around their upstanding walls that mate with one or more
projections and/or recesses around the walls of inverted annular troughs 302 and 306. These
mating projections and recesses provide for a snap-fit connection to connect base 308 to
pump body 318. Optionally, base 308 and pump body 318 may be connected to one another
by other means, such as, for example, an adhesive, thermal welding, or threads. In addition,
base 208 has a cylindrical opening 210 therethrough. A tapered end wall of cylindrical

opening 210 serves as avalve seat 211 for one-way inlet valve 212.

[0030] Pump body 318 includes cylindrical inlet opening 320; plate 228 with apertures 322
therethrough; cylindrical housing 218 that forms a portion of compression chamber 332;
aperture 330 provides a path for the liquid between cylindrical inlet opening 320 and
compression chamber 332; a cylindrical outlet opening 325, and a valve seat 324. A vave
basket 216 fits within cylindrical inlet opening 320. Valve basket 216 includes an aperture
217 to alow liquid that enters valve basket 216 to continue to flow through pump body 318.
One-way inlet valve 212 and biasing member 214 fit a least partialy within valve basket
216. One-way inlet valve 212 is illustrated as a poppet valve; however, as discussed with
respect to Figure 1, many types of one-way inlet valves may be used. Once base 308 is
secured to pump body 318, one-way inlet valve 212, biasing member 214 and valve basket

216 are secured within vortex foam pump 200.

[0031] Cylindrical housing 218 includes a threaded portion 340. End cap 220 has a
threaded portion 221 for connecting to cylindrical housing 218. End cap 220 secures apiston
assembly 223 (wiper seal 224 and plunger 222) to cylindrical housing 218. Plunger 222 is

connected to wiper seal 224 by projection member 222A engaging with aperture 225 in wiper
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seal 224. In one embodiment, abiasing member, such as, for example, spring 342, is placed
inside of cylindrical housing 218 to urge wiper seal 225 to its outermost position which
results in compression chamber 332 being expanded to its largest volume. Optionaly,
plunger 222 is connected to an actuating mechanism (not shown) that pulls plunger 222 and

wiper seal 225 back to its outermost position.

[0032] In addition, pump body 318 includes a cylindrical outlet opening 323 having awall
325. The upper end of cylindrical outlet opening 323 has tapered walls that form a second
valve seat 324. One-way outlet valve 230 contacts valve seat 324 to prevent liquid from
traveling upward into pump body 318. One-way outlet valve 230 is shown as a poppet valve
but, as discussed with respect to Figure 1, outlet valve 230 may be any type of one-way outlet
valve. One-way outlet valve 320 isbiased to a closed position by abiasing member, such as,
for example, spring 232. The lower outside portion of the cylindrical outlet opening 323

includes threaded portion 336.

[0033] A foaming nozzle 350 that includes ahousing 239, restrictor 242, liquid rotator 240,
and foaming chip 250 is secured to the pump body 318. When foaming nozzle 350 is secured
to pump body 318, one-way outlet valve 230 and biasing member 232 are retained within
vortex foam pump 200. Foaming nozzle 350 is described in more detail with respect to

Figures 4-7 below.

[0034] Figure 4 is an enlarged cross-section of an exemplary embodiment of foaming
nozzle 350 secured to the end of pump housing 318. The end of pump housing 318 includes
one or more recesses and/or protrusions 366 for securing foaming nozzle 350 thereto.
Foaming nozzle 350 includes housing 239 that has one or more mating protrusions and/or
recesses 351 for securing the foaming nozzle 350 to the end of pump housing 318.

Accordingly, foaming nozzle 350 may be secured to pump housing 318 by a snap-fit
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connection. Although many of the parts are described herein asbeing securing to one another
by a certain type of connection, such as a snap-fit connection or a threaded connection, they
may be secured to one another by other means, such as, for example an adhesive, athreaded
connection, snap-fit or thermal welding even though specific embodiments may not have

been described as being secured to one another in each of these manners.

[0035] Housing 239 includes an inlet passage 430. Inlet passage 430 has a diameter that is
larger than valve stem 402 and biasing member 232. A restnctor 242 is located in center of
housing 239. Restrictor 242 has acylindrical shape with a closed off bottom. Restrictor 262
may have an open center portion, as shown, or may be solid. Restrictor 262 is an integral
part of housing 239 and is held in the center by protrusions 503. Optionaly, restrictor 262
may be separate from housing 239. Between protrusions 503 are openings 502, that allow
fluid to flow past restrictor 262 into an intermediate passage 431. The outside wall 506 of
housing 239 in the proximity of intermediate passage 431 has a diameter that is greater than

the diameter of inlet passage 430.

[0036] Located in the outside wall 506 are one or more additional recesses and/or
projections 442. Rotator 240 includes one or more mating protrusions and/or recesses 441
for securing rotator 240 to housing 249. Accordingly, rotator 240 may be secured to housing
239 with a snap-fit connection. This connection is a liquid tight connection that does not
alow fluid to flow between rotator 240 and outside wall 506. All of the liquid L must flow
between rotator 240 and restrictor 242. Rotator 240 includes an outlet tip 436. Preferably
outlet tip 436 has an outside diameter of 1.2 mm and extends a distance of aratio of %2 (half)
the diameter, or 0.6 mm, below the bottom of rotator 240. The tolerances identified here are

applicable for all of the outlet tips of the rotators in al of the embodiments described herein.
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Rotator 240 is described in more detail with respect to Figures 5 and 6. When assembled

rotator 240 at least partially surrounds restrictor 242.

[0037] Housing 239 includes one or more cylindrical projecting member(s) 514 extending
downward below rotator 240. There is a space between the one or more projecting
member(s) 514 creating one or more openings 521 for air to flow through. Optionally,
projecting member 514 may be a cylindrical projecting member with one or more apertures
(not shown) therethrough to alow for the passage of air. Cylindrical projecting member 514
includes one or more recesses and/or projections 522. Foaming chip 250 includes an annular
recess 526 having one or more mating projections and/or recesses 524 so that foaming chip
250 may be dlipped over cylindrical projecting member(s) 514 and secured to housing 239 by

a snap-fit connection. Foaming chip 250 includes amixing chamber 438 and a screen 720.

[0038] Figure 6 illustrates an exemplary embodiment of rotator 242. Rotator 242 includes a
cavity having aplurality of sidewalls 601, 602 and a bottom 604. In one embodiment, walls
601 are curved and walls 602 are straight. When rotator 240 is connected to housing 239,
extrusion passages 510 are formed between wall 601 and the outer surface of the restrictor
242 (Fig. 5). Channels 610 are formed in the bottom 604 of rotator 240 and are configured to
receive the liquid L from the extrusion passages 510. Further, the channels 610 are shaped
and configured in a swirl pattern to cause the liquid L to rotate. In one embodiment, the
channels 610 are tangential to a bowl-shaped inlet 612. Bowl-shaped inlet 612 is sloped to
outlet opening 630. The rotating liquid L rotates about the bowl-shaped inlet 612 and is
forced through the outlet opening 630. In one embodiment, the extrusion passages 510 and
rotator 240 are configured to accelerate the liquid L such that the liquid exits the opening 630

at velocity of about 1 m/s.

10
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[0039] In one embodiment, the opening 630 is conica in shape and has an outlet
diameter of about .02 inch. Asthe liquid L flows through the opening 630, the liquid L is
atomized, i.e. converted into afine mist/spray or small droplets D. In this regard, the opening
630 acts as an atomizer nozzle. The fine spray of liquid D is delivered into amixing chamber
438 of the foaming chip 250. The fine spray of liquid D creates eddy currents, or a pressure

differential, which draws air A into the mixing chamber 438.

[0040] The foaming chip 250 includes the mixing chamber 438, an air passage 420, a
screen 520, and an outlet 550. The air passage 420 is formed between the foaming chip 250
and the housing 239. Asillustrated in Fig. 7, the screen 520 of the foaming chip 250 includes
a plurality of members 701 extending radially inward from the circumference of a circular
opening 702. In one exemplary embodiment, the plurality members 701 are shaped and
configured such that open area of the screen 520 is about 80% of the area of the circular
opening. Asthe fine spray of liquid D contacts and/or passes through screen 520, the screen
520 causes the liquid D to slow down and alows the air A to catch up with the liquid D,

which causes the liquid D and air A to mix together to form afoam F.

[0041] Figure 8 is across-sectiona view of the exemplary vortex foam pump of Figures 2
and 3 charged with a liquid. As piston assembly 223 is pulled backward, one-way outlet
valve 230 seals against seat 324. Compression chamber 332 expands, one-way inlet valve
212 opens and liquid L flows past one-way inlet valve 212 through aperture 228 and into

compression chamber 332.

[0042] Figure 9isacross-sectional view of the exemplary vortex foam pump of Figure 2 in
a discharged position. As piston assembly 223 is moved forward, one-way inlet valve 212
seals against valve seat 211. Liquid flows out of compression chamber 332 through aperture

228, around and/or through valve basket 216. Asbest seen in Figures 4-6, the liquid L flows

11
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through apertures 322 into a staging area 262 formed between the valve head 401 and plate
228. Asliquid L entersthe staging area 262, pressure builds and the valve head 401 is moved
longitudinally away from the valve seat 324 breaking the seal between the valve head 401
and the valve seat 324. The liquid L flows between the valve head 401 and the valve seat 324
and into passage 430. When the pressure of the liquid L in the staging area 262 is reduced
(e.g., the flow of liquid L from the liquid pump is reduced or shut off), biasing member 232
forces the valve head 401 back to the closed position against valve seat 324. Although

biasing member 232 is shown as a spring, other types of biasing members may be used.

[0043] Theliquid L flows into passage 430, passage 431, through opening(s) 502 and into
one or more extrusion passages 510 that are located between the outer surface of flow
restrictor 242 and rotator 240. These extrusion passages 510 are configured to restrict the
flow of the liquid L and increase the velocity of the liquid L. The flow restriction may be

adjusted by increasing or decreasing the cross-sectiona areaof extrusion passages 510.

[0044] Asthe liquid L travels through extrusion passages 510, the velocity of the liquid L
increases. The liquid L flows into channels 610, which are tangential to bowl-shaped inlet
612, where a spinning or rotational motion is imparted to the stream of liquid L. In one
embodiment, the rotational motion further accelerates the liquid L. The rotating liquid L
travels through outlet passage 630 where it is atomized into a fine spray of droplets D and

sprayed into mixing chamber 438.

[0045] The velocity of the atomized droplets D causes an area of low pressure to be formed
in mixing chamber 438. The area of low pressure formed within the mixing chamber 438
creates a vacuum that draws in externa air A (i.e., the Venturi effect). The air A travels
through the air passage 420 and into the mixing chamber 438. The air A mixes with the fine

spray of liquid droplets D in the mixing chamber 438 to form a foamy mixture of liquid and

12
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air. The mixture passes through screen 520 to create a foam F that is dispensed out of the

outlet 550 of the foaming chip portion 250.

[0046] Figures 10 and 11 illustrate another exemplary vortex foam pump 1000. Vortex
foam pump 1000 includes a cap 1002 having threads 1003 for connecting to a liquid
container (not shown). A gasket (not shown) may be used to seal between the liquid
container and cap 1002. Cap 1002 aso includes a bottom 1004 having an opening
therethrough. Bottom 1004 supports base 1006. Base 1006 includes a depression 1101
located in the center that fits through the opening in bottom 1004. Depression 1101 has a
wall 1102. Located about the circumference of wall 1102 is athreaded portion 1103. Base
1006 has a cylindrical inlet 1106 located in the center of depression 1101. Cylindrical inlet

1106 includes a sloped surface on its lower end that serves as avalve seat 1107.

[0047] Pump body 1118 includes a collar 1007 that has athreaded portion 1108 located on
the interior thereof. Threaded portion 1108 secures pump body 1118 to thread 1103 on base
1006. Pump body 1118 has a cylindrical inlet opening 1111 that has side wall 1110 and a
passageway 1112 therethrough. Inlet valve 1008 fits at least partially within inlet opening
1111 and has avave head 1008A. Valve head 1008A is biased against valve seat 1107 by
biasing member 1010. Biasing member 1010 is an elastic member integrally formed with
valve 1008. Optionally, biasing member 1010 may be separate from valve 1008. Valve head
1008A has sloped walls that form a seal against valve seat 1107 and prevent liquid from
flowing up from pump body 1118 back into the liquid container (not shown). The lower end

of valve 1008 rests on the base of cylindrical inlet opening 1111 but does not block

passageway 1112.

[0048] Pump body 1118 includes a cylindrical body 1113 and a cylindrical housing 1018

for compression chamber 1119. An aperture 1114 connects cylindrical body 1113 to

13
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compression chamber 1119. Cylindrical housing 1018 includes a retaining ring 1120 that
retains piston 1023 within cylindrical housing 1018. Piston 1023 includes wiper seal 1024.
In addition, wiper seal 1024 includes an annular trough 1121. One end of biasing member
1020 fits within annular trough 1121. The other end of biasing member 1020 fits over
projection 1115. Accordingly, when piston 1023 is inserted into cylindrical housing 1018,
biasing member 1020 is held in position to bias piston 1023 to its outermost position, in

which compression chamber 1119 isat its largest volume.

[0049] Valve body 1011 fits within cylindrical body 1113. Vave body 1011 includes a
wiper seal 1012 that contacts the inside wall of cylindrical body 1113. Wiper seal 1012
prevents liquid from passing up and out through air hole 1204 (Figure 12). Air hole 1204
allows ar to enter and exit the area of cylindrical body 1113 above wiper sea 1012 to
prevent creating a vacuum lock that prevents valve body 1011 fr‘om moving up and down.
Wiper seal 1012 includes an annular recess 1012A for receiving biasing member 1010, which
may be, for example, a spring. The upper portion of biasing member 1010 fits around a
cylindrical inlet opening to secure biasing member 1010 in place. Valve body 1011 includes
acylindrical center open portion 1032 that is defined at least in part by cylindrical wall 1131.
A liquid inlet opening 1130 is included in wall 1131 which alows liquid to pass through
valve body 1130. In addition, valve body 1011 includes a tapered bottom portion 1133.
Pump body 1118 also includes a threaded portion 1032 on cylindrical body 1113 for

receiving foaming nozzle 1160.

[0050] Foaming nozzle 1160 is similar to foaming nozzle 350. Foaming nozzle 1160
includes housing 1030 with athreaded portion 1031 for connecting to threaded portion 1032
of pump body 1118. Housing 1030 includes an inlet opening 1140 that receives valve body

1011. The outside diameter of the cylindrical wall 1131 is dlightly smaller than the diameter

14
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of inlet opening 1140. Accordingly, small passageway 1222 (Figure 12) is formed between
cylindrical wall 1131 and inlet opening 1140. This small passageway 1222 forms arestrictor,
and in one embodiment, no other restrictor is required. Housing 1030 aso includes a
restrictor 1042 that is substantiadly similar to restrictor 242. In addition, housing 1030
includes atapered ridge located within cylindrical opening 1140. The tapered ridge forms a
valve seat 1141. When assembled, biasing member 1010 urges valve body 1011 downward
and the tapered bottom portion 1133 of valve body 1011 presses against valve seat 1141 and
forms a one-way outlet valve. Foaming nozzle 1160 includes a rotator 240 and a foaming

chip 250, which are discussed in detail above.

[0051] Figures 12 and 13 illustrate the vortex foam pump 1000 in operation. As plunger
1023 is moved toward its outermost position and compression chamber 1220 is expanded, a
vacuum is created. Valve body 1011 isbiased to a closed position until enough of a vacuum
is created to overcome the cracking pressure of inlet valve 1008, alowing liquid L to be
drawn into cylindrica opening 1111 and through passage 1112 into valve body 1011. The
liquid L flows through valve body 1011 through aperture 1130 and into compression chamber

1220.

[0052] Asplunger 1023 ismoved toward its innermost position, the volume of compression
chamber 1220 is reduced and pressure builds up in pump body 1113. Inlet valve 1008 is
pushed into a sealing position preventing liquid L from flowing back up into liquid container
1202. Accordingly, liquid is forced to flow through passage 1222 located between the
outside wall 1131 and cylindrical opening 1140 and lifts tapered portion 1133 of valve body
101 1 off of valve seat 1141. When valve body 101 1is lifted, air may pass through opening
1204 to prevent air pressure building up above valve body 1011 and preventing valve body

1011 from moving up. Asdescribed in detail above, the liquid then flows between restrictor
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1042 and rotator 240, where the speed of the liquid L is accelerated, rotated and atomized
into afine mist of droplets D asit flows into the mixing chamber in foaming chip 250. Air is
drawn into the foaming chip 250 through a venturi effect, mixes with the atomized liquid

droplets D and is expelled as afoam.

[0053] Figure 14 isacross-sectional view of another exemplary inverted vortex foam pump
1400. Vortex foam pump 1400 includes a cap 1402 which is connected to aliquid container
1401 with athreaded connection. Cap 1402 has a flange 1403 that supports upper housing
1404. A gasket 1407 is located between liquid container 1401 and upper housing 1404 to
provide aliquid tight seal between vortex foam pump 1400 and liquid container 1401. Upper
housing 1404 includes one or more projections and/or recesses 1405 that mate with one or
more recesses and/or projections 1406 located on pump body 1420 to provide a snap-fit
connection between pump body 1420 and upper housing 1404. Upper housing 1404 includes
a center cylindrical inlet opening 1408. The lower surfaces of the walls of the upper housing
1404 that form center cylindrical inlet opening 1408 are tapered and form an inlet valve seat
1410. Pump body 1420 includes a central cylindrical portion 1422 having abase 1424 with
one or more passages 1425 therethrough. Valve basket 1426 sits on base 1424. Valve basket
1426 has an opening 1428 therethrough that is in fluid communication with the one or more

passages 1425 through base 1424.

[0054] A first valve body 1440 is located within pump body 1420 and has a cylindrical
wiper seal 1426 that rides up and down on the interior wall of pump body 1420 and prevents
liquid L from entering into the area where biasing member 1449 is located. First valve body
1440 has one or more apertures 1444 therethrough. In addition, first valve body 1440 has a
bottom portion 1446 that has tapered side walls. The tapered side walls of bottom portion

1446 are configured to engage tapered walls of second valve body 1460, which acts as valve
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seat 1464. First valve body 1440 is biased in the downward position by biasing member
1449 and tapered side walls of bottom portion 1446 act as a one-way outlet valve. Second
valve body 1460 includes cylindrical wiper seal 1462 that also rides up and down on the
interior wall of pump body 1420. Biasing member 1449 biases both first valve body 1440

and second valve body 1460 toward their downward-most positions.

[0055] End cap 1470 includes an upstanding cylindrical projection member 1471 that fits
over the outside wall of pump body 1420. End cap 1470 may be secured to pump body 1420
by any means such as for example, a snap-fit connection, a therma welded connection, a
threaded connection, an adhesive, or afriction fit connection. End cap 1470 has an opening
in which cylindrical housing 1473 fits through. Cylindrical housing 1473 includes one or
more projecting members 1474 that may be forced through the opening in end cap 1470
during assembly, but retains housing 1473 in end cap 1470 during normal use. Housing 1473
also includes aplurality of downward projection members 1475 for connecting to foam chip
250 that are substantially similar to the downward projection members 514 discussed above.
Housing 1473 includes actuation member 1472 that may be used by an actuator (not shown)
to actuate vortex foam pump 1400. In addition, as discussed above, housing 1473 includes
recesses and/or projecting members to alow rotator 242 to connect to housing 1473 with a
snap-fit connection. Restrictor 1442 is integrally formed with second valve body 1460 and
includes apertures 1443 to allow liquid to enter passage 1480. Optionally, restrictor 1442
may be a separate part and merely sit inside rotator 242. Foaming chip 250 is described in

detail above.

[0056] The inverted vortex foam pump 1400 draws in ambient air to create foam.
Accordingly, a separate air compressor or air pump is not needed to create a foam.

Eliminating the air compressor portion alows the inverted vortex foam pump to be smaller in
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size than current foam pumps that include an air compressor portion. In one embodiment,
vortex foam pump 1400 has a closure diameter of no greater than 1.25 inches. Closure
diameter is the outside diameter of the largest portion of pump. In one embodiment, vortex

foam pump 1400 has an output of 0.75 ml. with a closure diameter of 1.06 inches.

[0057]  Figures 15 and 16 illustrate the vortex foam pump 1400 in operation. As illustrated
in Figure 15, when actuation member 1472 is pulled down, first valve body 1440 moves
downward due to biasing member 1449, which expands compression chamber 1502.
Because biasing member 1449 urges first valve body 1440 downward, the tapered walls of
end portion 1446 seal against valve seat 1464. When the vacuum pressure exceeds the
cracking pressure of inlet valve 1412, liquid L flows in from inlet 1408 past inlet valve 1412,
through opening 1428 in valve basket 1426, or around valve basket 1426, through passage
1425 and into compression chamber 1502. In addition, some of the liquid L may flow

through openings 1444 in first valve body 1440 into passage 1504.

[0058]  As illustrated in Figure 16, when actuator 1472 is moved upward, pressure is
created by compression chamber 1502. Compression chamber 1502 compresses verticaly.
The pressure forces inlet valve 1412 into seat 1410 and prevents liquid L from flowing into
liquid container 1401. The pressure causes first valve body 1440 to move upward and the
tapered walls of end portion 1446 lift off of valve seat 1464 to allow liquid L to flow along
path 1602 past the tapered walls of end portion 1446 and into passage 1604. The liquid L
flows out of passage 1604 through openings 1443 into passage 1480. Once in passage 1480,
the liquid is forced between restrictor 1442 and rotator 240 where the speed of the liquid L is
accelerated, rotated and atomized into a fine mist of droplets D as it flows into foaming chip
250 where air is drawn into the foaming chip 250, mixes with the atomized liquid droplets D

and is expelled as afoam.
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[0059] Figure 17 is an exploded cross-sectional view of another exemplary foaming nozzle
1700. Foaming nozzle 1700 is similar to foaming nozzle 350. Foaming nozzle 1700 includes
housing 1702. Housing 1702 includes a cylindrical inlet opening 1703. Inside cylindrical
inlet opening 1703 isrestrictor 1710. Restrictor 1710 is an integra part of housing 1702 and
has top plate 1711 with one or more openings 1712 therethrough. The lower portion of
restrictor 1710 is cylindrical and fits within rotator 1720. In addition, housing 1702 includes
one or more cylindrica projecting members 1706 with one or more spaces 1708
therethrough. The spaces 1708 allow air to be drawn into mixing chamber 1736 during

operation.

[0060] Rotator 1720 includes one or more extrusion passage(s) 1722 and one or more
channels 1724 located in its base. An opening 1726 having tapered walls is located in the
center of rotator 1720. In addition, foaming chip 1730 is similar to foaming chip 250.
Foaming chip 1730 includes mixing chamber 1736 and a base or screen 1732. Screen 1732

includes aplurality of openings 1734.

[0061] During operation, liquid L is forced into inlet opening 1703 and through openings
1704. Openings 1704 restrict the flow of liquid L and accelerate the velocity of the liquid L.
The liquid L is further forced through extrusion passage(s) 1722, channel(s) 1724 and out of
tapered opening 1726. The rotator 1720 accelerates the liquid L and imparts a rotational
motion on the liquid L. Asthe liquid L passes out of tapered opening 1726, it is atomized
into afine mist or spray of droplets. The velocity of the atomized droplets creates a vacuum
that draws air into mixing chamber 1736 where the air mixes with the atomized droplets and

turns into foam. The foam is further enhanced asit is forced through screen 1732.

[0062] While the present invention has been illustrated by the descriptions of embodiments

thereof and while the embodiments have been described in considerable detail, it is not the
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intention of the applicants to restrict or in any way limit the scope of the appended claims to
such detail. Additional advantages and modifications will readily appear to those skilled in
the art. For example, certain components may be combined and other components may be
eliminated. Moreover, elements described with one embodiment may be readily adapted for
use with other embodiments. Therefore, the invention, in its broader aspects, isnot limited to
the specific detalls, the representative apparatus and illustrative examples shown and
described. Accordingly, departures may be made from such details without departing from

the spirit or scope of the applicants genera inventive concept.
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CLAIMS

I/we claim:
1 A pump for an inverted foam dispensing system comprising:

aconnector for connecting the pump to aliquid container, the connector
located a the top of the inverted pump during operation;

acompression chamber having an inlet valve and an outlet valve; the
compression chamber in fluid communication with aflow restrictor, an atomizer, a
mixing chamber, afoaming chip and an outlet , the outlet located at the bottom of the

inverted pump during operation;

wherein the inlet valve, outlet valve, flow restrictor, atomizer, mixing
chamber, foaming chip and outlet extend along a common axis that extends vertically,

and

an air inlet into the mixing chamber, the air inlet opening to atmospheric

pressure;

wherein during operation, the liquid pump is located below the liquid
container and liquid flowing from the compression chamber is accelerated and
atomized and enters the mixing chamber a avelocity sufficient to draw in air from

the air inlet to mix with the liquid to form afoam.

2. The pump for dispensing afoam product of claim 1 further comprising a
rotator that imparts arotational motion to aliquid asthe liquid passes by the rotator.

3. The pump for dispensing afoam product of claim 1wherein the compression

chamber isformed a least in part with apiston pump.

4. The pump for dispensing afoam product of claim 2 wherein aflow restrictor
increases the velocity of the liquid and the rotator further increases the velocity of the

liquid.

5. The pump for dispensing afoam product of claim 4 wherein the outlet of the

rotator is an atomizer.
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6. The pump for dispensing afoam product of claim 1 further comprising a
rotator, wherein the flow restrictor islocated at least partially within the rotator.

7. The pump for dispensing afoam product of claim 1 further comprising a cap

for connecting the pump to aliquid container.

8. The pump for dispensing afoam product of claim 7 further comprising a

liquid container filled with afoamable liquid.
9. A refill unit for afoam pump dispenser comprising:
aliquid container;

afoam pump connected to the liquid container, wherein the liquid container is

located above the foam pump during operation;
the foam pump having acentral vertical axis and including
aninlet valve,
acompression chamber;
an outlet valve;

afoaming nozzle having a flow restrictor, arotator, an atomizer and an

air inlet open to atmospheric pressure, and
an outlet;

wherein the inlet valve, outlet valve, foaming nozzle and outlet extend along the

central vertical axis;

wherein the foaming nozzle accelerates the velocity of the liquid, imparts arotational
motion on the liquid, atomizes the liquid and draws in air to mix with the atomized liquid to

form afoam that is dispensed out of the outlet.

10.  Therefill unit of claim 9 wherein the flow restrictor isacylindrical element

located in the flow path.
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11 Therefill unit of claim 9 wherein the rotator includes one or more extrusion

passages for liquid to flow through.

12. Therefill unit of claim 9 wherein the rotator includes one or more channels
located in its bottom portion and wherein the channels are a least partially tangential

to an opening in the bottom of the rotator.

13. Therefill unit of claim 12 wherein the opening in the bottom of the rotator has
walls that are at least partially sloped.

14. Therefill unit of claim 13 wherein the opening in the bottom of the rotator is

sized to cause liquid flowing through it to be atomized.
15. An inverted foam pump comprising:
acap for securing the inverted foam pump to the bottom of aliquid container;

acompression chamber located within the pump body, the compression

chamber compressing verticaly;
apump body having an inlet valve,

avalve body located at least partially within the pump body; the valve body
having a seal for engaging an interior wall of the pump body;

afirst passage between the inlet valve and an interior of the valve body;

a second passage from the interior of the valve body to the exterior of the

valve body;
the valve body further having a surface for engaging avalve seat;

abiasing mechanism for biasing the surface of the valve body against the
valve sest;

wherein movement of the valve body in afirst direction causes liquid to flow
past the inlet valve into the valve body and movement in a second direction causes
liquid to flow out of the valve body and causes the surface of the valve body to move
away from the valve seat and allow liquid to flow out of the pump body.
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16.  Thepump of claim 15 further comprising a foaming nozzle connected to the

pump for converting the liquid to afoam.

17.  Thepump of claim 16 further comprising a second valve body, wherein the
second valve body forms at least aportion of the valve seat and the second valve body
further comprises a cylindrical restrictor, and wherein the foaming nozzle includes a
rotator that at least partially surrounds the cylindrical restrictor and imparts a

rotational motion on the liquid.

18. The pump of claim 16 wherein the foaming nozzle includes an atomizer for

atomizing the liquid into a fine mist of droplets.

19.  Thepump of claim 18 wherein the foaming nozzle further comprises an air
inlet that opens to atmospheric pressure and wherein the velocity of fluid flowing past

the air inlet causes air to be drawn into the foaming nozzle.

20. The pump of claim 19 further comprising a screen, wherein the fine mist of

droplets and air are mixed together and forced through the screen to create afoam.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori ty found multiple (groups of)
inventi ons in thi s internati onal applicati on, as fol |ows:

1. claims: 1-8

A pump for an inverted foam di spensi ng system compri sing:

a connector for connecti ng the pump to a liquid contai ner;

a compressi on chamber havi ng an inlet val ve and an outl et
val ve; the compressi on chamber in fluid communicati on with a
flow restri ctor, an atomi zer, a mixing chamber, a foaming
chip and an outl et;

wherei n the inlet val ve, outl et val ve, flow restri ctor,

atomi zer, mixing chamber, foaming chi p and outl et extend
along a common axi s that extends verti cal ly, and

an air inlet into the mixing chamber, the air inlet opening
t o atmospheri ¢ pressure;

wherei n duri ng operati on, the liquid pump is located bel ow
the liquid contai ner and liquid flowing from the compressi on
chamber is accel erated and atomi zed and enters the miXing
chamber at a vel ocity suffi cient to draw in air from the air
inlet to mix with the liquid to form a foam.

2. claims: 9-14

A refi Il unit for a foam pump di spenser compri sing:

a liquid contai ner;

a foam pump connected to the liquid contai ner, wherei n the
liquid contai ner is |ocated above the foam pump duri ng
operati on;

the foam pump havi ng a central verti cal axi s and incl uding
an inlet val ve;

a compressi on chamber;

an outl et val ve;

a foaming nozzl e having a flow restri ctor, a rotator, an
atomi zer and an air inlet open to atmospheri ¢ pressure, and
an outl et;

wherei n the inlet val ve, outl et val ve, foami ng nozzl e and
outl et extend along the central verti cal axi s;

wherei n the foami ng nozzl e accel erates the vel oci ty of the
liquid, imparts a rotati onal moti on on the liquid, atomi zes
the liquid and draws in air to mix with the atomized liquid
to form a foam that is dispensed out of the outl et.

3. claims: 15-20

An inverted foam pump compri sing:

a cap for securi ng the inverted foam pump to the bottom of a
liquid contai ner;

a compressi on chamber |ocated withi n the pump body, the
compressi on chamber compressi ng verti cal ly;

a pump body havi ng an inlet val ve;

a val ve body located at least parti ally withi n the pump
body;
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the val ve body havi ng a seal for engagi ng an interi or wall
of the pump body;

a first passage between the inlet val ve and an interi or of
the val ve body;

a second passage from the interi or of the val ve body to the
exteri or of the val ve body;

the val ve body further havi ng a surface for engagi ng a val ve
seat;

a biasi ng mechani sm for biasi ng the surface of the val ve
body agai nst the val ve seat;

wherei n movement of the val ve body in a first directi on
causes liquid to flow past the inlet val ve into the val ve
body and movement in a second directi on causes liquid to
flow out of the val ve body and causes the surface of the

val ve body to move away from the val ve seat and allow liquid
to flow out of the pump body.

Independent claims 1, 9 and 15 have the fol |owing
subject-matter in common :

- an inverted foam pump compri sing

- a connector for connecti ng the pump to a liquid contai ner;
- a compressi on chamber and

- an inlet val ve.

Such a pump is already known, e.g. from documents Ep 2 127
581 Al , us 2009/188994 Al, erp 2 087 825 A2, ErP 2 087 824 A2,
us 2009/200337 Al, Er 2 135 681 A2, cited in the search
report.

As a resul t, there is no techni cal rel ati onshi p among these
inventi ons invol ving one or more of the same or

correspondi ng speci al techni cal features (Rule 13.2 PCT).
Moreover, nei ther the first nor the second or thi rd

i nventi ons have speci al techni cal features , i.e. those

techni cal features that defi ne a contri buti on over the pri or
art, e.g. over documents EpP 2 127 581 Al, us 2009/188994 Al ,
EP 2 087 825 A2 and EP 2 087 824 A2, as the subject-matter

of claims 1, 9 and 15 is already known from some of these
documents or does not invol ve an inventi ve step regardi ng
some of these documents .

Therefore, the separate inventi ons descri bed in claims 1, 9
and 15 are not so linked as to form a singl e general

i nventi ve concept (Rule 13.1 PCT).
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