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. APPARATUS AND METHOD FOR
GENERATING FOAM FROM PRESSURIZED
LIQUID

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a chwmonal apphcanon of application
Ser. No. 08/055,882, filed 4 May 1993 and entitled FOAM
GENERATING APPARATUS FOR ATTACHMENT TO
. HOSE DELIVERING PRESSURIZED LIQUID, now U.S.

Pat. No. 5,445,226,

BACKGROUND OF THE INVENTION

The invention relates to an apparatis which can be
attached to a pressurized water bearing hose to generaie

foam, in particular to an apparatus {or attachment to a fire

fighting hese o generate fire fighting foam from a supply of
pressurized water as used in fire fighting.

While water is used for many fire fighting applications,
when the water is mixed with a- small amount of foam
concentrate or foaming agent and passed through a suitable

Toaming nozzle, a large volume of foam can be generated.
For many common fire fighiing applications e.g. Class A
fires involving wood, paper etc., foam is ¢considerably more
effective than water by itself. Also for special fire fighting

sitnations c.g. Class B fires involving liquid [uels, combus- .

tible solvents etc., water by ilself cannot be used, and thus
foam, dry powder or gascous extinguishers must be used.
Foam is usually necessary for large Class B fires, as the other
methods are too costly or not practical.

Foam can he applied on a fire from two sources. namely
from a pressurized canister source, or by adding foam
concenirate 10 a stream of water under pressure. The first
source of foam applying equipment is limited for use on
small fires only, due to its small capacity which is usunally
limited to the size of canisier that can be easily handled by
one person. The second source of foam applying equipment
is commonly mounted on a fire truck to facilitate transport
to a site. The second source of foam applying equipment is
described herein and comprises a foam concentrate metering
and mixing device for adding to pressurized water from a
hydrant or to another pressurized water source. The mixture
of pressurized water and foam concentrate must be passed
through a suitable nozzle to generate foam, the nozzle also
providing a means of mixing air with the water and foam
mixiure 50 as 0 generale a suitable continuous supply of
foam. Where water is not pressurized, a water pressurizing
device such as a pump is used o raise water pressure, often
concurrently with adding a metered amount of foam con-
ceniratc to the water stream. The foam concentrate can be
introduced to the water stream at the truck itself, in which
case the foam concentrate is simultancounsly mixed and fed
along the hose, and is then discharged at the source of fire.
If the foam concentrate is fed along a sufficient length of
hose, there 18 usually no difficulty 1 mixing the concentrate
with the water, so that when the foam water mixture passes
through "the foammg attachmenit on the nozzle, a good
supply of foam is generated.

One d.lsadvantage with introducing the foam 0 the hose
pipe at the truck is that the hose pipe is then somewhat
limited to delivering only foam, and cannot be quickly easily
changed to delivering water, at least not by the person
directing the hose. Relatively complex machines that
resemble the first type of foam generating devices are shown
in U.S. Pat. Nos. 4,645,009 (Hawelka et al.) and 3,234,962

10

15

30

35

45

30

55

2

(Williamson). Such machines can be relatlvely costly and
this detracts from their use.
Altematively, the foam concentrate can be fed in a sepa- -
rate concentrate hose extending along the main water hose
to an eductor nozzle located at a position in the hose,
suitably some distance from the discharge nozzle to permit
adequate mixing of the foam concentrate with the water -
prior to discharge. This method has a disadvantage of having -

two parallel lengths of hoses for at least a short length of the

water hose, with a separate control on the foam concentrate

‘hose 10 control supply of the foam concentrate. A simplc

means of metering foam concentrate into a water stréam is
shown in U. S_ Pat. No. 4,993,495 (Rurchert) in which water
passes (hrough a veniuri means and generaies suction to
draw foam concentrate into the water flow. With this alter-
nalive device, there must be sufficient length of hose down- -
stream from the venturi means to provide adequate mixing

of the concentrate and foam before the mixtures passes -

through a nozzle to generate foam. A nozzle to generate
foam from a water and foam concenirate mixture is shown
in Canadian Patent 1,266,073 (Stevenson). Such a nozzle
Tequires to be supplied with a mixture of water and foam and -
thus requires at least a foam concentrate metering and
mixing structure upstream of the nozzle which structure is
usnally provided at the fire tank or in the length of the water
hose.

An apparatus which combines metering and mixing of
foam concentrate essentially integral with a foaming nozzle
is shown in U.S. Pat. No. 2,513,417 (Lindsay). This patent

shows an eductor nozzle structure for drawing foam com- )

centrate into a stream of water prior to ejecting the resulting
mixture through a foaming nozzle which draws in air to
generate foam. This is a relatively complex mixing nozzle

with an anmular gap located downstream of a converging ) )

section for drawing foam concentrate into the water, fol-
lowed by a constant cross-section portion with a conical

‘spreader which separates the stream of mixture in an' air

entrainment chamber. A further teardrop-shaped baffle is
required to control velocity of the fluid to achieve a more
uniform foam quality.

SUMMARY OF THE INVENTION

The invention reduces the difficulties and disadvantages
of the prior art by providing a rclativcly simple foaming

“apparatus which can be easily attached to an end of a water
bearing hose. The apparatus permits an accurately metered ~

supply of foam concentrate to be added to water flowing
through the hose, and immediately thereafter to be generated |
into foam within a length of discharge nozzle which is
sufficiently short to be easily handied by a single operator. In
this way, an operator can casily manoeuvre the foam gen-
erating nozzle, e.g. as a fire fighting nozzle, when in con-
fined spaces, and ‘has easy access to initiate or stop the .
supply of concentrate. If the foaming -apparatus is not
required, it can be easily removed from the hose. Preferably;
the supply of foam concentrate for this apparatus.can be
carried In a container which can be carried on the back of the
person holding the nozzle, preferably adjacent the hips so -
that the person’s back is free of obstruction to permit the
person to carry a breathing apparatus if required. In addition,
the invention is light-weight, easy to adjust for different .
capacities and has a relatively low production cost and thus
contraste with some of the prior art apparatus which are
cosily investments. -

Onc example of a foaming apparatus according o the

invention disclosed herein is for attachment to a water o
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bearing hose and comprises an eductor nozzle, delivery
manifold means and a foam concentrate conduit. While a
specific structure is- shown for the edector nozzle, other
eductor nozzles can be substituted to admit foam concentrate
into a flow of pressurized water to produce a foam/water

mixture. In addition, foam can be admitted into a flow of

pressurized water in a conventional firc fighting apparatus,
and agitation of the mixture can take place downstream
therefrom at an air entrainment nozzle provided with an
agitator apparatus according to the invention.

10

The agitator apparatus according to the invention gener- -

ates foam from a flow of pressurized water and foam
concentrate, and has an agitator body which comprises an

agitator jet orifice and a first step means. The agitator jet

~orifice comprises an-inlet jet opening and an outlet-jet
opening disposed in séries, and the first step means is located
between the inlet and outlet jet openings. The outiet jet
. opening is larger than the inlet jet opening and communi-

categ with the inlet jet opening to define a diverging passage

extending through the agitator body. Flow through the
agitator. jet ortfice passes across the first stcp means to

agitate the flow to enhance mixing and generation of foam.

Preferably, the step means has an abmpt edge to enhance

agitation, and the jet orifice is non-circular to provide a-

relatively long step edge when compared with the cross-

sectional area of the inlet jet opening. Preferably, the inlet jet-

opéning is an eélongated inlet slit having a width defined by
space between oppositely facing inlet slit side walls. - Simi-
larly, the outlet let opening is an elongated outlet slit having
a width defined by space between outlet slit side walls. The
width of the outlet let opening is gréater than the width of the

i5
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FIG. 3 is a rear elevation of a downstream side of a
foaming orifice of the invention;

FIG. 4 is a simplified section on line 4—4 of FIG. 3;

FIG. 5 is a simplified fragmcntcd section on line 5—5 of
FIG. 3;

FIG. 6 is a rear elevation of a downstream side of an
alternative foaming orifice.

DETAILED DESCRIPTION

FIGI

A fire fighter 10 is shown carrying a conventional water
bearing fire hose 12 and a fire fighting foaming apparatus 13.
according to the invenlion. The apparatus 13 includes a
foaming apparatus 14 according to the invention fitted to an
end of the hose 12, thc foaming apparatus comprising: a
mixing body 15 and a foam generating nozzle 16 fitted to the
mixing body. The fire fighting apparatus 13 also includes a
foam concentrate container 18 for carrying foam concentrate
liquid, the container having shoulder and waist straps 19 for
passing around the torso of the fite fighter to secure the
container adjacent the fire fighter™s back. A foam concentrate

- hose 20 extends from the container 18 to the apparatus 14 to

30

inlet jet opeming. The inlet and outlet jet openings are

aligned about a jet axis to define at least one step located -

between at least one inlet slit side wall and one outlet siit
side wall adjacent one side of the slit:

A method of generating foam from a flow of pre.ssunzed
water and foam concentrate comprises passing the flow
through a relatively small inlet jet opening and across at least
one first step edge into a relatively large outlet jet opening

communicating therewith to provide a diverging passage,

the step cdge augmenting agitation of the flow to produce a
foamed mixture. Preferably, the method further comprises
passing the fiow across the step edge which is relatively long

opening. Alse, the method further comprises passing the
" flow through the relatively small inlet jet opening defined by
at least one pair of Jaterally spaced apart parallél inlet slit

side walls, passing the flow through the relatively large

outlet jet opening defined by a pair of parallel outlet slit side
walls, and as the flow passes from the inlet jet opening to the

35

- when compared with cross-sectional area of the inlet jet -

45

outlet jet opening, passing the fiow across the step edge -

whick causes portions of the flow to move laterally out-
wardly across the step edge 1o agitaie the flow.

A detailed disclosure following, related to drawings,

" supply foam concentrate thereto which is mixed with water

from the hose 12 and cjected from the nozzle 16 as foarncd
water 21, or fire fighting foam_

As illustrated, the container 18 is mounted in a low
position on the torso, generally adjzcent the hips, to provide
room on the fire fishter’s back to carry breathing apparatus
or other accessories commonly used by fire fighters. Clearly,
if the fire fighter is not required to camry other equipment on
the upper portion of the back, an alternative and larger
concentrate container could be worn higher on the back, '
more as a conventional backpack, which would permit
carrying more foam concentrate if required. In any cvent, the
container straps are connected thereto 10 permit the con-
tainer to be carried on the fire fighter’s back. Also, preferably

" the comntainer is made from a liquid impermeable [abric,

which is resistant to chemical action of the foam concen-
trate, tO facilitate earrying on a person’s back. As the fabric
is relatively flexible, the container can.collapse as foam
concentrate is withdrawn therefrom, thus eliminating the
need for a breather opening. Altermatively, the container
could be rigid with a suitable breather or. vent to permit

'rcmoval of foam concentrate from the container.

FIGS. 2 and 2A
The mixing body 15 is generally T- shapcd and has amain -

" tubular portion 26 disposed along a longitudinal axis 27. An

inlet connector sleeve 29 is threaded adjacent an inlet end

- portion of the tubular portion 26 and has a male threaded
. portion 31 to cooperate with a complementary threaded

55

describes a preferred apparatus and method according to the

invention which are capable of expression in structure and
method oth::r than those particularly described and illus-
trated. :

BRIEF DESCRIPTION OF THE DRAWINGS

" FIG. 1. shows a fire fighter using a foam fire-fighting
apparatus according to the invention; .

FIG. 2 is a simplified, fragmented, longitudinal section
through a portion of the apparatus of FIG. 1;

65

FIG. 2A is a fragmented enlarged dﬂta.ll of a pomou of

FIG. 2;

connector on the end of the hose 12, shown in broken
outline. An outlet connector sleeve 33 is similarly threaded
on compiementary male threads at an outlet end of the

“tubular portion 26, and has a female threaded portion which

Teceives a male threaded portion 35 of a nozzle inlet portion
37 of the foam generating nozzle 16. The sleeves 29 and 33
cooperate with a water inlet port 30 and a mixture cutlet port
34 respectively, the ports 30 and 34 being at opposite ends
of the mixing body 15. The connector sleeves 29 and 33, the
main tebular portion the foam penerating nozzle 16 and

‘related structure are all axially alipned along the axis 27.

Thos, it can be seen that portions of the mixing body
adjacent the water inlet port 30 and the mixmre outlet port
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34 have releasable connecting means to releasably connect

hollow members thereto, e.g. inlet and ountlet sleeves and
equivalent members to discharge thercthrough in direction
of an arrow 38.

The body 15 has a foam concentrate condnit 40 extending
generally transversely from the axis 27 at 90 degrees thereto,
although the angle is not critical. The conduit 40 has an inner
portion threadedly secured to the main tubular portion 26,
and a male threaded outer portion 42 which releasably
conmnects to a complemenlary threaded sleeve connector at
an guier end of the concentrate hose 20, shown in broken
outline. The conduit 40 has a concentrate valve 45 compris-
ing a valve ball 47 which is reccived on a trancated conical
valve seat 49 to close a valve orifice 50 at an apex of the seat.
The main tubular portion 26 of the body 15 has a foam
concenirate inlet port 52 extending into a valve chamber 54
locaied between the valve seat 49 and the inlet port 52. The
port 52 receives foamn concentrate from the orifice 50 and the
hosc 20 as will be described. The ball 47 is free to move
within the chamber 54, and is displaced from the scat 49
when foam concentrate flows inwardly throngh the orifice
50 in direction of an arrow S5 to pase into the port 52. The
ball 47 is prevented from blocking the port 52 by a wire
spacer means 56 which holds the ball clear of the port 52, so
as to prevent blockage of the port 52. However, when fluid
in the portion 26 exerts a pressure outwardly in direction of
an arrow 58, the ball 47 is forced against the seat 49 and
prevents fluid flow outwardly therethrough. Thus it can be
seen that the foam concentrate conduit 40 communicates
with the concentrate inlet port 52, and the concentrate valve
45 is a one-way chieck valve to control fiow in the concen-
trate conduit. The valve 45 permits foam concentrate to pass
into the body 15, and prevents water from passing outwardly
from the body through the valve orifice 50, which effectively
also blocks the foam concentratc inlet port 52 against
ouiwards flow of water as will be described.

The foaming -apparatus 14 fariher includes an eductor
nozzle disposed within the body and extending between the
inlet and outlet ports 30 and 34, which ports receive water
from the hose and discharge a water/foam mixwre there-
through respectively, as will be deseribed. ‘The -eductor
nozzle kas an eductor inlet portion 64 adjacent and axially
alipned with the water inlet port 30, and an eductor outlet
portion 62 communicating with the eductor inlet portion 64,
along the axis 27 and located to discharge through the outlet
port 34. The eductor inlet portion 64 has a relatively short,
downstream-converging inlet side wall 70 having upstream
and downstream side wall portions 71 and 72 respectively
defining relatively large and relatively small openings. The
eductor outlet portion 62 has a relatively long, downstream-
diverging side wall providing an essentially unobstructed
diverging or expanding passage 68, with a downstream rim
66 defining an outlet of the eductor outlet poartion which has
a net cross-sectional area greater than cross sectional area of
an upstream opening of the outlet portion 62, defined by an
upstream rim 78. The inlet portion 64 is a relatively short
ring retained in place by the sleeve 29, and can be removed

'if needed, and has a size which is matched to the eductor
outlet portion 62 as will be described. The upstréam side
wall portion 71 merges smoothly with a similarfdy angled

side wall of an .inwardly extending rim 74 of the inlet -

conncctor sleeve 29, The downstream side wall portion 72
has a short cylindrical section 75 terminating at a down-
stream tim 76, which defines net area of the inlet port 30.
As best seen in FIG. 2A, the eductor outlet portion 62 has
the upstream rim 78 spaced axially downstream from the
downstream rim 76 of the inlet portion 64 by an axial
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manifold spacing 80. Thus, the eductor nozzle is character-

ized by a converging passage in the inlet portion 64 spaced -
upstream by the manifold spacing B0 from a diverging -
passage in the outlet portion 62. The manifold spacing 80

. provides an eductor suction port which is disposed between

the eductor inlet portion and the eductor outlet portion, and .
when water flows through the eductor nozzle, low pressure
or suction is generaled adjacent the spacing 80 1o indoct |
foam concentrate into the portion 62 as will be described.
The upstream rim 78 of the eductor outlet portion 62 has an

interpal diamcter 82, and the downstream rim 76 of the . -
eductor inlel portion 64 has an internal diameter 84. The - -

diameier 84 is smaller than the diameter 82 and is disposed .
concentrically therewith. For a discharge nozzle 16 havinga' -
nominal delivery capacity of 70 U.S. gallons per minute
(318 litres per minute), the internal diameter 82 of the outlet
portion upstream rim 78 is 0.500 inches (127 mms.), and the-
internal diameter 84 of the eductor inlet portion downstream
rim 76 is 0.450 inches (124 mms.). This. provides a differ- .
ence in diameters of 0.050 inches (2.6 mams.), which resnlts -
in a radial difference of 0.025 inches (1.3 nuns.). This radial

difference is relatively critical and alse defines radial thick-

ness of the annular spacing 80 between the downstream rim
76 and the upstream rim 78. The foam concentrate is ngually
mixed at a concentration ratio of about 1:100 of concen-
trate:water. This ratio is determined by various faclors, bul
particularly by size of the valve orifice 50 which can be .

about 0.0781 inches (1.984 mm) in diameter and the above ..

radial difference above between the eductor inlet and outlet
portion, i.e. 0.025 inches (1.3 mm), The spacing or suction
port 80 has an axial width of about 0.150 inches (7 B mms)
althongh this is not critical.

The mixing body 15 is hollow, and has a contimiously
extending, non-perforated, inner side wall 86 having a
generally central annular portion provided with a female
screw thread 88. The eductor outlet portion 62 has an outer :
side wall 90 spaced from an upstream portion of the inner
side wall 86 of the body to define an annular manifold
chamber 92 extending around a portion of the eductor

nozzle. A central portion of the outer side wall 90 of the 7

portion 62 has a male screw thread which can engage the
female screw thread 88 of the mixing body, so as to permit
insertion and removal of the cductor outlet portion 62 as
required. The anmular manifold chamber 92 communicates
with the foam concentrate inlet port 52 and the manifold
spacing 80, and thus comprises a portion of a delivery

manifold means for communicating the foam concentrate .

inlet port with the eductor suction port. While the concen-:.
trate port 52 is located on onc side only of the eductor

nozzle, because the manifold chamber 92 extends peripher- -

ally completely around the eductor suction port or manifold
spacing 80, foam concentrate can pass completely around
and surround the upstreaim rim 78 and thus is drawn into the
eductor outlet portion from all positions therearound.. Thus, -
the manifold chamber 92 serves as the manifold means 1o .

provide a penerally uniform distribution of foam concentrate .. -

into the eductor suction. port and thus into the nozzle itself . = -
to discharge therethrough as will be described. o
Engaging means 94 are provided adjacent the downstrcam
rim 66 to permit rotation of the eductor nozzle for insertion
and removal as required. Thus, it can be seen that the male
screw thread and the complementary female thread 88 serve

" as releasable connecting means to releasably connect the .

eductor outlet portion 62 to the body 5 so that the eductor-
outlet portion is removable from the body as required. It is
added that the removable inlet and outlet portions 64 and 62
are for manufacturing convenience only, and it is not antici-
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pated that the eductor inlet and outlet portions will be

changed by users in the field. To suit customer requirements,
matched eductor portions nozzles having different sized

passages can be shop installed within the body 15 for~

determining flow ratmg of the appdratus 14 as will be
described.

The foam gcncratmg nozzle 16 serves as an air entrain-
ment nozzle and, in some instances, resembles portions of
prior art air entrainment foaming nozzles. For example, the
nozzle 16 has a nozzle body 100 with the nozzle inlet portien
37 having the male threaded portion 35 releasably connected
to-sleeve 33 which in furn is connected 1o the mixing body
15 adjacent the outlet port 3 thereof for receiving the
mixture. The nozzle has a nozzle outlet portion 105 to
discharge the foamed water as will be described, the portion
105 having an internal diameier 106. The nozzle body also
has an intermediate portion 107 disposed between the nozzle
inlet and outlet portions 37 and 105, which serves as a
transition hetween the relatively small inlet portion 37, and
the relatively larger outlet portion 105. Thus, the interme-
diate portion has a truncated conical side wall to provide the
transition,the side wall having a plurality of air entrainment
openings 109 disposed therearound to entrain air into the
mixture passing through the nozzle.

The nozzle 16 also includes an agitator means ]11 for

agitating the mixture o produce the foamed waler, the -

agitator means being in accordance with a portion of the
present invention and having an agitator jet orifice 110
located generally adjacent the air entrainment openings in

the intermediate portion 107. As will be described, the °
agitator means has a disk-like agitator body 112 which has -
a circolar periphery 115 and is located against a comple-
mentary annular shoulder 113 extending around the nozzle

inlet portion 37, and is located immediately upstream of the
gir entrainment npenmgs 109

FIGS. 3,4 and §

As best seen in FIG. 4, the body 112 of the agimtor means
111 has a front or vpstream face 117 and a rear or down-

stream face 118, and axial distance between the faces defines

" thickness 120 of the agitator means. The faces 117 and 118
have an inlet jet opening 122 and an outlet jet opening 123
respectively, which are disposed symmetrically about the
longitudinial axis 27 passing through the centre of the

. agitator jet orifice 110, the axis 27 also serving as a jet axis.

10
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space between oppositely facing inlet slit side walls 136, two
only being desipnated in FIG. 3 and shown in FIG. 5.
Preferably, the inlet slit side walls 136 are parallel to each
other and disposed symmetrically on opposite sides of a

" radius, not shown, extending from the axis 27, and have

outer -ends interconnected by a straight slit end wall 138.
Also, the outlel jet opening 123 has a plurality of generally
similar elongated outlet slits 140 extending radially out-
wardly from the jet or nozzle axis 27, the outlet slits having -
a width 142 defined by a space between oppositely facing -
outlet slit side walls 144, two only being designated in FIG.
3 and shown in FIG. 5. The side walls 144 of each slit zre
interconnectad at outer ends by a-curved outlet slit end wall
139. While the inlet slit end walls 138 are straight and the

‘outlet slit end walls 139 are smoothly curved, this is not

-~ critical, and is for manufacturing convenience .and only

20

slightly changes peometry of the steps. Oné of the -prime
purposes of the jei orifice 110 is to provide a relatively long
length of sharp or abrupt step edges for a given overall
cross-sectional arca of the orifice 110. As can be seen in FIG.

" 3, the length of step edges provided by the sets of slit end

- walls of the orifice 110 is considerably less than the length
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The body 112 is integral, ie is in one piece for manufaciuring . '

convenience and maintaining registration, and the terms
upstream, downstream, inlet, and outlet refer to general
direction of flow through the agitator jet orifice in direction
of the arrow 38. The outlet jet opening is larger than the inlet
Jjet opening and communicates with the inlet jet opening to
define a single diverging passage 125 of the orifice 110
having 4 pair of generally similar, oppositely facing, first

steps 126 -which have sharp edges and are located on -

opposite sides of the orifice as best seen in FIG. 4. In
" addition, portions of the rear face 118 adjacent the outlet jet
opening provide a pair of generally similar, oppositely
facing, second steps 128 which are spaced further apart than

50
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' the first steps 126, thus further defining portions of the =

diverging passage 125 through the orifice 110.

As best seen in FIG. 3, the inlet jet opening 122 has a
‘plurality of generally similar elongated inlet slits 130
extending radially outwardly from the jet or nozzle axis 27
and disposed 1o define a symmetrical six-pointed star-shaped
pattern. The inlet slits each have a width 132 defined by

63

of step edges provided by the slit side walls, but all step
edges contribute to the overall purpose of -agitating the
mixture as it passes through the jet orifice. .

Referring to FIG. 4, portions of the slit end walls 138 and
139 are generally parallel to the axis 27. A transverse portion

146 extends between the inlet slit end wall 138 and the outlet

slit end wall 139 50 as to provide a “iread” portion of the first
step 124, the tread portion being disposed normally to the
axis 27. As best seen in FIG. 5, the inlet slit side walls 136

- and the outlel slit side walls 144 are generally parallel to

cach other and parallel to the axis 27. Also a transverse ~
portion 147 extends between adjacent inlet slit side walls
136 and outlet slit side walls 144 to define the first step 137

and js also a “tread” portion disposed normally to the axis - '

27. The outlet slit side walls 144 intersect the downstream
face 118 1o define relatively sharp edges of second steps 145.
The transverse portions 146 and 147 are generally coplanar

-and extend around the periphery of the orifice, and are also

in a plane paralle] 1o the upstream and downstream faces 117
and 118, and disposed at a mid-point between the plane.
Consequently, the inlet glit side walls 136 and the outlet slit
side walls 144 have respective axial depths and 150 which
arc equal 1o each other and equal to one-half of the width
120, and equal t0 undesignated axial depths of the slit énd -
walls. The transverse portion 147 has a width 151 which is
of a similar order of magnitude as the axial depths 148 and
150 although this is not critical and can vary with different
orifice sizes. The transverse portion 146 adjacent the end
walls of the slits has a variable width due to the curved outlet
slit end wall 139 and hat a maximum width equal to the
width 151, but this is gencrally wnimportant.-

Refemring to FIG. 5, the width 142 of the outlet slit is
preferably about twice the width 132 of the inlet slit, which

provides a theoretical angle of divergence of flow throngh

the arifice 110 as follows. A pair of inclined broken lines 152
interconnect edges of the first and second steps 137 and 145
on opposite sides of .a pair of slits, and an angle 153 is
sohiended by the lines 152 as shown. The angle 153 is.
dependent on relative sizes of the dimensions 148, 150 and
151 and can vary between about 45 and 90 degrees. Selec-
tion of the angle is also dependent to some extent on the
diameter 106 of the nozzle outlet portion 105. Thus, the
single diverging stepped passage 125 through the agitator jet
orificc is in fact a plurality of interconnected diverging

"elongated passages amanged as a six-pointed star, cach
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passage extending downstream and cutwardly from the
orifice into the nozzle body as will be described.

The axial and transverse portions of all the steps intersect
at a right angle of 90 degrees to define an edge of the
respective step. Clearly, all the slit side walls and slit end
wills are generally parallel to the jet axis, whereas the
transverse portions, hoth on the side walls and end walls, are
generally normal to the jet axis. The edges of the steps
should be relatively sharp, although (he actual angle
between adjacent side walls and transverse portions is less
critical, but should be within a range of between about 70
deprees and 90 degrees. It ¢an be seen that the relatively
short step edges of the first step 126 (defined by intersection
of the inlet slit end walls 138 and the transversc portions
146}, and the relatively long step edges of the first step 137
{defined by intersection of the inlet slit side walls 136 and
the transverse portion 147) together define a firsi step means
located between the inlet and outlet jet openings. Similarly,
the step edges of the second steps 128 and 145 defined by
intersections of the outlet slit end walls 139 and the agitator
body 112 together define second stcp means,

Clearly, referting 10 FIG. 4, a pair of lines, not shown but
equivalent to the lines 152 of FIG. 5§, which would inter-
comnect the first and second steps 126 and 128 respectively
adjacent the end walls of the slits would he at an angle
greater than the angle 153 of FIG. S, but this also is not
cxitical.

Dimensional aﬁd Operating Parameters

Certain aspecis of the invention have critical dimensions,
and the dimensions are dependent upon operating param-
cters of water flowing through the nozzle, c.g. primarily
volume flow.

The following description refers to a specific example
which has been tested and found 0 produce a foam that is
of at least cquivalent quality to other commercial foam
generating attachments and has been used to extinguish fires
of Class A and Class B standards, as specified by the U.S.
" Underwritcrs Laboratories. For a nozzle 16 having a dis-
‘charge flow of 70 U.S. gallons per minute (318 littes per

minuite) the diameter 82 of the eductor upstream rfim is as .

described previously, namely 0,500 inches (127 mms) and
teceives water from an downstream rim 76 having a diam-
eter 84, namely 0.450 inches (114 vums). The inlet conoector
sleeve 29 has a bore of 1,450 inches (368 mms) to receive
a standard coupling of a nominal 1.5 inches hose pipe. Such
ahose pipe is normally operated pressures of between about
60 and 120 PSI (413 and 827 kPa).

The agitator jet orifice 110 has a net cross-sectional area
determined by dimensions of the eductor nozzle, and is
based on minimum size of the orifice opening, i.e. size of the
inlet jet opening 122 which has a total cross-sectional area
of 0.306 sq. inches (197 sq. mms. ), which is the sum of six
. (6} radial inlet slits. Each diametrical pair of inlet slits has

. an overall diametrical length measured between the end
walls of about 0.850 inches (215 mms) and an inlet slit width
of about 0,125 inches (3.17 mms). The outlet jet opening 123
has a total area of 0.759 sq. inches (489 sq. mms) and each
diametrical pair of outlet slits has an overall diametrical
lenpgth measured between the curved end walls of about
1.192 inches (30.2 mms) and an outlet slit width of about
0,250 inches (6.3 mung). The transverse portion 147 of the
first step 137 of the side walls has a width of 0.063 inchcs
(1.6 mms) and the axial depths 148 and 150 of the side walls
are both 0.125 inches (3.17 mms).
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The foam generating nozzle 16 has an internal diameter
106 of 2.050 inches (52.07 mms) and an axial length of
about 20 inches (50.8 mms) following conventional practice.
Also, following conventional praciice, the total area of air
entrainment openings 109 equals approximately one-half of
the cross-sectional area ol the discharge nozzle outlet por-
tion 105. Thus, for a d1scharge nozzle having a cross-
sectional area of 3,300 Q- in. (21.29 sq. mms), the total area
of air entrainment openings - equals 1.570 sq. in. (1012.9 sq.
muus). Thus, for eight openings as shown, each opening has
a diameter of 0.500 inches (12.7 mms). '

Optimum performance for foam generation and water
flow is determined by the cross-sectional area of the agitator
jet orifice 110, and maxinmm velume flow rate through the
eductor nozzle 62. For the above jet orifice area of 0.306 sq.
inches (197 sg. mms), the maximum volume flow through
the eductor nozzle is 60 U.S. gallons per minule (270 litres
per minmute) which pencrates a suction at the spacing 80 of
about 26 inches (530 mm) of mercury. If the flow rate
through the eductor nozzle is increased beyond the maxi-
mum, the eductor nozzle will “choke™. Consequently, ¢ven
though the nozzle 16 is rated at 70 U. S gallons per minute, -
it is preferable to operate the eductor at less than that, e.g.
about 60 T1.S, galions per minute, to avoid choking of the
nozzle. When the nozzle chokes, pressure in the eductor
nozzle will be excessive and will cause water to “back-up™
into the valve chamber 54, thus forcing the ball 47 against -

the scat and closing the concenirate valve 45 thus preventing '

wailer from passing into the concentrate container and dilut-
ing the concentrate. Clearly, closing the valve 45 cuts off
supply of concentrate and prevents further generation of
foam which is immediately visible to the operator, who
could then make adjustments to reduce inlet flow and
pressure to re-establish foam generation. Steadily reducing -

“the flow rate from the maximum rate of flow of the nozzle,

reduces “throw’ of the nozzle to a condition where there is
insufficient suction at the spacing 80 to draw foam concen-

" trate into the stream. If there is insufficient suction, a smaller

eductor nozzle and cormresponding inlet nozzle ring 69
should be substituted, thus reducing rating of the nozzle:
Operation ‘
The mixing body 15 and associated inlet connector sleeve
29 and outlet connector sleeve 33 can be vsed at different
locations on a standard fire hose, e.g. at the beginning of the
hose generally adjacent the water source, at a mid-point on
the hose, or at an outer end of the hose adjacent the nozzle
as illustrated in FIG. 2. In general, most of the advantages
of the invention are obtained by locating the mixing body 15
and sleeves in combination with the foam generator nozzle
16 at the outer end of the hose and the following description
assumes this is the location. Clearly, if the mixing body 15
and sleeves 29 and 33 are located at any other position other
than the outer.end of the hose, the foam generating nozzle
16, complete with the agitator means 111, is connected to the -
outer end of the hose, and generates foam in a normal -
manner. The hose can be used in the normal manner to
deliver water, and can be guickly adapted to deliver foam as
follows. The male threaded portion 31 of the inlet connector
sleeve 29 is threaded into a complementary female coupling,
oot shown, on the end of the hose 12, Usually, the foam fire
fighting apparatus 13 is supplied completely assembled with
all the components as shown in FIG. 2. A fire fighter merely
has to ensure that the foam concentrate container 18 has
sufficient foam concentrate, and to connect the concentrate -
hose 20 to the foam concentrate conduit 40 using a threaded
coupling to cngage the male threaded portion 42. Water is . -
supplied at sufficient delivery pressure and fow rate as
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determined by the size of the eductor nozzle and agitator
orifice, passes into the water inlet port 30, and is discharged
as a generally parallel sided column of water or jet past the
downsiream rim 76 and into the eductor inlet portion 64. The
moving column of water passes across the manifold spacing
. 80 at a pressure sufficient to generate suction in the annular

12
concentrate into a flow of water to form a foam/water
mixture and passing the mixmre through a relatively small

- jet opening and across at least one first step edge into a

chamber 92 which serves as a pnrtlcm of the delivery ’

manifold means.
As described with erfercncc to FIG. 2A, there is a
relatively small difference in size between the npstream rim

internal diameter 82 of the eductor outlet portion 62, and the -
.downstream fm internal diameter 84 of the eductor inlet

portion 64. The difference in diameiers and the suction
generated by the column of water passing the spacing 80
entrains a thin layer or film of foam concentrate around the
outside of the column of water entering the eductor outlet
" portion 62. This:thin layer of foam concentrate encloses the
- column of water and is drawn along the side wall of the
diverging passage 68 and starts to be mixed immediately in
the column of water. A quick start of mixing is essential for
cffective operation of the invention as there is very linle
mixing length between the manifold spacing 80 and the
agitator means 111. Conscquently, it is essential that thor-

ough mixing is initiated in this short section, which contrasts -

with the prior art devices known to the inventor. It is
anticipated that severe agitation of the foam concentrate and
the water occurs as-the column of water leaves the eductor
outlet portion 62 into an expanded chamber portion adjacent
the outlet port 34, prior to passing through the jet orifice 110
of the agitator means 111, The jet orifices has a cross
sectional area which is much smaller than other openings
through- which water passes, and thus causes a temporary
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relatively large jet opening to agitate the mixture, followed -
by entraining air into the agitatcd mixture to generate the fire
fighting foam. Preferably, the mixtore is passed across a
plurality of step edges between the inlet and outlet jet
openings to provide a long length of edges around a rela-
tively small opening. Also after passing the mixture over the
first step edges, the mixture is preferably passed over second
step edges prior 10 entraining air therein. Because a circolar
opening has a minimum circumference for a given cross-

" sectional area of opening, to provide a step edge which is

rclatively long compared with the cross-sectional area of the -
inlet opening, the inlet and outlet jet openings are’ non-
circular. As a minimum, the inlet jet opening could be an.

- elongated inlet slit, and the outlet jet opening could be an

elongated outlet slit, with the inlet and ounflet jet openings
being aligned to defme at Jeast one step located between at
least one inlet side wall and one outlet side wall adjacent one

" side of the slit. As in all the arrangements described, the inlet

slit sideé walls and the ocutlet slit side walls are generally flat

- and disposed parallel to the jet axis aligned with the flow
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constriction and severe turbulence in flow passing throngh |

the agitator jet orifice 110.

The effectiveness of the foaming method of the present
invention is attributed to the severe turbulence being gen-
crated in the water/foam concentrate mixture as it passes
through the agitator means, in particular, as it passes over the
edges of the first steps 126 and 137 provided between the
inlet and outlet jet openings 122 and 123, and then the
second steps 128 and 145 against the downstream face 118,
It is assumed that a phenomenon -associated with fluid

35

direction to provide an aligned pair of parallel-sided laterally
elongated passages or slits separated-by a laterally elongated
step edge. It e¢an be seén that, as the flow passes from the
inket jel opening to the outlet jet opening, the flow passes
over or acroas the first step edge which causes portions of the
flow to move laterally outwardly acress the step edge to
agitate the flow. After passing the flow across the first step
edge, the flow is passed through the outlet jet opening and -

‘across a second step edge spaced laterally outwardly from

the fist step edge to enhance generation of foam. Air is
entrained into the flow during or afier passing the flow
across the step edges. Also, preferably the foam concentrate
is admitied into the mixture by -enclosing a moving column

- of water with a thin film of foam concentrate to form the

mixture.
Thus, it can be seen that the agitator means Comprises an

- 1inlet jet opening and an outlet jet opening, the outlet jet

dynamics, termed the “Coanda effect”, augments agitation

as the column of the water/foam coneentrate mixture com-
mences 10 “expand” upon entering the diverging passage

125 and passing through the inlet slit opening where it is

drawn first around the first step 126 and 137, and then into
the outlet slit where the mixture passes around the second

steps 128 and 145, immediately prior to being exposed to air -

- passing throngh the air entrainment openings 109.

It can be seen from FIG. 3 that the six radially aligned
pairs of inlet and outlet slits provide a considerable length of
-sharp edges for a relatively small cross-sectional area of
orifice. Thus, il is anticipated that a large portion of the
rclatively small cross-sectional area of mixture passing
through the agitator means is subjected to passing sequen-

tially over the two sharp edges of steps, which thoroughly

agitales the mixture in a very short length, Tmmediately after
the agitation, large volumes of air are supplied to assist in
generating foam, which can then expand inio the relatively
large nozzle outlet portion 105, The highly agitated foam is

discharged from the nozzle outlet portion over “throw™ - -

distances of approximately 90 feet (27.5 metres) for a
_delivery pressure of 70 PSI (490 kPa) and a flow rate of 70
U.S. gallons per minute (265 litres per minute).
Thus, in summary, it can be seen that the foam generation
method of the invention is characterized by admitting foam
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opening being larper than the inlet jet opening and commu-
nicating with the inlet jet opening to provide at least one
aligned pair of openings in communication with each other
to define a diverging passage. The step means is located
between the inlet and outlet jet openings, and flow through
the apitator jet opening passes ackoss the step means to
agitate the flow to enha.nce foammg '

Alternatives

s0

55
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The eductor nozzle of the present invention is shown with
axially alipned convergent and divergent passages in the
inlet and outlet portions 64 and 62 respectively. Adjacent

.and opposilely facing rims of the inlet and outlet portions are.

spaced axially "apart by a manifold spacing or eductor
suction port $0 which is located at the minimum cross-
section of the two passages. The nozzle portions could have
alterngtive non-tapered passages in the inlet and outlet
portions, that is the inlet and outlet portions could have
cylindrical passages, but in this alternative the passage of the

" inlet portion would be slightly smaller than the passage in

the outlet portion to provide space for a thin film of
concentrate to form around the column of water, as previ- -

‘ously described. Also, sizes of nozzles will vary depending

on the particular requirements, one example having been
shown for a fire fighting foam generating nozzle having a
nominal fiow of 70 U.8. gallons per minute, for use with an
eductor nozzle having a flow of 60 U.S. gallons per minute.

Smaller size nozzles can be used, for example, for a
nozzle having a nominal discharge flow of 30 1.8, gallons
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per minute (113 litres per minute), the eductor upstream rim
internal diameter 82 would be 0.305 inches (7.7 mm) and the
inlet portion downstream fim 76 would have a diameter 84
of 0.255 inches (6.5 mm). The agitator jet orifice 110 would
have a total cross-sectional area of 0.11 sq. inches (70.9 sq.
mm). For this size of nozzle, the six radial inlet slits of FIG.
3 are reduced to four radial inlet slits which are disposed at
nincty degrees to each other, i.e. from a six-pointed star 10
. a four-pointed star. In the altemative agitator orifice, each
diametrical pair of inlet slits has an overall diametrical
length measured between the end walls of about 0.500
inches (1.27 mm), and have an inlet glit width of 0.125
inches (3.2 mm). The outlet jer opening 123 hasa total
cross-scctional area of 0.222 sq. inches (143 sq. mm). Each
diameirical pair of outlet slits has a diametrical length
measured between the curved end walls of about 0.625
mches (15.87 mm) with an outlet slit widih of 0.25 inches
(6.3 mm). The transverse portion 147 of the first step 137 of
the side walls has a width of 0.062 inches (1.57 mm). The
alternative foam penerating nozzle 16 for 30 U.S. gallons
per minole has an intemal diameter 106 of 1.500 inches
(38.1 mm) and an axial length of ahout 14.5 inches (368.3
mm). This discharge nozzle has a cross-sectional area of
1.767 sq. inches (1140 sq mm) and the B air enrainment
openings would each have a diameter of 0.375 inches (9.5
mm). For the above jet orifice area of 0.110 sq inches (70.9
sq mm), the maximum volume flow through the eductor
nozzle is 20 U.S. gallons per minute (76 litres per minute).
Clearly, other sizes and shapes of jet orifices and appro-
priate eductor nozzle diameters and discharge nozzles diam-
eters can be devised by simple experiment. For manufac-
turing convenience, it has been found appropriate 1o provide
a complementary recess adjacent the shoulder 113 in the
nozzle intet portion 37 to receive the agitator body 112
having the appropriately sized agitator orifice, with the body
1312 having a constant thickness, irrespective of size of the
orifice opening. Consequently, as the orifice opcning
becomes smaller to match smaller flow rates throngh the
nozzlc, the angle 153 of FIG. 4 becomes cnrrespondlngly
smaller.
The two examples of dimensions described above relate
o fire fighting nozzles for attachment to a conventional fire
fighting hose pipe of a nominal 1.5 inches (38 mms) bore.
Advantages of the invention can also be obtained for use
with much smaller sized hose pipes, for example domestic
garden hoscs having nominal bores of about 0.5 inches (12.7
mmns). A nozzle of the present invention for use with such
pipes would be rated at approximately 3 U.S. pallons per
- mingte (11.3 litres per minute) and would require a corre-
spondingly mmch smaller eductor nozzle and agitator jet
orifice. For manufacturing convenience, due to the relatively
small size of the components, the eductor inlet and outlet
portions could have cylindrical passages, that is non-tapered
passages, and the agitator jet orifice would preferably have
no more than four radial inlet slits to form a four-pointed
star. The apitator jet orifice 110 would have a total cross-
sectional area of 0.175 sq inches (11.29 sq mms). Each
diametrical pair of inlet slits would have an overall diametri-
cal length measured between the end walls of about 0.200
inches (15,08 nuns), with an inlet slit width of 0.050 inches
(1.27 mms). The outlet jet opening would have a total
cross-sectional area of 0.050 square inches (32.26 square
mms). Each diametrical pair of outlet slits would have a
diametrical length measnred between the curved end walls
of about 0.300 inches (7.62 mms) with an ocutlet slit width
of 0.100 inches (2.54 mms). The transverse portion 147 of
the first step 137 of the side walls would have a width of

- Residential garden hoses can o
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0.050 inches (1.27 mms), and the axial depth 148 and- 150
of the side walls would be about 0. 100 inches (2.54 mms).
at waler pressures of
between about 30 and 60 PSI (207 and 414 kFa), and clearly
could have applications for spraying foaming garden. or -
household chemicals as well as fire-fighting foam.

As stated previously, it is believed that the effectiveness of. -

the foam generation aspect of -the present invention :is -
dependent upon providing a relatively long length of step

.edges for a given cross-sectional area of agitator orifice ..

opening. While the agitator means of FIGS. 3, 4 and 5 is

shown having six radial pairs of inlet and outlet slits . -

extending from the axis, clearly shape of the orifice can be -
changed depending on the size or diameter of the body of the

agitator means. Alternatively, in addition, the edges of the

steps can be provided with a “saw-tooth™ profile sc-as to
inerease considerably overall length of step edge for a given
size of inlet and outlet slits. This is shown in FIG. 6. )

FIG. 6

An alternative agitator means 155 has a disk-like agitator
body 156 and an agitator jet orifice 157 having four pairs of
inlet and outlet jet openings 158 and 159 respectively. One -
complete pair of an elongaied inlet slit 161 and aligned
elongated ontlet slit 162 is shown, with undesignated por-
tions of similar pairs of slits being shown on one side only
of a diameter of the body. While the mimber of pairs of inlet . .
and ontlet jet openings could be varied, and could be six as .

shown in the agitator means or eight or more, depending on™ .

the size, the major difference between the two apitator
means 111 and 155 relates (o the shape of the slit side walls
as follows.

The elongated inlet slit 161 of the inlet jet opening 158 -

“has a pair of oppositely facing inlet slit side wall 163 which .-

are provided with a plurality of small serrations resembling
saw teeth. An inlet slit end wall 165 disposed perpendicu-
larly to the inlet slit side walls 163 is similarly provided with
serrations. Similarly, the outlet slit 162 of the outlet jet
opening 159 has a generally parallel pair of elongared outlet
slit side walls 171 which are also provided with a. plurality
of fine serrations as shown. Similarly, the outlet slit 162 has
an outlet slit end wall 175 disposed perpendicularly to:the-
slit side walls 171 and is similarly provided with serrations.
The serrations are disposed generally parallel 1o the axis 27,
and extend the full depth of the respective slit side walls: A

flat transverse poriion 177 cxtends between the inlet skit side - B

walls and outlet slit side walls and normally to the jet axis,
not shown, o provide the inlet skl side walls with a first step
edge 179. Clearly, the step edge will be similarly serrated, . -
which will increase considerably the effective length of the
step edge compared with a straight step edge. It is antici-
pated that the effective length of the step edge is probably
doubled or tripled by the serrations, depending on the pitch
and depth of the sermations. Similarly, a rear or downstream
face 181 of the alternative agitator means 155 intersects the
outlet slit side walls 171 to provide second steps 183, which
are similarly serrated with a corresponding increase -in .

length over a straight side wall. A corresponding transverse . -

portion 185 extending between the slit end walls 165 and
175, and the face 181 also provide first and second serrated -

step edges adjacent ends of the slits. It can be seen that at . -

least one side wall of the alicrnative has a plurality of
serrations or teeth extending therealong to.increase overall :
length of the siep edge associated with the gaid side wall to .
enhance agitation of water flowing through the alternative

agitator means. The transverse portions 177 and 185 are
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coplanar and dlsposed mid- -way between fmnt and rear faces

of the agitator body 156.

Other means of increasing effective length of the step
means can be devised, e g third and if necessary fourth steps
can be provided expanding downstream in a manoer similar
to the first and second sieps as shown, which woild in
general require a greater thickness of agitator means. In any
- event, the last step of the agitator should be positioned
close]y adjacent and upstrcam of the air entrainment open-

ings, so as to obtain maximum benefit of aeration occurring -

immediately after the agitator orifice.

10

The agitator means is shown in use with a eductor npzzle - .
and an air entrainment nozzle, particulatly to generate fire

- fighting foam. Bxisting equipment 18 available which admits -

an accurate ratio of foam concentrate into a pressurized How
" of water, which then passes along a hose pipe to a foaming
nozzle having a jet orifice, and air entrainment openings.
Clearly, the agitator body using the jet orifice ol the present
invention could be substituted for the jet orifice in existing
fire fighting nozzles to provide the advantages of the present

" invention without requiring use of the specific eductor and

other structure as described herein )
The description above describes use of the invention to
_generate fire fighting foam Other uses are envisaged
wherein a foam concentrate for -other applications, e.g.
herhicide or insecticide spray in foam form, are envisaged.
This would likely require lower rates. of flow and delivery
pressures, which could he accommodated by scaling down
the invention, whilst still obtaining benefits of foam gen-
eration-in a relatively short spa.ce of mixing body and nozzle
combination as described.
© - We claim: .

1. An agitator apparatus for genﬂratmg foam from a flow
of pressurized water and foam concentrate, the agitator
apparatus having an agitator body comprising:

(a) an agitator jéi orifice comprising an inlet jet opening
in an upsiream -face of the body and an outlet jet
opening in a downstream face of the body, the openings
being disposed in series, the outlet jet opening being
larger than. the inlet jet opening and communicating
with the inlet jet opening to define a diverging passage

©  extending through the agitator body; and :

(b) a first step means having a relatively abrupt step edge
located between the inlet and outlet jet openings, 50 that
flow through the agitator jet orifice passes across the
first step means to agitate the flow w enhance mixing
and generation of foam.

2. An apparatus as claimed in ¢laim 1, in whlch

- (a) the step edge is relatively long when compared w1th
" cross-sectional area of the inlet jetr opemng .

3. An apparatus as claimed in claim 1, in which:

(a) the inlet jet opening is an elongated inlet slit having a
width defined by spacé between oppositely facing inlet
slit side walls,

{(b) the outlet jet opemng it an elongated outlet slit having
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a widih defined by space between outlet slit side walls,

the width-of the outlet jet opening being greater than the
width of the inlet jet opening, and

- {c) the inlet and outlet jet openinps are ahgned about a jet

- axis to define at least one step located between at least
one inlet slit side wall and one outlet slit side wall

adjacent one side of the slit, the step havmg an abrupt '

" step edge to enhance agitation.
4. An apparatus as claimed in claim 3, mwhmh
(a) the agitator body has upstream and downstream faces,
and axial distance between the faccs deﬂnes thickness
of the body, :

65
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(b) the outlet slit side walls intérsect the downstream face -
of the agitator body to provide second sieps having an
abrupt edge to enhance agitation.

5. An apparatus as clabmed in claim 3, in which:

(a) at least one side wall of the inlet slit side wall or oatlet
slit side wall has a pluralily of teeth extending therea~
long to increase overall length of the step edge asso-

- clated with said side wall to enhance "mixing "and
generation of foam.

6. An apparats as claimed in claim 1, in which:

(a) the inlet and outlet jet openings are non-circular, and

(b) the first step means has a step edge which is relatively
long when compared with cross-sectional area of the
inlet jet opening.

7. An apparatus as claimed in claim 6, in which

(a) the inlet slit side walls and the outlet slit side walls are
penerally flat and disposed parallel to a jet axis aligned
" with flow direction o provide an aligned pair of
- parallel sided laterally clongated passages scparated by
a laterally elongated step edge

8. An apparatus as claimed in claim 1 in which:

(a) the agitator jet orifice comprises a plurality of ioter-
connected elongated passages extending downstream
and outwardly away ifrom each other to define a nmlti-
pointed star.

9. An apparatus as claimed in claim 1 in which:

(a) the jet openings are alipned abont a Jet ‘axis passing
through the orifice;

7 (b) the inlet jet opening has at least one elongated inlet slit

extending outwardly from the jet axis, the inlet slit
having a width defined by space between oppositely
facing inlet slit side ‘walls;

(c) the outlet opening has at least one clongatcd outlet slit
extending outwardly from the jet axis and being aligned
with the inlet jet opening to define a pair of aligned:
slits, the outlet slit having a width defined by space

" between outlet slit side walls, the width of the outlet slit
of the pair of aligned inlet and outlet slits being greater
than the width of the inlet slit of the pair; and

(d) the aligned inlet and otutler openings of the said pair
have at least one step located between an inlet slit side
wall and an outlet slit side wall adjacent one side of the.
sHL.

10. An apparatus as defined in claim 9, in which:

(a) the width of the outlet slit is approximately twice the

" width of the inlet slit. .

11. An apparatus as claimed in claim 1 in which:

"{a) the step has an axial portion and a trangverse poirtion

meeting at an angle 10 define an edge of the siep, the
angle between approximately 70 and 90 dégrees.

12. An-apparatus as claimed in claim 11, in which:

{a) the agitator body has upstream and downstream faces,
and axial distance between the faces defines thickness
of the agitator body,

(b) the transverse portion of the step is disposed approxi-
mately midway between the upstream and downstream
faces of the body, so that the inlet slit side wall, which
defines the axial portion of the step, has an axial depth
generally equal to axial depth of the outlet slit side wall,
a!ld .

(c) the transverse portion of the step has a width which is

" of a similar order of magnitude as the axial depl;h of the
inlet and outlet slit side walls.

13. An apparatus as claimed in claim 11, in which:

(a) the axial’ portion is generally para]lcl to a jet axis
passmg through the orifice, .
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(b) the transverse portion is generally normal to the jet
axis; and '

(c) the step has a siep edge defined by a generally
perpendicular intersection between said axial and said
transverse portions of the step.

14. An apparatus as claimed in claim 1, further compris-

ing:

(a) an air entrainment nozzle having a nozzle body with
& nozzle inlet portion to receive the flow of water and
foam comcentrate, a nozzle outlet portion w discharge
foamed water, and an intermediate portion disposed
between the nozzle inlet and nozzle outlet portions, the
intermediate portion having at least one air entrainment
opening to entrain air into the flow passing through the
nozzie 10 enhance foam generation, and

(b) the agitator body is located within the intermediate
portion of the nozzle body and upstream of the air

10

18 ,
16. A method as claimed in claim 15 further comprising:
(a) passing the flow across the step-edge which is rela-
tively long when compared with cross-sectional arca of .
the inlet jel opening. - O
17. A method as claimed in claim 15, further comprising:
(a) passing the flow through the relatively small inlet jet -
opening defined by at least one pair of laterally spaced
apart parallel inlet slit side walls, .
(b) passiog the mixture through the relatively larper outlet -
opening defined by a pair of parallel outlet slit side
walls, and : ) )
(c) as the flow passes from the inlet jet opening.to the
outlet jet opening, passing the flow over the step edge .
which causes portions of the flow to move laterally
omtwardly across the step edge to agitate the flow.
18, Amethod as claimed in claim 15, further characterized .

entrainment opening. by: ) :
15. A method of generating foam from a flow of pressur- (a) after passing the flow across the first step edge, passing
ized water and a foam concentrate, the method comprising: the fiow through the outlet jet opening and- across a. -
(a) passing the flow through a relatively small inler jet second step edge spaced laterally outwardly from the-
Opening in an upstreamn face of an agitator body, and first step edge to enhance generation of foam.
across at least one first step edge into a relatively large 19. A metheod as claimed in claim 15, further characterized
outlet jet opening in a downstream face of the agitator o5 by:
body, the inlet and outlet jet openings communicating (a) entraining air into the How during or after passing the
with each other to provide a diverging passage, the siecp flow across the step edges o generate the foam.
edge being relatively abmipt to augment agitation of the : : :
flow. * 0k k k%



