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FLOW CONTROL DEVICE 

This application is a division of Ser. No. 331,261 ?led 
2-9-73 now US. Pat. No. 3,822,217 which is a con 
tinuation-in-part of Ser. No. 203,174 ?led 1 1-30-71 
which is in turn a continuation-in-part of Ser. No. 
73,324 ?led 9-18-70, both the latter abandoned. 
This invention relates to improvements in foam gen 

erators, and more particularly to apparatus for produc 
ing foam for use in detergent cleaning operations, ?re 
?ghting operations, and for any other purpose where 
foam is desirable. 
A main object of the invention is to provide a novel 

and improved foam-generating apparatus which is rela 
tively simple in construction, which is easy to set up for 
use, and which provides a rich foam mixture which will 
readily adhere to vertical and horizontal surfaces, as 
well as providing effective surface coverage where ap 
plied. 
A further object of the invention is to provide an im 

proved foam-generating apparatus which is inexpensive 
to fabricate, which is compact in size, and which does 
not require adjustments. 
A still further object of the invention is to provide an 

improved foam-generating apparatus which can be eas 
ily used with small sized containers such as buckets or 
other relatively mobile containers, which can be 
quickly placed in operation without requiring any ad 
justments, and which operates ef?ciently and without 
diluting the source of detergent with which it is em 
ployed. 
A still further object of the invention is to provide a 

small, relatively simple, foam-generating unit which is 
easy to manufacture, which is convenient to use, which 
can be employed by relatively unskilled personnel, 
which is sturdy in construction, which may be em 
ployed in any location where water and air under pres 
sure are available, and which may be embodied in a 
one-piece unit which involves no moving parts. 
Further objects and advantages of the invention will 

become apparent from the following description and 
claims, and from the accompanying drawings, wherein: 

FIG. 1 is an elevational view, partly broken away, of 
a foam-generating aparatus according to the present 
invention, including a bucket containing detergent. 
FIG. 2 is an enlarged horizontal cross-sectional view 

taken substantially on the line 2-2 of FIG. 1. 
FIG. 3 is a longitudinal cross-sectional view taken 

substantially on the line 3-3 through the foam 
generating conduit member of the assembly of FIG. 1. 

FIG. 4 is an enlarged cross-sectional view taken on 
the line 4-4 of FIG. 3. 
FIG. 5 is an enlarged cross-sectional view taken lon 

gitudinally through the detergent supply conduit and 
the strainer employed with the detergent supply con 
duit in the assembly of FIG. 1. 
FIG. 6 is a longitudinal cross-sectional view taken 

through a modi?ed form of foam-generating conduit 
member constructed in accordance with the present 
invention. 
FIG. 7 is a side elevational view of a further modi?ca 

tion of an improved foam-forming conduit assembly 
constructed in accordance with the present invention. 
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2 
FIG. 8 is an elevational view of a still further modi 

?ed form of foam-generating apparatus constructed in 
accordance with the present invention, wherein the air 
insertion means is spaced a substantial distance down 
stream from the venturi outlet chamber of the appara 
tus. 
FIG. 9 is an elevational view of a still further modi 

?ed form of foam-generating apparatus constructed in 
accordance with the present invention, wherein a pres 
sure booster pump is utilized in the conduit connecting 
the venturi outlet chamber of the apparatus to the air 
insertion ?tting. 

FIG. 10 is an enlarged longitudinal cross-sectional 
view showing a composite foam-generating assembly 
including a pressure booster pump located between the 
venturi outlet chamber and the compressed air admis 
sion ?tting of the assembly. 
FIG. 11 is an enlarged longitudinal cross-sectional 

view, similar to FIG. 3, but showing a further modi?ca 
tion of a foam-generating conduit member according to 
the present invention. - 
'FIG. 12 is a longitudinal cross-sectional view taken 

through another modi?ed form of foam-generating 
conduit member constructed in accordance with the 
present invention and employing a flow stabilizer. 
FIG. 13 is an enlarged fragmentary longitudinal 

cross-sectional view of the water intake check valve 
portion of the ?ow-stabilizing foam-generating conduit 
member of FIG. 12. 
FIG. 14 is a horizontal cross-sectional view taken 

substantially on line 14-14 of FIG. 13. 
FIG. 15 is a cross-sectional view similar to FIG. 13 

but showing a further modi?cation. ' 
FIG. 16 is a perspective view of the valve ball spring 

bearing spider of FIGS. 12, 13 and 14. . _ 
FIG. 17 is a longitudinal cross-sectional view taken 

through a ?ow-stabilized jet pump according to the 
present invention. 
FIG. 18 is a fragmentary cross-sectional view show 

ing a modi?cation of the embodiment shown in FIG. 
17, wherein the apparatus is merely employed as a 
flow-regulating device. 
A prime purpose of the present invention is to pro 

vide an improved apparatus to produce foam for use in 
detergent cleaning operations, ?re-?ghting operations, 
and for any other purpose where a source of rich and 
highly adherent foam is desirable. 

In recent years foam additives were put into cleaning 
compounds, which facilitated application on vertical 
and on the underside of horizontal surfaces, where 
foam must adhere in order to produce a satisfactory 
cleaning result. . ‘ 

The use of a foam spray for cleaning has been found 
to be more efficient than previous methods employed, 
and provides a saving in material, time and labor. Also, 
the use of a foam spray for fire fighting operations has 
been found to be more effective than previous methods 
employed. , ' 

Previous methods of producing foam have involved 
forcing a chemical-water solution through a high pres 
sure spray nozzle, often located at the end of a dis 
charge hose. This mixture is aerated by the atmosphere 
as it discharges from the nozzle and produces a spray 
foam of relatively poor quality, the foam being some 
what soupy, having poor consistency, and not being 
readily adherent to vertical and the underside of hori 
zontal surfaces. Furthermore, in this method a poorer 
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mixture is acquired, namely, more foam additives are 
required to produce a satisfactory mixture. 
Also, it has been found that the use of a high pressure 

spray drives detergents and other harmful materials 
into seams, crevices, and the like, damaging paint sur 
faces and inducing corrosion. 
As above mentioned, in the above-described meth 

ods, the foam spray is produced by forcing a mixture 
under high pressure through a relatively small exit noz~ 
zle opening, this principle being employed in any 
equipment for detergent cleaning operations as well as 
for foam ?re ?ghting. The equipments employed to 
produce the foam spray through a nozzle involve rela 
tively large and high pressure machines; some are gaso 
line powered and some use electric power, often 220 
volts. The high pressure cleaning machines have reser 
voirs, mixing tanks, pressure pumps, water flow regula 
tors, gauges, adjustments for chemical-water mixture, 
valves, non-standard hardware and hoses. The cleaning 
unit, therefore, is expensive, complicated and requires 
trained personnel for maintenance and operation. This 
is cumbersome, and some of these units require the use 
of a two-tractor. Furthermore, gasoline engines cannot 
safely be used inside building, hangars, or in other areas 
where gasoline engines constitute a ?re hazard. Also, 
sources of electric current, particularly 220-volts cur 
rent, are not conveniently located at the various loca 
tions where foam may be required. In addition, high 
pressure cleaning units of this type have a short useful 
life, and the foam-producing qualities of the modern 
foam additives which may be employed for cleaning 
and ?re ?ghting are not fully utilized in the high 
pressure foam spray generating systems. 
A second method of producing a foam spray, as prac 

ticed in the prior art, is by proportioning a chemical 
water solution and then aerating the mixture with air. 
Foam units which use manual and automatic devices 
for control and operation often produce a satisfactory 
foam but are expensive and relatively complicated. 
They have many components, such as air-pressure 
gauges, air-pressure regulators, detergent mixture ad 
justments, O-ring seals, shut-off valves, water ?ow con 
trol devices, and non-standard hardware, some of 
which frequently become defective. Thus, such foam 
units suffer from frequent breakdowns and require 
lengthy repair and servicing. Satisfactory performance 
of this type of foam unit is dependent upon manual and 
automatic operation of the various components to pro 
duce the correct mixture of water, chemicals and air. 
The units have a relatively short useful life. Further 
more, foam-producing units of this type must operate 
under a relatively narrow range of certain ?xed condi 
tions of incoming chemical, water and air factors to 
perform satisfactorily. The units are large and heavy 
and must be adapted to use different sized containers. 
Furthermore, these units are not easily moved to loca 
tions where foam is required and they cannot easily be 
used with small, relatively mobile containers, such as 
buckets and standard S-gallon cans. The many adjust 
ments required to provide a satisfactory foam necessi 
tate the use of a trained operator. The components of 
such units are frequently out of adjustment or are de 
fective, whereby as a result no foam or a poor foam is 
available. When the check-valves of the system mal 
function, air and water ?ow back into the detergent 
container, which soon dilutes the detergent and aerates 
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4 
the entire drum of detergent material, rendering it un 
satisfactory for further use. 
The apparatus of the present invention is intended to 

overcome the above-enumerated disadvantages and 
constitutes a small, relatively simple foam-generating 
unit which is inexpensive, easy to manufacture, easy to 
use, readily available, and one that resists abuse and 
may be employed wherever water and air pressure are 
available. 

Referring to the drawings, and more particularly to 
FIGS. 1 through 5, 11 generally designates an improved 
foam generating apparatus constructed in accordance 
with the present invention. The apparatus 1 1 comprises 
a main foam-generating conduit assembly 12, presently 
to be described in detail, to which is connected a water 
supply conduit 13, leading from a suitabie water supply 
source, for example, a source under hydrant pressure, 
and an air supply conduit 14, leading from a suitable 
compressed air source, such as a conventional air com 
pressor employed for tire in?ation, paint spraying, or 
the like. Connected to the outlet of the foam 
generating conduit assembly 12 is a ?exible conduit 15 
provided at its discharge end with an elongated tubular 
wand 16 which is employed as a foam dispenser or ap 
plicator. Connected to the foam-generating unit assem— 
bly, as will be presently described, is a ?exible supply 
conduit 17 for detergent or other chemical foarn— 
forming materiai, the conduit 17 being provided at its 
intake end with a strainer tip 18. The portion of the 
conduit 17 including the tip 18 is adapted to be re 
ceived in a suitable portable container for detergent or 
other chemical foam-forming material, for example, in 
the bucket 1? shown in FIG. 1. Thus, bucket 19 con 
tains a quantity of detergent 20 and the flexibie conduit 
17 and its strainer tip 18 are received in the bucket 19 
in the manner illustrated in HO. 1. 

Referring to FlGS. 4 and 5, it will be seen that the 
conduit 17 is provided with a check-valve 21 at its con 
nection to the main foam-generating conduit assembly 
12. Thus, the conduit assembly 12 comprises a main 
conduit body 22 and the detergent supply conduit 17 
is connected to a ?tting 23 secured in the upstream end 
portion of the body 22, as will be presently described, 
in communication with a passage 24 leading to the axial 
main ?ow bore of the conduit assembly. The check 
valve 21 is of conventional structure and may comprise 
a housing containing a check ball 25 which is movably 
disposed therein but which seats against an opening 26 
when back flow occurs, thereby preventing back ?ow 
of material into the conduit 17. 
The strainer tip 18 comprises an elongated coiled 

spring which is secured in the end of the ?exible con 
duit 17 in the manner shown in FIG. 5, and which is 
adapted to rest on the bottom of the bucket 19 and to 
allow detergent liquid to be drawn therethrough into 
conduit 17 while excluding solid particles. Thus, the tip 
l8 can merely consist of a sufficient number of turns of 
?exible wire forming a tapered enclosure, with the 
turns suf?ciently close to prevent solid particles from 
passing therethough. 
As shown in FIG. 3, the conduit body 22 is formed 

at its inlet end with an internally threaded enlarged 
bore portion 28 to which may be threadedly connected 
a standard hose ?tting 29 provided on the end of the 
water supply hose 13. A rubber sealing ring 30 is pro 
vided between the male ?tting 29 and the inner end 
wall of the bore 28. 
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The conduit body 22 is formed with a reduced axially 
extending forwardly ?aring venturi passageway 31 

7 whose smaller end opens centrally of the water supply 
bore 28, as shown in FIG. 3, the passage 31'?aring to 
ward the outlet end of the body 22 and being of sub 
stantial length. The larger end of the bore 31 communi 
cates at 32 with a relatively wide flare venturi outlet 
portion 33 which leads to an outlet chamber 34 at the 
left end of the body 22, as viewed in FIG. 3. 
The foam discharge conduit 15 is provided with a 

conventional female ?tting 35 which is threadedly con 
nected to the outlet end of the conduit body 22 in the 
manner illustrated in FIG. 3, with the provision of a 
rubber sealing ring 36 between the female ?tting 35 
and the rim of the outlet chamber 34, as shown. 
As shown in FIG. 3, the detergent enters passage 24 

which is inclined in an upstream direction and connects 
with the venturi passage 31 near its smaller end. Thus, 
the axis of the detergent supply passage 24 may be in 
clined at an angle of approximately 60° to the longitudi 
nal axis of venturi passage 31, the detergent supply pas 
sage axis being directed toward the water intake end of 
the body 22, as shown. Thus, the direction of the enter 
ing detergent has a component which is in opposition 
to the direction of the incoming water ?ow, whereby 
the detergent must be changed in direction in the 
stream of water, which facilitates its mixture with the 
water. The water, which is under hydrant pressure, en 
ters the relatively constricted smaller end of the venturi 
passage 31 and then ?ows at relatively great velocity 
through the gradually expanding venturi passage, pro 
ducing a reduction in pressure in this region which pro 
vides the suction necessary to draw the detergent 
through the passage 24 and into the venturi passage 31. 
As shown in FIG. 3, the passage 24 is relatively small 
in diameter so that the detergent is actually injected in 
a thin jet into the passage 31, which facilitates its mix 
ture with the water ?owing through said passage. The 
injected detergent and water reach the relatively widely 
expanding outlet end portion 33 of the venturi passage 
wherein a thorough mixing action takes place. The 
mixed water and detergent thus move into the outlet 
chamber 34 of the conduit body 22. 
The compressed air supply conduit 14 is connected 

to the output chamber 34 by an inclined ?tting 40 
which is inclined substantially in the manner illustrated 
in FIG. 3, namely, which is directed toward the outlet 
end of body 22 so that the jet of air injected through the 
injection passage 41 communicating with ?tting 40 has 
a substantial velocity component in the direction of 
movement of the material ?owing into the chamber 34. 
The angled air jet introduced into the chamber 34 pro 
duces a swirling action which provides very ef?cient 
foaming. Thus, the compressed air combines with the 
mixture of water and detergent in the chamber 34, pro 
ducing a rich foam. The foam ?ows through the con 
duit 15 to the dispensing wand 16 and can be thus ap 
plied’ to the surfaces to be covered. 
As above mentioned, the check valve 21 provided in 

the lower end portion of the conduit member 23, as 
viewed in FIG. 3, prevents back?ow of the water 
detergent mixture into the conduit 17, and thus pre 
vents dilution of the detergent or other foam-forming 
material contained in the bucket or container 19. 
As shown in FIG. 3, the air-?tting 40 has its axis at 

an angle of approximately 60° to the axis of the conduit 
body 22, and the air injection passage 41 may be even 

it 
more further inclined, for example, may be inclined so 
that it is at an angle of approximately 30° to the flow 
axis. This provides a substantial velocity component in 
the direction of ?ow and facilitates the foaming action 
as well as the suction effect on the material drawn 

‘ through the successive venturi ?ow passages 31 and 33. 
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It will be noted that the size of the inlet end of the 
venturi passage 31 is relatively small as compared with 
the size of the inlet end of the conduit member 22, and 
that the size of the detergent ejection port 24 is simi 
larly very small relative to the size of the venturi pas 
sage 31. The relative sizes of the passages 24, 31 and 
the water inlet space are in accordance with the desired 
proportions of water and chemical, and in accordance 
with the length of the venturi passage 31, which should 
be suf?cient to provide an adequate mixing of the 
water and chemical. 

In operation, the conduit member 22 is attached to 
the respective water supply and foam discharge hoses 
13 and 15 and the water is turned on. The suction hose 
17 is then placed in the bucket 19 containing the liquid 
20. The compressed air hose 14 is then connected to 
the conduit member 12 and the compressed air is 
turned on. The mixture and detergent entering the aer 
ation chamber 34 is mixed with air and a rich foam is 
generated which is delivered through the hose 15 to the 
dispensing wand 16 so that it may be applied to the sur 
face intended to be covered with foam. 

It will be noted that the apparatus above described 
can be quickly put in operation, requires no valves and 
does not involve the use of electric motors, or other ex 
pensive equipment. A satisfactory foam will be gener 
ated under widely variable conditions of water pressure 
and air pressure, and no manual valve adjustments and 
similar manual adjustments are needed for its use. 
The chemical-water mixture introduced into the 

chamber 34 becomes aerated when air under pressure 
is admitted into the chamber through port 41. The ?ow 
action develops reduced pressure in the venturi pas 
sages 33, 31, whereby suction is provided at the deter 
gent entry passage 24. As above mentioned, the force 
of the compressed air admitted through passage 41 is 
directed downstream into the mixture and helps pro 
vide even and rapid ?ow of the foam and aerates the 
mixture that flows to the outlet hose 15, the mixture 
leaving conduit 12 in the form of a rich foam which is 
smooth and consistent and which immediately adheres 
to vertical surfaces and to the underside of horizontal 
surfaces. 

It will be further noted that standard garden hose sec 
tions may be employed as the water supply conduit 13 
and the foam outlet conduit 15. 
Referring now to FIG. 6, the reference numeral 50 

designates a modi?ed form of foam-generating conduit 
member which is provided with a water intake inter 
nally threaded bore 28’ similar to the corresponding 
internally threaded bore 28 of FIG. 3 and adapted to be 
connected thereby to a water-supply hose 13. Similarly, 
the conduit member 50 is provided with a gradually 
?aring axial ?rst venturi passage 31' communicating 
with a widely ?aring second venturi passage 33’ similar 
to the passages 31 and 33 in FIG. 3. Likewise, the con 
duit member 50 is provided with an inclined injection 
passage 24’ for injecting detergent from a detergent ?t 
ting 23', to which the detergent supply hose 17 is con 
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nected, similarly to the previoiusly described device il 
lustrated in FIG. 3. 
The ?tting 23' may be provided with a check-valve 

assembly 21 such as that illustrated in FIG. 4. It will be 
seen that the conduit member 50 has a substantially 
frusto-conical inlet end portion 54, with the detergent— 
supply ?tting 23’ positioned substantially normal to its 
surface, so as to de?ne the above-described inward, 
axial inclination of its discharge passage, aligned with 
detergent injection passage 24’. A compressed air sup 
ply fitting 40’ is similarly mounted normal to the sur 
face of portion 54 and communicates with an air injec 
tion passage 55 extending parallel to the axis of the 
conduit member 50 and opening at the smaller end por 
tion of the wide-flare passage 33’. It will thus be seen 
that compressed air introduced through passage 55 will 
provide considerable force in the discharge direction as 
well as the desired aeration of the water-detergent mix 
ture. 
The wide-?are passage 33’ thus serves as part of the 

aeration chamber of the assembly, the delivery hose 15, 
connected to the externally threaded portion 51, serv 
ing as an extension of the aeration chamber. Therefore, 
the conduit 50 operates in a manner substantially simi 
lar to the manner of operation of the previously de 
scribed conduit assembly 12. 
FIG. 7 discloses a further modi?cation wherein a 

conduit member 50’ is employed, very similar to the 
conduit member 50 except that it does not include a 
compressed air injection means. The externally 
threaded outlet end of the conduit member 50' is con 
nected to a further conduit 52 which acts as an aeration 
chamber, said conduit 52 having an inclined com 
pressed air fitting 40’ connected thereto, the ?tting 40' 
leading to an injection port 41' which is angled to pro 
vide an air jet having a substantially velocity compo 
nent in the direction of ?ow, as in the case of the air in 
jection port 41 shown in FIG. 3. It will thus be seen that 
the wide-?are bore 33' communicates directly with the 
internal bore of the aeration chamber or conduit 52 
and that the injection port 41' admits compressed air 
to provide the foaming action similar to that obtained 
with the device illustrated in FIG. 3. However, the con 
duit member 52 may be of any desired length, in accor 
dance with the type of detergent material employed, 
and the two-piececonstruction of the foam-generating 
assembly provides a further advantage in that it may be 
readily disassembled for cleaning out the aeration 
chamber whenever necessary. 

In the modi?cation illustrated in FIG. 8, the conduit 
member 50’ is separated from the aeration chamber 
conduit 52 by a length of ?exible hose 60, whereby the 
detergent-water mixture is conveyed from the mixing 
conduit member 50’ to the aeration conduit member 
52 through the ?exible hose 60, and the foaming action 
takes place essentially in the aeration chamber 52. The 
dispensing wand 16 is connected directly to the outlet 
of the aeration chamberconduit 52, so that the foam— 
generating action takes place very close to the point of 
distribution thereof providing foam of maximum rich 
ness and with a uniform foam consistency at the point 
of discharge from the tubular wand 16. 

In the modi?cation illustrated in FIG. 9, the outlet of 
the conduit 50’ is connected by a hose 66 to the inlet 
of a‘conventional pressure booster pump 67, and the 
outlet of the booster pump 67 is connected by a ?exible 
hose 68' to the inlet end of aeration member 52, similar 
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8 
to that shovm in FIGS. 7 and 8. Thus, the booster pump 
67 builds up the pressure of the water-detergent mix 
ture so that it is furnished to the aeration conduit mem 
ber 52 under considerable pressure, facilitating the 
foaming action taking place in said conduit member 52. 
Similarly, the pressure buildup provided by the 
booster pump 67 facilitates the discharge of the gener 
ated foam through the dispensing wand 16, enabling 
foam of maximum richness and uniformity of consis 
tency to be delivered to the point of application. 

In the embodiment illustrated in FIG. I0, a conven 
tional booster pump 67’ is connected directly between 
the mixing conduit member 50’ and the mixing conduit 
member 52. With this arrangement the outlet end of 
the aeration conduit member 52 may be connected to 
the tubular dispensing wand 16 either directly or by 
means of a length of ?exible hose 15, as in the case of 
the embodiment of the invention illustrated in FIGS. 1 
to S. 
The booster pump 67 or 67' may be of any conven 

tional type, and may be of a type driven by a small elec 
tric motor incorporated therein. 

In any of the previously described embodiments of 
the invention, the inlet conduit for the detergent mate 
rial may be omitted where the supply conduit 13 is con 
nected to a source of pre-mixed chemical-water solu 
tion. Thus, where the pre-mixed chemical-water solu 
tion is admitted to the conduit 13, the solution will be 
aerated in a similar manner as previously described 
whereby to generate the desired foam. 
Where a booster pump is employed, as in FIGS. 9 and 

10, the pressure booster cooperates with the air injec 
tion passage in the mixing conduit member to create 
increased suction in the venturi passages, increasing 
the capacity of the venturi while maintaining substan 
tially the same proportionality of chemical-water mix 
ture as would be obtained without the use of the pres 
sure-booster pump. The proportional increase in the 
amount of compressed air which must be used can be 
obtained by increasing the ori?ce size of the air injec 
tion passage employed with the aeration conduit mem 
ber 52. The increase in foam exit pressure would be 
such as to meet the needs for high~pressure detergent 
foam cleaning or to provide longer each in ?re-?ghting. 

FIG. 11 illustrates a further modi?ed form of foam 
generating apparatus according to the present inven 
tion. The apparatus is designated generally at 112 and 
may be used as a substitute for the foam-generating 
conduit assembly 12 previously described. Thus, the 
foam-generating conduit assembly 112 comprises a 
main conduit body 122 formed with an internally 
threaded water supply bore portion 128 adapted to be 
supplied with water under hydrant pressure from a pipe 
or conduit 113 suitably connected to body 122 at the 
internally threaded bore portion 128. The body 122 has 
an outlet chamber 134 which is externaily threaded to 
receive a ?tting, such as the ?tting 35 shown in FIG. 3, 
providing a connection to the conduit 15 and the dis» 
pensing wand 16. A shut-off valve 101 may be included 
in the connection between conduit 15 and wand 16, as 
shown in FIG. II. 
The body I22 is formed with a water intake chamber 

I40 which is in communication with the water supply 
conduit H3 through a check valve assembly 141 in 
cluding a spring pressed ball I42 biased to engage a 
valve seat I43 by a coil spring 144 which bears between 
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the ball 142 and abutment ring 146. Spring 144 biases 
ball 142 to prevent back ?ow of liquid or air from 
chamber 140 toward conduit 113. Chamber 140 com 
municates with an axially extending, substantially cylin 
drical bore portion 147 which communicates with a 
?aring venturi passage 148 through a restricted inter 
mediate bore portion 149. The wide end of passage 148 
communicates with a further widely ?aring frusto 
conical bore portion 149 whose larger end merges with 
the outlet chamber 134, as shown. 
Metering control of liquid ?ow through passage 147 

is provided by the presence of a metering ?ow valve 
member 150 which is threadedly engaged in body 122 
transverse to bore 147 and which can be adjusted in 
wardly or outwardly to regulate the liquid ?ow through 
bore 147. The valve member 150 may be locked in ad- _ 
justed position by the provision of a lock nut 151 
threadedly engaged on the valve member 150 and 
being clampingly engageable with the external side sur 
face of body 122, as shown. A water pressure gauge 
152 is provided on body 122 adjacent control valve 150 
and located downstream therefrom, the gauge 152 
communicating with bore 147 through a passage 153. 

The detergent supply conduit 17 is connected to a 
supply ?tting 123 which communicates with an in 
clined detergent supply passage 124 leading to the 
smaller end of the flaring venturi passage 148, a ball 
check assembly 160 being provided between ?tting 123 
and passage 124 to prevent back ?ow of detergent, 
water or air. The passage 124 is inclined relative to the 
venturi passage 148 substantially in the same manner 
previously described in connection with passage 24 and 
venturi passage 31 of the embodiment shown in FIG. 3. 

Fitting 123 may be provided with a detergent meter- I 
ing screw 162 to regulate the rate of supply of deter» 
gent. ' . 

Body 122 is formed with a water by-pass passage 170 
which extends substantially parallel to passages 147 
and 148, and which communicates at one end with the 
water intake chamber 140. A water by-pass metering 
valve 171 is provided at the junction between passage 
170 and chamber 140, which may be employed to regu 
late the supply of water to passage 170, or to shut off 
same, if so desired. An inclined nozzle member 173 is 
provided at the opposite end of passage 170, said noz 
zle member 173 projecting into the outlet chamber 
134, as shown, and being inclined inwardly and for 
wardly, namely, inwardly and toward the direction of 
flow out of body 122. 
The compressed air supply conduit 14 is connected 

to an air inlet fitting 180 provided with a check valve 
assembly 163 and with an air metering or shut-off valve 
164, the valve 164 being located upstream relative to 
the check valve assembly 163, as shown. Air ?tting 180 
has an internal bore which communicates through 
valve assembly 164 and check valveyassembly 163 with 
an inclined air supply conduit element 181 secured in 
body 122 and extending coaxially through nozzle mem 
ber 173. An air pressure gauge 165 is mounted on the 
wall of body 122 and communicates through a passage 
166 with conduit 181, said conduit being provided with 
a suitable aperture registering with passage 166 to pro 
vide such communication. . 

In operation, water is mixed with detergent in the 
smaller end portion of venturi passage 148, in a manner 
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11) 
generally similar to that described for the previously 
disclosed embodiments of the invention, the mixture of 
detergent and water moving into the chamber 134 
through the wider end of passage 148 and the further 
?aring outlet passage portion 149, this mixture being 
aerated by the compressed air injected into chamber 
134 through conduit 181 and providing a foam, as in 
the previously described embodiments of the invention. 
A regulated amount of additional water may be fur 
nished through by-pass passage 170 and conduit 173, 
the additional water being injected into chamber 134 
along with the compressed air, so that the water con 
tent of the foam may be very accurately regulated. As 
in the previously described embodiments of the inven 
tion, the air inlet conduit 181 is inclined in a down 
stream direction so that the air injected into chamber 
134 has a substantial velocity component in the direc 
tion of movement of the material ?owing into the 
chamber. Thus, as in the previously described embodi 
ments of the invention, the angled air jet introduced 
into chamber 134 produces a swirling action which 
provides very efficient foaming. Thus, the compressed 
air combines with the mixture of water and detergent 
in the chamber 134, producing a rich foam, and the 
amount of liquid content of this foam can be accurately 
regulated by means of the by-pass water-regulating 
valve member 171. Likewise, the percentage of deter 
gent admitted may be regulated by means of the deter 
gent metering valve screw 162. An additional degree of 
regulation is provided by means of the main water 
metering valve member 150. The by-pass water regu 
lating valve member 171 when fully open serves to 
lower the differential pressure through the venturi so 
that no detergent is drawn through detergent supply 
passage 124, therefore automatically providing an ade 
quate quantity of only clear rinse water through both 
the bypass passage 170 and the venturi passage 148 to 
chamber 134 into the outlet hose. If desired, the air me 
tering or shut-off valve 164 may be closed at this time 
to prevent entrance of air into the rinse water. Thus, 
only one connected outlet hose is required for both ap 
plying a chemical mixture or detergent foam and later 
rinsing with clear water. 
FIGS. 12, 13 and 14 show a modi?ed form of foam 

generating conduit assembly, designated generally at 
212 which may be employed as a substitute for the as 
sembly shown in FIG. 6. The main body of the conduit 
member is shown at 213 and is provided with a water 
intake internally threaded bore 214 adapted to be con 
nected to a suitable water supply hose. The body 213 
is formed with a reduced further internally threaded 
bore 215 in which is threadedly engaged an annular 
ball seat member 216 containing a check valve ball 217 
biased toward seating position by a coil spring 218 
bearing between the ball 217 and a spider member 219 

_ interposed between the member 216 and the top- wall 
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of the recess containing same. A detergent inlet ?tting 
220 is connected to the body 213 at its frusto-conical 
portion 221 and communicates with a cavity 222 con 
taining a check valve ball 223 which is biased toward 
seating engagement with the inner end of the bore of 
conduit 220 by a coil spring 224. Chamber 222 com 
municates with the top end of the bore 215 by the pro 
vision of a small-diameter passage 225. 
An air inlet conduit ?tting 226 is connected to frusto 

conical portion 221 in communication with a cavity 
227 which is communicatively connected by a passage 
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228 to the widely flaring top venturi passage 229, cor 
responding to the passage 33' in FIG. 6. The inner end 
of air intake conduit ?tting 226 is provided with a 
spring-biased check valve ball 230 urged against the 
inner end of the bore rim of ?tting 226 by a biasing 
spring 231. 
The spider member 219 comprises a hollow annular 

rim portion 232 connected by four equally spaced ra 
dial conduit elements 234 to a downwardly directed 
central hollow cone 235, the radial conduit elements 
234 being connected to an upstanding cylindrical skirt 
portion 236 provided at the top rim of cone 235. The 
main annular rim 232 is provided at its top wall with a 
circular slot 237 which registers with the previously 
mentioned passage 225. 
The dimensions of the area between the radial con 

duit elements 234 are designed to provide a lower max 
imum ?ow capacity than the maximum flow capacity of 
inlet passage 248 of body 213. 
Designated generally at 238 is a flow stabilizing mem 

ber comprising a vertical shank portion 239 which ex 
tends through the gradually flaring central venturi pas 
sage 240, corresponding to the passage 31' of FIG. 6. 
Adjustably threadedly engaged on the top end of the 
stem member 239 is a double-conical member 241 
whose lower conical element 242 de?nes an annular 
flow passage with respect to the adjacent conical wall 
of the passage 229. Rigidly secured to the bottom end 
of the stem member 239 is a double conical member 
250 having a cylindrical skirt portion 247 between a 
downwardly directed bottom cone element 243 de 
pending into the hollow cone 235 of spider member 
219 and an upwardly directed cone element 244 having 
equally spaced raised elemental vanes 245, namely, 
straight raised rib-like vanes extending from the base 
toward the apex of the conical element 244. As shown 
in FIG. 13, upper conical element 244 with the raised 
vanes 245 extends through the gradually ?aring en 
trance passage 246 which communicates with the inner 
cavity of the annular check ball seat member 216. The 
vanes 245 are elevated above the surface of conical ele 
ment 244 so as to present clearance shoulders to pre 
vent complete sealing action between conical element 
244 and the downwardly ?aring frusto-conial wall sur 
face of entrance passage 246. This thereby provides 
means to limit the flow to not less than a desired mini 
mum. 

As shown in FIG. 12, the conical top element 242 is 
relatively large as compared with the conical bottom 
element 243. During normal operation, the member 
238 is substantially free-?oating, with the conical ele 
ments 243, 244, 242 and cylindrical portion 247 adjust 
ing themselves relative to their associated conical re 
cesses 235, 246, 229 and cylindrical skirt portion 236 
of spider member 219 to provide an equilibrium posi 
tion of the member 238. 
Member 241 is adjustable on stem 239 to provide 

more or less clearance for the conical elements 243, 
244 and 242. Adjustment may thus be made for ?uids 
of different viscosity to provide a speci?c flow volume 
or desired mixture ratio. 
As above-mentioned, raised vanes 245 are shaped to 

prevent sealing action of conical element 244 on the 
surface 246 and to provide a minimum small free clear 
ance. 

The large cone 242 may at times seat against the con~ 
ical surface 229, so as to act as a check valve to prevent 
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back?ow through the device, such as when there is a 
line pressure drop. In operation as a foam-forming de 
vice, compressed air enters the mixture via passage 228 
beyond the large double conical member 241 and 
builds up a greater pressure in the line beyond the 
member 241 than the incoming water pressure when a 
shut off valve is closed, such as a valve 101 ahead of the 
wand 16. This greater pressure causes the larger cone 
to seat and act as a check valve. 
The cone elements and stem are preferably made of 

relatively light material and may be hollow, so that op 
eration of the device 212 in any position or attitude is 
substantially the same. 

It will be noted that the body 213 is formed with an 
inlet passage 248 immediately above the conical cavity 
246. The maximum capacity of flow through inlet pas 
sage 248 is determined by the area difference between 
the area de?ned by the diameter of the passage 248 and 
that de?ned by the diameter of the stem 239. Installa 
tion of a smaller or larger diameter stern 239 will corre 
spondingly increase or decrease the maximum capac 
ity, as desired, of a given unit 212. This will also pro 
vide an increased or decreased mixture ratio. Inlet pas— 
sage 248 is designed to provide a minimum ?ow greater 
than the maximum flow between the radial conduit ele 
ments 234 of spider assembly 219. 
By employing larger or smaller calibrated inlet and 

/or outlet cones, a change to a higher or lower flow vol 
ume (within the capacity range) may be obtained. In 
the same manner, a higher or lower desired suction 
pressure may be obtained, and therefore, a higher or 
lower mixture ratio. 
The operation of the device 212 shown in FIG. 12 is 

substantially as follows: 
Fluid under pressure flows to the inlet recess of mem 

ber 216 past check ball 217 and through the hollow an 
nular rim portion 232 between the four radial conduit 
elements 234 and then passes between the cylindrical 
skirt portion 236 of spider 219 and the cylindrical 
chamber wall of member 216, then entering between 
the conical element 244 and inlet conical recess 246. 
The relatively high pressure inlet ?uid flow creates a 
venturi effect as it leaves the restricted passage be 
tween cylindrical skirt portion 236 and the cylindrical 
chamber of member 216 and thus creates a suction 
force through the small clearance between cylindrical 
skirt portion 247 and cylindrical skirt portion 236 in 
the conical recess of hollow conical member 235, tend~ 
ing to move conical member 243 opposite to the direc 
tion of flow, thereby tending to increase the clearance 
between conical element 244 and conical recess 246 
and to thereby admit an increased flow of ?uid. At the 
same time, this force is transmitted by the stern mem 
ber 239 to the large cone member 242 in the down 
stream portion of the device, tending to move it toward 
the conical surface 229, thereby reducing the clearance 
between cone element 242 and said surface 229. The 
resultant reduced pressure of the mixture flowing past 
member 241 exerts an increasing force on the larger 
calibrated cone element 241 in the direction of ?ow as 
the clearance between conical element 242 and conical 
surface 229 is reduced. This increasing force tends to 
enlarge said clearance by urging conical member 241 
in the direction of flow, this force being transmitted 
through the stem member 239 to the smaller double 
conical member 250, generating a counteracting force 
in the opposite direction, the opposite forces being 
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eventually equalized and a balance therebetween being 
reached. . 

Fluid ?owing through the device 212 entrains mate 
rial from the detergent conduit 17 which mixes with the 
main driving ?uid and acquires a part of its energy in 
the relatively larger diffusor outlet end of the device 
212. The velocity of the mixture is such as to convert 
it to a pressure substantially lower than the inlet driving 
?uid pressure. Thus, the device operates with a rela 
tively high inlet ?uid pressure and a relatively low out 
let ?uid mixture pressure. The pressure of the ?uid 
mixture is reduced as it is diffused (changes direction) 
against the larger cone element 242, and the ?uid mix 
ture pressure immediately beyond the larger cone ele 
ment 242 is further reduced because of the enlarging 
diffusor space provided in the chamber de?ned by the 
conical recess 229. Thus, the pressure of the ?uid mix 
ture is substantially greater before and during its pas 
sage adjacent the large cone element 242 than the pres 
sure of the ?uid mixture immediately beyond said 
larger cone element. This differential in pressure gener 
ates force in the direction of ?ow as it is diffused 
(changes direction) against the larger cone element 
242, as it ?ows through the restricted passage de?ned 
between cone element 242 and conical surface 229. 
Under equilibrium conditions, the above-mentioned 
differential pressure acting on member 241 exerts an 
equal and opposite force to the suction force exerted 
on the inlet conical element 243 through passage 225 
and suction created by the relatively high pressure in 
coming ?uid as it leaves cylindrical skirt portion 236 of 
spider assembly 219. Thus, for the desired ?ow rate, 
the effective areas of the cones are so designed that the 
force acting against the larger cone element 242 less 
the back pressure force is equal to the suction force ex 
erted against the smaller cone element 243. Since the 
respective cone elements are connected by the stem 
member 239, the forces at equilibrium act in opposite 
directions and maintain a balanced position of the 
?oating composite ?ow-regulating member. A force 
tending to increase the clearance between the outlet 
cone element 242 and the conical surface 229 tends to 
close or reduce the clearance between the inlet cone 
element 244 and the conical surface 246 and thereby 
reduce or restrict the ?ow. Thus, a varying driving ?uid 
inlet pressure will be automatically compensated for by 
the movement of the cone elements 244 and 241, to 
maintain a substantially constant ?ow volume and a 
substantially constant differential pressure between the 
inlet and outlet pressures, and thereby also maintain a 
substantially constant suction pressure acting on the 
detergent supply conduit 17. Because'of these factors, 
a substantially constant mixture ratio is maintained. 
A changing back pressure in the diffusor chamber 

229 due to changes in distributing hose or pipe sizes, 
restrictions, or variations in the heights of the distribut 
ing hose or pipe will be automatically compensated for 
by the device 212. Thus, if the changes are such as to 
lessen the force against the larger cone element 242 in 
the direction of ?ow, this will allow the smaller cone 
244 to move in a direction to enlarge the clearance be 
tween this smaller cone element and the conical wall of 
the recess 246, providing the necessary compensation 
to maintain the same ?ow at different heights. 
The passage 225 allows a small amount of water or 

incoming material to be admitted into the suction 
chamber 222 by the venturi action of the main incom 
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14 
ing ?uid immediately beyond passage 248. Although 
this slightly reduces the total injection capacity, it pro 
vides expansion of the effectiveness of the device over 
a widened range of operating conditions. 
The passage 225 and 225' may be omitted in FIGS. 

12 and 13, and in the embodiments of FIGS. 17 and 18 
respectively, presently to be described, if so desired, for 
example, as shown in the embodiment illustrated in 
FIG. 15. 

Referring now to FIG. 15, ,in accordance with the 
omission of the passage 225, the entire venturi suction 
force in the hollow conical member 235 is provided by 
the venturi action of the ?uid ?ow as it passes cylindri 
cal skirt portion 236 of spider member 219. The opera 
tion of the embodiment of FIG. 15 with passage 225 
omitted is substantially similar to that of the embodi 
ment shown in FIGS. 12, 13 and 14 and FIGS. 16, 17 
and 18, presently to be described, wherein suction in 
hollow conical member 235 is provided by a passage 
similar to passage 225. However, the device of FIG. 15 
acts essentially as a proportioner or pump rather than 
as a foam forming device. 
FIG. 17 illustrates an embodiment wherein the ?ow 

stabilizing member previously described is employed in 
an injection or pump device, designated generally at 
300. The device 300 employs a hollow spider 219, 
clamped between a check ball-containing cup member 
213' and a venturi nozzle ?tting 301 threadedly en 
gaged in the suction chamber 302. The nozzle 301 is 
formed with the conical inlet cavity 246’ cooperating 
with the smaller conical member 244 in a manner simi 
lar to that above described in connection with the em 
bodiment of FIG. 12, and is provided with the ?aring 
passage 304 surrounding the stem member 239 and 
providing a passage for ?ow of the high pressure inlet 
driving ?uid into the suction space 302. The ?uid to be 
injected, such as steam, gas, or liquid is admitted into 
the space 302 through a lateral conduit element 305 
connecting the supply conduit 306 for said ?uid to the 
space 302. The suction space 302 communicates with 
the outlet diffusion chamber 307 through a convergent 
frusto-conical passage 308, a cylindrical bore 309 and 
the outwardly ?aring conical space 229’. Suction is de 
veloped in the space 302 by the expansion of the driv 
ing ?uid as it passes through the ?aring passage 304, 
causing reduction in pressure and increase in velocity 
of the driving ?uid as it enters the space 302. The ?iud 
from the supply conduit 306 is aspirated through the 
passage 308 and 309 into the ?aring conical space 229’ 
and into the discharge diffusion space 307. The stabiliz 
ing unit de?ned by cone members 241, 243 and stem 
239 provides similar action to that described above in 
connection with the embodiment of FIGS. 12, 13, 14 
and 16. However, the device of FIG. 17 acts essentially 
as a jet pump rather than as a foam-forming device. 

It will be noted that the chamber 302 may be con 
nected with the hollow rim portion of the spider mem 
ber 219 by passages 225', allowing a small amount of 
incoming water or ?uid from the hollow conical mem 
ber 235 to be mixed by venturi action with the injected 
?uid in chamber 302. This provides an extension of the 
range of operating conditions under which the jet pump 
device is effective although it slightly reduces its injec 
tion capacity. 
The same concept present in the embodiments of 

FIGS. l2, l5 and 17 with respect to ?ow regulation 
may be employed in a ?uid ?ow system, employing the 
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device of FIG. 17 with the omission of the lateral ?uid 
supply conduit 305, which may be replaced by a con 
ventional plug, or which may be entirely omitted in the 
manner illustrated in FIG. 18. Thus, FIG. 18 shows a 
structure similar to that of FIG. 17, with no provision 
for injection of other ?uid besides the main ?uid which 
passes through the device. The device of FIG. 18, des 
ignated generally at 300’ may be employed merely to 
regulate flow in a line and to maintain a constant exit 
volume flow and pressure. Except for the injection fea 
ture, the device of FIG. 18 is the same as the device of 
FIG. 17, and stabilization action is the same as that 
above-described. Operation of the device of FIGS. 17 
and 18 with passage 225' omitted is substantially simi 
lar to the embodiment shown in FIG. 15. 
While certain speci?c embodiments of ?uid ?ow 

control devices have been disclosed in the foregoing 
description, it will be understood that various modi?ca 
tions within the spirit of the invention may occur to 
those skilled in the art. Therefore, it is intended that no 
limitations be placed on the invention, except as de 
?ned by the scope of the appended claims. 
What is claimed is: 
l. A ?uid flow-control device comprising a conduit 

member having an inlet and an outlet end, means to 
connect said inlet end to a main liquid supply source, 
said inlet end having a liquid receiving cavity, said con 
duit member being formed with axial ‘passage means 
extending from said liquid-receiving cavity toward said 
outlet end, means in said inlet end de?ning a relatively 
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16 
small diameter, axial. ?rst venturi passage ?aring in size 
from said cavity, said conduit member being further 
formed with a relatively wide-flare passage merging 
with said axial passage means at said outlet end of the 
conduit member, and ?ow-regulating means located in 
said passage means and in said ?rst venturi passage, 
comprising a free-?oating stem member provided with 
opposite enlarged end portions, one enlarged end por 
tion being located within the inlet end of said ?rst ven 
turi passage, and the other enlarged end portion being 
located within said wide?are passage. 

2. The ?ow-control device of claim 1, and means to 
connect a source of injection ?uid to said liquid 
receiving cavity, whereby the device may be employed 
as a ?uid injection means. 

3. The ?ow-control device of claim 1, and a check 
valve located between the inlet end of the conduit 
member and the inlet end of said first venturi passage. 

4. The ?ow-control device of claim 3, and a spider 
member mounted between said check valve and said 
one enlarged end portion, said spider member having 
a central depressed portion in which said one enlarged 
end portion is receivable. 

5. The ?ow-control device of claim 4, and wherein 
said spider member is hollow and has an inlet aperture 
adjacent its periphery, said spider member and one en 
larged portion defining a clearance space therebetween 
open to said liquid receiving cavity. 

* * * * * 


