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1

The present invention relates to atomizing noz-
zles, and is particularly concerned with atom-
izing nozzles adapted to be used for oil burners
and the like.

One of the objects of the present invention is
the provision of an improved atomizing nozzle
for oil burners that is adapted to be manually
adjusted as to its capacity within the range of
* the maximum and minimum burning rates of the
oil burner, and which also may be employed for
automatically controlling the flow through the
nozzle responsive to certain variable factors, such
as, for example, the temperature or the pressure
of the liquid fuel supplied to the nozzle.

Another cbject of the invention is the provi-
sion of a nozzle or atomizer for liquids, the dis-
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charge spray of which is adjustable as to its flow -

capacity to the proper flow for a predetermined
number of different sizes of combustion chambers
or furnaces, whereby the same nozzle may be
used upon installations of different sizes, and it
is not necessary to keep in stock nozzles of dif-
ferent capacities.

Another object of the invention is to provide
an improved nozzle by means of which the flow
of oil through the nozzle in pounds of il per hour
may be automatically maintained substantially

constant, even though the temperature of the oil.

flowing through the nozzle increases or decreases
throughout a predetermined range.

Another object of the invention is the provision
of an improved atomizing nozzle, the housing
parts of which may be provided with interchange~
able parts for doubling or changing the discharge
capacity of the nozzle by merely substituting one
part for another.

Another object of the invention is the provision
of an improved atomizer or nozzle in which the
amount of machine work and threading is re-
duced to 2 minimum, thereby reducmg the cost
of manufacture.

Another object of the invention is the provision
of an improved atomizing nozzle, with which it is
not necessary to use tools to assure the proper
tightness between the nozzle tip and the plug,
this condition being automatically maintained by
the structure of the nozzle.

Another object of the invention is the provision
of an improved nozzle in which perfect align-
ment is achieved between the nozzle tip and the
nozzle plug which engages it by means of a suit-
able clearance, permitting an automatic concen-
tric adjustment between these parts, and by
means of the application of a suitable resilient
pressure driving the plug into concentrie position.
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Another object of the invention is the provision
of an improved atomizing nozzle which has in-
cluded in it as a unit a rigid strainer or filter
of such fine mesh, the passages of which are
formed to a size approximately one-half of the
size of the sniallest oil groove, to assure the filter-
ing out of all solid matter that might tend to
clog the feeder grooves, the strainer being made
in single or multiple stages, as desired.

Another object of the invention is the provision
of an improved atomizing nozzle unit which in-
ciudes as a part of it a relatively fine mesh
strainer adapted to assure the straining out of
all particles that might clog the nozzle and also
adapted to perform the function of a thermostat
for regulating the oil discharge capacity of the
nozzle.

Another object of the invention is the prov1s1on
of a plurality of improved forms of atomizing
nozzles, which are simple in structure, adapted
to be manufactured economically, with a mini-
mum number of machine operations, interchange-
able as to their parts, manually or automatically
adjustable in flow capacity, and adapted to be
used for a long period of time without necessity
for repair or cleaning operations.

Another object of the invention is the provision
of an improved atomizer for oil burners having
a self-cleaning arrangement which automatically
opens the smallest portions of the oil feeder
grooves when the oil pressure is cut off, and auto-
matically closes them when the pressure is again
applied, thus allowing the oil which flows through
the larger portion of the grooves to wash or flush
out any dirt particles which may have become
lodged in the smaller portions of the grooves.

Another object of the invention is the provision
of an improved atomizing nozzle for oil burners
or the like which is adapted to maintain a con-
stant flow through the nozzle in pounds per hour
automatically, irrespective of any increase or
decrease in the head pressure of the fuel applied
to the nozzle between predetermined minimum
and maximum pressures which may be expected
in the operation of oil burners.

Other objects and advantages of the invention
will . be apparent from the following description
and the accompanying drawings, in which simi-
lar characters of reference indicate similar parts
throughout the several views.

Referring to the single sheet of drawings: -

Fig. 1 is an axial sectional view taken through
an oil burner nozzle constructed according to the
invention; _

Fig. 2 is an end elevational view of the nozzle,
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taken from the left end of Fig. 1, on the plane of
the line 2—2;

Fig. 3 is a transverse sectional view, taken on
the plane of the line 3—3 of Fig. 1, looking in the
direction of the arrows.

Referring to Fig. 1, this is an axial view of a
nozzle embodying the invention, in which the ini-
tial rate of flow of the nozzle may be adjusted,
but the nozzle is also provided with thermostatic
means for varying the rate of flow in accordance
with the temperature of the liquid fuel passing
through the nozzle, and with pressure responsive
means for withdrawing the adjustable plug when-
ever the pressure is removed from the liquid fuel
in the nozzle, thus opening up the grooves to per-
mit the removal of solid particles by a subsequent
flushing operation, which also takes place auto-
matically, as will be further described.

In this nozzle the cap 12 is carried by a cylin-

drical housing 80, having a noncircular portion .

81 provided with an axial threaded inlet opening
82. The nozzle tip 83 has a conical inner face 84
provided with the tapered grooves 85. A cylin-
drical discharge orifice 63, ending in a frusto-
conical spray-directing surface 64, is employed;
and the nozzle tip is mounted in a cylindrical
bore 33 against an annular surface 32. The fixed
plug 86 forms a part of an assembly which is
spring-pressed toward the nozzle tip 83 by means
of a compression spring 87 engaging an annular
shoulder 88 on the inside of the housing 80.

The spring 87 is a relatively stiff and short
spring of such length that it allows the cap 12 to
enter a few threads of the housing 80 before com-
pression is applied; but when the housing 80 is
threaded home on the cap 12, full compression is
applied to the spring 81, which maintains the
nozzle tip in its socket and urges the fixed plug
toward the nozzle tip in concentric alignment.

The fixed plug 86 has an external cylindrical
guide surface 89 which is slightly smaller than
the bore 90 in the cap 12, thus permitting the
conical end of the plug 86 to center itself in the
conical depression which is provided by the sur-
face 84 of the nozzle tip 83 under the influence
of spring 81. At its left end fixed plug 86 has a
frusto-conical surface 43. It also has a central-
ly located cylindrical bore 49 for receiving the
movable plug 91. :

Movable plug 91 has a cylindrical shank 52 slid-
ably mounted in the bore 49, a frusto-conical sur-
face 43, and a partially spherical depression 57
at its left end. At its right end adjustable plug
91 has a threaded portion 92, the end of which
is slotted at 93 to receive a screw driver.

The movable plug 91 also includes an annular
thrust member 94 spaced from the main body 86
of the plug and supported on the adjustable plug
81 by being threaded on the threads 92. The
plug 86 and annular supporting member 94 are
joined by a pressure responsive bellows 95. Each
of the cylindrical end portions 96, 87 are soldered

to complementary annular shoulders 98, 98 on-

the plug 86 and annular supporting member 94,
respectively. :

A compression spring (00 surrounding the
shank of adjustable plug 81 has one end engaged
against the end of plug 86 and the other end en-
gaged against the annular supporting member 94,
thus tending to urge the adjustable plug 91 to-
ward the right.

The fixed plug 86 also has a reduced cylindrical
portion 101 for receiving the end of the tubular
thermostatic member (02 which has its left end
seated against an annular shoulder on the plug
86.
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Tube 102 is preferably made of some metal
having a high coefficient of thermal expansion,
which is also true of inner tube 103, having its
right end butting against the annular shoulder

. 104 on the annular supporting member 94. The

intermediate tubular member 105 between the
tubes 102 and 103 is preferably made of mate-
rial having a relatively low coefficient of thermal
expansion, such as steel, and it has its right end
soldered or welded to the outer tube 102 at 106
and its left end welded at 187 to the inner tube
103.

A thrust ring of Z-shape in cross-section is in-
dicated at 108, and it has its outer annular
flange brazed, ‘soldered, or welded to the two
tubes 102, 105 at 106. This thrust member (08
is formed with a cylindrical recess 140 forming
a recess for the spring 81 and with an inwardly
projecting annular flange 1i{ serving as a seat
for the spring 81. .

Spring 81 is not attached to the thrust mem-
ber, but this end of the plug assembly can be
moved toward the left and right, depending upon
the expansion of the thermostatic tubes {02, 103
under the influence of the temperature of the oil
passing through the nozzle. This leaves the ther-
mostatic elements 102, {85, 103 free to react
against the plug 86 and against the annular sup-
porting member 94, against the pressure of
spring 81, to withdraw the adjustable plug 91
from its seat to adjust the rate of flow of the
nozzle thermostatically.

It should be understood that any number of
brass and steel tubes may be employed in making
the compound thermostat, provided they are ar-
ranged as shown to cause the expansion of the
brass tubes, as differentiated from that of the
steel tubes, to add up.

The outermost brass tube 102 may again be
provided with threads 21, and the longitudinally
extending grooves 22 and 23 which serve as con-
duits leading the liquid to these threads which act
as a filter.

The purpose of the bellows 95 is to permit the
application of pressure to the annular member
94 and adjustable plug 94, urging the adjustable
plug 91 into such seating position as is permitted
by the thermostats 102—103 only when there is |
pressure on the oil.

‘When the oil burner is shut off and the pres-
sure on the oil is relieved by passing out of the
nozzle opening, the reduction in pressure on the
right end of the annular supporting member 94
and adjustable plug 91 permits the spring 100 to
act to separate the part 94 from the part 86, thus.
withdrawing the adjustable plug 91 from its seat
and opening the smallest portion of the grooves
85. This causes the nozzle to suck a small
amount of air into the grooves, and when the
burner is again turned on, and pressure is ap-
plied to the oil leading to the nczzle, this pres-
sure acts upon the projected area of the members
94 and 81, causing the bellows 95 to collapse
against spring pressure 100, but before this hap-
pens a small amount of oil has been forced
through the open grooves, flushing out any solid
particles which may have lodged in the smallest
portion of these grooves and effecting a self-
cleaning operation.

As the only part of the nozzle which is apt to
be clogged with solid particles is the smallest
part of the groove, this will automatically main-
tain the oil feed grooves in a clean condition.

Another feature of the thermostat 95 is that by
providing a spring 100 of proper size and pressure,

[}
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this spring will move the adjustable plug 81 away
from the nozzle tip 83 upon decrease of pres-
sure, and will allow approximately the same flow
In pounds of ofl per hour to flow through the
burner when the pressure is reduced as it would
for the correct measure.

For example, the burner may be adjusted to
burn properly at about 125 pounds per square
inch. Then if the head pressure drops, the move-
ment of the adjustable plug 81 will allow the
grooves to pass the same amount of fuel in pounds
and B. t. u’s because retraction of the fixed
plug increases the effective size of the feed
grooves. Thus the present nozzle may be regu-
lated responsive to the oil pressure between a
minimum of 80 pounds per square inch and a
maximum of 125 pounds per square inch to main-
tain substantially constant fiow of fuel, even
though the pressure on the oll drops off.

The present nozzle is, of course, also adjust-
able as to its initial rate of flow, and this adjust-
ment is made by applying a screwdriver at the
slot 83 and turning the adjustable plug 91. A
turn in a clockwise direction will reduce the
rate of flow, and a turn in a counter-clockwise
direction will increase it.

A cap (12, which is screwed on the threaded
end of 92 of the adjustable plug 91, serves both as
a lock nut and to prevent leakage, and is also
provided with a slot 113 for receiving a Screw-
driver.

The operation of the present nozzle is as fol-
lows: Oil is filtered through the fine threads 21 by
passing in at the conduits or slots 22 and out of
the slots 28 in the threads of tube {02, which
also serves as part of the thermostat. By hav-
ing the compound thermostat detached at each
of its ends from the fixed plug 86 and annular
member 94, but spring-pressed against should-
ers by the spring 871, this permits the bellows
95 to act upon the movable plug 91 also, except
that the compound thermostat limits the clos-
ing action of the movable plug 81.. The thermo-
stat does not limit the opening action of the
movable plug 91.

The oil passing through the filter 102 goes into
the annular space 24 and through the clearance
between the cylindrica)l surface 88 and the bore
90 into the annular space 4. From there it
passes through the tapered grooves 8§ in the noz-
- zle tip 83, and when the parts are in the posi-
tion of Fig. 1 the effective size of the grooves
85 is the smallest end which is determined by
the position of the cut-off edge Ti on the mov-
able plug 91.

Ag the plug 91 is retracted the effective sizes of
the grooves 85 become greater. While only two
such grooves are shown, three or four, or any
number, may be employed, and I preferably
employ a multiplicity of relatively fine grooves
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rather than a few large grooves, to secure a more .

perfect atomization.

The oil discharges from the small end of the
grooves 85 with the nozzle action, tangentially
into the whirling chamber 70 with a high speed
of rotation, and this causes the atomized liquid
to spread by centrifugal action into engagement
with the rounded corner 67 and the. inner sur-
face of the bore 63. From there the atomized
liquid follows the conical surface 64 on the outer
face of the nozzle tip 83 and forms a substantially
perfect, hollow, conical spray of atomized liquid
or mist,

The initial flow capacity or rate of flow may be
adjusted by retracting the movable plug 81 by a
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screwdriver applied in the slot 93, after remov- -
ing the cap (12. This initial capacity may then
be maintained by using the cap 12 as & lock nut.

When the burner has been stopped, the pres-
sure of the spring {00 causes the annular mem-
ber 94 to separate from the fixed plug 88, as per-
mitted by the bellows 88, withdrawing the plug
91 and opening the grooves 85 to their maximum.

When the oil pressure goes on, an  initial
amount of oil fiows out of these open grooves to
flush them and wash them out, and remove solid
material, before the pressure builds up. When .
the pressure is built up, the oil under pressure
acting on the projected area of the members 94
and 81 causes the bellows 83 to collapse some-

. what against the compression of spring 100, and

causes the adjustable plug 81 to approach the
nozzle tip 883.

The degree of opening of the feeder grooves 85
will then depend upon the pressure of the liguid
fuel supply to the nozzle, and will be regulated
responsive to this pressure to provide substan-
tially the same poundage of flow per hour, and
the same number- of B. t. u.’s of fuel burned per
hour, irrespective of the variation of pressure
from 125 pounds per square inch down to, for
example, 80 pounds per square inch.

As the temperature of the oil increases, due to
the flame and operation of the furnace, the ther-
mostatic tubes 102, 103 will expand to a greater
degree than the steel tube {08, and the ends of
this compound thermostat will react against the
shoulders provided on the fixed plug 86 and the
annular supporting member 84 to effect a greater
opening of the feeder grooves by also tending to
retract the movable plug 81 beyond the position,
whieh is caused by the drop of pressure acting on

‘the bellows 85,

Thus, either the increase in temperature or the
decrease of pressure may cause a greater open-
ing of the feeder grooves; and the present nozzle
automatically takes care of any drops of pres-
sure or any increase of temperature of the fuel
oil to maintain a constant delivery of oil in
pounds per hour and a constant fuel consump-
tion and heat output in B. t. u.’s per hour.

It will thus be observed that I have invented
an improved nozzle which is provided with ther-
mostatic means for automatically adjusting the
rate of flow of the nozzle responsive to the tem-
perature of the oil so as to maintain a substan-
tially constant flow in the pounds of fuel per
hour, irrespective of the variations in the tem-
perature of the oil, and in spite of the expansion
and increase in volume of the oil which would
otherwise reduce the output in pounds.

A constant flow of oil may be maintained
through the nozzle in pounds of oil per hour, ir-
respective of increases or decreases in the oil tem-
perature flowing through the nozzle. The rate
of flow through the nozzle may be maintained
constant, irrespective of increases or decreases in
pressure on the oil between a minimum of 80
pounds and a maximum of 125 pounds per square
inch.

My nozzles may also be so constructed as to
have an automatic self-cleaning structure by
means of which the smallest portion of the oil
feeder grooves are automatically opened when
the oil pressure is cut off, and automatically
closed when the pressure is again applied. Dur-
ing this open period of the grooves the oil flowing
through the larger portion of the tapered grooves
washes or flushes out any dirt or solld particles
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that may have become lodged in the smaller por- E

tions of the grooves. - i

The structure of my nozzles permits a ‘manu-
facturer to use interchangeable parts which may
double the discharge capacity of a nozzle by mere-
ly substituting one part for another. The ma-
chine work and threading involved is reduced to

& minimum in my nozzles, thus reducing the -

manufacturing cost. Furthermore, it is unnec-
essary to use tools to achieve the proper tightness
between the nozzle tip and the plugs, as this con-
dition is automatically’ maintained in certain
nozzles of my construction.

Another advantage of my nozzles is that a
perfect alignment is achieved between the frusto-
conical plugs which engage the frusto-conical
nozzle tip by virtue of the clearances that are
provided and of the self-aligning feature. of two
frusto-conical engaging surfaces.

-Another important advantage of my nozzles lies

in the provision of the fine mesh strainer struc-
ture which is adapted to strain out particles which
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nozzle, the combination of a cynndrical housing
provided with a discharge opening surrounded
by an annular shoulder at one end and having
a liquid inlet at the opposite end, a nozzle tip

" member of cylindrical shape mounted in a bore

in said housing engaging said annular shoulder,
said nozzle tip member having a.central cylin-
drical discharge bore and having an inner frusto-
conical surface with a flaring, convexly curved
surface from said bore to said frusto-conical sur- -
face, said housing having & bore, and a cylin-
drical plug member of smaller size than said bore
in ‘said. housing, forming an annular distribu-

‘tion chamber, said plug member having 8 comple-
‘mentary frusto-conical end engaging said nozzle

tip, said nozzle tip having a plurality of tapered
grooves leading from said distribution chamber
to- said convexly curved surface and arranged
tangentially to sald convexly curved surface to
discharge liquid in a rotary direction in a whirl
chamber, of which said convexly curved surface
forms a part of the wall, an adjustable member

" mounted in a bore in said plug member and also

are larger than one-half the size of the smallest .

oil groove, and which can be constructed in single
or multiple stages, to substantially eliminate any
clogging of the nozzle as long as the strainer is
maintained open enough to supply the nozzle.:

- having a frusto-conical surface engaging that of
the nozzle tip member, resilient means for with-

drawing sald adjustable member from sald nozzle

' tip member to enlarge said whirl chamber and

While I have illustrated a preferred embodi-

ment of my invention, many modifications may

be made without departing from the spirit.of the .

invention, and I do not wish to be limited to the

increase the amount of Hquid passing into said '

- whirl chamber, and pressure responsive means -

acted on by pressure inside said housing against

. said resilient means to urge sald adjustable mem-

precise details of construction set forth, but de- -

sire to avail myself of all changes within the.;v.

scope of the appended claims.
Having thus described my- invention. wha.t I

claim as new and desire to secure by Letters Pat- -

ent of the United States, is:

1. In a self-cleaning and volume-ad;ustable
nozzle, the combination of a cylindrical housing
provided with a discharge opening surrounded

by an annular shoulder at one end and having &

liquid inlet at the opposite end, a nozzle tip mem-
ber of cylindrical shape mounted in a bore in
said housing engaging said annular shoulder, said
nozzle tip member. having a central cylindrical
discharge bore and having an inner frusto-conical
-surface with a flaring, convexly curved surface

“ber into engagement with the. nozzle tip member

to.permit the grooves to be opened and flushed -

* - out by the first liquid passing through the nozzle,

and thereaftnr to be closed to a smaller size as

- pressuré builds up in the nozzle, and additional
. resilient means acting on.said plug for urging
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from said bore to said frusto-conical surface, said -

housing having: a bore, and a cylindrical plug

member of smaller size than said bore. in said
- housing, forming an annular distribution cham-

ber, said plug member having a complementary

frusto-conical end engaging said nozzle tip, said
nozzle tip having a plurality of tapered grooves

leading from said. distribution. chamber to-said ,

convexly curved surface and arranged tangen-
tially to said convexly curved surface to discharge
liquid in a rotary direction in a whirl chamber,
of which said convexly curved surface forms a
part of the wall, an adjustable member mounted
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the plug and adjustable member into engagement

“with -the nozzle tip member to effect a self-cen~

tering and liquid-tight seating of the comple-
mentary frusto-conical surfaces on said members.
3. In a self-cleaning and volume-adjustable

"nozzle, the combination of a cylindrical housing

provided with a discharge opening surrounded
by an annular shoulder at one end and having
& liquid inlet at the opposite end, a nozzle tip
member of cylindrical shape mounted in a bore
in said housing engaging said annular shoulder,

~sald nozzle tip member having & central cylin-

drical discharge bore and having an inner frus- '

.to-conical surface with a flaring, convexly curved

surface from said bore to said frusto-conical sur-

face, said housing having a bore, and a cylindri-

cal- plug member of smaller size than said bore
in said housing, forming an annular distribution
chamber, said plug member having a comple-
mentary frusto-conical end engaging said nozzle

* tip, sald nozzle tip having a plurality of tapered

60

in a bore in said plug member and also having -

a frusto-conical surface engaging that of the
nozzle tip member, resilient means for withdraw-
ing said adjustable member from said nozzie tip

member_to enlarge said whirl chamber and in- _;

crease the amount of liquid passing into said
whirl chamber, and pressure responsive means
acted on by pressure inside said housing against
said resilient means to urge said adjustable mem-
ber into engagement with the nozzle tip member
to .permit the grooves to be opened and flushed
out by the first liquid passing through the nozzle,
and thereafter to be closed to a smaller size as
pressure builds up in the nozzle.

2, In a self-cleaning and voluine-adjustable 75

grooves leading from said distribution chamber
to :said convexly curved surface and arranged
tangentially to said convexly curved surface to

-discharge liquid in a rotary direetion in a whirl

chamber, of which said convexly curved surface
forms g part of the wall, an adjustable member
mounted in a bore in said plug member and also
having a frusto-conical surface engaging that of
the nozzle tip member, resilient means for with-

‘drawing said adjustable member from said noz-

zle tip member to enlarge said whirl chamber
and increase the amount of liquid passing into
said whirl chamber, and pressure responsive
means acted on by pressure inside said housing
against said resilient means to urge said adjust-
. able member into engagement with the nozzle tip .
‘member to permit the grooves to be opened and.
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flushed out by the first liquid passing through
the nozzle, and thereafter to be closed to & small-
er si». as pressure builds up in the nozzle, and
thermostatic means subjected to the heat of lig-
uid in the nozzle and responsive to the tempera-
ture of said liquid reacting against said plug and

acting on said adjustable member upon increase

of temperature to increase the area of the dis-
charge openings into said whirl chamber upon
increase of temperature and expansion of the
liquid fuel so that a greater.volume will be dis-
charged to maintain discharge of substantially
the same poundage as the temperature of the
nozzle and the fuel increases.

4. A combined pressure responsive and tem-
perature responsive nozzle comprising a housing
having a discharge aperture communicating with
a whirl chamber and having supply conduits for
liquid to sald whirl chamber extending tangen-
tially of the whirl chamber at all times, said sup-
ply conduits tapering in depth toward the whirl
chamber, and an adjustable member for increas-
ing the amount of liquid passing into said whirl
chamber upon retraction of said member, resili-
ent means for retracting said latter member, and
pressure responsive means for advancing said lat-
ter member, the retraction being to open the
grooves on one side so that the initial supply of
liquid flushes them out, the pressure responsive
means tending to close the grooves at their min-
imum ends, and thermostatic means acting in
the opposite direction to retract said adjustable

member to increase the amount of liquid sup-

plied to said whirl chamber upon increase of
temperature, said thermostatic means being sub-
jected to the heat of the liquid in the nozzle.

5. In an atomizing nozzle, a tubular nozzle
housing provided with an opening at one end
surrounded by an inner annular shoulder, said
housing having a cylindrical bore, a nozzle tip
member located in said bore against said shoulder,
said tip member having a centrally located cy-
lindrical discharge opening and having its inner
face of frusto-conical shape, the inner face be-
ing joined to said cylindrical bore by a gradually
curved surface which forms the outer annular
wall of a whirl chamber, said nozzle tip member
having a plurality of indentations in its inner
face forming feed grooves which extend substan-
tially tangentially to said whirl chamber to cause
the liquid discharged through said grooves to
have a whirling action in said whirl chamber, a
substantially cylindrical plug of smaller size than
said bore located in said bore and having a frusto-
conical surface engaging the complementary

10

15

20

25

30

35

40

45

50

655

frusto-conical surface of said nozzle tip and clos- .

ing the sides of said grooves to form passages
opening at their outer ends in an anaular liguid
chamber surrounding said plug, said plug having
a cylindrical bore, an adjustable cylindrical mem-
ber movably mounted in said bore and having a
frusto-cenical end surface for engaging the com-
plementary surface on said nozzle tip, said ad-
justable member also having a circular cut-off
edge formed on its end about a partially spheri-
cal depression, said depression forming the rear
surface of said whirl chamber, and said cut-off
edge engaging the nozzle tip and defining, with
said tapering grooves, minimum size openings for
discharge of liquid into said whirl chamber,
thermostatic sleeve means attached at one end
to said plug and attached at its opposite end to
said adjustable member, and tending to retract
said adjustable meémber upon increase of tem-
perature of the liquid in said nozzle, which in-
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creases the volume of the liquid fuel so that upon
increase of temperature an increased volume of
liquid will be passed between the nozzle tip and
the end of said adjustable member into said
whirl chamber to provide a greater volume of
fuel when the fuel has expanded due to heat, re-
silient means tending to retract said adjustable
member from engagement with said nozzle tip,
and a pressure responsive bellows acting upon
said adjustable member to urge it toward said
nozzle tip responsive to pressure of liquid in said
housing, the adjustable member being retracted
upon reduction in pressure to provide an in-
creased volume of the openings leading to the
whirl chamber and to maintain a constant
amount of flow of fuel through the nozzle, even
at reduced pressures.

6. In an atomizing nozzle, the combination of
a nozzle cap provided with a circular opening at
one end and an annular shoulder facing inwardly
and threaded at its opposite end, said cap having
a bore terminating at- said annular shoulder, a
nozzle tip member located in said bore against
said annular shoulder and having a central cy-
lindrical discharge opening and having an inner
frusto-conical face provided with grooves taper-
ing toward said discharge aperture, a cylindrical
plug having a centtal cylindrical bore and a
frusto-conical end surface complementary to and
engaging the surface on said nozzle tip, said plug
being smaller than said bore to form an annular
fuel chamber about said plug communicating
with the larger end of said grooves, an adjust-
able, slidably mounted cylindrical member in the
bore of said plug and terminating in another
frusto-conical end surface complementary to and
engaging said nozzle tip, said adjustable mem-
ber having a partially spherical depression in its
end forming the rear wall of a whirl chamber and
communicating with said grooves at their mini-
mum size ends, a sleeve of thermally expansible
material carried by said plug and having its re-
mote end secured to another inner sleeve of ma-
terial having a low coefficient of thermal expan-
sion, said latter sleeve having its opposite end
secured to a second innermost sleeve of ther-
mally expansive material, the opposite end of
which is secured to said adjustable member, the
said thermally expansible sleeves tending to with-
draw said adjustable member upon increase of
temperature of the liquid in said nozzle and in-
creasing the volume of flow into said whirl cham-
ber so that upon heating and expansion of the
liquid fuel an amount may be supplied to the
nozzle of constant heating value in B. t. u.’s.

7. In an atomizing nozzle, the combination of
a nozzle cap provided with a circular opening at
one end and an annular shoulder facing inward-
ly and threaded at its opposite end, said cap hav-
ing a bore terminating at said annular shoulder,
a nozzle tip member located in said bore against
said annular shoulder and having a central cy-
lindrical discharge opehing and having an inner
frusto-conical face provided with grooves taper-
ing toward said discharge aperture, a cylindrical
plug having a central cylindrical bore and a
frusto-conical end surface complementary to and
engaging the surface on said nozzle tip, said plug
being smaller than said bore to form an annular
fuel chamber about said plug communicating
with the larger end of said grooves, an adjust- .
able, slidably mounted cylindrical member in the
bore of said plug and terminating in another
frusto-conical end surface complementary to and
engaging said nozzle tip, said adjustable mem-
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ber having a partially spherical depression in its
- end forming the rear wall of a whirl chamber and
communicating with said grooves at their mini-

mum size ends, a sleeve of thermally expansible

materlal carried by said plug and having its re-
mote end secured to another inner sleeve of ma~
terial having a low coefficient of thermal ex-
pansion, sald latter sleeve having its opposite end
securéd to a second innermost sleeve of thermal-~
ly expansive material, the opposite end of which
is secured to sald adjustable member, the said
thermally expansible sleeves tending to withdraw
said adjustable member upon increase of tem-
perature of the liquid in said nozzle and increas-
ing the volumeé of flow into said whirl chamber
so that upon heating and expansion of the lHquid
fuel an amount may be supplied to the nozzle of

constant heating value in B. t. u.’s, a nozzle .

housing threadedly secured to said cap and hav-
ing an inwardly facing annular shoulder at its

. opposite end, and resilient means engaging said .

10

. 12 4

one end and an annular shoulder facing inw

and threaded at its opposite end, said cap having
& bore terminating at said annular shoulder, a
nozzle tip member located in said bore against
sald annular shoulder and having a central eylin-
drical discharge opening and having an inner
frusto-conical face provided with grooves taper-
ing toward said discharge aperture, a cylindrical
plug having a central cylindrical bore and a
frusto-conical end surface complementary to and

- engaging the surface on said nozzle tip, said plug

16

being smaller than said bore to form an annular

fuel chamber about sald plug communicating -
with the larger end of said grooves, an adjust-
able, slidably mounted cylindrical member in the

- bore of said plug and terminating in another
. frusto-conical end surface complementary to and

20

shoulder and also reacting against said first-

mentioned thermally expansible sleeve to urge
the said plug into self-centering engagement
with the frusto-conical surface of said nozzle
tip. . : . : ‘

%. In an atomizing nozzle, the combination of
a nozzle cap provided .with a circular opening
at one end and an annular shoulder facing in-
wardly and threaded at its opposite end, said
cap having a bore terminating at said annular
shoulder, a nozzle tip member located in said bore
against said annular shoulder and having a cen-
tral cylindrical discharge opening and having
an inner frusfo-conical face provided - with
grooves tapering toward said discharge aperture,

a cylindrical plug having a cental cylindrical:

bore and a frusto-conical end surface comple-
mentary to and engaging the surface on said
nozzle tip, said plug being smaller than said
bore to form an annular fuel chamber about said
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plug communicating with the larger end of said

grooves, an adjustable, slidably mounted cylin-
drical member in the bore of said plug and ter-
minating in another frusto-conical end surface
complementary to and engaging said nozzle tip,
said adjustable member having a partially spher-
" leal depression in its end forming the rear wall
of a whirl chamber and communicating with said
grooves at their minimum size ends, a sleeve of
thermally expansible material carried by said
plug and having its remote end secured to another
inner sleeve of material having a low coefficient

of thermal expansion, said latter sleeve having '

its opposite end secured to a second innermost
sleeve of thermally expansive material, the op-
posite end of which is secured to said adjustable
member, the said thermally expansible sleeves
tending to withdraw said adjustable member upon
increase of temperature of the liquid in said
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nozzle and increasing the volume of flow into :

said whirl ‘chamber so that upon heating and
expansion of the liquid fuel an amount may be
supplied to the nozzle of constant heating value
in B.t. u.’s, said adjustable member having its
end and- opposite the nozzle tip threaded, an
annular member threaded on said threaded end,
and an expansible bellows extending from said
plug to said latter annular member, the liquid
pressure on said adjustable member tending to
urge the adjustable member into engagement
with the nozzle tip to reduce the volume of flow
upon increase of pressure of liquid in the nozzle.

9. In an atomizing nozzle, the combination of .

& nozzle cap provided with a circular opening at
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engaging sald nozzle tip, said adjustable member

" having a partially spherical depression in its end

forming ‘the rear wall of a whirl chamber and
communicating with said grooves at their mini-
mum size ends, a sleeve of thermally expansible
material carried by said plug and having its re-
mote end securéd to another inner sleeve of ma-
terial having a low coefficient of thermal expan-
sion, said latter -sleeve having its opposite end
.secured to a second innermost sleeve of thermally
expansive material, the opposite end of which is
secured to said adjustable member, the said ther-
mally expansible sleeves tending to withdraw
said adjustable member upon increase of tem-
perature of the liquid in said nozzle and increas-
ing the volume of flow into said whirl chamber '
so that upon heating and expansion of the liquid
fuel an amount may be supplied to the nozzle of
constant heating value in B. t. u.’s, said adjust-
able member having its end and opposite the
nozzle tip threaded, an annular member threaded
on said threaded end, and an expansible bellows .
extending from said plug to said latter annular
member, the liquid pressure on said adjustable
member tending to urge the adjustable member
into engagement with the nozzle tip to reduce
the volume of flow upon increase of préssure of
liquid in the nozzle. C :
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