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1

My invention relates to internal combustion'

heaters, and is more particularly concerned with,
but. is not limited to, internal combustion heat-
ers of the kind used in aircraft for heating the
cabins and other spaces. -

An object of my.invention is to provide a new
and improved internal combustion heater, where-
in the combustion of the fuel is more complete
and efficient than in the heaters of the prior art.

Another object of my invention is to provide
a new and improved internal combustion heater,

“an internal combustlon heater embodying one
form of my invention;

v

wherein the fuel is sprayed into the combustion

chamber in & direction counter to the incoming
combustion air to insure thorough vaporization
of the fuel and thorough admixture of the vapor-
ized fuel and air,

Another object of my invention is to provide

an internal combustion heater having a new and

improved combustion chamber.
Another object of my invention is to provide
an internal combustion heater wherein the com-

20

bustion chamber is specially designed to promote

thorough mtermixm; and combustion of the hurn-

ing gases.

Another object of my invention is to provide an
internal combustion heater having a novel deslgn
of combustion chamber which shortens the length
of the flame created by the burning gases.

Another object is to provide an internal com-
bustion heater having a novel combustion cham-
ber which prevents the flame leaving the com-
bustion chamber from concentrating on any par-
ticular part of the heat exchanger.

Another object of my invention is to provide
a new and improved internal combustion heater

which may be operated more efficiently to give
off different quantities of heat.

Another object of my invention is to provide
g new and improved internal combustion heater
wherein the ventilating air may flow through the
heater in either direction.

Fig. 1A is a sectional view through the fuel
supply nozzle, and is taken on the line i o—la of
Pig. 1: |

Fig. 21saviewsimﬂartomg 1 butshowing

& modified form of my invention:

Fig. 3 is a longitudinal sectional view t.hrough
a third form of internal combustion heater em-
bodying my invention. In this figure, the car-
buretor and related connections to the heater are
diagrammatically shown in side elevation.

PFig. 4 is a transverse section taken on the line
4—4 of Fig. 3:©- =
- Fig. 9 is a partial transverse section taken on
the line 5—35 of Fig. 3; and

- Pig. 6 is a partial longitudlna.l sectlon through
the fourth form of internal combustion heater
embodying my invention.

" The heater shown in Fig. 1 has & casing 10 pro-
vided with an inlet 12 adapted to be connected
to a ram, blower, or any other suitable source
of ventilating air., The right-hand end of the
casing is not shown but is designed to discharge

25 the heated ventilating air either directly into a

30
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Another object of my invention is to provide a

new and improved internal combustion heater
which is capable of operating with nozzle sup-
plied fuel under. lower. fuel pressureo than were
heretofore deemed necessary.

- Other objects and advantages will become ap-

parent as the description proceeds

In the drawings:
Fig. 1 is a longitudinal sectlog through part of

o0

changer,

cabin or other .space to be heated, or into a duct
having one or more outlets at any desired location
or locations in one or more spaces requiring
heat. A heat exchanger indicated generally by
reference numeral 14, is located in the casing 10
and is supplied with hot products of combustion
by a combustion chamber 16 attached in any suit-
able manner to the left-hand end of the heat ex- .
The particular heat exchanger indi-
cated in Fig. 1 is shown more fully as part of
the embodiment of Fig. 3, and will be discussed in
greater detail in the discussion of the modiﬁca-
tion of that figure.

The combustion chamber IG has o cylindrlcal
side wall 18 preferably formed of sheet metal or
other suitable material, and an end wall 20 weld-
ed or otherwise suitably secured to the cylindri-
cal side wall 18. An important feature of my
invention lies in the particular configuration of
the end wall 20. This end wall has a central in-
ward projection 22 which merges In a curved sur-
face with an annular groove 24 which is semi-cir-
cular in cross section, as ¢learly shown in Fig. 1
of the drawings. Fuel is supplied to the combus-
tion chamber through a nozzle 26 which is thread-




ed into a ring 28 welded or otherwise suitably
secured to the central projection of the end wall
20. '

The nozzle 28 is connected to a fuel supply pipe
30 which receives gasoline or other liquid fuel
under pressure from a fuel pump or any other
suitable source. In accordance with usual prac-
tice, suitable means may be provided to vary the
rate of fuel delivery from the nozzle orifice 36 by
varying the pressure in the fuel pipe 36, and thus
vary the heat output of the heater. The nozzle
2% has a spinner 32 provided with tangentially
arranged fuel delivery passages 34, which give the
- fuel a whirling motion so that it emerges from
the nozzle orifice 38 in the form of a fine cone-

9,483,787 S .
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" alr i deflected aw?a.y from transversely curved

wall of the annular ring 24, as clearly shown by
the arrows in Fig, 1. This leaves a relatively dead

~ space 56 between the whirling vortex of the in-

coming air and fuel and the adjacent curved por-
tion of the end wall 20. This space is filled with

- eddy currents of combustible mixture, and these

10

eddy currents may be readily ignited by the hot
wire 58 of the usual eleetrical fgniter 60, whereas

if the wire 68 of this igniter were located directly
In the main stream of alr and fuel entering the

~annular groove, the flow of this mixture would

shaped spray. The dimensions of the structural

parts of the nozzle may be varied to give any de-
sired included angle to the spray, and this in-
cluded angle should be selected to meet particu-
lar conditions of heater operations and sizes of
heater. I have found, however, that an included
angle of 80° operates very successfully In the
heater shown in Fig, 1. It is to be understood,
however, that changes in any of the dimensions
or arrangements of the several parts of the fuel
mixing parts of this heater may make some other
angle of fuel delivery more desirable.

Combustion air is supplied to the combustion
chamber 16 by way of a combustion air pipe 38.
This pipe is illustrated as having a flange 40
welded to its upper end and as being secured to
the casing 10 by bolts 42 which pass through this
casing and flange 40. In the particular embodi-
ment illustrated, these bolts also secure to the
casing {0. the flange 44 of connecting pipe 48
which is supplied with combustion air by a ram,
blower, or other suitable means. The combustion
alr pipe 38 extends through the cylindrical wall
i8 of the combustion chamber in a direction ra-
dial to the axis of this chamber, and is welded
to this side wall as indicated at 48. The lower or
delivery end of the pipe 38 is curved as indicated
at 30, to bring the extreme straight end portion
92 of the pipe In axial alignment with the nozzle
26.: The delivery end of the pipe 38 is preferably
provided with partitions or vanes 54 which main-
tain substantially even distribution of the sair
throughout the cross section of the pipe and pre-
vent & majority of the air from following closely
along the outside wall of the curve.

The air discharged by the pipe 38 flows di-
rectly toward the rounded head of the nozzle 26
and in a direction generally opposite to that of

the fuel spray leaving the nozzle. This counter-
flow of fuel and air promotes vaporization and &

thorough intermixing of the fuel with the com-
bustion air to form a substantially homogeneous,
highly combustible mixture. It should be noted
that that portion of the combustion air pipe 38
which 1s located in the combustion chamber
serves as & preheating means for the combustion
air so that when the heater is in operation, the
preheating of the combustion air aids in the va-
porization of the fuel sprayed into this air by the
nozzle 286. |

The counter-flow of alr delivered by the pipe 38

20

25

30
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tend to cool the wire 58 below igniting tempera-
ture. The igniter 60 is preferably provided with
the usual thermostatic switch (not shown) for
cutting out this igniter after the heater has at-
tained normal operating temperature. There-
after the burning eddy currents in the dead space
96 effectively maintain combustion so that the
usual reigniter may be dispensed with. |

The whirling vortices of burning gases which
are first formed in the annular recess or groove
24, move from this groove toward the heat ‘ex-
changer 14, and as these whirling vortices move
lengthwise of the combustion chamb er, they move
readily inward of this chamber, as indicated by
the arrows in Fig. 1. As these vortices converge
Inward, they strike each other to create further
intermixing of the burning gases and thereby
produce ideal conditions for rapid and complete
consumption of all fuel contained in the-e cases,
This is an important feature of my invention, as
it insures most complete and efficient combustion
of the fuel and has the further advantage of
shortening the total length of the flame under
any given conditions of operation. This means
that the combustion chamber ‘may be made of
minimum length, and that for any given size of
combustion chamber the flame will extend a
minimum distance into the heat exchanger (4. In
this connection, it should be understood that in
alreraft operation, the flame lengthens as the
plane ascends, since the combustion air must be
delivered to the combustion chamber at a greater

» volumetrie rate of flow to compensate for its de-

crease In density.

In heaters of this type, and particularly in air-
craft heaters where the flame is greatly elongated
at high altitudes, it is ordinarily impracticable
to make combustion chamber of such length that
all combustion takes place therein. Tn this type
of heater, therefore, part of the combustion occurs
in the adjacent end of the heat exchanger, and
in that type of heater wherein the burning gases

B are given a spiral flow, these burning gases con-

tact the heat exchanger mainly over a relatively
resiricted surface. The tendency is to heat this
restricted surface to an unduly high temperature, -
with the result that this part of the heat ex-
changer has a shorter life than other parts of the
heater. ' | |

Another important feature of my invention ig
to provide a type of combustion chamber which

ag causes the burning gases fo issue therefrom in

reverses the spray delivered by the nozzle 26, in -

the manner indicated by the small arrows in Fig,
-1, and the mixture of fuel and air formed adia-
cent the outlet end of the nozzle 28 flows around
the sides of this nozzle in a conical pattern and
into the annular groove 24. o

Particular attention is directed to the fact that
the inwardly projecting portion 22 of the end

a substantially uniform flame directed longitudi-
nally of the heat exchanger so that the inner
walls of the heat exchanger which are most
closely adjacent the combustion chamber are

wo €venly contacted by this flame, and no particular

spot of wall surface is unduly heated thereby.
In the combustion chamber of Fig. 1, the whirling
vortices of burning gases converge inwardly as
they move lengthwise of the combustion cham-

wall 20 is so curved that the mixture of fuel and 78 ber from the annular groove 24 to about the
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center of the side wall §8. This converging of
the whirling vortices, as hereinabove pointed out,
creates additional intermixing of the burning
gases and promotes most efficient combustion.
The converging vortices tend to break up as they
converge and interengage, and to produce & con-
tinuous uniform flame extending lengthwise of
the combustion chamber, and fanning out from
the center thereof toward the heat exchanger.
The whirling gases tend to form a cone with its
narrower or more pointed end in the heat ex-
changer, and the narrower end of this cone is
surrounded by axially flowing gases which are
burning at a lesser rate than the centrally located
vortices, or are completely burned out. This
flame structure is indicated by the arrows in Pig.
1, and leaves an annular dead space 62 adjacent
the side wall of the combustion chamber. As
clearly indicated in Fig. 1, this dead space 62 is
of greatest width adjacent the longitudinal cen-
ter of the combustion chamber, and is filled with
eddy currents. The flaming gases entering the
centra] chamber 64 of the heat exchanger {4,
fan out as indicated in this flgure, and engage
the adijacent portion of the wall of this chamber
substantially uniformly throughout its circum-
ference.

As hereinabove pointed out the length of the
flame created by the burning gases will vary with
altitude, and at high altitudes this flame may
extend a very appreciable part of the length of

. the central chamber 64 of the heat exchanger.

Regardless of the extent to which the flame pene-
trates this chamber, however, the wall of this
chamber is heated to a substantially uniform

10
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20
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temperature throughout a circumference at any

| given distance from the combustion chamber.

A stil] further feature of my invention lies in

the fact that the stream of combustion air flow-
ing directly toward the fuel nozzle 26 prevents the
accumulation of soot on the exterior surface of
this nozzle and maintains the nozzle clean at all
times. 'The stream of combustion air also cools
this nozzle and prevents it from becoming over-
heated and warped, or otherwise impaired. This
cooling of the nozzle also aids in preventing both
the occurrence of vapor-lock in the nozzle due
to gasification of the fuel within the nozzle or
fuel supply line, and “cracking” of the fuel with
resultant deposit of carbonaceous material in

41)

50

the tancential slots 34. This cooling of the nozzle,

therefore, promotes maintenance of proper spray
characteristics throughout the life of the heater.

In Fig. 1, the ventilating air is illustrated as en-
tering the tapered end 12 of the heater casing
10. With this direction of airfiow, the air first
passes over the combustion chamber and absorbs
some heat therefrom, and then passes into the
heat exchanger |8 where it receives additional

heat. This particular direction of flow, however,

60

is not important, and my novel heater will oper-

ate equally well if the flow of ventilating air is
reversed so that it first passes through the heat
exchanger and then over the combustion cham-
ber.

In Fig. 2, I have illustrated a modiﬂed form
of my invention wherein the side wall 100 of the
combustion chamber 102 is given a Venturi-like
shape so0 that this side wall more nearly ap-
proaches the flow pattern of the whirling vortices
of burning gases. This Venturi-like shape of
side wall reduces the thickness and length of

s

70

the annular dead space 104 formed adjacent the

interior of this wali, and by reducing the volume

of eddying gases in the combustion chamber,
reduces resistance to flow through this combustion
chamber, and thereby reduces the overall flow
resistance of the heater.

The heater of Fig. 2 may in all other respects

‘be identical with that of Fig. 1. In Fig. 2, how-

ever, instead of supplying the combustion air
from a separate ram or blower, the combustion
air is supplied by the same ram or blower which
furnishes the ventilating alr for the heater, al-
though either source of combustion air supply
is equally available for use in either of these
modifications. In Fig. 2, the combustion air pipe
106 has a bent and slightly flared upper end (08
directed ovrposite to the general direction of flow
of ventilating air in the adjacent portion of the

‘heater casing 110, so that part of this ventilating

air enters the combustion pipe {06. The lower
end of this pine 106 mav be identical with the
lower end of the combustion air pipe 38 of the
previous embodiment. In Fig. 2, both of the
curved portions of the combustion air pipe 106
are provided with vanes or transverse partitions
{12 to provide more uniform flow of air through-
out the entire cross section of the pipe 106.

In Figs. 3, 4, and 5, I have illustrated my in-
vention as being applied to a heater, which is
supplied with combustible mixture bv a carbu-
retor 158 of any conventional or suitable type.
This carburetor receives fuel through a fuel
supply pipe {52 controlled by the usual solenoid
valve 154. The carburetor receives combustion
air through g combustion air pipe 156 which
passes through the tapered outlet end 158 of the
heater casing 168, and this end of the combus-
tion air pive is so positioned that part of the
heated air leaving the heat exchanger 4 flows
into this pipe end to the carburetor 150. The re-
meainder of the heated air leaving the heat ex=
changer |4 passes into a duct {62 leading to the
aircraft cabin or other space or spaces requiring
heat.

The combustible mixture of fuel and air»
formed by the carburetor 150 passes into gn in-
duction pipe (64 which extends through a wall of
the heater casing 166, and a wall (66 of the com-
bustion chamber {68. The delivery end of the
induction pipe 164 may be identical with the de-
livery ends of the combustion air pipes of the
previous embodiments. As shown in Fig. 3, the

‘delivery end of the induction pipe 164 is curved

as indicated at ‘1710, and has a straight outlet
portion (72 coaxial with the cylindrical wall of
the combustion chamber, and directed toward
the dome-shaped inward proiection {14 provided
by the end wall 1716 of the combustion chamber.

This end wall has essentially the ‘same shape
as the end walls of the two previous embodi-
ments so that the mixture flows into the annular
recess 1718 and forms whirling vortices of burn-
ing gases as in the previous embodiments. The
dome-shaped projection 174 is so curved that
the combustible mixture flowing into the an-
nular recess {18 does not closely follow the walls
of this recess, but provides a dead space as in
the previous embodiments. The combustible
mixture in this dead space is initially ignited by
the igniter 60 as is the embodlments of Figs.
1l and 2.

The heat exchanger-ld is generally of the type
disclosed and claimed in my Patent No. 2,432,929,
issued December 16, 1947, and has g heat trans-
fer means formed of a piece of sheet metal 180
bent back upon itself, as indicated at 182, {o

78 form a double walled structure which is spiraled

.w-_--!raw-



-

about the axis of the heater, successive spirals

of the double walled structure being spaced from
each other to form therebetween a spiral pas-
sage 184 communicating at one end of the cen-
tral chamber 64. The end of the spiral gas pas-
sage 184 is formed by welding or otherwise se-
curing together the edges of the metal sheet 180,
. &8s indicated at 186. | -
From Fig. 4 it will be apparent that the double
walled structure is provided with longitudinally
extending spacing ribs 188 which determine the
thickness of the double wall structure. I have
found it most desirable to decrease the thick-
ness of this double wall structure as it ap-
proaches the casing 10 and I have accordingly
made the end ribs 88" and 188’’ of progressively
decreasing height, as clearly shown in Fig. 4.
The righthand ends of the central chamber
64 and of the spiral gas passage 184 communi-
cating therewith are closed by a plate 190 hav-
ing a spiral-like extension 190’ and secured to
the edge of the sheet metal plate 180 by weld-
ing or in any other suitable manner. The plate

90 has attached thereto a supporting bracket

192, having a pin 194 carried in a second bracket
196 bolted or otherwise suitably secured to the
casing 190. |

Another plate 198 having a spiral extension
188’ serves to attach the cylindrical wall 166 of
the combustion chamber to the lefthand end of
the heat exchanger and to close the lefthand
end of the spiral gas passage in this heat ex-
changer. A bracket 200 supports the combus-
tion chamber and adjacent end of the heat ex-
changer in the casing 180.

A plurality of resilient clips or plates 202 (Fig.
4) each have an end 204 welded or otherwise

suitably secured to the interior of the casing

0. ‘The other ends of these clips or plates are

free to slide against the inner wall of the cas~

Ing {0. These clips or plates serve to center the

heat exchanger (4 in the casing 10 while per--

mitting adjustment of the heat exchanger rel-
ative to the casing resulting from expansion
and contraction of the heat exchanger due to
starting and stopping of the heater. In effect,
there is a floating mounting for the heat ex-

changer which provides for clockwise and coun-
ter-clockwise rotation of the outer portion of s
the heat exchanger relative to the casing and :

which also permits the heat exchanger to shift

sidewise of the casing to prevent any portion of

the outer part of the heat exchanger from ap-
proaching too closely to the casing. The pin

194 is also arranged so that it may slide axially
in its supporting bracket 186 to provide for ax-

ial expansion
changer. - : o

The products of combustion are discharged
through an exhaust nipple 208 which is welded
or otherwise suitably attached to the outwardly
flared walls 208 of an opening punched in the
sheet metal 180. This nipple extends through a
relatively large opening 210 formed in an ad-
Jacent portion of the wall of the casing 180 where-
by the nipple 206 may shift both circumferen-
tially and axially of the casing with expansion
and contraction of the heat exchanger.
portion of the casing wall is pressed outwardly
to provide a flat shoulder 212 against which an
annular sealing member 214 is pressed by & spring
216. The sealing member 214§ is slidably mount-
ed on the nipple 206 and serves to form & sealed
connection between this nipple and the shoul-
der 212. An annular spring abutment 218 is

and contraction of the heat ex-

This
70 280 into which the nozzle 2§’

75
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8
- welded or otherwise suitably secured to the nipple
286. Any suitable exhaust pPipe 228 (Fig. 3) may

be connected to the nipple 206 and from this

figure it will be observed that the nipple 288 is
5 located adjacent the righthand end of the heat
exchanger so that the products of combustion

iravel a maximum distance before passing out -

of the exhaust nipple. - | )
The Inlet {2 is supplied with air by a ram,
10 blower or other suitable means and this air first
‘passes around the combustion chamber from
which it absorbs some heat. Some of this ajr
then passes through the longitudinal afr pas-
sages 222 formed between the longitudinal ribs
15 of the heal exchanger. The remainder of the
alr passes between the outermost portion of the
heat exchanger and the casing 10. As the air
travels either of these paths, it receives addition-
al heat from the heat exchanger and is dis-
20 charged into the oullet 158. Some of the heated
air enters the combustion air pipe 158 leading to
- the carburetor 158, whereas the remainder
passes through duct 182 to the space or spaces
to be heated. While I have shown the air as
25 iraveling from left to right through the casing
10, the heater is equaBly adapted for opposite
direction of air flow by simply transferring the
inlet end of the combustion air pipe from one end

of the heater to the other, ' '
Where the fuel is supplied to the combustion
chamber in the form of 8 combustible mixture

30

delivered from a carburetor of any usual or suit-

able design, any usual or suitable means may be
provided for regulating the heat output of the
39 heater by varying the rate of fuel supply to the
combustion chamber, However, where the fuel
is delivered to the combustion chamber by means

of a spray nozzle like the spray nozzie 26 of Flgs.
1 and 2, the fuel must be delivered to the nozzle

drip from the nozzle insteagd of issuing therefrom
in the form of a spray. A fuel Spray is necessary

fuel

40

this Fig. 6, a part only of the fuel i1s delivered to

the combustion chamber ig by the nozzle 28

.65 When the heater is operating at maximum heat

output. A second nozle 26’ is provided and
this second nozzle discharges into the combus-
Hon air pipe 38’, which is identical with the pipe
38, except for the provision of a threaded nipple
1s screwed.

‘While the nozzles 26 and 26’ may be made of

any relative sizes so that the total fuel consump-




9 |
one-half of the total fuel supplied to the heater
at maximum operation.

Both of the nozzles 26 and 26’ are connected to

fuel supply pipe 252 which may be provided with
any usual shut off valve. A solenoid or other

remote control valve 254 is interposed betw_éqn-

nozzle 26’ and pipe 252 so that the fuel delivery
‘to the nozzle 26’ may be cut off independently of
the fuel delivery to the nozzle 26. The fuel
spray delivered by the nozzle 26’ is transverse
to the direction of flow of the combustion air
in pipe 38’ and does not initially form a homo-
geneous mixture with this air. This mixture,
however, is improved as it absorbs heat from the
lower end of the pipe 38’ and any remaining lack
of homogeneity in this mixture is overcome when

this mixture is admixed with the spray from the

nozzle 26 to form a final combustible mixture,
This final mixture is ignited by the igniter 60
and burns in the manner described in the dis-
cussion of Fig. 1.

‘When the heater is: operating at maximum
output, both nozzles 26 and 26’ are supplying
fuel. If it is desired to operate the heater atb
one-half maximum heat output, it is only neces-
sary to close the solenoid valve 254, thereby cut-
ting off all fuel supply to the nozzle 26’. Under
this condition of operation, the nozzle 26 sup-
plies all of the fuel burned in the heater and the
operation is identical with that of Fig. 1.

"In most instances it will be sufficient to provide
a heater having only two stages of operation and
for such use the heater of Fig. § is ideally suited.
For these conditions the fuel can always be sup-
plied to the nozzles at minimum efiective oper-
ating pressure and all heat output control is ef-
fected by opening and closing the solenoid valve
254. This is particularly desirable where condi-
tions of use dictate a low pressure fuel supply
for the heater. Where the heater is to be used

under operating conditions which call for greater

flexibility in heat output, the necessary addition-
al flexibility can be secured by varying the pres-
sure at which the fuel is supplied to the nozzles

26 and 26’ in the same manner in which different

heat outputs are obtained in the embodiments
of Figs, 1 and 2. | )

In describing the previous embodiments of my
invention, I have referred to the fact that the
air may flow through the heater casing in either
direction. In this Fig. 6, I have shown the air
as flowing from right to left, although in the
embodiment also the ventilating air may flow in
either direction through the heater casing. In
this particular embodiment, however, an addi-
tional advantage is obtained by having the air
flow from right to left, since the ventilating air
first passes over the heat exchanger and absorbs
heat therefrom. This ventilating air, therefore,
is substantially heated by the time it contacts
the combustion air pipe 38’.

Some heat from the ventilating air is trans-
mitted to the combustion air pipe 38’ and pre-

vents undue chilling of the combustion’'air where 65 alignment therewith comprising g pipe extend-

the spray from the nozZzle 26’ enters this air,

This is particularly important where atmospheric .

conditions are such as to favor ice formation or
accumulation where the temperature of the at-
mospheric air is further reduced. |

While I have described several forms of my in-
vention, it is to be understood that my invention
is not limited to the particular forms described
but may assume numerous other forms and that

4,488,787
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tions and equivalents coming within the scope of
the appended claims. | |

I claim: | | |

1. A burner of the class described comprising
means forming a combustion chamber having an
annular wall and an end wall, said end wall hav-
ing an inwardly extending projection on the axis
of said annular wall and having an annular re-
cess surrounding said projection, said projection,
said end wall and said annular wall merging

- smoothly to form a surface of revolution which

consists of substantially half a tore, a spray noz-
zle disposed at the end of said projection and
oriented to direct a spray of liquid fuel axially of
said combustion chamber and in a girection away
from said end wall, combustion air delivery means
disposed within said combustion chamber com-
prising a pipe extending substantially radially
into a position in front of said combustion cham-
ber, the inner end of said pipe being curved so
that the opening at the inner end thereof faces
said projection, and vanes within the curved por-
tion of said pipe for subdividing and transversely
distributing the flow of air therethrough so that
the spray from said nozzle and the stream of
combustion air are in counterflow relation to each
other, means to supply liquid fuel under pressure
to said nozzle, and means to supply air under
pressure to said combustion air delivery means.
2. A burner of the class described comprising
means forming a combustion chamber having an
annular wall and an end wall, said end wall hav-
ing an inwardly extending projection on the axis
of said annular wall and having an annular re-

43 cess surrounding said projection, said projection.

said end wall and said annular wall merging
smoothly to form a surface of revolution which
consists of substantially half a tore, and means

In said combustion chamber for directing a
, Stream of mixed fuel and air at said inwardly

extending projection and in substantially axial
alignment therewith comprising a pipe extend-
ing substantially radially into a position in front
of said combustion chamber, the inner end of
sald pipe being curved so that the opening in the
inner end thereof faces said projection, and vanes
within the curved portion of said pipe for sub-
dividing and transversely distributing the mov-
ing stream therein so that said stream is divided
by said projection and flows radially outwardly
in all directions to form a vortex within said

- combustion chamber.

3. A burner of the class described comprising
means forming a combustion chamber having
an annular wall and an end wall, said end wall
having an inwardly extending projection on the
axis of said annular wall and having an annular
recess surrounding said projection, said projec-

- tlon, said end wall and said annular wall merging
¢0 smoothly to form a surface of revolution which

consists of substantially half a tore, and means
In sald combustion chamber for directing a
stream of mixed fuel and air at said inwardly ex-
tending projection and in substantially axial

Ing substantially radially into a position-in front

- of said combustion chamber, the inner end of

Is'a.id pipe being curved so that the opening in the
Inner end thereof faces said proj ection, vanes

- 70 within the curved portion of said pipe for sub-

dividing and transversely distributing thHe mov-

Ing stream therein so that said stream is divided

by said projection and flows radially outwardly
in all directions to form a vortex within said

my invention includes all modifications, varia- 73 combustion chamber, and means for Introducing
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fluid fuel into sald pipe at & point upstream of

said curved portion.

WILLIAM C. PARRISH.
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