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[5 7 ] ABSTRACT 
A nozzle and method for generating a foamed liquid 
includes a‘nozzle body, a plurality of spaced ori?ces 
forming discrete jets of a liquid foam producing agent 
in an elongate passage in the nozzle body, and a solid 
surface de?ned in the body upon which the jets im 
pinge. Gas inlet openings introduce gas into the pas 
sage and the gas and liquid foam producing agent are 
intimately mixed by de?ection of the latter from the 
solid surface to produce foam in the passage. 

20 Claims, 5 Drawing Figures 
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FOAM GENERATING NOZZLE 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The present invention relates to foam generating noz 
zles and, more particularly, to a foam generating nozzle 
and method in which a liquid foaming agent impinges 
on a solid surface prior to the discharge of the foam 
from the nozzle. ‘ 
Foaming of liquid solutions is presently receiving 

wide attention today in several ?elds. In the agricul 
tural ?eld, foam application is extremely attractive for 
the application of pesticides, including both herbicides 
and’ insecticides. The foaming of pesticides substan 
tially reduces both ground or aerial drift and thereby 
also reduces or eliminates altogether undesirable dam 
age to surrounding crops and vegetation. In addition, 
the foam application of pesticides reduces run-off 
which might otherwise result in environmental damage, 
‘reduces evaporation, provide-5a ready visual indication 
of spray coverage and reduces the amount of active 
chemicals that must be applied per unit area. Foam ap 
plication techniques are also enjoying wide attention in 
other agricultural fields including the protection of 
plants against climatic conditions such as frost, hybrid 
izing, seeding and the like. In addition to agricultural 
uses, foaming has been widely used in other ?elds for 
several years including ?re ?ghting and detergent 
cleaning operations in which foam is employed as the 
cleaning agent. 

In general two different methods have been em 
ployed in the generation of such foams. In one method, 
a chemical foaming agent is added to the solution to be 
sprayed which upon discharge from the applicator 
chemically produces the desired foam. The second gen 
eral'method consists of introducing air into a liquid to 
form millions of bubbles which make up the foam. Such 
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air can be introduced either by an air aspirating nozzle ' 
in which the foam is formed just before being dis 
charged from the nozzle or by the use of specially con 
structed foam generators and pumps which take in air 
and blend it with a small amount of foamable liquid and 
this foam is then pumped through a hose to the point 
of application. ' 
The present invention is directed to a foam generat 

ing nozzle and method in which air is introduced into 
a liquid foaming agent to generate the foam just before 
discharge from the nozzle. Such foam generating noz 
zles have taken several forms in. the past. In one form 
of foam generating nozzle, the liquid foam producing 
agent is jetted onto a mesh strainer. The liquid passing 
through the strainer mesh reduces the pressure in the 
nozzle body to cause air to be drawn through the mesh 
and mixed with the liquid to generate foam. Another 
form of foam generating nozzle in use today comprises 
a simple elongate nozzle body through which the liquid 
foam producing agent is jetted directly through the 
nozzle body without further contact with the nozzle. 
This jet of liquid foam producing agent reduces the 
pressure in the nozzle body to aspirate air into the body 
where it is mixed with the liquid to form the foam 
which is discharged from the nozzle. 

In the present invention a foam generating nozzle and 
method of foaming produces a high quality foam hav 
ing millions of tiny air bubbles interspersed in the foam. 
In the present invention at least one discrete jet of liq 
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2 
uid foam producing agent is formed in the nozzle body 
and a solid impingement surface is loacted in the path 
of the jet such that the jet impinges upon the surface 
and is de?ected from the surface. The de?ected liquid 
foam producing agent is thereby intimately mixed with 
the air which has been drawn into the nozzle body to 
produce high quality foam which is discharged from the 
nozzle. The foam generating nozzle of the present in 
vention is simple in construction and, accordingly, the 
expense of manufacture is substantially reduced, as 
well as the likelihood of failure during use from clog 
ging, wear and the like. 

In one principal aspect, the present invention com 
prises a foam generating nozzle including a nozzle body 
and a passage extending through the major part of the 
body. Ori?ce means is located adjacent one end of the 
body to form at least one discrete jet of liquid foam 
producing agent in the passage along the axis of the ori 
?ce means and gas is introduced into the passage 
through gas inlet means on the nozzle body. The jet of 
liquid foam producing agent is impinged upon a solid 
impingement surface in the passage upstream of the 
discharge end of the body in the path of the jet and on 
the axis of the ori?ce means de?ecting the jet toward 
the axis of the passage to effect intimate mixing of the 
liquid foam producing agent and the gas to generate 
foam in the passage. 

In another principal aspect, the present invention 
comprises a method of generating foam including form 
ing at least one discrete jet of a liquid foam producing 
agent in a passage along an axial path, impinging the jet 
upon a solid surface in the axial path of the jet in the 
passage, introducing a gas into the passage, and inti 
mately mixing the gas and liquid foam producing agent 
de?ected from the solid surface to generate foam in the 
passage, and discharging the foam from the passage. 
These and other objects, features and advantages of 

the present invention will become evident upon consid 
eration of the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWING 

In the course of this description, reference will fre 
quently be made to the attached drawing in which: 
FIG. 1 is a cross sectioned side elevation view of a 

preferred embodiment of foam generating nozzle con 
structed and which operates in accordance with the 
principles of the present invention; 
FIG. 2 is a cross sectioned end view of the nozzle 

taken substantially along line 2-2 of FIG. 1; 
FIG. 3 is an end view of the nozzle as viewed substan 

tially along line 3—3 of FIG. 1; 
FIG. 4 is a cross sectioned side elevation view of an 

other embodiment of foam generating nozzle con 
structed in accordance with the principles of the inven 
tion; and 
FIG. 5 is a cross sectioned end view of the nozzle 

shown in FIG. 4 taken substantially along line 5—5 of 
FIG. 4. 

DESCRIPTION OF THE PREFERRED 
. EMBODIMENTS 

Referring particularly to FIGS. 1-3, a ?rst preferred 
embodiment of nozzle constructed and which operates 
in accordance with the principles of the invention com 
prises an elongate nozzle body 10 having an elongate 
passage, generally 12, extending therethrough. Passage 
12 comprises a ?rst passage section 14 adjacent one 



3 
end 16 of the body and a second passage section 18 ad 
jacent the other end 20 to the body. Passage section 18 
is axially spaced from the ?rst section 16 and has a 
cross sectional dimension smaller than that of the first 
section. The ?rst and second passage sections 14 and 
18 are axially separated from each other by an annular 
shoulder 22 having a surface 23 which is inclined to 
ward the passage axis a and end 20 of the nozzle body 
as shown in FIG. 1. This shoulder 22 will be further de 
scribed in detail hereafter. 
End 16 of the nozzle body 10 is stepped to de?ne an 

annular surface 24 which lies in a plane substantially 
perpendicular to the axis a of the passage. A circular 
ori?ce plate or disc 26 is positioned against annular 
shoulder 24 and held in position by a lip 28 which is 
crimped over the other side of the plate as shown in 
FIG. 1. A plurality of ?ne ori?ces 29 and 30 are drilled 
through the plate 26. The axes of the ori?ces 29 and 30 
are spaced from each other and are radially spaced 
from the axis a of the passage 12. Preferably the axes 
of the ori?ces 29 and 30 extend in a direction parallel 
to the axis a such that liquid foam producing agent 
which is jetted through these ori?ces is also jetted along 
paths substantially parallel to the axis of the passage 
and coincident with the axes of the ori?ces and impinge 
on surface 23, the jets J being shown in FIG. 1. 
The end 16 of the nozzle body is also threaded at 32 

to receive a suitable coupling (not shown) which cou 
ples the nozzle body with a supply of a suitable liquid 
foam producing agent. In the alternative, the nozzle 
body may be positioned in a suitable nozzle cap (not 
shown) which, in turn, is coupled to a supply of foam 
producing agent. 
A plurality of air inlet apertures 33 and 34 are also 

bored radially through the nozzle body and into pas 
sage section 14 for introducing air into the passage 12, 
preferably by way of aspiration. The liquid ori?ces 29 
and 30 and air inlet ori?ces 33 and 34 preferably are 
offset relative to each other such that the jets J pass be 
tween adjacent ones of the air inlet ori?ces. This ar 
rangement avoids the possibility of liquid droplets 
building up in the air ori?ces which might disturb the 
?ow of air through the orifices 33 and 34 and drip from 
the ori?ces to the exterior of the nozzle body. 
The other end 20 of the nozzle body 10 is formed 

with a suitable discharge opening 36 for exit of the 
foam F which is generated in passage 12. This opening, 
for example, may take the form of a slotted aperture 
which will eject the foam in a fanshape. The shape of 
the opening 36 may be varied depending upon the 
shape of discharge desired. 
Having considered the above description, it is be 

lieved that the operation of the foam generating nozzle 
shown in FIGS. 1-3 will be evident. However, for pur 
poses of clarity, the operation of this embodiment of 
invention will be brie?y described. 
A source of foam generating agent, such as “Fomex”, 

obtainable from Colloidal Products Corporation, Peta 
luma, California, is coupled to end 16 of the nozzle 
body 10 and this foaming‘agent is fed to the plate 26 
under a pressure of about 40 psig. Such foam produc 
ing agents may, and usually, include commercial foam 
ing agents as diluted with a suitable amount of water or 
other diluents. In fact, the term “foam producing 
agent” as referred to herein may include water only as 
it has been found that the invention will operate rea 
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4 
sonably well with water to which no other commercial 
foaming materials have been added. 
As the foaming agent passes through ori?ces 29 and 

30,‘ a plurality of discrete ?ne jets J are formed. These 
jets J are jetted past the gas inlet apertures 33 and 34 
in an axial path which is substantially parallel to axis a 
and the jets impinge the solid inclined surface 23 of 
shoulder 22 which lies in their axial path. The jets J 
upon impingement are de?ected toward the axis a of 
the passage where the de?ected liquid foam producing 
agent is thoroughly and intimately mixed in the re 
duced passage section 18 with the air'which has been 
aspirated through ori?ces 33 and 34. The air is aspi 
rated into the passage due to the reduced pressure 
which is created in passage section 14 due to the pres 
ence of the high speed liquid jets J passing the air ori 
?ces 33 and 34. The intimate mixing of th de?ected liq 
uid foam producing agent and air in passage section 18 
produces a high quality foam which is then discharged 
from the slotted discharge opening. 

Referring to FIGS. 4 and 5, a second embodiment of 
foam generating nozzle and method is shown in which 
a pintle is positioned in the nozzle body passage to en 
hance the generation of foam. 

In this embodiment the elongate nozzle body 50 in 
cludes a passage 52 extending through the body. One 
end 54 of body 50 is externally threaded at 56 to re 
ceive a coupling for coupling the body to a suitable sup 
ply (not shown) of liquid foam producing agent under 
pressure. The passage 52 is also internally threaded at 
58 adjacent end 54 to receive a threaded bushing 60 
having a ?uid inlet passage 62 extending therethrough. 

A pintle 68 includes a pair of discs 70 and 71 which 
are spaced axially from each other along passage 52 by 
a rod 72 to which they are ?rmly af?xed. Disc 70 is sub 
stantially the same diameter as passage 52 and disc 70 
is clamped between the internal end 74 of bushing 60 
and an annular step 80 located on the passage wall to 
properly position the pintle 68 in the passage 52. The 
downstream disc 71 is preferably smaller in diameter 
than disc 70 to allow the foam to freely ?ow between 
its edges and the wall of passage 52. 
The shoulder 80 abruptly terminates upstream of a 

plurality of air inlet ori?ces 82 which are bored radially 
through the body 50 for introducing air into passage 
52. 
A plurality of ori?ces 84 are also bored axially 

through the thickness of disc 70. These ori?ces 84 will 
form ?ne jets J on the foam producing agent which as 
pirate air through ori?ces 82 and will impinge the up 
stream face 86 of disc 71 as shown in FIG. 4. 
A foam discharge opening is located at the other end 

88 of the body 50. This opening may also take the form 
of a slot 90 formed in a threaded nozzle tip 92 which 
is threaded onto threads 94 on the body 50. 
The operation of the foam generating nozzle shown 

in FIGS. 4 and 5 is as follows: 
The liquid foam producing agent is supplied under 

pressure to the end 54 of nozzle body 50. This liquid 
?ows through passage 62 in bushing 60 and through the 
axial ori?ces 84 to form the discrete thin axially di 
rected jets of liquid J. Upon leaving ori?ces 84, jets J 
will create a pressure drop as they pass ori?ces 82 to 
aspirate air into passage 52. As jets J further move 
downstream they will impinge the surface 86 of disc 71 
producing turbulence and intimate mixing with the air 
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which has been aspirated into passage 52 to enhance 
the quality of the foam. The foam thus generated will 
leave disc 71 and exit from the discharge slot 90. 
Although the orifices 82 and 84 are shown in registry 

with each other in FIGS. 4 and 5, it will be understood 
that they may be offset from each other for the reasons 
set forth with respect to the embodiment shown in 
FIGS. 1-3. 

It will also be understood that although the foam gen 
erating nozzles described herein are shown having pairs 
of liquid and air ori?ces, the number of orifices may be 
varied without departing from the spirit and scope of 
the invention. Moreover, it is not intended that the 
foam generating nozzles and methods of the present in 
vention be construed as being limited to use in agricul 
tural applications only, but are intended to be useful in 
the generation of foam of widely varying characteristics 
and uses. 

In addition, it will be understood that numerous mod 
i?cations may be made by those skilled in the art with 
out departing from the true spirit and scope of the in 
vention, the above described embodiments of the pres 
ent invention being merely illustrative of a few of the 
applications of the principles of the invention. 
What is claimed is: 
l. A foam generating nozzle comprising, 
a nozzle body having an elongate passage extending 
through the major part of the length of said body, 

a liquid inlet at one end of said body for introducing 
a liquid foam producing agent to said passage, 

ori?ce means adjacent said one end of said body, said 
orifice means having an axis and forming at least 
one discrete jet of liquid foam producing agent in 
said passage along said axis when said agent is in 
troduced through said liquid inlet, 

gas inlet means on said nozzle body between said ori 
?ce means and the other end of said body for intro 
ducing a gas into said passage, 

a solid impingement surface in said passage between 
said orifice means and the other end of said body 
positioned in the path of said jet on said axis, said 
surface deflecting said jet which impinges thereon 
toward the axis of said passage to effect intimate 
mixing of the liquid foam producing agent and the 
gas to generate foam in said passage, and 

foam discharge means adjacent said other end of said 
body, said passage being of substantially constant 
cross section over its length between said solid im 
pingement surface and said foam discharge means. 

2. The nozzle of claim 1 wherein said passage extends 
axially between the ends of said body. 

3.7I_h_e nozzle of claim 1 wherein said ori?ce means 
comprises a plurality of ori?ces spaced radially from 
the axis of said elongate passage, said ori?ces forming 
a plurality of ?ne jets each of which impinge said solid 
impingement surface. 

4. The nozzle of claim 3 wherein said gas inlet means 
also comprises a plurality of ori?ces through said body. 

5. The nozzle of claim 4 wherein said gas inlet ori 
?ces are positioned between said plurality of liquid ori 
?ces and said solid impingement surface and said liquid 
foam producing agent ori?ces are offset from each 
other such that each of said jets pass between adjacent 
ones of said gas inlet ori?ces. 
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6 
6. The nozzle of claim 1 wherein said orifices means 

comprise a plate positioned at said one end of said pas 
sage, said plate having a plurality of orifices therein ra 
dially spaced from the axis of said elongate passage. 

7. The nozzle of claim 1 wherein said ori?ce means 
directs said jet in a path substantially parallel to the axis 
of said passage. 

8. The nozzle of claim 1 wherein said ori?ce means 
and said gas inlet means are positioned relative to each 
other such that the jet issuing from said ori?ce means 
reduces the pressure in said passage adjacent said gas 
inlet means to a pressure below atmospheric pressure, 
whereby the gas is aspirated into said passage through 
said gas inlet means. 

9. The nozzle of claim 1 wherein said solid impinge 
ment surface comprises a shoulder de?ned on said 
body in said passage, said shoulder being positioned in 
the path of said jet. 

10. The nozzle of claim 9 wherein said shoulder is an 
nular. 

11. The nozzle of claim 9 wherein said shoulder is 
sloped toward said foam discharge means whereby said 
jet is de?ected toward the axis of said passage. 

12. The nozzle of claim 9 wherein said passage com 
prises a ?rst section and a second section axially down 
stream from said ?rst section, said second section hav 
ing a cross section smaller than said ?rst section and 
being separated from said ?rst section by said shoulder. 

13. The nozzle of claim 1 wherein said foam dis 
charge means conprises a slotted opening. 

14. The nozzle of claim 1 wherein said gas inlet 
means is axially positioned between said ori?ce means 
and said solid impingement surface. 

15. A method of generating foam comprising the 
steps of: 
forming at least one discrete jet of a liquid foam pro 
ducing agent in a foam generating passage along an 
axial path, 

impinging said jet upon a solid surface in said axial 
path of said jet in said passage, 

introducing a gas into said passage downstream of the 
location at which said ?ne jet is formed, 

intimately mixing said gas and the liquid foam pro 
ducing agent de?ected from said solid surface to 
gether to generate foam in a portion of said passage 
having substantially constant cross section over its 
length, and 

discharging said foam from said portion of said pas 
sage. 

16. The method of claim 15 including forming a plu 
raltiy of said jets of said liquid foam producing agent 
and directing said jets along a path substantially paral 
lel to and radially spaced from the axis of said passage, 
each of said jets impinging upon said surface. 

17. The method of claim 16 wherein said jets impinge 
upon an annular surface in said passage. 

18. The method of claim 15 wherein said jet is de 
?ected toward the axis of said passage by impingement 
upon said solid surface. 

19. The method of claim 15 wherein said gas is intro 
duced into said passage upstream of said solid surface. 

20. The method of claim 15 wherein said solid sur 
face includes a disc in said passage downstream of the 
location at which said gas is introduced into the pas 
sage. _ 

* * * * * 


