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3,878,312
VARIABLE RATE MULTIPLE FUEL NOZZIZ
Robert H. Hunter, Gates Miiils, and Harris W. Sinif,
Bainbridge, Ohio; said Smith assignor to said Hunter
Original application May 21, 1958, Ser. MNo., 736,822,
Bivided and this epmlemwn Mars 29, 1961, Ser:. Neo.

99,191
7 {l“rmms. {Cl. 239—482)

This invention relates to nozzles for heating devices,
more particularly to atomizing nozzles of the type to
which are supplied both combustion supporting air and
liquid fuel o1l, the air being supplied under pressure {G
entrain the fuel for discharge from a common orifice in
the form of a combustible spray mixture.

Oil burning heaters are frequenily required to operate
efficiently on oils of different types and viscosities, at

conditions. A number of burner designs have evolved as
a result of attempis to provide systems capable of being
fired at different rates and also eapeble of burning different
cils without adjustment. Onre such burner ig disclosed in

copending application Serial No. 515,686, filed June 15,

1955, by Robert H. Hunter, one of the present applicants,

“and Ralph S. Damon, now Umted States Patent 2,876,763,

dated March 10, 1959, owned by the assignee of the pres-
ent application. |

The principal cbject of the present invention is to pro-
vide a simplified nozzle structure and arrangement for
effecting complete and thorough mixing of the air and
fuel oil over a wide air pressure range, such nozzle struc-
ture being formed with separate internal fuel and air
passages adapted to be connected to suitable sources of
fuel and air. The fuel and air are combined in stepwise
fashion and are projected from the nozzle under pressure
in the form of an expanding spray. One porticn of pri-

mary air is mixed with the fuel within the nozzle and -

another portion is supplied in the form of a high velocity
enveloping sheath paralleling the mixture as the latter
leaves the nozzle. The nozzle is designed as an aspirator
so that fuel oil can be made to flow into the nozzle as
from a float bowl or other constant level source by rea-
son of the decrease in pressure within the nozzle passages
resulting from the flow therethrough of the pressurized
primary air.

Another ob]eet is to provide a nozzle struoture of the
type referred to in which members formed with tapered
surfaces of revolution coaxial to the path of the fuel de-
fine a plurehty of pumary air supply chambers that pro-

gressrvery decrease in diameter and area toward the fr..el |

projection orifice. In a particularized versiocn of the in-
veniion a series of aligned circular sectioned plug mem-
bers are mounied in axially spaced relation within a

common bore of a nozzle body cooperatively to define.

the plural tapered air chambers. The plug members de-
fine an axial through passage for the fuel oil, air from
each air chamber being added to the stream of fuel oil as
it advances through the nozzle. By feeding the air into
the chambers with a tangential component the air ad-
vances sprrally and the mixture e]eeted from the nozzle

orifice forms a rotatmg spray. .
Another object is to provide a nozzle structure for such

a heater in which the fuel oil is progressed through a
succession of orifices, being surrcunded by and entrained
in a rotating air mass immediately upon release from each

such orifice. According to a refinement and objective
related to this concept of a succession of orifices, the

primary air is added to the advancing fuel oil iIn a suc-
cession of stages; that Is to say, the mixture resulting from
the entraining of fuel oil from a first orifice in a first por-
tion of the primary air is advanced through a second
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different firing rates and under greatly varying climatic
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orifice and entrained in a second portion of the primary

air. As a still further refinement of this aspect of the

uwentlon both the first and second portions of the pri- -

mary air are made to rotate in the same direction about
the axis of the fuel path at.the trme the mixing takes |
place.

Cther objects and advantages are concerned with certam
siructural features, combinations and arrangements of

‘parts obtaerg simplicity in design with attendant econ- '

ormny in manufacture. The invention is described with
reference to a preferred embodiment representing the
best known mode of practicing the invention. This em-
hodiment- is illustrated in the accompanying drawings
forming a part of the specification.

In the drawings:

FIG. 1 is a fragmentary isometric drawing partly in
axial section and with parts broken away and removed

showing a heating device meorporetmt, the nozzle of the

present 1nvention;
FIG. 2 i1s an erﬂarﬂed fragmentary longitudinal section -
through the nozzle assembly of the device of FIG. 1; and -
FiG. 3 is a transverse sectional detail taken through |

~ the nozzle assembly substantially in the plane represented |

Cad
V|

by the line 3—-3 of FIG, 2.

The heatmg device in which the nozzle of the present
invention is incorporated is essentially- an oil burner and
as such may be used in various conventional and well
known ways as stated in copending-application for United

‘States patent Serial Number 736,829, filed May 21, 1958,

for Variable Rate Multlple Fuel Burner, of which this
is a division.

The heater comprises a main tubular shell or casing 1
having reduced diameter end portions 2, 3 that are respec-
tively received telescopically one Wuhm one end of main
housing 4 and the other within the rear end of cylindrical
extension -tube 5 info which the products of combustion -

- are discharged. The ends of the housing 4 and the ex
“tension tube 5 abut radial shoulders & on the main shell 1

 thereby locating the parts in assembly.

40

The extension tube 5 may be secured to and open ...nto

. for example, the intake manifold of a diesel or other in-

- ternal combustion engine.
ported by such manifold to discharge hot gases and prod- -
~ucts of combustion into the manifold_where they will co-

At
AW 1 S

Thus the heater may be sup-

mingle with and heat air moving into the cylinders of
the engine. In another arrangement the extension tube 5
may be suitably supported and connected to-a heat ex-
changer through which the hot gases and products of -
combustion of the heater are caused to flow in a conven-
tional manner. In other arrangements the extension tube
5 suitably lengthened and supported, may be made to dis-
charge the hot gases and products of combustion into the
interior of a kiln, retort or other space or dev1ee to be
_hented :
- The main housing 4 has 2 cyhndrlcal Wall 7 and at
the rear end of the latter, an end closure wall 8 Wthh is

 normal to the main axis and is formed with a central_
opening 18 (FIG. 2) closed by a nozzle structure 11,

GO

Although it is feasible to ignite the fuel-air spray- in
an open combustion chamber such as provided by the
housing 4, casing 1 and extension tube 5, a combustion
tube 28, open at both ends, is supported in coaxial rela-
tion to the path or trajectory of the fuel spray and is posi~

 ticned with its receiving end spaced axially from the

70

nozzle.
12, 13 and a cylindrical inner wall 14 define a cushion

A pair of axially spaced cross walls or partitions

chamber 15 across which the fuel-air spray from the
nozzle 11 is projected. The outer periphery of the cir-
cular partition 12 is locatingly abutted against shoulder
17 1in assembly; a narrow air chamber 18 is provided be-

tween the walls @ and i2: an anrmlar air chamber 19 -'

surrounds the cu smorr chamber is..
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The forward or discharge end of the combustion tube
20 i1s formed with a circular inwardly directed curved
radial flange 21 which defines circular discharge copening
- 22. Within and concentric to the combusticn tube and
spaced axially from both of its ends is a flame controlling

- ring or sleeve 24 which has an external diameter less than
the internal diameter of the combustion tube 2@ in the

provision of circumferentially extending clearance space -

25. The control sleeve is centered in the combustion tube
by a number of spacing blocks 26 distributed about the
-~ eircumference of the sleeve.

The nozzle structure 11 comprises inner and outer

~ tubular body members 28, 29 and plugs or orifice mem-
bers 41, 42, 43. The body members are disposed one

~ within the other and are separated by an annular air
chamber 3§. The ends of the chamber 39 are closed by
inwardly directed circular flanges 32, 33 integrally formed

on the ocuter member and closely embracing cylindrical

outer surface 34 of the inner member 2§ at the ends of
the latter. The body members 28, 29 are turned from
brass or other suitable metal and the circular joints where
the surface 34 of the inner member is embraced by the
inner peripheries of the end flanges 32, 33 are sealed
as by brazing. .

An annular ring 35 surrounds and is brazed to the
forward end of the outer member 29 adjacent the end
flange 33 and is apertured at circumferentially spaced
points to receive attaching screws 36 which are threaded
into the end wall 8 of the main housing 4 to secure the
nozzle assembly in place over the circular opening 18.

The inner body member 28 is longer than the outer
member 29, projecting axially beyond the end flange 33 of
the latter, across the narrow air chamber 18, and being
received within a shallow axial flange 37 on the partition
12. A circular opening 38 in the partition 12 registers
- with a counterbore 39 in the end of the inner body mem-
ber 28, these openings constituting the outlet of the noz-
zle into the cushion chamber 15.

‘The plugs or orifice members 41, 42 and 43 are disposed
in alignment within the hollow interior of the tubular
mner body member 28. These members are each of cir-
cular cross section and are suitably held in axially spaced
fixed relation coaxial to one another and to the tubular
- members 28, 25. A convenient structural arrangement
- comprises external threads all of the same diameter on the
circular sectioned members 41, 42, 43 and matching in-
ternal threads on the body member 28 throughout the
entire length of its axial bore. The orifice plugs thus may
be screwed into desired positions in the bore of the body
- member., | | .

The first orifice member 41 has an axial through pas-
sage 43 terminating at the forward end of the member in

a discharge orifice 46. At its rear end the memter 41 is

counterbored and tapped at 47 to receive the threaded fit-
ting on the end of a fuel supply line. Fuel oil, such as
kerosene or gasoline, is contained in a suitable remote
storage vessel or tank and supplied as by gravity flow to
the passage 45 of the orifice member 41 through a suit-
able flow control system such as a constant level float
bowl device (not shown) which has a needle valve actu-
ated by a float to maintain a constant level in the bowl.
The bowl of the constant level fuel control device is con-
nected to the passage 45 through a short conduit such that
the level in the bowl is substantially the same as or only
slightly below the level of the orifice 46. |

The plug or orifice members are formed on their con-

fronting ends with coaxial surfaces of revolution which

- shape the aspirating chambers of the nozzle. Thus the
orifice members 41 and 42 are formed with external or
outwardly facing concave tapering surfaces of revolution
48, 49 which are concentric to the axis or path of fuel

of the orifice member 41, providing between the orifice
members 41, 42 a first aspirating or air chamber 52 which
surrounds and 1s coaxial to the fuel path and progressively
diminishes in cross-sectional area in the direction of fuel
ficw. The smoothly curving wall 51 of the chamber 52
clends tangentiaily into the wall of an axial passage por-
tion 53 in the forward part of the orifice member 42. The

. passage 53 terminates in a discharge orifice 54 spaced axi-

10

15

20

20

~ally beyond or forward of the orifice 46.

An internal convexly curved tapered surface 55 is
formed on the orifice member 43 and faces rearwardly,
confronting the tapered surface 4% of the second orifice

- member 4% in axially spaced relation, thus providing be-

tween thie members 42, 43 a second air or aspirating cham-
ber 55 which surrounds and is coaxial to the path of fuel
advancing through the nozzle structure. The chamber
56 progressively decreases in diameter and cross sectional
area foward amn annular axially directed orifice 57 defined

by a circular wall opening in the forward end of the ori-

fice member 43 and the smaller diameter circular end of
the second orifice member 42 which projects slightly
through and is concentric to such wall opening in the third
orifice member 43. Front end face 58 of the orifice mem-
ber 43 may be flat or, as shown, may be slightly dished
or concave with the circular opening which defines the

annuiar orifice 57 located at the bottom of the concavity.

A number of oblique passages 61, 62 are drilled or
otherwise formed in the nozzie member 28 to place the

- annular air chamber 30 in communication with each of the

ol

- outer member 292 of the nozzle structure.

tapering air chambers 52, 56 at the rear or large diameter
ends of the latter. | |
Alr is supplied to the annular chamber 30 from a

suitable source such as a centrifugal blower or fan (not

shown) at a pressure of from about 1 to about 30 or more

inches of water, the exact pressure depending upon

factors such as fuel oil viscosity and the desired rate of
fuel comsumption. The air pressure is increased to in-
crease the rate or with higher viscosity fuel oil and is
decreased to decreasz the rate or with lower VISCOSity
fuel oil. ‘The air is conducted from the blower or other
supply threugh suitable conduit means which includes
a tubular conduit 3 brazed or otherwise secured to the
The conduit
¢3 1s disposed s0 that air forced into the chamber 3¢
enters tangentially through opening 64 and flows about

- the inner nozzle member 2§ in a clockwise direciion as

o))

viewed in FIG. 3. The pressurized air thus introduced

mto the annular chamber is forced tangentially into the

rear or closed ends cf the tapering air chambers 52, 56
through the oblique passages 61, 62 so that the air rotates

1 the tapered chambers in the same direction it rotates

iﬂ_ the outer chamber 3%, but at a higher velocity result-
g from the reduced cross-sectional area. The high

- velocity air thus traveling through the first air chamber

60

- through the axial passage 53 of the second orifice mem-
ber 42 so that the mixture is projected from the orifice

69

70

traveling through the nozzle device and approach such |

path tangentially. An internal or inwardly facing con-
vexly curving tapered surface 51 on the orifice member
4Z 1s disposed in-axially spaced relation to the surface 48

75

9% and approaching the fuel path tangentially, generally
irom left to right as viewed in FIG. 2, has an aspirating

effect on the liquid fuel supply system, the reduced pres-

sure which prevails in the chamber 52 and at the dis-
- cnarge orifice 46 results in fuel being drawn or projected

Lhe projected fuel
Is communtited and entrained in the high velocity air

into the chamber from such orifice.

advancing helicaliv and as a confracting cone into and

54 as a fine spray into and across the cushion chamber 13,

The high velocity air issuing from the annular orifice
57 picks up and eatrains any liquid particles or drops of
tuel oil that collect on the forward discharge end of the
second or intermediate orifice member or plug 42, By
thus traveling the fuel oil through a succession of axlally
spaced nozzie orifices 46, 54, each surrcunded by a
helicellv rotating axially advencing air mass which ap-
proaches the fuel path tangentially, complete atomization

" of the fnel is achieved, the collecting on and dripping

from the nozzle of fue} oil being compieiely eilminated.
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Since the external surfaces 438, 49 and the internal
surfaces 51, 535 fermed on the orifice members Or plugs
to define the tapered air chambers 52, 56 are all surfaces
of revolution concentric to the nozzle axis and the fuel

path, the axial spacing of the orifices £6, 54 can be ad-

jusied and also the relative sizes of the chambers 532, 5%
by axial ad;ummem of the relative positicns of- ihe mem-
buS 4":"_, 2 and 43, |

The circular opening 14 in the end wall 8 of the main
housing is larger than the external diameter of the inner
body member 28 of the nozzle structure to allow air to
fiow intc the air chamber 18 from the chamber 39

through a number of ports 65 formed in the flange 33.

At circumferentiaily spaced points located radiady out-
wardly of the annular wall 14 the partition 12 1s formed

munication with the annuiar chamber 19 to supply pres-
surized air tc the latter. Radial ports 87 in the wall R
and axizl ports 63 in the wall 13 place the cushion cham-
“ac 15 and the interior of the main shell I in communica-
tion with the annular chamber 19, the ports of each group
being circamferentially spaced ummrmiy about. the axis
cf the device. |
The system provides a center rich fuel-air mixture
conducive 1o e"ﬁf“em burning wiih minimum smoking
and mpomm:‘}. of carbon conto the metal parts of the
burn Igniiion cf the fusl-alr spray is suitably effected
as b y 2 hi&,ﬂ frequency electrical spark produced between
center elecirode 78 of a spark plug assembly 71 and one
of ths grmmcied metal paris such as the conirol sleeve
34 of the combustion tube assembly. In the arrange-
ment shown, the spark plug assembly includes a threaded
support sleeve 72 screwed into a tapped radial hole In
the casing i. The spark plug has an internal insulator
of porcelain and an outside metal tube or sleeve 73 which
extends radially across the annular chamber that sur-
rounds the combustion tube }2@ anid projects into the in-
tel or of the latter through a hole 74, a suitable annular
carance separating the sleeve 73 fmm the metal of the
Cui“lbhs n tube. -Thu clectrode 7% extends through the
internal vporcelain insulator which is inside the *'netal
sleeve '73: at its outer end the elscirode is threaded and
provided with nuts or other suitable connector means for
attachment of a hich tension elecirical cable 75 by means
of which the spark plug is connected to one of the term-
inals of 2 suitable source of high frequency electrical
current. The other terminal of the current source is
grounded to the metal casing of the ol burner device
so that, L..I.-O‘l energization of the ignition sysiem, the

desired spark is produced inside the tube 28.

Thus the preseat invention provides a nozzie assembly
operating on the aspirating principie and capable of atom-
izing fuel at a variable rate. depending upon the pressure
ai which alr is s *pphm through the tube 63. Since the
entire air supply is furnished thmugh this single tube,
variation in the pressure of the air so suppiied automat-
icaily varies the rate of air supply to the several air cham-
bers of the nozzie. |
The first alr chamber 52 pmglesswmy decreases 1n
arneter from the ieft end (as viewed in FiG. 2) of ihe
ternally Lapared urface 531 of the second .plug or o¢ri-
f ce member é2, which is at a peint rearward of the ori-
ficec 46, to a Lamt forward of the orifice 46 at which the
chamber merges into the axi 1 passage 53. Sumnilarly, the
reduction in diameter of the bBCOHd air chamber 56 com-
mences af the left end of the taper ed internal surface 55
(also as viewed in FIG. 2) t}’e reduction in diameter
continuing forwardly to a muinimum diameter at the ori-

fice 57. Thus, the primary air advancing helically to the
fuel path through the chambers 52 and 56 1s pmgresswely
sceelerated and approaches the fuel path taﬂﬁemlaﬂy, or
substantially so. The orifices 46 and 54 constitute primary
and secondary fuel projecting orifices through which the
fuel passes sequentially. The annular orifice 57 is a

d
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with axial ports 68 which place the chamber 18 In Com-~

20

29

a0

39

490

60

60

65

70

76

tertiary orifice thi‘tmgh which air only is projected, the
air from the tertiary orifice

completely surrounding the
fuel-air mixture projected from the secondary orifice 54
as a sheath which picks up and entrains any fuel o1l drop-
lets or particies tending to arop out of the spray or irom
the orifice 54,

in ﬂcordame with the patent statutes ihe punmple of
the present invention may be utilized in various ways,
numercus modifications and alterations being contem-
plated, substitution of parts and changes in construction -
heing resorted to as desired, it being understood that the
embodiment shown in the drawings and dsscribed above is
given merely for purposes of explanaiion and iilustra-

‘tion without intending to limit the scope of the claims to

the specific details disciosed.
- What we cizim and desire to secu
the United States 1s:

1. A nozzle for a liquid fuel burner comprising body
means defining first and second coaxial elongated swirl
chamber portions each of circular section, each chamber
portion having a relatively large diameter enirance end
and a relatively small diameter exit end of pmgresswelyr
decreasmg diameter tapering toward and terniinaiing
in a discharge orifice on the nozzle axis, ihe first cham-
ber portion extending axially through sum‘i.antially the
entire axial length of the second chamber portion,

and the orifices of the two chamber portions being dis-

posed substantially in a common plane transverse to

- said axis; | B
means for conduciing pressis rized air to and infroduc-
ing it t._.,n"*eaimll'r and simultaneously into the en-
‘trance ends of the two swiri chambers to rotate there-

b}f Lmters Patent of

in in the same direction about said axis and to ac-

celerate and advance spirally tcwar and through
the respective orifices;

‘and means comprising a member projecting axially mto: |
the first chamber portion for smply-ng liquid fuel
to the tangentially introduced air, sald fuel supply
member being formed with an internal passage ter- -
minating in a fuel orifice located on the nozzle axis
intermediate and spaced axially from both ends of
the first swirl chamber portion, liguid fuel discharged
from the fuel orifice mixing with air accelerating and-
advancing spirally through the decreasing diameter |
exit end of the first chamber portion,

 being discharged as a spirally rotating stream through
the orifice at the exit end of the first chamber por-
tion into a surrounding air sheath also rotating spi-
rally in the same direction simultaneously discharged
from the exit orifice at the exit end of the. Secmd
chamber portmn | | |

2. A nozzle for a 11quld fuel burner comprlsmg body

means including means defining first and second coaxial
air chamber portions each of circular secticn, -

the chamber portions each including a ‘tapered part

progressively decreasing in diameter from a relatively
laree entrance end to a relatively small exit ‘end;

‘the first chamber portion being axially longer than and

extendine axially through substantially the entire

axial length of the second chamber portion,- o

the chamber portions having coaxial discharge or1ﬁces'._ﬁ'

disposed uubatantmlly in a common plane fransverse -
to the nozzle axis at their exit ends, |
means defining passages adapted to conduct Breqsuribed
air to and to introduce such air tangentially into
both-chambers at their-entrance ends to flow spirally
therein and in the same rotational direction about
the nozzle axis, -

- & tubular member proy..,ctlnﬁ' amaliy into the ﬁrst cham-—
ber portion and terminating in an orifice for sup-
plying liquid fuel to air moving toward the orifice:
of the first chamber portion, the fuel orifice being
located intermediate and spaced axially from both
ends of the first chamber portion and within the -
tapered part of the latter, liquid fuel discharged

the mixture
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from the fuel orifice mixing with air advancing spi-
rally toward the exit end of the first chamber por-
tion and the mixture discharging from the nozzle
through the orifice at the exit end of the first cham-
ber portion into a surrcunding spirally advancing
air stream discharged simultaneously from the exit

orifice at the exit end of the second chamber por-
tion and rotating in the same direction as the sur-

rounded fue!l air mixture.

O

0
%,

for spiral flow therein rotating in the same direction
~1n both such chamber portions.
5. A nozzle for a burner of the type adﬂpﬂ, t0 recelve

air under pressure and liquid fuel at relatively low pres-
sure and to form a combustible mixture of such fuel and

air;

said nozzle comprising a body formed with a through
chamber of substantially uniform section and a series

of plugs carried by the body and dispcsed within the

3. A nozzle for a liguid fuel burner comprising a body 1¢ chamber 1n axially spaced relation, the plugs de-
formed with an internal air chamber including a part of lineating and partitioning the chamber into a piu-
circular section symmetric about the nozzle axis, the body rality of chamber portions and being formed with
bzing formed at one end with a circular discharge orifice axially aligned passages terminating in orifices, a
coaxial to and in communication with the circular sec- . plurality of the plugs each having a projection ex-
tion chamber part, 15 tending into the passage of an adjacent plug and each >

a plurality of plugs each of circular section, having its passage terminating orifice opening throu gll -

means supporting the plugs in coaxial relation to the the extreme end of its projection, said orifices in- W

chamber and orifice and in axially spaced relation cluding a substantially coplanar concentric pair lo- -
to one another, one of the plugs partitioning the cated at one end of the nozzle; means including the o
chamber into first and second portions and having 26 body formed with air passage means communicating
a tapered projection extending - axially into and with the several chamber portions, means for con-
through the second chamber portion substantially to ducting air to the alr passage means unaer pressure,
the plane of the orifice, the air passage means being disposed and adapted
said one plug being formed with a tapered through to project pressurized air into the chamber portions
axial passage terminating in an orifice on the end of 25 in tangential jets for simultaneous advancement spi-
the projection and in the center of and substantially rally and in the same direction threough the several
coplanar with said discharge orifice; chamber portions and for release simultaneously
another of the plugs having a tapered projection extend- through said coplanar orifices; and
ing axially into said through passage and being formed a first one of said plurality of plugs being adapted to
with a fuel passage terminating in a fuel orifice &0 eceive liquid fuel in its passage and disposed to re-
located on the end of said second projection inter- lease fuel so received through its terminating orifice
mediate the axial limits of the through passage in at a point within the axial himits of the passage of
the one plug, another of said plurality of plugs for entrainment in
means adapted to conduct liguid fuel to the fuel passage, air advancing spirally through such last mentioned
and passage means adapted to connect air to and to 35 passage and toward said coplanar orifices.
introduce it tangentially into both the first and the 6. A nozzle for a liquid fuel burner ¢ Gmpz;frw a body
second portions of the air chamber. - having forward and rearward ends and an elongated

4. A nozzle for a liquid fuel burner comprising body . internal chamber of circular section, a plurality of plugs

- means formed with an internal air chamber including a supported by the body and disposed in the chamber 1n
part of circular section symmetric about the nozzle axis, 40 axially spaced relation, the plugs defining and partitioning
the body means having a forward end formed with a the chamber into front and rear chamber nortions;
circular discharge orifice coaxial to and in communica- a first one of the pluss having a first forward tapered
tion with the circular section chamber part, projection extending into one of the chamber por-

a first plug disposed in said chamber part and having a tions, the projection havingz a surface symmetric about

circular periphery in engagement with the body . the longitudinal axis of the chamber, said one plug
means, the plug having on its forward side a tapered being formed with a fuel passage terminating in a
axial projection extending substantially to the plane first orifice on the end of the projection and centered
of the orifice, said plug constituting a partiticn di- on said axis;
viding the chamber into an annular forward portion a second one of the plugs having a recessed rear face
surrounding the plug projection adjacent the orifice and a second forward tapered projection extending
and a rearward portion separated from the forward mmto another of the chamber portions, the second
portion by the plug, projection having a surface symmetric about said
said forward end of the body means being formed with axis, the second plug having a through passage termi-
an internal surface of revolution decreasing in di- nating in a second orifice located cn the end of the
ameter toward the orifice and surrounding the plug 55 second projection and centered on said axis:
projection in spaced relation, a third one of the plug having a recessed rear face
the plug being formed with a through axial passage symmetric about said axis and a through passaze
having an inlet end continuous with the rearward terminating in a third orifice centered on said axis:
portion of the chamber and an outlet opening cen- said first projection extending axially into the recesred
tered in the orifice, said plug passage decreasing in 60 rear face of the second plug with the first orifice
cross sectional area progressively between its inlet located intermediate and spaced from the axial limits
end and outlet opening, a second plug having a of such second plug recess, said second projection
tapered forward portion and an internal fuel passage extending into the recess rear face of the third plug
terminating in an axial fuel orifice at the forward and through substantizlly the entire axial lenoth of
extremity of such forward portion, means mounting .. the passage in the latter;
the second plug in the body means iﬂ coaxial 1‘_313‘ means adapted to conduct lignid fuel to the fuel passage;
tion to the first plug and to the discharge _orlﬁc-ﬂ means adapted to conduct air to and to intrcduce it
and with the tapered forward portion projecting simultaneously and tangeatially into the chamber
axially through the rearward chamber portion and portions to rotate therein spirally and in the same
into the plug passage through the inlet end of the ., direction: and
latter, and means defining separate passages for said second and third orifices being substantially co-
supplying fuel and pressurized air to the fuel passage planar for substantially simultaneous discharge of
and the air chamber, respectively, the air supplying fuel and air through the second orifice and a sur-
passage means being adapted to release the suppiied rounding sheath of air through the third crifice.
air into the forward and rearward chamber portions 75 7. In a nozzle for use in a burner of the type having



3,070,317

O |

means for supplying liquid fuel and pressurized air to be

projected from the nozzle as a combustible mixture,
body means having a generally cylindrical chamber
with front and rear ends, - |
means at and having a surface defining the rear

end of the chamber, |

said rear end means being fast to the body
means, providing a fuel passage adapted to
be connected to the fuel supplying means

and providing a primary fuel inlet orifice

into the chamber,

said inlet orifice being coaxial to the
chamber and continuous with the fuel
passage for axial release of fuel sup-

plied thereto, |
means at and having a surface defining the froat

end of the chamber,
said front end means being fast to the body
. means and providing an outlet passage and
orifice axial to the chamber,
and a partition within and dividing the chamber
into a first portion at said rear end and a second
portion at said front end,

h#'!

said partition being formed with a through '

passage coaxial to the chamber and with a
secondary orifice terminating its passage,
 said secondary orifice being disposed sub-
- stantially in the plane of the outlet
orifice,
said partition being formed on opposite sides
with tapered surfaces of revolution concen-
tric to the chamber axis,
the surface on one side of the partition
member facing generally inwardly and
rearwardly and being disposed in axial-
ly spaced relation to said surface at the
rear end of the chamber, |

“the surface on the other side of the parti-

10

 tion member facing generally outward-

ly and forwardly and being disposed in o

axially spaced relation fo said surface -
at the front end of the chamber,

5 said primary fuel inlet orifice being located
intermediate and spaced from both ends of
said tapered surface on the other end of the

partition, __
and means providing passages adapted fo receive pres-
surized air from the supplying means and conduct
“the received air and project it with tangential fow
components in the same direction into the first and

~ second chamber portions, |

conducted air projected into the chamber portions rotating
15 in the same direction about the chamber axis in the second
as in the first chamber portion, accelerating in the through
passage before passing the plane of the primary orifice,
advancing helically in both chamber portions toward and
exiting substantially simultaneously through the primary
oo and secondary orifices, and fuel released from the pri-
mary orifice being received in and at the axis of the ac-
celerating air with the air in which it is received being
projected into the center of and surrounded by the heli~
cally rotating axially advancing air issuing from the-out-
o5 let orifice in the provision of a center rich fuel-air mix-

10

ture. |
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ears in the above numbered pat-

that error &pp
Patent should read as

It is hereby certified
that the said Letters

ent reqairing correction and
corrected below.

Column 7, line 35, for weonnect” read —- conduct -—-=;
column 9, line 20, for "axial" read -—- coaxial =--; column 1O,
line 7, for "other end" read -- one side -—-

(SEAL)
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EDWARD J. BRENNER

FRNEST W. SWIDER
Aitesting Officer Commissioner of Patents
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