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1

This invention relates to a method and ap-
paratus for discharging liquids under pressure
in @ fine spray containing a minimum of -droplets
of the liquid of appreciable size. The invention
is particularly applicable to the atomization of
self-propellant, self-atomizable solutions or emul-
sions -of the type disclosed in my co-pending .ap-
blications Serial Nos. 627,994 filed November 13,
1945, now Patent No. 2,494,793 and 686,426 filed
July 26, 1946, now abandoned, but likewise is
applicable to the spraying of any self-propellant
liquid, or any liquid which contains an expandable
or readily vaporizable component and is main-
tained in a container under suitable pressure.

The discharge of self-propellant liquids from a
container in which they are maintained under a
suitable pressure through a capillary tube, or
through a simple orifice, resulting in a simple ex-
pansion .of the liquid, or a component thereof,
is well known. Also, it has been proposed to
initially or primarily expand a liquefied gas into
an intermediate .chamber and then discharge the
liquid and gas resulting from such vreliminary
expansion from such chamber through a re-
stricted orifice directly ‘into the atmosphere,
thereby resulting in a secondary expansion of the
liquid and gaseous mixture as it is discharged
from the chamber into the atmosphere.

A single expansion resulting from the discharge
of the liquefied gas directly into the .atmosphere
through a simple orifice results in a spray con-
taining droplets of the unvaporized liquid of un-
even size. Also, a single atomization or expansion
requires a higher pressure to ensure that the
liquid stream will be broken up into droplets.

Aside from the danger attendant the use .of
high pressures in containers to be handled by the
general public, and the added expense in making
the containers strong enough to withstand a high
pressure, the use of high pressures is undesirable
in that to obtain them it is necessary that the
seli-propellant mixture contain s large propor-
tion of the liquefied gas, with the result that in
a container-of -4 given volume the self-propellant
liquid ‘will contain less of the material which it
is desired to spray. )

Where a second stage of expansion is utilized,
the pressure under which the liquefied gas is
maintained in the container also has to be un-
desirably high to obtain satisfactory atomization
of the droplets entrained in the initially expanded
liquefied gas, when such initially expanded mix-
ture of liquid droplets and gas is brojected into
the atmosphere or.other zone where the secondary
expansion takes place. .

10

15

20

30

35

40

45

50

55

2

Where secondary -expansion is utilized, satis-
factory atomization can be obtained only by hav-
ing the pressure in the zone of primary expansion
sufficiently high to overcome the dominating tend-
ency -of suspended droplets there combining with
one another-to form large droplets, and the tend-
ency ef similar droplets on the confining walls
coalescing to form a film of liquid. That results
in fhe necessity for storing the liquefied gas to
be sprayed under a high pressure.

I have found that liquefied gases and liquids

containing an expandable or readily vaporizable
component can be satisfactorily atomized into
fine sprays without the necessity of maintaining
them under undesirably high pressures by inter-
posing between the initial or primary expansion
and the final expansion into the atmosphere, a
single, intermediate, .additional expansion in an
expansion zone which is smaller than the zone
of primary expansion, thereby providing expan-
sion of the liquefied gas in three zones.
_.By providing such an additional, single, inter-
mediate zone of expansion, I have found that
satisfactory fine sprays of liquefied gas may bhe
chbtained even though the pressure under which
the liquefied gas is maintained in the storage
container does not exceed 20 Ibs. per square inch
gage pressure. ’

‘Thus, the present invention contemplates a
method and apparatus for spraying liquefied gases
and liquids containing a readily vaporizable com-
ponent involving a tertiary or triple expansion
of the liquefied gas, or.4 readily vaporizable com-~
bonent, the final expansion taking Jblace when
the gas, having successfully undergone primary
and secondary expansion, is sprayed into the at-
mosphere. )

“The invention will be further described in con-
nection with the accompanying drawings which
represent various forms of apparatus embodying
the invention and which may be used to obtain
the desired triple expansion of the gases.

In the drawings:

‘Fig. 1'1s a side elevational -view of a container
for a self-propellant Hquid ‘having a valved, triple
expansion discharge nozzle made in aceordance
with-the present invention,

Fig. 2 is an -enlarged longitudinal sectional
view of the nozzle of ‘the container of Fig. 1,
the valve being shown in its fully open position,

Fig. 3 is a view similar to Fig. 2 with the valve
shown in its fully closed position,

Fig. 4 is a view similar to Figs. 2 and 3 showing
the valve in an intermediate position, and

Figs. 5 to 10 inclusive are enlarged, more or
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less diagrammatic, longitudinal sectional views
through nozzles constructed to provide triple ex~
pansion of the gases in accordance with the prin-
ciple of the present invention.

Referring to the drawings, and first to Figs. 1
to 4, | designates a container for a self-propellant,
self-atomizable liquid, or for a liquid having a
relatively low boiling point which is maintained
in the container under a gas pressure and which
will at least partially evaporate and be atomized
on discharge through a restricted crifice. The
container 1 has a discharge nozzle N through
which the contents thereof are discharged and
atomized as hereinafter described. The dis-
charge nozzle, which may take various forms, is
adapted to provide for triple expansion of the
gases being discharged through it. . As shown in
Pigs. 2, 3 and 4, the nozzle is positioned at the
upper end of a discharge tube 2 and coraprises
an upwardly-extending neck portion 3 having a
threaded upper end 4 which is closed by an outer
end wall 5, except for a small outlet orifice 6
formed in the center of the end wall.

A partition T extends across the neck inwardly
from the outer end wall 5. A small opening 8,
having sharp edges, is formed in the partition
1, preferably in the center thereof, to permit flow,
under pressure, of the self-propellant liquid from
the discharge tube 2 and consequently from the
main body of the container {. The partition T,
the side wall of the neck 3, and the outer end
wall § form a chamber in which the self-propel-
lant liquid in the container is initially or pri-
marily expanded during discharge.

A valve cap § is threaded onto the threaded
end 4 of the neck and has its outer end closed
except for a small discharge opening 18, shown in
Figs. 2 to 4 inclusive as being in axial alisnment
with the outlet orifice 6.

A rubber or other readily compressible and ex-
pandable valve gasket 11 is interposed between
the outer end § of the neck and the inner sur-
face of the outer end of the cap 9. The compres-
sible valve gasket {1 has an opening 2 extending
axially therethrough in alignment with the out-
1et orifice 6 and the discharge opening {0 of the
cap 9. The opening {2 in the valve gasket 11
forms, when the valve cap 9 is unscrewed, a sec-
ondary expansion chamber as shown in Fig. 2,
and as hereinafter described, or, as shown in Fig.
4, cooperates with the outlet orifice 6 and the dis-
charge opening 10 to form a secondary expansion
chamber, also as hereinafter described.

When the valve gasket 11 is in a completely
expanded or uncompressed state, the diameter of

the opening 12 therein is greater than the diam- -

eter of the outlet orifice 6 and the discharge
opening i0 so that it forms a secondary expan-
sion chamber 15 of greater diameter than either
said orifice or said opeming, as shown in Fig. 2.

The size of the opening 8, the outlet orifice 6
and the discharge opening i8 is important. The
diameter of the outlet orifice 6 should be neither
substantially larger nor substantially smaller
than the discharge opening 10. Good results
have been obtained by so proportioning the diam-
eter of the cutlet orifice 6 so that its diameter
is from 90% to 120% of the diameter of the dis-
charge opening (0. The optimum size within

that range will depend to a large extent upon the 7

properties of the compound fo be sprayed, its
density, the pressure under which it is main-
tained within the container i, its viscosity, and
whether or not it is a solution or an emulsion.
As a general rule it is desirable that the diam-

10

15

20

25

30

35

40

4b

50

65

60

85

eter of the discharge opening (0 be greater than
the diameter of the outlet orifice 6. For eXam-
ple, the diameter of the discharge opening {0
may be from 0.01 inch to 0.03 inch, while the out-
let orifice § is slightly less.

Due to the fact that the liquid being sprayed
is partially evaporated and the gases expanded
in the chamber {3, with resultant increase in vol-
ume of the stream, the outlet orifice 6 and the
discharge opening 1§ both should be larger than
the opening 8, although the latter opening should
be sufficiently large to prevent clogging.

The primary expansion chamber 13 is larger
for low pressure and large gas volumes, and is
substantially larger than the secondary expan-
sion chamber formed by the opening 2 in the
valve gasket fi. Its shape may vary, but as a
rule it is desired to form it of such shape as to
prevent any rotation of the stream of liquid and
expanded gases passing therethrough about its
axis, as any rotation of the stream would tend to
collect more liquid on the walls of the chamber.

The secondary expansion chamber formed by
the opening (2 in the valve gaskeb {i is shown
in Figs. 2, 3 and 4 as being coaxial with the pri-
mary expansion chamber but it may extend at
an angle to the primary chamber, if desired.
As o matter of fact, an angular disposition of
the secondary expansion chamber relative to the
primary expansion chamber in some instances is
preferred, as an angular deflection of the stream
peing discharged may assist in the expansion of
the gases. However, this depends upon the par-
ticular characteristics of the liquid to be sprayed.
Forms of the invention in which the secondary
expansion chamber is angularly disposed - with
respect to the primary expansion chamber so
that an angular deflection of the stream being
discharged is obtained are described below. But
regardless of the angular position of the second-
ary expansion chamber to the primary expansion
chamber, it should be substantially smaller than
the primary expansion chamber.

The liquid to be sprayed is introduced into the
primary expansion chamber under a pressure
below its vapor-liquid equilibrium pressure,
whieh, in the case of a self-propellant, self-atom-~
izable liguid, will be developed by evaporation of
a portion of a liguefied gas component thereof,
and at a temperature above its vapor-liquid
equilibrium temperature. If the liquid to be
sprayed is a solution, the pressure may be only
slightly below the vapor-liquid equilibrium pres-
sure and the temperature thereof only slightly
above the vapor-liquid equilibrium temperature.
On the other hand, if the liquid to be sprayed
is an emulsion, the pressure preferably is con-
siderably below the vapor-liquid equilibrium
pressure and the temperature considerably above
the vapor equilibrium temperature.

In the case of self-propellant, self-atomizable
liquids, the deviation from the vapor-liquid equi-
librium is brought about in the rising tube 2, the
valve and the inlet orifice to the primary expan-
sion chamber. The larger deviation from the va-
por-liquid equilibrium which is desirable in the
case of emulsions may be obtained by using a
smaller rising tube, without reducing the size of
the inlet orifice to the primary expansion cham-
ber, as any reduction in the size of the inlet ori-
fice to the expansion chamber might make it so
small that it would clog.

Assume the container | to contain a body of
seif-propellant, self-atomizable liguid under a
pressure developed by evaporation of a portion
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of ‘& liquefied gas component thereof. When. the

nozzle valve-is opened by unscrewing the valve '

cap 9 to the position shown in Fig. 2, any liquid
in the primary  expansion chamber {3 is dis-
charged through- the outlet orifice 6 and dis-
charge opening 10 and that chamber emptied, due
to the fact that the orifice 6 and opening 19 are
of greater diameter than the opening 8. After
that, as the liquid passes from the body of the
container-through the opening 8§ into the primary.
expansion chamber {3, its velocity is greatly in-
creased and a constriction of the. flowing stream
oceurs, so that the effective diameter of the open-
ing 8 -is much smaller than the actual dizmeter
thereof.. Due to the increase in the velocity of
the stream flowing through the opening 8, a re-
sultant pressure drop occurs.and the liquid which
previously was at the boiling point, i. e., in a
state of equilibrium between the gaseous and
liquid phase, boils on euntering the primary ex-
pansion chamber 3.
tainer is a solufion, such bkoiling will be gquite
rapid and violent except for a small supersatura-
tion. If the liquid in the container is an emul-
sion, instead of a solution, such boiling is delayed
to some extent and a larger primary chamber. is
desirable. The boiling results in the vaporization
and expansion of a.very substantial portion of
the liquefied gas component of the liquid.

The passage of the flowing stream past the
sharp edges of the opening 8 into the primary
expansion chamber 13 causes eddy currents to be
set up as indicated by the lines 14 in Fig. 2, which
throw back into the flowing stream and tend to
break up any liquid droplets which are thrown
therefrom, so that such droplets do not coalesce
and form a film on the walls of the chamber.
The gas initially expanded in the primary ex-
pansion chamber 13, together with such droplets
as have not been gasified or atomized then passes
through the outlet orifice § into the secondary
expansion chamber {2 where the gas is subjected
to secondary expansion with gasification of any
of the entrained droplets which were not gasified
in the primary expansion chamber {3. The eddy
currents indicated by lines 15 in Fig: 2 which
are formed in the secondary expansion chamber
2 further assist in breaking up entrained drop-
lets in the manner indicated above with respect
to the eddy currents which are formed in the
primary expansion chamber 3. Such eddy cur-
rents and the change in direction of the portion
of the flowing stream, other than that in align-
ment with the outlet orifice 6, clearly aid in ob-
taining a spray of uniform particle size with the
use of relatively low pressures in the container.

After being subjected to secondary expansion
in the chamber (2, the expanded gases and any
entrained liquid droplets pass through the dis-
charge opening 10 into the atmosphere where
they are expanded to atmospheric pressure, with
resultant further atomization of any entrained
liquid droplets containing liquefied gas or a read-
ily vaporizable component.

Triple expansion, as just described, resulis in
substantially complete atomization of the liquid
discharged from the discharge opening {8,"and
gasification of the liquefied gas or any readily
vaporizable component of the liquid discharged,
with a minimum amount of pressure within the
container, and consequently with a minimum ex-
penditure of energy.

It is not necessary that the cap ¢ be unscrewed
to an extent such that the valve gasket i{ is in
its' fully- opened or uncompressed- position, as

If the liquid in the con-.

10

15

20

25

30

35

40

45

50

60

65

- are discharged to the atmosphere.

70

5

6
shown in Fig, 2, with the formation of a second«
ary expansion chamber having a diameter great--
er than the diameter either of the outlet orifice
6 or the discharge opening (90; By unscrewing

- the cap to a lesser extent varying results may.

be obtained, while still obtaining the benefits -of
a triple expansion of the gases. .

As shown in Fig. 4,-the cap has been unscrewed
to an extent such: that the walls defining the
opening 12 in the valve gasket substantially align
with the walls of the:outlet orifice § and the dis~
charge opening 0. When the outlet orifice 6 is
slightly larger or smaller than the. .dischargse
opening 8, the walls defining the opening in the
valve gasket (I may be appropriately tapered as:
shown at 16 in Fig. 4.

When the cap 9 is not unserewed sufficiently
to form an enlarged secondary expansion cham--
ber 12 of the character shown in Fig. 2, the pas-
sage defined by the walis of the orifice 8 and the
discharge opening 18 and the walls of the open-
ing 12 in the valve gasket form an elongated-
chamber in which secondary expansion of the

gases takes place. When the gases initially ex-

panded in the primary expansion chamber 13
enter such elongated secondary expansion cham-
ber, that portion of them adjacent the confining
walls at the inner end of the passage will have
eddy currents 7 set up in them, as shown . in
Fig. 4, which not only tend to throw back into-
the flowing stream any ungasified droplets so that:
such droplets do not coalesce into a -film-on the
walls .of the passage but also form a whirling -
body just within' the entrance to such passage
which causés a constriction which imparts a:
greater velocity to the central portion of the
flowing gaseous stream passing through its cen--
ter, with the result that a further drop in pres-
sure occurs.at that point with concomitant sec-
ondary expansion in that portion of the passage
from where the constriction cecurs to the outlet
end of the passage. In this case, as'in the case
described above, tertiary expansion.of the gases
and further gasification of entrained liquid drop-
lets occurs as the gases, secondarily expanded in
the elongated secondary expansion chamber, are
discharged into the atmosphere from the end of
the passage. .

. Where the secondary expansion of the gases
occurs in an elongated expansion chamber, as just
described, the length of the passage relative to its.
diameter is quite important if satisfactory ex-.
pansion. and atomization of the liquid to be
sprayed is to be obtained. The diameter of the
discharge opening I8 should be so proportioned
to the length of the passage that the number of
entrained droplets which strike the wall is insuf--
ficient to cause them to coalesce and form g film,
so that any droplets which do strike the wall are
swept by the flowing stream of gas, as individual
droplets, into the expanded gas which is sprayed:
into the atmosphere from the end of the dis~
charge opening 0. The length of the passage:
must be sufficiently great that the outlet end
thereof will be completely filled with gases which
have undergone secondary expansion before they
To obtain’
such results, the length of the passage should be
from two to four times its diameter, the criterion:
being that such passage should be long enough
to confine the eddy currents, but not-long enough-
to permit liquid droplets collecting along the con-
fining walls. By making the diameter of-the pas-
sage small and the length thereof within the:
limits - set - forth - above; recollection of droplets:
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along the confining walls is practically completely
avoided. Furthermore, the velocity of the flow-
ing stream is so high that any film which might
tend to form on the confining walls would be ex-
tremely thin.

If the length of the passage in which primary
expansion is obtained, as last described, is too
short, there would be a tendency for liquid to
creep down the nozzle on the outside therect
in spite of the air suction at this point. The
same result follows if the passage is made into
a long capillary tube or increased substantially
in diameter.

Tt is important that the gases not be subjected
to more than three stages of expansion. Should
a fourth stage of expansion be added, a greater
initial pressure in the container would be neces-
sary as the pressure drop per expansion would be
less. Any advantage which might be gained by
such a fourth stage of expansion would be offset
by the very fine entrained droplets coalescing on
the walls defining the zone of expansion preced-
ing the discharge of the spray into. the atmos-
phere, with resultant formation of larger drop-
lets which would be expelled into the atmosphere.
Furthermore, the greater the number of expan-
sion chambers, the greater is the chance of atom-
ized droplets coalescing by contact with each
other and forming larger droplets, which again
would require a further drop in pressure to re-
atomize them. )

The principle of triple expansion described
above in connection with the spraying nozzie of
Figs. 2 to 4 inclusive, may be applied to spraying
nozzles of various forms as shown in Figs. 5 to
10 inclusive. In each of those figures, the nozzle
is more or less diagrammatically shown and the
means for closing the nozzle is omitted. Exterior
or interior means of any kind may be utilized o
close the nozzle, or the passage leading thereto,
when spraying is not desired. :

The spraying nozzle shown in Fig. 5 is substan-
tially the same in operation as the nozzle of Figs.
2 to 4, when the cap 9 of the nozzle of those

figures is adjusted to the position shown in Fig. 4, -

that is, with the secondary expansion chamber
being defined by the aligned walls of the outlet
orifice 6, the opening 12 in the valve gasket !
and the discharge opening {0, except that the
primary expansion chamber is made longer, such
as is desirable when an emulsion is to be sprayed,
as described above.

In Fig. 5, the neck 20 terminates in a nozzle
tip 21, the upper surface 22 of which tapers in-
wardly and upwardly to a discharge orifice 23.

The neck 20 has a partition 24 extending across
it which is provided with an opening 25 through
which the contents of the container pass to enter
a somewhat elongated expansion chamber 26. A
passage 21 in this instance of uniform diameter
throughout its length connects the primary ex-
pansion chamber 26 with the discharge orifice 23
and forms a secondary expansion chamber. Ter-
tiary expansion of the gases decurs as the gases
secondarily expanded in the passage 21 are dis-
charged through the orifice 23 into the atmos-
phere.

The operation of the nozzle of Fig. 5 is the same
as described above in connection with the nozzle
of Figs. 2 to 4, when adjusted to the position
shown in Fig. 4.

The nozzle shown in Fig, 6 generally is the same
as that shown in Fig. 5, and similar parts are
designated by like reference characters primed,
the difference between the two forms being that
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th walls defining the secondary expansion cham=
per 27’ converge slightly in an outward direction. -
In other respects and in operation the two noz-
zles are the same, or substantially so. o

The nozzle shown in Fig. 7 also generally is the -
same as the nozzle of Fig. 5,-and in this figure
similar parts are designated by the same refer-
ence characters with the exponent a, the differ-
ences between the nozzle of this figure and the,
nozzle of Fig. 6 being that the walls defining the
secondary. expansion chamber 21a diverge out-
wardly slightly, and the primary expansion
chamber 26 is shorter, such as is used when solu-
tions are to be sprayed. The operation of the
nozzle is the same as the operation of the nozzle
of Figs. 5 and 6. o .

In Fig. 8 there is shown another nozzle which .
generally is similar to the nozzle of Fig. 5. In
this fisure parts similar to the parts shown in.
Fig. 6 are designated by the same reference char-
acters with the exponent b, the differences be~
tween the two nozzles being that the primary ex-
pansion chamber 260 in Fig. 8 is spherical, and
the opening 25b has the edges thereof rounded.
While ordinarily it is desirable to have the edges
of the opening from the confainer into the pri~-
mary expansion chamber sharp, as disclosed -in
the previously described figures, the edges may
be rounded when the primary expansion chamber
is spherical.

In all of the forms of the application so far
described the secondary expansion chamber has
been shown as being in alignment with the longi-
tudinal axis of the primary expansion chamber
and the opening from the container into the
primary expansion chamber. In Figs. 9 and 10
nozzles are disclosed in which the longitudinal
axis of the secondary expansion chamber is at an
angle to the longitudinal axis of the primary ex-
pansion chamber and the opening from the con-
tainer into the primary expansion charmber.

Except for the angular disposition of the sec-
ondary expansion chamber, the nozzle of Fig. 9
is similar to the nozzle of Fig. 8, and like parts
are designated by like reference characters with
the exponent c. .

In Fig. 10, the neck 38 is surmounted by an
upwardly and inwardly tapering nozzle tip 31
which has 2 conical projection 32 extending from
one side thereof and terminating in a discharge
orifice 33.

A partition 34 extends across the lower por-
tion of the tip 3f. 'The partition 34 has a small,
sharp-edged opening 35 for the passage of the
contents of the container info a primary expan-
sion chamber 36. An elongated passage 31, sim-
ilar, for example, to the elongated passage 27 of
Tig. 5, connects the primary expansion cham-
ber 26 with the outlet orifice 33.

The primary expansion chamber 36 is longi-
tudinally elongated and tfapers upwardly and
inwardly to the entrance to the passage 37. Such
upwardly and inwardly tapering -has the ad-
vantage of reducing the area of the walls de-"
fining the primary expansion chamber and tends
to make the nozzle self-cleaning with respect to
deposits from liquid films after repeated use.
The converging walls and decreasing diamefer
tend, by capillary force and surface tension, to
thin out any film that may be left on the walls
of the primary expansion chamber after a spray-
ing operation,

The secondary expansion chambers 2Tg and 381
of Figs. 9 and 10, respectively, preferably are
formed at an angle of from 30° to 60° to the longi-
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tudinal axis of the primary expansion chambers
26d and 38, respectively. When formed at such
an angle, an intimate mixing of coarser liquid
_droplets with the gases results which, in turn,
due to higher velocity and the second pressure
drop in the secondary expansion chamber, causes
considerably more of the liquid particles to be
broken up.

Even though the eddy currents formed in the
primary expansion chamber, as described in con-
nection with the nozzles of Figs. 2 to 4, do result
in most of the liquid droplets which are thrown
from the flowing stream being thrown back into
it, the initial pressure drop in that. chamber will
‘result in a number of the coarser droplets col-
lecting on the walls defining that chamber. Such
droplets agglomerate to larger drops which slide
along the walls to the outlet from that chamber
into the secondary expansion chamber and are
not. completely atomized. When the secondary
expansion chamber is positioned at an angle to

~the primary expansion chamber, as shown in
Figs. 9 and 10, better atomization is obtained as
_deflection of the high-velocity flowing stream as
it enters the secondary expansion chamber causes
it to break up the larger drops of liquid into a
. fine mist. i

The relative sizes of the openings in the par-
tition separating the main body of the container
from the primary. expansion chamber, the en-
france to the secondary expansion chamber and
the final discharge orifice in the nozzles of Figs.
5 to 10 will be within the limits described above in
connection with the nozzles of Figs. 2 to 4.

In the nozzles shown.in Figsg, 5 to 10, the tapered
end of the nozzle tip adjacent the final discharge
orifice preferably is maintained at an angle less
than 135° to the longitudinal axis of the secondary
expansion chamber in order to obtain air suction
at that point and to confine the atomized spray
within desired limits.

Regardless of the angular position of the sec~
ondary expansion chamber with respect to the
primary expansion chamber, the present inven-
tion enables a larger discharge orifice into the
atmosphere to be used because less pressure
in the container is necessary, When the sec-
ondary expansion chamber is at an angle to the
primary expansion chamber, as shown in Pigs. 9
and 10, the greater expansion of pressure due to
the deflection of the flowing stream enables the
final discharge orifice to be still larger.

The prineciple of triple expansion of gases or
vapors described herein may be applied to various
liquids which either are self-prepellant, or which
are maintained under suitable pressure and which
contain a relatively low boiling liguid component
which will boil and vaporize as .a result of the
pressure drop which ensues when the liguid is
sprayed into any atmosphere. Typical of such
liguids which may be sprayed are emulsions or
solutions of fungicides, parasiticides, fumigants,
meoth-proofing agents, deodorants, perfumes, cel-
lulose derivative compounds, paints, lacquers,
enamels, rust-preventive oils, detergents, impreg-
nating compounds, lubricants, polishes, dyes, rub-
ber solutions, oils, ete.

Various changes may be made in the details
of the method of obtaining the triple expansion
of the gases or vapors and in the form of the
nozzles used for obtaining such triple expansion
of the gases or vapors without departing from the
invention .or sacrificing any of the advantages
therect.

I claim:

1. An atomizing nozzle for liquids under pres-
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sure comprising a.body member having a passage
therethrough, a partition across said body mem-~
ber having an opening therein forming a part
of said passage, an end portion closing the outer
end of said body member except for an outlet
orifice, a primary expansion chamber formed in
said passage between said partition and said out-
let orifice, closing means for said passage includ-
ing a cap member mounted on said outer end
portion, said closing means having a discharge
opening therein and being movable relative to
said body member t6 close and open the outer
end of said passage, and a secondary expansion
chamber between the primary expansion cham-
ber and the outlet from the discharge opening
of the closing member. )

2. An atomizing nozzle for liquids under pres-~
sure comprising a body member having a passage
therethrough, an end portion closing the outer
end of said body member, except for an outlet
orifice, a primary expansion chamber formed in
said passage, a compressible valve gasket at the
end of said body member, said valve gasket hav-
ing an opening theérein forming a continuation
of the passage through the body member when
the valve gasket is in a free, uncompressed state,
and a cap overlyitig said valve gasket, said cap
having an opening therein, the opening in said.
cap and the opening in the valve gasket being in
alisnment with the outlet orifice in the end por-
tion - of the body member, said cap having
threaded engagement with said body member
whereby the valve gasket can be compressed to
fully or partially close the opening therein by
relative movement of the cap on the body mem-
ber, the outlet orifice from the body member, the
opening in the valve gasket and the opening in
the cap member forming a passage, when the
valve gasket is in a stafe in which it is not fully
compressed, having a length between about two
and four times its diameter, whereby gases pri-
marily expanded in the primary expansion cham-
ber are secondarily expanded in said last-named
passage before passing from the outlet orifice of
the nozzle to the atmosphere.

3. An atomizing nozzle for liquids under pres-
sure comprising a body member having a passage
therethrough, and end portion closing the outer
end of said body member, except for an outlet
orifice, a primary expansion chamber formed in
said passage, a compressible valve gasket at the
end of said body member, said valve gasket hav-
ing an opening therein forming g continuation
of the passage through the body member when
the valve gasket is in a free, uncompressed state,
and a cap overlying said valve gasket, said cap
having an opening therein, the opening in said
cap and the opening in the valve gasket heing
in alignment with the outlet orifice in the end
portion of the bedy membker, said cap having
threaded engagement with said body member
whereby the valve gasket can be. compressed to

fully or partially close the opening therein by

relative movemsnt of the cap on the body mem-
ber, the opening in the valve gasket, when the
valve gasket is in a free, uncompressed state,
being larger than either the outlet orifice in the
outer end of the body member or the opening in
the cap, and forming a secondary expansion
chamber in which gases primarily expanded in
the primary expansion chamber are secondarily
expanded before passing from the nozzle to the
atmosphere.

4. The method of spraying a self-propellant
liquid comprising a normally-liquid material to
be sprayed and a liquefied gaseous component
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which on vaporization atomizes the normally-
liquid material, which consists of maintaining the
liquid under pressure generated by vaporization
of a portion of the liquefied gaseous component
thereof, discharging liquid maintained under said
pressure into a primary expansion zone, sub-
stantially reducing the pressure on the Iiquid and
primarily expanding the major portion of the
liquefied gaseous component thereof, and simul-
taneously vaporizing the major portion of the
- liquefied gaseous component and atomizing the
liquid in the primary expansion zone, substan-
- tiallv immediately thereafter discharging the pri-
marily-expanded vapors or gases and entrained
liquid vparticles into a secondary expansion zone
at g still lower pressure with further vaporization
of the liquefied gaseous component and secondary
exvansion of vapors or gases of the flowing
stream and concomitant further atomization of
the normally-liouid material, and finally dis-
charging the secondarily-expanded vapors Or
gases and entrained liquid particles from the

secondary exuvansion zone directly into the sur-’

roundine etmosphere with still further reduction
of pressure.

5. The method of claim 4 in which the pri-
marily-expanded vapors or gases and entrained
liquid particles are discharged from the primary
expansion zone into & secondary expansion zone
of smaller volume to obtain more rapid flow of

" the vapors or gases and entrained liquid particles
and thereby prevent re-coherence of liguid
particles.

6. The method of claim 4 in which the liquid’

material is an emulsion and is introduced into
the primary expansion zone at a pressure sub-
stantially below its vapor-liquid equilibrium pres-
sure and substantially above its vapor-equilibrium
temperature at normal temperatures.

7. The method of spraying a self-propellant
liquid comprising a normally-liquid material to
be sprayed and a liquefied gaseous component
which on vaporization atomizes the normally-
lignid material, which consists of maintaining
the liquid under pressure generated by vapori-
zation of a portion of the liquefied gaseous com-
ponent thereof, discharging liquid maintained
under said pressure into a primary expansion
zone with substantial reduction of pressure and
with resultant substantial vaporization of the
liquefied gaseous component and primary expan-
sion thereof and concomitant atomization of the
normally-liquid@ material, almost immediately
thereafter discharging the primarily-expanded
vapors or gases and entrained liquid particles
into g secondary expansion zone at a still lower
pressure with further vaporization of the lique-
fied gaseous component and secondary expansion
of vapors or gases of the flowing stream and
concomitant further atomization of the normally-
liquid material, and finally discharging the sec-
ondarily-expanded vapors or gases and entrained
liquid particles from the secondary expansion
zone directly into the surrounding atmosphere,
the discharge of the primarily-expanded vapors
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or gases and entrained liquid particles from the
primary expansion zone into the secondary ex-
pansion zone being at an angle to that at which
the material flows into the primary expansion
zone.

8. The method of claim 7 in which said angle
is from about 30° {o 60°. .

9. An atomizing nhozzle for a container for
liquids under pressure comprising a primary ex-
pansion chamber for partial vaporization and
primary expansion of the liquid, a passageway
through which liguid is introduced into the
primary expansion chamber, a secondary expan-
sion chamber having a discharge opening there-
from directly to the surrounding atmosphere, and
a passageway directly connecting the primary
expansion chamber with the secondary expansion
chamber, the discharge opening from the second-
ary expansion chamber to the surrounding at-
mosphere having a diameter of from 0.01 inch to
0.03 inch, the passageway between the primary
expansion chamber and the secondary expansion
chamber having a diameter from 90% to 120% of
the diameter of the discharge opening from the
secondary expansion chamber to the atmosphere,
and the passageway through which liquid is in-
troduced into the primary expansion chamber
being smaller than the discharge opening from
the secondary expansion chamber to the atmos-
phere and the passage from the primary expan-
sion chamber to the secondary expansion cham-
ber.

10. An atomizing nozzle as set forth in claim
9 in which the passageway leading to the primary
expansion chamber terminates with a sharp edge
to assist in the formation of eddy currents in
the primary expansion chamber.

11. an atomizing nozzle as set forth in claim
9 in which the primary expansion chamber is
larger than the secondary expansion chamber.
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