EP 1 595 486 A2

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
16.11.2005 Bulletin 2005/46

(21) Application number: 05252872.6

(22) Date of filing: 10.05.2005

(11) EP 1 595 486 A2

EUROPEAN PATENT APPLICATION

(51) IntcL.”. A47L 11/03

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
HUIEISITLILTLUMC NL PLPTRO SE SISKTR
Designated Extension States:
AL BAHRLV MK YU

(30) Priority: 10.05.2004 US 569761 P

(71) Applicant: TENNANT COMPANY
Minneapolis, Minnesota 55440 (US)

(72) Inventors:
¢ Field, Bruce F.
Golden Valley, Minnesota 55422 (US)
¢ Pouliot, Joseph L.
Elk River, Minnesota 55330 (US)

(74) Representative: Bayliss, Geoffrey Cyril
BOULT WADE TENNANT,
Verulam Gardens
70 Gray’s Inn Road
London WC1X 8BT (GB)

(54)

(57) A surface cleaner (110) includes a liquid dis-
pensing system (100) comprising a fluid flow path (226)
configured to receive a flow of liquid (such as 216), a
pump (228), an air purging component (360), and a
valve actuator (374). The pump is in line with the fluid
flow path and is configured to drive the flow of liquid
through the fluid flow path. The air purging component
includes an inlet (362) in line with the fluid flow path, an

The air purging of a liquid dispensing system of a surface cleaner

outlet (364), an airflow path (366) connecting the inlet
and the outlet, and a valve (368) in line with the airflow
path. The valve includes an open position in which the
airflow path is open between the inlet and the outlet and
a closed position in which the airflow path is closed be-
tween the inlet and the outlet. The valve actuator is con-
nected to the valve and is configured to bias the valve
in the open position when air is detected in the fluid flow
path.
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Description
FIELD OF THE INVENTION

[0001] The present invention is generally directed to
surface cleaners having a liquid dispensing system and,
more particularly, to a method and apparatus for purging
air from a fluid flow path of the liquid dispensing system.

BACKGROUND OF THE INVENTION

[0002] Surface cleaners are widely used to clean
floors of industrial and commercial buildings. They
range in size from a small model that is controlled by an
operator walking behind the machine, which may clean
a path ranging from 15 inches to 36 inches wide, to a
large model that is controlled by an operator riding on
the machine, which may clean a path as wide as 5 feet.
These surface cleaners include motorized drive wheels,
rotatable scrubber brushes, a cleaning liquid dispensing
system and a recovery tank to hold soiled cleaning so-
lution that is recovered from the surface being scrubbed.
[0003] The liquid dispensing system generally oper-
ates to dispense a cleaning liquid to the surface and/or
the scrubber brushes. The liquid dispensing system can
utilize a tank of cleaning liquid or solution. Alternatively,
the liquid dispensing system can be configured to mix
separate cleaning agent and water supplies to form the
cleaning liquid prior to dispensing the cleaning liquid.
[0004] The liquid dispensing system also includes a
pump that is configured to drive the liquid through at
least one flow restriction member. In general, the flow
restriction member produces a pressure drop in the flow
of liquid driven by the pump. Thus, the flow of liquid at
an inlet of the flow restriction member has a higher pres-
sure than at an outlet of the flow restriction member. Ex-
emplary flow restriction members include metering de-
vices that control a flow rate of the liquid being pumped,
a check valve that restricts the direction the liquid trav-
els, and a nozzle through which the liquid is dispensed
to the surface and/or the scrubber brushes.

[0005] In order for the pump of the liquid dispensing
system to effectively drive the flow of liquid through the
dispensing system, it must be filled with the liquid. When
pumping liquid through a flow restriction member, air
can get into the fluid flow path of the liquid and into the
pump. When the pump is filled with air, or a low volume
of liquid, it pumps very poorly.

[0006] The act of removing air from the fluid flow path
and the pump is known as "priming" the pump. Methods
of priming pumps of liquid dispensing systems are
known. These generally include a rerouting of the fluid
flow path of the liquid such that it bypasses the flow re-
striction member and "releases" the flow of liquid and
the air such that the air can be moved in the fluid flow
path downstream of the pump. Unfortunately, such
methods of priming the pump of liquid dispensing sys-
tems of surface cleaners require the manual opening
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and closing of valves to modify the fluid flow path such
that it bypasses the flow restriction member, which is
time consuming. Additionally, such pump priming prac-
tices can produce large amounts of liquid waste.
[0007] There is a continuous demand for improve-
ments to surface cleaners including improvements to
the process by which the pump of the liquid dispensing
system is primed and other improvements.

SUMMARY OF THE INVENTION

[0008] The present invention is generally directed to
purging air from a liquid dispensing system of a surface
cleaner. One embodiment of the invention is directed to
a surface cleaner having a liquid dispensing system that
includes a fluid flow path configured to receive a flow of
liquid, a pump, an air purging component, and a valve
actuator. The pump is in line with the fluid flow path and
is configured to drive the flow of liquid through the fluid
flow path. The air purging component includes an inlet
in line with the fluid flow path, an outlet, an airflow path
connecting the inlet and the outlet, and a valve in line
with the airflow path. The valve includes an open posi-
tion in which the airflow path is open between the inlet
and the outlet and a closed position in which the airflow
pathis closed between the inlet and the outlet. The valve
actuator is connected to the valve and is configured to
bias the valve in the open position when air is detected
in the fluid flow path.

[0009] Another aspect of the present invention in-
cludes a method of purging air from a liquid dispensing
system of a surface cleaner. In the method, a pump, con-
figured to drive a flow of liquid through a fluid flow path
of the liquid dispensing system, is driven. The presence
of air or liquid in the fluid flow path is detected. When air
is detected in the fluid flow path, an airflow path con-
nected the fluid flow path is opened to discharge the air
from the fluid flow path. When liquid is detected in the
fluid flow path, the airflow path is closed.

[0010] Other features and benefits that characterize
embodiments of the present invention will be apparent
upon reading the following detailed description and re-
view of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is simplified side elevation view of a surface
cleaner in accordance with embodiments of the in-
vention.

FIG. 2 is a cross-sectional view of a fluid recovery
system and recovery tank of a surface cleaner in
accordance with embodiments of the invention.
FIG. 3 is a schematic diagram of a liquid dispensing
system in accordance with embodiments of the in-
vention.

FIG. 4 is a simplified front elevation view of a sur-
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face cleaner having an open front portion exposing
a liquid dispensing system in accordance with em-
bodiments of the invention.

FIG. 5 is a side plan view of components of a liquid
dispensing system in accordance with embodi-
ments of the invention.

FIG. 6 is a front plan view of an orifice plate of a
metering device in accordance with embodiments
of the invention.

FIG. 7 is a metering device in accordance with an
embodiment of the invention.

FIG. 8 is a front elevation view and partial cross-
section of a cleaning agent container in accordance
with an embodiment of the invention.

FIG. 9 is a front elevation view of a cleaning agent
cartridge illustrating various embodiments of the in-
vention.

FIG. 10 is a perspective view of a housing of a
cleaning agent cartridge in accordance with embod-
iments of the invention.

FIG. 11 is a perspective view of a cleaning agent
cartridge installed on a cartridge receiver in accord-
ance with an embodiment of the invention.

FIG. 12 is a cross-sectional view of an aerating noz-
zle in accordance with embodiments of the inven-
tion.

FIGS. 13 and 14 are schematic diagrams of a
foamed cleaning liquid distributor and aerator in ac-
cordance with embodiments of the invention.

FIG. 15 is a side cross-sectional view of a portion
of a scrub head and foamed cleaning liquid distrib-
utor in accordance with an embodiment of the in-
vention.

FIG. 16 is a schematic diagram of a foamed clean-
ing liquid distributor and aerator in accordance with
embodiments of the invention.

FIG. 17 is a cross-sectional view of distributing con-
duit shown in FIG. 16 taken generally along line
17-17.

FIG. 18 is a schematic diagram of a foamed clean-
ing liquid distributor and aerator in accordance with
embodiments of the invention.

FIG. 19 is a schematic diagram of a foamed clean-
ing liquid distributor in accordance with embodi-
ments of the invention.

FIGS. 20 and 21 are simplified front and side views
of a leading portion of a surface cleaner in accord-
ance with embodiments of the invention.

FIG. 22 is a side elevation view of a scrubber-less
surface cleaner in accordance with embodiments of
the invention.

FIGS. 23 and 24 are simplified front and side views
of a leading portion of a surface cleaner in accord-
ance with embodiments of the invention.

FIGS. 24 and 25 are simplified diagrams of a portion
of embodiments of a liquid dispensing system in
which a valve of an air purging component is
opened and closed, respectively.

10

15

20

25

30

35

40

45

50

55

FIG. 27 is a flowchart illustrating a method of purg-
ing air from a liquid dispensing system in accord-
ance with embodiments of the invention.

DETAILED DESCRIPTION

[0012] One embodiment of the presentinvention is di-
rected to a liquid or cleaning liquid dispensing system,
generally designated as 100, of a surface cleaner, such
as hard floor surface cleaner or a carpet cleaner. To sim-
plify the discussion of the invention, embodiments will
be discussed with reference to a hard floor surface
cleaner 110, shown in FIG. 1.

[0013] Surface cleaner 110 is illustrated as a walk-be-
hind cleaner used to clean hard floor surfaces 111, such
as concrete, tile, vinyl, terrazzo, etc., over which cleaner
110 travels. Alternatively, cleaner 110 can be a ride-on
or towed-behind cleaner performing a scrubbing opera-
tion as described herein. Cleaner 110 may include elec-
trical motors powered through an on-board power
source, such as batteries, or through an electrical cord.
Alternatively, an internal combustion engine system
could be used either alone, or in combination with, the
electric motors.

[0014] Cleaner 110 generally includes a recovery tank
112, alid 114, atank 118, and a scrub head 120. Lid 114
is attached along one side of the recovery tank 112 by
hinges (not shown) so that lid 114 can be pivoted up to
provide access to the interior of tank 112. In accordance
with one embodiment of the invention, tank 118 contains
a cleaning liquid or solution that is dispensed to the sur-
face 111 and/or brushes of the scrub head 120 by the
dispensing system 100. In accordance with another em-
bodiment of the invention, the tank 118 includes a pri-
mary cleaning liquid component, preferably water, that
is combined with a cleaning agent by the dispensing
system 100 to form a cleaning liquid that can be applied
to the hard floor surface 111 or the brushes of the scrub
head 120.

[0015] Scrub head 120 includes a scrubbing member
122, shrouds 124, and a scrubbing member drive 126.
Scrubbing member 122 may be one or more brushes,
such as bristle brushes, pad scrubbers, or other hard
floor surface scrubbing elements. Drive 126 includes
one or more electric motors to rotate the scrubbing
member 122. Drive 126 may also oscillate scrubbing
member 122. Scrub head 120 is attached to cleaner 110
such that scrub head 120 can be moved between a low-
ered cleaning position and a raised traveling position.
Other embodiments of cleaner 110 will be discussed be-
low that utilize alternative scrub heads 120 and that
eliminate the scrub head 120 completely.

[0016] A machine frame or mobile body 127 supports
recovery tank 112 on wheels 128 and castors 129. De-
tails of the frame are shown and described in U.S. Pat-
ent Number 5,611,105, the disclosure of which is incor-
porated herein by reference. Wheels 128 are preferably
driven by a motor and transaxle assembly shown sche-
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matically at 130.

[0017] One embodiment of the cleaner 110 includes
a linkage 131 mounted to a rear of the frame 127 and a
fluid recovery device 132 attached to the linkage 131.
In the embodiment of FIG. 1, the fluid recovery device
132 includes a vacuum squeegee 134 and a vacuum
135 in communication with an inlet chamber of recovery
tank 112 through a hose 136, which is illustrated in
greater detail in FIG. 2. The bottom of the inlet chamber
is provided with a drain 140 with a drain hose 142 con-
nected to it. Soiled cleaning solution that is collected by
squeegee 134 is sucked into recovery tank 112 by vac-
uum 135. A residue of cleaning liquid typically remains
on the hard floor surface 111 until air dried. Alternative
mechanical devices, structures, or systems may be
used to convey the soiled solution from the floor surface
into recovery tank 112.

[0018] Cleaner 110 can include a battery compart-
ment 150 in which batteries 152 reside. Batteries 152
provide power to drive motors 126, vacuum fan 154 of
vacuum 135, and other electrical components of cleaner
110. Vacuum fan 154 is mounted under lid 114. A control
unit 156 mounted on the rear of the body of cleaner 110
includes steering control handles 158 and operating
controls and gages for cleaner 110. Additional aspects
of automatic surface cleaners are disclosed in U.S. Pat-
ent Numbers 5,483,718, 5,515,568, and 5,566,422,
6,585,827, 6,662,600, 6,671,925, 6,705,332 and
6,735,811 each of which are incorporated herein by ref-
erence in their entirety.

[0019] One embodiment of the cleaning liquid dis-
pensing system 100 dispenses a wet foamed cleaning
liquid for use by the surface cleaner 110 during surface
cleaning operations. In general, dispensing system 100
dispenses the cleaning liquid (formed either directly
from tank 118 or through the combination of a cleaning
agent with water), which is then aerated to produce a
foamed cleaning liquid for use by cleaner 110 to clean
a hard floor surface. As will be discussed below, the
foamed cleaning liquid is generally a very wet foam that
allows for the complete wetting of the surface. Addition-
ally, the foamed cleaning liquid utilizes very little clean-
ing agent thereby reducing the amount of residue re-
maining on the hard floor surface, reducing chemical
waste, and extending the life of the cleaning agent sup-
ply.

[0020] FIG. 3isaschematicdiagram of cleaning liquid
dispensing system 100 in accordance with various em-
bodiments of the invention. FIG. 4 is a simplified front
view of cleaner 110 that includes embodiments of the
dispensing system 100. FIG. 5 is a side plan view of
components of dispensing system 100 in accordance
with embodiments of the invention. Embodiments of the
dispensing system 100 include a cleaning agent con-
tainer 200 having a supply of cleaning agent 201, a
cleaning agent supply line 202, a flow control device
204, and a pressure regulator 206.

[0021] Cleaning agent container 200 is configured to
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contain supply of cleaning agent 201. The cleaning
agent 201 may include one or more surfactants, build-
ers, solvents, or other components. In accordance with
one embodiment of the invention, cleaning agent 201
includes an anionic surfactant, a non-anionic surfactant,
a cationic surfactant, or a combination thereof. A partic-
ularly preferred surfactant is DeTeric CP-Na-38 manu-
factured by DeForest Enterprises, Inc. of Boca Raton,
Florida. Cleaning agent is preferably in a concentrated
form (e.g., more than 30% solids). In accordance with
one embodiment of the invention, the cleaning agent
container 200 is a collapsible container that collapses
as the cleaning agent contained therein is removed. The
collapsible container is preferably sealed except at the
output port of the container through which the cleaning
agent is dispensed. This avoids a need to ventilate the
container, which could give rise to leaks and cause the
cleaning agent to dry out. In accordance with one em-
bodiment of the invention, container 200 is a collapsible
bag that can be contained in a cleaning agent cartridge
208 (FIG. 2), which will be discussed in greater detail
below. Additional embodiments of the container 200 in-
clude ventilated and refillable containers.

[0022] Cleaning agent supply line 202 is coupled to
the cleaning agent container 200. Cleaning agent sup-
ply line 202 generally corresponds to the fluid flow path
formed by tubing 210 (FIG. 4) and other components of
system 100 to deliver cleaning agent 201 contained in
container 200 to a first input 212 of flow control device
204.

[0023] Firstinput212 of flow control device 204 is con-
figured to receive a flow of cleaning agent 214 from sup-
ply 200 through supply line 202 and other components
of system 100. Flow control device 204 is also config-
ured to receive a flow of primary cleaning liquid compo-
nent 216 at a second input 218. Flow control device 204
is further configured to combine the flows of cleaning
agent 214 and primary cleaning liquid component 216
and produce an output flow of cleaning liquid 220 at an
output 222.

[0024] The primary cleaning liquid component 216 is
preferably water and is contained in tank 118 of cleaner
110 or provided from another source. The flow of prima-
ry cleaning liquid component 216 is preferably driven
through a fluid flow path defined by conduit 226 by a
pump 228 at a flow rate that is desired for the cleaning
operation. In accordance with one embodiment of the
invention, the flow of primary cleaning liquid component
216 is driven at a substantially constant flow rate of ap-
proximately 0.5 gallons per minute or less. However, the
flow rate can be modified depending on the application
for system 100.

[0025] Pump 228 is generally positioned in line with
fluid flow path or conduit 226 and includes an outlet 230
that is maintained at a desired high pressure. In accord-
ance with one embodiment of the invention, the pres-
sure at outlet 230 is held substantially constant at ap-
proximately 60 pounds per square inch (psi).
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[0026] Flow control device 204 preferably combines
the flow of cleaning agent 214 with the flow of primary
cleaning liquid component 216 at a ratio of 1 part clean-
ing agent to 1000 parts primary cleaning liquid compo-
nent. Accordingly, the resultant cleaning liquid 220 is
formed of 0.1% cleaning agent, which is substantially
less than conventional hard floor surface cleaning lig-
uids. As a result, the present invention leaves very little
cleaning agent residue following application to a hard
surface, produces very little chemical waste, and in-
creases the life of the supply of cleaning agent con-
tained in container 200.

[0027] Flow control device 204 injects the flow of
cleaning agent 214 into the flow of primary cleaning lig-
uid component 216 using an injector 236 at a rate that
is generally less than approximately 10.0 cubic centim-
eters per minute. In accordance with a preferred embod-
iment of the invention, the flow of cleaning agent 214 is
preferably limited to less than approximately 2.0 cubic
centimeters per minute to provide the desired 0.1% con-
centration level of cleaning agent in the cleaning liquid
220 relative to the flow of primary cleaning liquid 216.
For example, a flow rate of approximately 1.2 cubic cen-
timeters per minute is desired when the flow rate of the
primary cleaning liquid component is approximately
0.33 gallons per minute, and a flow rate of approximately
0.5 cubic centimeters per minute is desired when the
flow rate of the primary cleaning liquid component is ap-
proximately 0.13 gallons per minute. Injector 236 pref-
erably operates to siphon the cleaning agent flow 214
from the supply 201 using a venturi member 238. In op-
eration, the flow of primary cleaning liquid 216 through
venturi member 238 creates a vacuum of approximately
370 inches of water (134.6 psi), that draws the flow of
cleaning agent 214 into the flow of primary cleaning lig-
uid component 216 at the desired rate. One such suita-
ble flow control device 204 is the 50580 siphon pro-
duced by Spraying Systems Company of Wheaton, Illi-
nois.

[0028] The vacuum produced by flow control device
204 allows the cleaning agent supply 201 contained in
collapsible bag 200 of cleaning agent cartridge 208 to
be completely drained regardless of its position. That is,
cleaning agent cartridge 208 can be positioned below
flow control device 204 without affecting the draw of the
cleaning agent 201 through supply line 202. However,
it is preferred that the diameter and length of conduit
210 forming supply line 202 be selected to prevent sub-
stantial resistance to the flow of cleaning agent 214
there through.

[0029] In accordance with one embodiment of the in-
vention, the rate of the flow of cleaning agent 214
through injector 236 is adjustable using a valve 242,
such as a needle seat valve, for example. Valve 242 is
preferably configured to provide accurate adjustment to
the slow output flow of cleaning agent 214. Valve 242
preferably includes a sharp flow-regulating needle hav-
ing for example, a two degree needle tip for improved
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sensitivity.

[0030] Although the valve 242 can be used to adjust
the flow rate of the of cleaning agent flow 214, problems
can arise as aresult of the viscosity of the cleaning agent
201, the size of the orifice of the needle seat valve 242,
and the vacuum generated by injector 236. In particular,
it has been discovered that the most consistent cleaning
agent flow rates are achieved when injector 236 gener-
ates a large vacuum, such as 370 inches of water, in
response to the flow of primary cleaning liquid compo-
nent 216. At such a high vacuum, the valve 242 that is
in line with injector 236 must close the flow path through
which the cleaning agent flow 214 travels to such a de-
gree that clogging of the flow path can occur, which pre-
vents accurate cleaning agent flow rate control. Unfor-
tunately, when valve 242 is adjusted to a large enough
opening to avoid clogging of the flow path for the clean-
ing agent, the opening is generally too large to restrict
the flow of cleaning agent 214 to the desired rate. As a
result, the cleaning agent flow rate would be higher than
the preferred flow rate without additional controls.
[0031] One embodiment of the dispensing system
100 includes the pressure regulator 206, which provides
the desired additional control over the flow rate of the
cleaning agent flow 214. Pressure regulator 206 is po-
sitioned in line with the cleaning agent supply line 202
between the first input 212 of the flow control device 204
and the cleaning agent container 200. Pressure Regu-
lator 206 generally operates to maintain the pressure at
first input 212 of flow control device 204 at a preferred
pressure to provide the desired flow rate for the flow of
cleaning agent through the flow control device 204. As
the pressure in supply line 202 is decreased by pressure
regulator 206, the volumetric flow rate of the cleaning
agent flow 214 decreases. As aresult, the pressure reg-
ulator 206 can be used to control the flow rate of the
cleaning agent flow 214 to the desired low flow rate for
the given flow control device 204 being used including
a flow control device 204 that includes a valve 242 hav-
ing a large enough opening to avoid clogging by the
cleaning agent.

[0032] In accordance with one embodiment of the in-
vention, pressure regulator 206 includes an air inlet port
244 and an airflow path 246, as shown in FIG. 5. The
airflow path 246 extends between a cleaning agent flow
path 248 and the air inlet port 244. The cleaning agent
flow path 248 is generally defined by the cleaning agent
supply line 202, such as the flow path through compo-
nent 250, to which pressure regulator connects. Com-
ponent 250 can be a check valve to prevent the unde-
sired backflow of cleaning agent 201 and/or primary
cleaning liquid component 216 from flow control device
204. Pressure regulator 206 can include a valve that is
either located adjacent to the supply line 202, such as
valve 252, or located remotely therefrom, such as valve
254. Valve 252 or 254 is preferably operable between
an open position in which the airflow path 246 is open
to allow air, indicated by arrow 256, to enter through air
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inlet port 244 and into the flow of cleaning agent 214,
and a closed position, in which the air flow path 246 is
closed. The valve (252 or 254) can be adjusted or pre-
set to operate to maintain the pressure at the cleaning
agent flow path at the desired level relative to the ambi-
ent pressure by opening when the pressure at first inlet
212 of flow control device 204 drops below a threshold
minimum. In accordance a preferred embodiment of the
invention, pressure regulator 206 is a relief-check valve
assembly, such as a 4-6 psi relief-check valve assembly.
Such pressure regulators are available from Smart
Products, Inc. of San Jose, California.

[0033] During normal operation, the flow of primary
cleaning liquid component 216 through venturi member
238 generates a vacuum of approximately 370 inches
of water at the first input 212 of flow control device 204
when valve 252 or 254 of pressure regulator 206 is
closed or pressure regulator 206 is not present. At this
high pressure, the flow of cleaning agent 208 is injected
into the flow of primary cleaning liquid at a rate of much
greater than 2.0 cubic centimeters per minute. However,
when valve 252 and/or 254 are open, the vacuum gen-
erated by flow control device 204 causes air 256 to be
drawn in through air inlet port 244 and airflow path 246
of pressure regulator 206 and into the flow of cleaning
agent 214. This reduces the pressure at the first inlet
212 of the flow control device 204 to a desired level and
controls the flow rate of the cleaning agent flow 214 in-
jected into the flow of primary cleaning liquid 216.
[0034] The particular settings for pressure regulator
206 can be selected empirically based upon the vacuum
generated by flow control device 204 and the desired
flow rate for the flow of cleaning agent 214. For example,
when pressure regulator 206 is a 6 psi relief-check
valve, the vacuum at the first input of flow control device
can be reduced from 370 inches of water to approxi-
mately 150 inches of water, thereby causing the result-
ant flow rate of the flow of cleaning agent that is injected
into the flow of primary cleaning liquid component to
drop to approximately 1.2 cubic centimeters per minute
when valve 242 is property set or when a suitable me-
tering device 260 (FIGS. 3 and 5) is installed in line with
supply line 202. When pressure regulator 206 is a 5 psi
relief-check valve, the vacuum at the first input 212 of
flow control device 204 can be reduced from 370 inches
of water to approximately 110 inches of water, thereby
causing the resultant flow rate of the flow of cleaning
agent 214 that is injected into the flow of primary clean-
ing liquid component 216 to drop to approximately 0.5
cubic centimeters per minute. Accordingly, the selection
or setting of pressure regulator 206 can determine the
pressure drop at the inlet 212 of flow control device 204
and the resultant flow rate of the flow of cleaning agent
214 that is injected into the flow of primary cleaning lig-
uid component 216.

[0035] The valve 252 and/or 254 of pressure regulator
206 controls the introduction of air 256 into supply line
202 and, therefore, the amount of vacuum relief and the
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resultant flow rate of the flow of cleaning agent 214. In
accordance with one embodiment of the invention, valve
252 is controllable by an operator of system 100, such
as an operator of a surface cleaner 110 in which system
100 is installed. In general, valve 254 can be formed as
a component of a remote airflow control 262 (FIG. 5)
and can be used to control the airflow 256 through air-
flow path 246 that extends to valve 254 through tubing
264. Valve 254 is preferably biased (e.g., spring-loaded)
toward an open position, in which air 256 is allowed to
enter tubing 264. Valve 254 can be closed by the oper-
ator to close the airflow path 240 regardless of the po-
sition of valve 252. Accordingly, even if valve 252 is
open, valve 254 of remote airflow control 262 can close
the airflow path 246 and cause the vacuum at the input
212 of flow control device 204 to increase and thereby
draw the flow of cleaning agent 214 into the flow of pri-
mary cleaning liquid component 216 at a high rate. Such
a surge in the flow rate of the cleaning agent may be
used when an increase in the concentration of the clean-
ing agent 214 in the cleaning liquid 220 is desired for
special cleaning operations or to drive potentially clog-
ging debris through the flow control device 204 or me-
tering device 260.

[0036] Additional control of the flow rate of the flow of
cleaning agent 214 can be provided by a metering de-
vice 260, shown in FIG. 3, which is positioned in line
with the cleaning agent supply line 202 between the flow
control device 204 and the cleaning agent container or
supply 200. Metering device 260 can be positioned on
either side of pressure regulator 206. Metering device
260 includes an upstream high pressure side 270 and
adownstream low pressure side 272. The pressure drop
across metering device 260 between high pressure side
270 and low pressure side 272 restricts the flow of fluid
there through to further control the flow rate of the flow
of cleaning agent 214. Multiple metering devices 260
can be positioned in series to provide the desired pres-
sure drop in the fluid flow 214.

[0037] In accordance with one embodiment of the in-
vention, metering device 260 includes a metering orifice
or orifice plate 274, as shown in FIG. 5. The exemplary
orifice plate 274 shown in FIG. 6 includes an orifice 276
through which the flow of cleaning agent 214 flows.
Plate 274 is installed in supply line 202, such that the
cleaning agent 214 is forced to flow through orifice 276.
This produces the pressure drop as described above
and restricts the flow 214 to the desired flow rate. In ac-
cordance with a preferred embodiment, orifice 276 of
orifice plate 274 has a diameter D of 0.006 inches. One
example of a suitable metering orifice or orifice plate 274
is part number CP 4916-40 manufactured by Spraying
Systems Co. of Wheaton, lllinois. Other orifice plates or
metering orifice configurations are possible as well,
such as by providing multiple orifices in the plate 98 or
other flow restriction configurations.

[0038] In accordance with another embodiment of the
invention, metering device 2604 includes a labyrinthine
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fluid flow path to provide the desired flow restriction. The
labyrinthine path is preferably formed by one or more
drip irrigators 278, as shown in FIG. 7. One such pre-
ferred drip irrigator suitable for use in metering device
260 is described in U.S. Patent No. 5,031,837 and avail-
able as part number R108C manufactured by Raindrip
of Woodland Hills, CA. One or more drip irrigators 278
can are placed in series and coupled together with tub-
ing sections 280, as shown in FIG. 7. A surround 282
can cover the drip irrigators 278 and tubing sections
280. Inlet 284 and outlet 286 couple to conduit 210 of
supply line 202. Other suitable drip irrigators or similar
flow restricting devices can also be used to form meter-
ing device 124.

[0039] In accordance with one embodiment of the in-
vention, system 100 includes one or more additional
supplies of cleaning agent 201, as shown in FIG. 3, that
can be selectively mixed with the flow of primary clean-
ing liquid component 216. Thus, system 100 can include
a second supply of cleaning agent 290, such as a sur-
factant as described above for first cleaning agent sup-
ply 200. Alternatively, second cleaning agent supply 290
can be another type of agent, such as a brightener, a
disinfectant, or other surface treatment chemical. Sup-
ply of second cleaning agent 290 is preferably contained
in a container, such as cartridge 208, in the same man-
ner as the first cleaning agent supply 200.

[0040] In accordance with one embodiment of the in-
vention, a second flow control device 292, which is sub-
stantially identical to flow control device 204, is provided
to control the injection of a flow 294 of the second clean-
ing agent from supply 290. Additionally, a valve 293, a
pressure regulator 295 and/or a metering device 296
can also be included to provide additional control over
the flow 294 of the second cleaning agent. Valves, such
as valves 242 and 293, can be selectively opened and
closed to control whether one or both of the first and
second cleaning agent supplies 200 and 290 is added
to the flow of the primary cleaning liquid component 216
to form the desired cleaning liquid 220. Alternatively, the
second cleaning agent supply 290 can be fed to valve
298 of the dispensing system 100 through conduit 299,
which can be a multi-way valve capable of selecting the
first cleaning agent supply 200 of the second cleaning
agent 290 to be passed to flow control device 204 there-
by eliminating the need for the second flow control de-
vice 292 and the related components.

[0041] In accordance with one embodiment of the in-
vention, the supplies of cleaning agent, such as first and
second supplies 200 and 290 (FIG. 3), are contained in
a removable container 200 that can be a component of
a cleaning agent cartridge 208, which will be discussed
in greater detail with reference to FIGS. 8-11. One em-
bodiment of the cleaning agent cartridge 208 includes
a collapsible container 200 having an interior cavity 300
and conduit 302, as shown in FIG. 8. Conduit 302 in-
cludes a first end 304 that is coupled to the container
and is in fluid communication with the interior cavity 300
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to allow the conduit 302 to receive a flow of cleaning
agent from the interior cavity 300. The conduit 302 also
includes a second end 306 that is connectable to the
flow control device 204 through, for example, cleaning
agent supply line 202. A volume of 2.8 liters, for exam-
ple, of the cleaning agent 201 can preferably be con-
tained within interior cavity 300 for dispensing to flow
control device 204 through supply line 202.

[0042] One embodiment of the container 200 is in the
form of a collapsible bag that is completely sealed ex-
cept where connected to the conduit 302. Thus, the con-
tainer 200 collapses in on itself or shrinks as the clean-
ing agent 201 stored therein is depleted. In accordance
with this embodiment of the invention, the container 200
can be formed of vinyl or other suitable material. Alter-
natively, the container 200 can take the form of a rigid
container, such as a box, that includes a vent for replac-
ing dispensed cleaning agent 201 with air. Container
200 can be transparent or translucent to allow the clean-
ing agent 201 to be viewed. Additionally, container 200
can be formed of a material that prevents the exposure
of the cleaning agent contained therein from light.
[0043] The first end 304 of the conduit 302 is prefer-
ably attached to the container 200 such that it is flush
with the inside of an outlet 308. A seal 310 is formed
between the first end 304 and the container 200 at the
outlet 308 to prevent the cleaning agent 201 from es-
caping at that junction. In accordance with one embod-
iment, the seal 310 includes an annular neck 312 sur-
rounding the first end 304 and adjoining the container
200. A weld can be formed between the annular neck
312, the first end 304 and the container 200 to further
seal the junction. Other methods for sealing the junction
of the first end 304 and the container 200 can also be
used.

[0044] The conduit 302 can also include a flow control
member 314, shown in FIG. 9, mounted to the second
end 306 of the conduit 302 to terminate the flow of the
cleaning agent 201 therethrough when the conduit 302
is disconnected from the flow control device 204. The
flow control member 314 preferably includes a connec-
tor (e.g., quick-disconnect coupling) 316 that includes a
shut-off valve that is actuated when disconnected from
the flow control device 204 to seal the container 200 and
prevent the out flow of the cleaning agent 201 there-
through. Other types of flow control members 314 can
also be installed at second end 306 of conduit 302 to
seal interior cavity 300 of container 200 such as a valve,
a metering device, a clamp, a membrane, or a cap.
[0045] In accordance with one embodiment of the in-
vention, the cleaning agent cartridge 208 includes a
housing 318, shown in FIG. 10, that can enclose the
container 200, the conduit 302, the connector 316 and
the flow control member 352. The housing 318 provides
protection and support to the container 200, which is
particularly useful when the container 200 is in the form
of a collapsible bag 308. The housing 318 is preferably
made from a single piece of rigid or semirigid material,
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such as plastic, cardboard and/or metal that is folded to
form a box, which is preferably glued shut at, for exam-
ple, tab 320. In accordance with a preferred embodi-
ment, the housing 318 is formed of corrugated plastic
or cardboard.

[0046] The housing 318 also includes openings 322
and 324 on at least one side wall 326 that are preferably
defined by removable portions 328 and 330, respective-
ly. The portions 328 and 330 have perforated edges 332
and 334, which facilitate their easy removal to expose
openings 322 and 324. The housing 318 can also in-
clude apertures 336 and 338 to provide finger access to
further simplify the removal of the portions 328 and 330.
The opening 322 generally provides visual access to the
container 200 and allows a user to asses the volume of
the cleaning agent 201 contained therein. The opening
324 also provides access to the conduit 302, the con-
nector 316 and the flow control member 352 for connec-
tion to the flow control device 204. In accordance with
one embodiment of the invention, the opening 324 and
the removable portion 330 can also be formed on the
bottom 340 through which the conduit 302 can extend
for efficient dispensing of the cleaning agent 201 in the
container 200, as shown in FIG. 10. Other openings can
also be provided in the housing 318 as desired.

[0047] The cleaning agent cartridge 208 is preferably
removably receivable in a cartridge receiver 342 of the
cleaner 110, shown in FIG. 11. The cartridge receiver
342 can be a bracket having a back plate 344, opposing
side walls 346 and 348, a front wall 350, and a bottom
352. The back plate 344 is mountable to a wall of the
cleaner 110 to position the cleaning agent cartridge 208
proximate the flow control device 204. The bottom 352
and the side wall 346 include an opening through which
the conduit 302 can extend for connection to the flow
control device 204. The cartridge 208 can be secured
to the cartridge receiver 342 using a strap or other suit-
able means. Due to the limited jostling that occurs during
cleaning operations, such securing devices are typically
unnecessary. Multiple cleaning agent cartridges 234
can be provided proximate their corresponding flow con-
trol device 204 to accommodate the multiple chemical
dispenser embodiment of the invention illustrated in
FIG. 3.

[0048] In operation, the cleaning agent cartridge 208
is provided and a cleaning agent container 200 is stored
in the interior cavity 300 of the container 200. Next, the
second end 306 of the conduit 302 is coupled to the flow
control device 204 and the cartridge 208 is installed in
the cartridge receiver 342. The flow control device 204
can then receive the cleaning agent 208 through the
conduit 302, which connects to the conduit 210 to form
the supply line 202, and provide a controlled output flow
208 of cleaning agent, as discussed above. When the
container 200 is a collapsible bag 308, the container 200
collapses in response to the output flow of cleaning
agent 208.

[0049] In accordance with another embodiment of the
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invention, the cleaning liquid dispensing system 100 in-
cludes an aerator 400. Aerator 400 is configured to re-
ceive the output flow of cleaning liquid 220 and aerate
the cleaning liquid to produce an output flow of foamed
cleaning liquid 402. A foamed cleaning liquid distributor
404 can receive the output flow of foamed cleaning lig-
uid 402 and discharge the output flow 402 for wetting of
a surface 406, as illustrated in FIG. 3.

[0050] The aerator 400 preferably includes at least
one aerating nozzle 420, as shown in FIG. 4 and the
simplified cross-sectional view of FIG. 12. Nozzle 420
includes a nozzle body 422 having an inlet 424 coupled
to the output 222 of the flow control device 204 for re-
ceiving the output flow of cleaning liquid 220. A suitable
fitting 426 (FIG. 4) can connect to nozzle 420 at thread-
ed section 428 (FIG. 12) to couple inlet 424 to conduit
430 through which cleaning liquid flow 220 travels from
output 222 of flow control device 204. The output flow
of cleaning liquid 220 travels through a bore 432 toward
an outlet 434 of nozzle 420. The bore 432 includes a
constricted throat portion 436 having a convergent up-
stream end 438 and a divergent downstream end 440.
Nozzle 420 also includes one or more gas inlets or radial
ports 442 extending through a side 444 of the body 422
to throat 436. Air, represented by arrows 446, is sucked
through one or more gas inlets or radial ports 442 in re-
sponse to a vacuum generated within throat 436 by the
output flow of cleaning liquid 220 for mixing therewith.
The aeration of the cleaning liquid 220 by air induction
through radial ports 442 produces the aerated or
foamed cleaning liquid 402 that is discharged through
outlet 434 of nozzle 420. It should be understood that
some aeration of cleaning liquid occurs upstream of aer-
ator 400 due to the injection of air into the flow of clean-
ing agent 214 by pressure regulator 206. One example
of a suitable nozzle 420 is the "FoamJet" nozzle (also
designated as FJP-20015-CE) produced by Spraying
Systems Company of Wheaton, lllinois.

[0051] A checkvalve, such as check valve 450 shown
in FIG. 4, is preferably upstream of outlet 434 of nozzle
420 to terminate the flow of cleaning liquid 220 through
nozzle 420 when pump 228 is deactivated. In accord-
ance with one embodiment of the invention, the check
valve 450 is integrated into nozzle 420.

[0052] The foamed cleaning liquid 402 from aerator
400 when used for hard floor surfaces is preferably a
very wet foam relative to that used for carpet cleaning
operations. Such a wet foam is necessary to provide the
desired wetting of the hard floor surface. A foam's "wet-
ness" or "dryness" may be defined in relation to this vol-
umetric expansion ratio. A "dry" foam has a higher ex-
pansion ratio as compared to a "wet" foam. High-expan-
sion foams are "dry" due to the high ratio of air to water
and are useful in carpet cleaning to facilitate quick drying
of the cleaned carpet. A "wet" foam is not used in carpet
cleaning devices since they can cause excessive wet-
ting of the carpet, which leads to long drying times and
may result in mold development. In a particular embod-
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iment of the invention, the ratio of volumes between the
cleaning liquid (non-aerated) 220 and the foamed clean-
ing liquid 402 is approximately 1:8. For example, 0.15
gallons of cleaning liquid is aerated to occupy 1.25 gal-
lons. Other volume ratios may yield acceptable wetting
results as well.

[0053] Cleaning liquid dispensing system 100 can al-
so include a foamed cleaning liquid distributor 404,
shown schematically in FIG. 3. Foamed cleaning liquid
distributor 404 is generally configured to direct the out-
put flow of foamed cleaning liquid 402 for wetting of a
surface 406, such as the surface 111 on which cleaner
110 travels; wetting the scrubbing member 122 of scrub
head 120; or other surfaces as will be discussed below.
In accordance with one embodiment of the invention,
foamed cleaning liquid distributor 404 includes nozzle
420, which directs the output flow of foamed cleaning
liquid 402 directly to the desired surface 406, as illus-
trated in the schematic diagram of FIG. 13. One or more
nozzles 420 can be coupled to the output flow of clean-
ing liquid 220 by conduit 430 to cover a wide section of
surface 406 that extends across a width of cleaner 110.
Outlet 434 of each nozzle 420 is preferably slotted to
provide wide dispersion of the foamed cleaning liquid
output flow 402. As mentioned above, check valves 450
can be placed upstream of outlet 434 of nozzle 420 to
prevent passage of cleaning liquid 220 through conduit
430 when pump 228 (FIGS. 3 and 4) is deactivated.
[0054] In accordance with another embodiment of the
invention, foamed cleaning liquid distributor 404 re-
ceives the output flow of foamed cleaning liquid 402
from outlet 434 of nozzle 420 and discharges the output
flow of foamed cleaning liquid 402 for wetting of the de-
sired surface 406, such as surface 111, as shown in FIG.
14. In accordance with one embodiment of the inven-
tion, foamed cleaning liquid distributor 404 includes dis-
tributing conduit 452 having a first end 454 coupled to
outlet 434 of nozzle 420 that receives the foamed clean-
ing liquid flow 402 and discharges the flow 402 to the
desired surface 406, as shown in FIGS. 1, 4 and 14.
Distributing conduit 452 can include one or more sec-
tions or branches 456 that receive foamed cleaning lig-
uid flow 402 from a second end 458 of conduit 452 and
operate to spread out the discharging of the foamed
cleaning liquid flow 402 directly to surface 406, such as
surface 111 across the width of cleaner 110, as shown
in FIG. 14. Check valves 460 can be provided in each
branch 456 of distributing conduit 452, or in line with the
branch 462 of distributing conduit 452 receiving the
cleaning liquid flow 402 from outlet 434 of nozzle.
[0055] Branches 456 can also be configured to dis-
charge the foamed cleaning liquid flow 402 onto scrub-
bing member 122 of scrub head 120, as shown in FIGS.
1 and 4, which in turn wets surface 111. As illustrated in
FIG. 15, distributing conduit 452 can discharge foamed
cleaning liquid flow 402 into an annular trough 464 in
the hub 466 of the rotating scrubbing members 122. A
series of holes 468 in the bottom of trough 464 pass the
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foamed cleaning liquid 402 down to the central region
of the scrubbing member 122. During operation, the
foamed cleaning liquid 402 is centrifuged out under the
scrubbing member 122 in contact with the hard floor sur-
face 111.

[0056] Another embodiment of distributing conduit
452 is illustrated in the front plan view of FIG. 16 and
the cross-sectional view of FIG. 17 taken generally
along line 17-17 of FIG. 16. Distributing conduit 452 in-
cludes one or more substantially horizontal sections or
branches 456 that include a plurality of apertures 470 in
a top side 472 that is opposite a floor-facing side 474.
Sections 456 of distributing conduit 452 are preferably
formed of rigid plastic tubing that is mounted to cleaner
110 in a desired location. Each section 456 includes an
end cap 476 closing an end 478. During operation,
foamed cleaning liquid flow 402 travels into closed sec-
tions 456. Once sections 456 fill with foamed cleaning
liquid 402, the foamed cleaning liquid 402 is discharged
through apertures 470. The discharged foamed clean-
ing liquid 402 flows over the exterior surface 480 of sec-
tions 456 and drops to the surface immediately below,
such as surface 111. Preferably, the apertures 470 po-
sitioned closest to ends 478 have a larger diameter than
those farther from ends 478 to compensate for pressure
drops in sections 456. This design of foamed cleaning
liquid distributor 404 prevents undesirable dripping of
foamed cleaning liquid 402 to the surface following de-
activation of pump 228 of dispensing system 100 by
containing the foamed cleaning liquid 402 within sec-
tions 456 of distributing conduit 452.

[0057] In accordance with another embodiment of the
invention, foamed cleaning liquid distributor 404 in-
cludes a wand member 490, shown in FIG. 18, that al-
lows a user to direct the foamed cleaning liquid to a sur-
face 492 that is remote from cleaner 110. Wand member
490 generally includes a rigid tubing section 494 sup-
porting nozzle 420 of aerator 400 at a dispensing end
496. Accordingly, wand member 490 can operate in the
manner described above with reference to FIG. 13. A
length of flexible tubing 430 connects a receiving end
498 to output 222 of flow control device 204. During op-
eration a user can extend the tubing 430 from cleaner
110 and apply the foamed cleaning liquid 402 to remote
hard surface 492, such as a wall or an object, for clean-
ing.

[0058] FIG. 19 is a schematic diagram of a foamed
cleaning liquid distributor 404 that includes first and sec-
ond distributing components 500 and 502, respectively.
The discharging of foamed cleaning liquid 402 through
either first or second distributing component 500 or 502
is controlled by a valve 504. First and second distributing
components 500 and 502 can comprise any of the em-
bodiments of foamed cleaning liquid distributor 404 de-
scribed above. For example, first distributing compo-
nent 500 can take the form of wand member 490 (FIG.
18) and second distributing component 502 can take the
form of distributing conduit 452 shown in FIG. 14. As a
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result, foamed cleaning liquid 402 can be easily applied
to different types of surfaces, such as surfaces 506 and
508.

[0059] As discussed above, surface cleaner 110 can
be configured to include a motorized scrub head 120
that includes a scrubbing member 122 that is configured
for rotating engagement with hard or carpeted floor sur-
faces 111, over which the mobile body 127 of cleaner
110 travels. FIGS. 20 and 21 show simplified front and
side views of a front or leading portion of a cleaner 110
that includes a scrub head 120 in accordance with an-
other embodiment of the invention. Scrub head 120 in-
cludes a scrubbing member 122 formed of a plurality of
discs 510 mounted to a shaft 512 that is rotated by a
motor (not shown). The discs 510 are preferably con-
centrically aligned with the axis of rotation 514 of the
shaft 512 and can be positioned to engage surface 111.
Discs 510 can be mounted to shaft 512 using glue or
other suitable means. Discs 510 are preferably formed
of a liquid absorbing material, such as material com-
posed of approximately 70% polyester and 30% polya-
mide, or microfiber. Such liquid absorbing material is
known to hold many times its weight in viscous liquid.
Additionally, such material collects dirt, dust, mildew and
other materials without a need for a large volume of
foamed cleaning liquid 402, thereby eliminating a need
for fluid recovery device 132 (FIG. 1). Large particles of
dirt and dust that do not adhere to the discs 510 can be
captured by a debris collector 516 positioned immedi-
ately behind scrub head 120. Another advantage to the
vertically oriented discs 510 is that they can clean
grooves that may be encountered in tile, brick, cement,
and rock floors. As illustrated in FIG. 21, foamed clean-
ing liquid distributor 404 can discharge the foamed
cleaning liquid 402 to a leading side 518 of scrub head
120 as indicated by arrow 520, on discs 510 as indicated
by arrow 522, or even through the scrubbing member
122.

[0060] FIG. 22 is a simplified side elevation view of
another embodiment of surface cleaner 110 that does
notinclude a motorize scrub head 120. Such a scrubber-
less cleaner 110 can be used on delicate floor surfaces
that would be susceptible to abrasive damage from con-
tact with rotating scrubbing members 122. Cleaner 110
relies upon the cleaning power of the foamed cleaning
liquid 402 that is applied to hard floor surface 111 by
system 100, as illustrated by arrow 530, to clean the sur-
face 111. The wetting of the floor with the foamed clean-
ing liquid 402 traps dirt particles with the bubbles of the
foam, which are then carried into the recovery tank 112
by the fluid recovery system 132. The scrubber-less
cleaner 110 uses far less power than those including
motorized scrub heads 120 thereby allowing for the re-
moval of some of the batteries 152 used to power clean-
er 110. Scrubber-less cleaner 110 can also be formed
much lighter and smaller due to the elimination of scrub
head 120 and batteries 152, or the solution and recovery
tanks 118 and 112 can be formed larger to accommo-
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date longer operational runtimes for cleaner 110. Finally,
the elimination of some of the components of cleaner
110 allows scrubber-less cleaner 110 to be manufac-
tured quicker and cheaper that those incorporating
scrub heads 120.

[0061] In order to facilitate complete wetting of hard
floor surface 111, cleaner 110 can include a non-motor-
ized wetting component 540, shown in FIGS. 23 and 24,
which are front and side views of a leading portion of
cleaner 110, respectively. Wetting component 540 gen-
erally includes a plurality of liquid dispersing members
542 each having a first end 544 that is connected adja-
cent to a bottom side 546 of mobile body 127 of cleaner
110. A second end 548 of each liquid dispersing mem-
ber 542 is positioned to engage hard floor surface 111.
Liquid dispersing members 542 are preferably formed
of a soft material that conforms to surface 111. Foamed
cleaning liquid 402 is discharged by foamed cleaning
liquid distributor 404 of dispensing system 100 either on
members 542 as indicated by arrow 550, or to a leading
side of members 542 as indicated by arrow 552, as
shown in FIG. 24. Liquid dispersing members 542 even-
ly distribute the foamed cleaning liquid 402 on surface
111 as cleaner 110 moves across surface 111. Cleaner
110 may include a scrub head 120 downstream of liquid
dispersing members 542 to scrub surface 111 with even-
ly distributed foamed cleaning liquid 402 thereon, or
cleaner 110 can be scrubber-less and a portion of the
foamed cleaning liquid 402 can be removed from sur-
face 111 by fluid recovery system 132.

[0062] Inline with the fluid flow path 226 are one or
more flow restriction members 560 (FIG. 3) such as, for
example, check valves 450, nozzles 400, metering de-
vices (e.g., orifice plates), and other components that
restrict the flow of liquid through the fluid flow path that
is defined by the conduit 226 (FIGS. 3 and 4). Such flow
restriction members produce a pressure drop from the
inlet to the outlet of the flow restriction member in the
flow of liquid traveling therethrough, as discussed
above. The pumping of liquid through such flow restric-
tion members with the pump 228 can cause air to enter
the fluid flow path 226 when the pump is not operating.
When air enters the fluid flow path 226 and the pump
228, the ability of the pump 228 to drive the liquid
through the fluid flow path 226 becomes more difficult.
As a result, the pump 228 will likely operate poorly until
the air is purged from the fluid flow path 226.

[0063] One embodiment of the liquid dispensing sys-
tem 100 includes an air purging component 360 for
purging air from the fluid flow path 226, that is in line
with the pump 228 in order to prime the pump 228. A
discussion of this aspect of the invention will be provided
with reference to FIGS. 3, 4 and 25-2. FIGS. 25 and 26
are simplified diagrams of a portion of the liquid dispens-
ing system that includes the air purging component 360
and FIG. 27 is a flowchart illustrating a method of purg-
ing air from the liquid dispensing system 100, in accord-
ance with embodiments of the invention.
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[0064] Asdiscussed above, the liquid dispensing sys-
tem 100 includes a pump 228 that is configured to drive
a flow of liquid (either a cleaning liquid contained in tank
118 or water 216) through the fluid flow path 226 in a
downstream direction. The downstream direction is in-
dicated by arrow 361 in FIGS. 3, 4, 25 and 26.

[0065] One embodiment of the air purging component
includes an inlet 362 in line with the fluid flow path 226,
an outlet 364, an airflow path 366 connecting the inlet
362 and the outlet 364, and a valve 368 in line with the
airflow path 366. The valve 368 includes an open posi-
tion, shown in FIG. 25, in which the airflow path 366 is
open between the inlet 362 and the outlet 364 as indi-
cated by the arrow 370. When in the open position, air
372 from the fluid flow path 226 can be discharged
through the outlet 364. The valve 368 also includes a
closed position, shown in FIG. 26, in which the airflow
path 366 is closed between the inlet 362 and the outlet
364, as indicated by the arrow 370. When in the closed
position, the valve 368 prevents air or liquid from pass-
ing through the outlet 364 from the fluid flow path 226.
[0066] Actuation of the valve 368 is preferably per-
formed automatically in response to the detection of air
or liquid in the fluid flow path 226. In accordance with
one embodiment of the invention, the liquid dispensing
system includes a valve actuator 374 that biases the
valve 368 in the open position (FIG. 25) when air is de-
tected in the fluid flow path 226. In accordance with an-
other embodiment of the invention the valve actuator
374 biases the valve 368 in the closed position (FIG. 26)
when liquid is detected in the fluid flow path. It is under-
stood by those skilled in the art that the detection of the
presence of air in the fluid flow path 226 is the equivalent
of detecting the absence of liquid in the fluid flow path
226, and the detecting of the absence of air in the fluid
flow path 226 is the equivalent to detecting a presence
of liquid in the fluid flow path 226.

[0067] The detection of the presence or absence of
air or liquid in the fluid flow path 226 can be performed
in many different ways including, for example, through
the detection of the presence or absence of air or liquid
in the airflow path 366, which is in line with the fluid flow
path 226. The valve 368 of the air purging component
360 is preferably automatically moved to the open po-
sition when air is detected in the fluid flow path 226 and
closed when liquid is detected in the fluid flow path 226.
[0068] In accordance with one embodiment of the in-
vention, the liquid dispensing system includes a sensor
376 that is configured to detect the presence or absence
of liquid or air in the fluid flow path 226. The sensor 376
can be an electronic device that communicates the pres-
ence or absence of air or liquid to a controller of the valve
actuator 374, which controls the valve actuator 374 to
open or close the valve 368 in response to the commu-
nication from the sensor 376.

[0069] Inaccordance with another embodiment of the
invention, the sensor 376 is a passive device. For ex-
ample, the sensor 376 can includes a float type sensor
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having a float member that is raised to a threshold level
when liquid is sufficiently present (air absent) in the fluid
flow path 226, and falls below the threshold level when
air is present (liquid absent) in the fluid flow path 226.
The detection of the absence or presence of air or liquid
can then be communicated mechanically and/or elec-
tronically to the valve actuator 374, which responds by
adjusting the valve 368 accordingly.

[0070] In accordance with one embodiment of the in-
vention, such a passive sensor 376 can be a component
of the valve actuator 374 and used to control the actu-
ation of the valve 368 through the connection of the ris-
ing and falling float member to the valve 368 through a
suitable mechanical linkage. One exemplary air purging
component 360 that includes such a passive control of
the valve 368 is the Amtrol Model 700-30, in which a
float member, contained in the airflow passage 366,
controls the opening and closing of the valve 368 in re-
sponse to the absence and presence of liquid in the air-
flow passage 366. Air in the airflow passage 366 is dis-
charged through the outlet 364 until the airflow passage
366 fills with liquid to a threshold level.

[0071] One embodiment of the air purging component
360 includes a non-return stage 378, which prevents air
from returning to the fluid flow path 226 through the out-
let 364 when the valve 368 is open. Such a non-return
stage is included in the exemplary air purging compo-
nent 360 mentioned above.

[0072] In accordance with one embodiment of the in-
vention, the fluid flow path 226 includes a section of con-
duit 380 that is elevated relative to the outlet 230 or the
inlet of the pump 228. The inlet 362 of the air purging
component 360 is preferably coupled to the elevated
conduit section 380 of the fluid flow path 226. The fluid
flow path 226 is preferably configured such that air is
routed to the elevated section of conduit 380 where it
can be removed by the air purging component 380.
[0073] In accordance with one embodiment of the in-
vention, the inlet 362 of the air purging component 360
is coupled to the fluid flow path 226, such as to the ele-
vated conduit section 380, downstream of the pump 228
relative to the downstream direction 361 in which the
pump is configured to drive the flow of liquid, as shown
in FIGS. 3 and 4. This is a preferred location for the air
purging component 360, since air is most likely to enter
the fluid flow path from the downstream side of the pump
228 where the flow restriction members, such as nozzle
400 and check valve 450, are located.

[0074] In accordance with another embodiment of the
invention, the inlet 362 of the air purging component 360
is coupled to the fluid flow path 226, such as to the ele-
vated conduit section 380, upstream of the pump 228
relative to the downstream direction 361 in which the
pump is configured to drive the flow of liquid.

[0075] FIG. 27 is a flowchart illustrating a method of
purging air from the liquid dispensing system 100 of the
cleaner 110. At step 390 of the method, the pump 228
is provided that is configured to drive a flow of liquid (ei-
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ther a cleaning liquid contained in tank 118 or water 216)
through the fluid flow path 226 in a downstream direction
361, as shown in FIGS. 3 and 4. The pump is driven at
step 392. At step 394, the presence of air or liquid is
detected in the fluid flow path 226. The airflow path 366
is opened, at step 396, in response to the detection of
air in the fluid flow path 226 to discharge air contained
in the fluid flow path 226 through the outlet 364. At step
398, the airflow path 366 is closed in response to the
detection of liquid in the fluid flow path 266.

[0076] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit
and scope of the invention. It should be understood that
fittings, couplings and other conventional components
have not been illustrated to simplify the figures.

Claims

1. A surface cleaner including a liquid dispensing sys-
tem comprising:

a fluid flow path configured to receive a flow of
liquid;

a pump in line with the fluid flow path and con-
figured to drive the flow of liquid through the flu-
id flow path;

an air purging component including an inlet in
line with the fluid flow path, an outlet, an airflow
path connecting the inlet and the outlet, and a
valve in line with the airflow path and having an
open position in which the airflow path is open
between the inlet and the outlet and a closed
position in which the airflow path is closed be-
tween the inlet and the outlet; and

a valve actuator connected to the valve and
configured to bias the valve in the open position
when air is detected in the fluid flow path.

2. The surface cleaner of claim 1, wherein the valve
actuator is configured to bias the valve in the closed
position when liquid is detected in the fluid flow path.

3. The surface cleaner of claim 1, including a sensor
configured to detect air in the fluid flow path, where-
in the valve actuator biases the valve in the open
position in response to the detection of air in the fluid
flow path by the sensor.

4. The surface cleaner of claim 1, wherein the air purg-
ing component includes a non-return stage in line
with the airflow path, which prevents air from enter-
ing the fluid flow path through the outlet of the air
purging component.

5. The surface cleaner of claim 1, wherein the inlet of
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the air purging component is coupled to the fluid
flow path downstream of the pump relative to a
downstream direction in which the pump is config-
ured to drive the flow of liquid.

6. The surface cleaner of claim 1, wherein the inlet of
the air purging component is coupled to the fluid
flow path upstream of the pump relative to a down-
stream direction in which the pump is configured to
drive the flow of liquid.

7. The surface cleaner of claim 1, wherein:

the fluid flow path includes a section of conduit
that is elevated relative to the pump; and
theinlet of the air purging componentis coupled
to the section of conduit.

8. The surface cleaner of claim 1 including a flow re-
striction member having an upstream inlet and a
downstream outlet relative to a downstream direc-
tion in which the pump is configured to drive the flow
of liquid, wherein a pressure drop occurs across the
flow restriction member when a flow of liquid travels
through the flow restriction member.

9. The surface cleaner of claim 1 including:

a rotatable scrubbing member configured to
scrub a surface; and

a vacuumized fluid recovery device configured
to remove fluid from the surface.

10. The surface cleaner of claim 1 including a cleaning
agent dispensing system comprising:

a cleaning agent container attached to the mo-
bile body;

a cleaning agent flow path connected to the
cleaning agent container and configured to re-
ceive a flow of cleaning agent from an interior
cavity of the cleaning agent container; and

a flow control device having a first input con-
nected to the cleaning agent flow path, a sec-
ond input connected to the fluid flow path, and
an outputin line with the firstand second inputs.

11. The surface cleaner of claim 10 including an aerator
having an inletin line with the output of the flow con-
trol device, and outlet, and a gas inlet, the aerator
configured to receive an output flow of cleaning lig-
uid at the inlet, inject gas into the output flow of
cleaning liquid through the gas inlet, and produce
an output flow of foamed cleaning liquid through the
outlet.

12. A surface cleaner comprising:



13.

14.

15.

16.

17.

18.

23
a liquid dispensing system comprising:

afluid flow path configured to receive a flow
of liquid;

a pump in line with the fluid flow path and
configured to drive the flow of liquid
through the fluid flow path;

an air purging componentincluding an inlet
in line with the fluid flow path, an outlet, an
airflow path connecting the inlet and the
outlet, and a valve in line with the airflow
path and having an open position in which
the airflow path is open between the inlet
and the outlet and a closed position in
which the airflow path is closed between
the inlet and the outlet;

avalve actuator connected to the valve and
configured to bias the valve in the open po-
sition when air is detected in the fluid flow
path;

a rotatable scrubbing member configured
to scrub a surface; and

a vacuumized fluid recovery device config-
ured to remove fluid from the surface.

The surface cleaner of claim 12, wherein the valve
actuator is configured to bias the valve in the closed
position when liquid is detected in the fluid flow path.

The surface cleaner of claim 12, including a sensor
configured to detect absence of liquid in the fluid
flow path, wherein the valve actuator biases the
valve in the open position in response to the detec-
tion of air in the fluid flow path by the sensor.

The surface cleaner of claim 12, wherein the inlet
of the air purging component is coupled to the fluid
flow path downstream of the pump relative to a
downstream direction in which the pump is config-
ured to drive the flow of liquid.

The surface cleaner of claim 12, wherein:

the fluid flow path includes a section of conduit
that is elevated relative to the pump; and

the inlet of the air purging componentis coupled
to the section of conduit.

The surface cleaner of claim 12 including a flow re-
striction member having an upstream inlet and a
downstream outlet relative to a downstream direc-
tion in which the pump is configured to drive the flow
of liquid, wherein a pressure drop occurs across the
flow restriction member when a flow of liquid travels
through the flow restriction member.

A method of purging air from a liquid dispensing
system of a surface cleaner comprising steps of:
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19.

20.

21.

24

providing a pump configured to drive a flow of
liquid through a fluid flow path of the liquid dis-
pensing system;

driving a pump;

detecting one of the presence of air and liquid
in the fluid flow path;

opening an airflow path connected to the fluid
flow path through which the air is discharged
from the fluid flow path in response to a detec-
tion of air in the fluid flow path in the detecting
step; and

closing the airflow path in response to a detec-
tion of liquid in the fluid flow path in the detect-
ing step.

The method of claim 18 including preventing air
from entering the fluid flow path through the airflow
path when the airflow path is opened.

The method of claim 18 wherein:

the surface cleaner includes an air purging
componentincluding an inlet in line with the flu-
id flow path, an outlet, the airflow path connect-
ing the inlet and the outlet open to ambient air,
and a valve in line with the airflow path and hav-
ing an open position in which the airflow path
is open between the inlet and the outlet and a
closed position in which the airflow path is
closed between the inlet and the outlet;

the automatically opening step includes biasing
the valve to the open position; and

the automatically closing step includes biasing
the valve to the closed position.

The method of claim 18 including providing a flow
restriction member in line with the fluid flow path,
the flow restriction member having an upstream in-
let and a downstream outlet relative to a down-
stream direction in which the pump is configured to
drive the flow of liquid, wherein a pressure drop oc-
curs across the flow restriction member when the
pump drives a flow of liquid through the flow restric-
tion member.
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