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This invention relates to burners, and particu 
larly to burners wherein a fuel, either gaseous, 
liquid or powdered solid fuel, is injected into and 
burned in a moving column of air. The inven 
tion is particularly adapted for, but not limited 
to, use in aircraft power plants of the gas turbine 
and jet propulsion types wherein air is compressed 
into a chamber constituting part of a generator, 
at which point it is heated by the combustion of 
fuel and the expanded air and products of com 
bustion discharged through a gas turbine for driv 
ing an air compressor and/or a propeller, after 
which the gases may be discharged through a 
reaction tube to propel the aircraft or to assist 
the propeller in propelling the aircraft. 
A burner constituting part of such power plants 

is ofttimes subjected to conditions which render 
it extremely difficult to maintain stable opera 
tion of the burner, or to obtain proper flame prop 
agation and an effective fuel/air ratio over the 
wide range of air flows to which the burner is 
subjected. Thus, flow of fuel to the burner may 
at times be suddenly reduced to reduce engine 
speed, resulting in a low flame at the burner nozzle 
while at the same time the momentum of the 
engine may nonentarily produce a high air flow 
tending to blow out the flame. At such times, 
the burner flame may fail unless properly pro 
tected, resulting in faulty engine operation and 
necessitating reignition under adverse conditions. 
Again, it is desirable that the burner ignite or 
start quickly and easily under all conditions of 
air flow, both at the start of a flight and during 
flight of an aircraft. If there is delay in igniting 
the burner during the initial starting operation, is 
excess fuel accumulates in both the burner tube 
and adjacent chambers, and then when the en 
gine does start, there is an intense flame and 
heat produced while the accumulated fuel is burn 
ing which tends to burn and warp parts in the 
inmediate region of the fiame. 
An object of the present invention is to in 

prove and render more efficient burners or heat 
generators. 
Another and more specific object is to provide 

an improved burner or generator unit particu 
larly adapted for power plants of the type speci 
fied. 
Other objects include: 
The provision of means into a burnsr for creat 

ing a stable flame (usually blue or bluish in color 
with hydrocarbon fuels such as fuel oil or gaso 
line) of relatively complete combustion and low 
radiation characteristics; a burner wherein the 
burner flame may be maintained stable under 
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varying conditions of air flow; a burner wherein 
effective flame propagation may be had over a 
wide range of power conditions without burner 
failure; a burner wherein unburned fuel, instead. 
of being driven by the air blast straight toward 
the discharge end of the burner tube or chamber, 
is circulated through the breech portion of said 
chamber to promote more effective combustion; 
a burner wherein the ignition element such as 
a Spark plug is coordinated with a particular type 
of baffle structure to obtain prompt ignition under 
all conditions of burner operation; and to gen 
erally improve burners wherein the burner flame 
is Subjected to air at varying velocities. 
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The foregoing and other objects and advan 
tages will become apparent in view of the follow 
ing i description taken in conjunction with the 
drawings, wherein: 

Figure 1 is a broken longitudinal perspective 
View of a burner embodying the features of the 
invention; 

Figure 2 is a view in end elevation of the 
burner; 

Figure 3 is a transverse section taken along the 
line 3-3, Figure 1, the view being marked with 
air flow lines to illustrate the turbulent action 
of the air and products of combustion in this 
region; 

Figure 4 is a section taken on the line 4-4, 
Figure 1; - 

Figure 5 is a Schematic Sectional diagram which 
further illustrates the action of the air and prod 
lucts of combustion; 

Figures 6, 7 and 8 are detail views in section 
and elevation of a preferred type of fuel dis 
charge nozzle for liquid fuels; 

Figure 9 is a fragmentary longitudinal section 
of a burner provided with a modified form of 
flame shield and circulation control member; 
and 

Figure 10 is a Section taken on 
Figure 9. 
Referring to the drawings in detail and first 

to Figures 1 to 4, inclusive, an outer shell or hous 
ing is generally indicated at 5. This shell may 
constitute part of a generator unit and is adapted 
to have air supplied to the inlet end thereof 
under pressure, as by a compressor or due to the 
forward movement of an aircraft in which the 
unit may be installed. An example of such in 
Stallation is illustrated in a copending applica 
tion of Frank C. Mock, Serial No. 557,812, filed 
October 9, 1944. 
At the burner discharge end, the shell 5 is 

Screw threaded to receive a cap. 6 adapted to 

the line 0- 0, 

  



support a burner tube defining an elongated 
burner chamber 7" and provided with a series of 
holes 8, 9, 0, for admitting precombustion 
and dilution air to said chamber, said holes hay 
ing a predetermined angular disposition with 
respect to the longitudinal or major axis of the 
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tube and being of progressively increasing flow . 
capacity as they approach the discharge end of 
the tube; and at least, those holes which affect 
the air in the region of initial flame propagation, 
for example, the series 8 and 9, note Figures 3 
and 4, have a predetermined tangential conn 
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ponent with respect to a circ'e bounding said 
axis, for purposes to be explained. 
The inner end of the tube 7 is threaded into a 15 

fitting 2 provided with a hub formed with an 
axial opening in which is inserted a burner noz 
zle. generally indicated at 3, adapted to receive 
fuel through a feed t be or pire 4. This nozzle 
may be and preferably is of the type shown in 
Figures 6, 7 and 8. to be described. 
A breech circulation control and low flame 

shield unit 5 has an externally-threa?efit rear 
end screwed into an axial socket formed in the 
hub of the fitting f2; it includes a cylindrical 
cup-shared shield 6 rrojecting forward'y around 
and beyond the nozzle f3, and an outer cone 
shaped wall f which affects the action of the 
air and products of combustion in this region in 
the manner illustrated in Figure 5 and briefly 
outlined in the description of the operation of the 
burner. 
At spaced points around the end of the noz7e 

3 where it projects into shield 6 are a plurality 
of small air feed ducts or hoes 8, note Fig 
lure 2, shown as three in number in the present 
instance Spaced approximately 120° apart, pre 
combustion air being supplied to these holes 
through longitudinal passages 19, Figure 1, which 
may be calibrated to obtain a predetermined pres 
sure potential (the pressure difference causing 
air flow) of the air supplied to the ducts f 8. 
Additional precombustion air is supplied to the 
flame in the cup 6 through holes 20 at the for 
ward extremity of the cup beyond the end of the 
cone-shaped wall 7, and at which point a rela 
tively Small pressure differential exists with re 
spect to the space between the cone and cup, the 
region the end of the cup and the chamber in 
rear of the cone. - 

Holes or ports 2.22 and 23 are formed through 
the cone-shaned wall T which are preferably of 
progressively increasing flow capacity or diameter 
as they approach the forward end (left end in 
Figure l) of Said cone, and the function of these 
ho'es will also be described in connection with 
Figure 5. - 

An igniter in the form of a spark plug or anal 
ogous electrical snarking device is indicated at 
24. Preferahlv. the igniter is lorated at the base 
of the C7 in-shared shield 6 and the cone and 
is nrovided with a nositive electrode 25 and a 
neoative electrode 26, the latter grounding 
through the wall of the unit 5, which may be 
made of conducting material such as heat-re 
sistant alloy steel. It will be obvious, however, 
that any suitable grounding circuit may be uti 
lized. The bodv of the spark plug 24 may be 
made of Suitable insulating material such as 
porcelain, and a conductor 27 is extended through 
an insulator 28, shown projecting through a bush 
ing 29 of heat-resistant shock-absorbing mate 
rial mounted in the shell 5 and provided with a 
termina? 30 adapted to be connected to an igni 
tion circuit, not shown. 
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4. 
The burner tube and coacting parts should ob 

viously be made of suitable heat-resistant ma 
terial capable of withstanding the high tempera 
tures to which they may be subjected. 
The nozzle 3 is shown more or less in detail 

in Figures 6, 7 and 8; it consists of a nozzle body 
35 having a nose 36 formed with a discharge ori 
fice 3. . A valve member 38 is mounted for slid 
ing movement in the body 35 and is normally 
urged to seated position by a spring 39 removably 
held in place by retainer nut 40. The valve mem 
ber 38 has a contoured end 4f adapted to seat 
in the orifice 3 and formed with a series of 
spiral grooves 42; and back from said end 4 is 
an annulus 43 formed with a series of spiral 
grooves 44 which coact with but are of greater 
flow capacity than the spiral grooves 42. An in 

..let chamber 45 is defined by the annulus and a 
rear enlargement 46, and fuel is supplied to this 
chamber by way of conduit 47 formed in a nipple 
48 adapted to be connected to the fuel line 4, 
and passages 49 formed in the body 35. 
At low fuel pressures, the valve member 38 re 

mains seated and discharge of fuel is through 
the spiral end grooves 42, which grooves are rel 
atively fine or small and cause the fuel to be dis 
charged at increased velocity and in a swirling 
Spray. As pressure of the fuel increases, the 
valve member 38 moves back and discharge is 
by way of the spiral grooves 44 and orifice 37, 
the Swirling action still being maintained while 
the diffusing action varies. The flow capacity of 
the grooves 44 will determine the discharge ca 
pacity of the nozzle unless clearance is provided 
between the annulus 43 and adjacent wall of the 
nozzle chamber. Improved fuel spraying or 
atomization at all pressures, a variable spray cone 
or diffusion angle and elimination of separate 
low pressure nozzles and connections therefor are 
Some of the advantages of a nozzle of the type 
shown in Figures 6,7 and 8. 
In operation, liquid fuel is supplied to the noz 

zle 13 through the tube |4, as by means of the 
fuel-feeding device illustrated in copending ap 
plication Serial No. 557.812 above noted, while 
air may be supplied under pressure to the shell 
5 by a compressor or other suitable means, de 
pending upon the type of power plant or heat 
generating unit with which the burner may co 
Operate. To start the burner. electric current 
supplied to the spark plug 24 ionites the fuel as 
it issues from the nozzle in the form of a fine 
Swirling spray. Irrespective of the velocity or 
pressure of the air flowing to the burner through 
the shell 5 and holes 8-f, it will be at a prede 
termined relatively reduced velocity within the 
shielded low flame region of the burner, or in the 
Cup 6, due to the calihrated ducts or holes 8 
and 20 which ensure the proper amount of air 
to produce a highly combustible mixture for igni 
tion and maintenance of a low flame or pilot light 
at minimum or low fuel and air flows. and at 
which time a somewhat carrot-shaped yellow 
flame projects from the cup f 6. 
As the flow of liquid fuel is increased, the flame 

is propagated outwardly through the cup f6, and 
if the burner constitutes part of a generator for 
a power plant utilizing an air compressor driven 
by a turbine in turn driven by the expanded gases 
issuing from the burner tube 7, there will be an 
immediate increase in turbine and compressor 
speed and a corresponding increase in air ve 
locity and pressure in the outer shell 5. At nor 
mal engine or compressor speeds, the pressure in 
the Outer chamber or shell 5 may, for example, 
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be from one to three pounds higher than the 
pressure in the burner tube 7, this differential di 
minishing to a relatively small increment at low 
speeds. As the propagation or intensity of the 
burner flame increases, it is fed more and more 
by the air passing in through the holes 8, 9, 10 
and until maximum burner capacity or power 
condition is reached. 
Turbulence of the air and products of combus 

tion is of advantage, especially in the region of 
ini*tial and intermediate flame propagation, since 
it tends toward a more effective mixture and 
therefore economy in fuel consumption, quick 
acceleration, better scavenging and increased 
efficiency generally, a 
The holes 8 are inclined at an angle such as 

will effect a discharge of precombustion and dilu 
tion air tangential to a core of burning gases in 
the tube 7 (note Figures 3 and 5), preferably at 
a tangent to a circle whose diameter is greater 
than that of the cup 6 and less than that of the 
tube, and they are also preferably inclined at an 
angle oblique to a pane perpendicular to said 
axis, the size and angular disposition of these 
holes as well as the holes 9, O and being se 
lected to control the whirling component of the 
air and products of combustion. Preferably, also, 
the whirl imparted to the fuel spray by the nozzle 
3 coincides in direction with that resulting from 
the tangfntial arrangement of the holes 8. 
The holes 9, 10 and preferably are inclined 

at a progressivey rediced angle to the tube 
radius with respect to the holes 8 (note Figures 
4 and 5) or they in whole or in part may even 
have a reverse axial disposition or an oblique con 
ponent directed away from the outlet of the 
tube . 
The wall T is preferably but not necessarily 

cone shaped; it functions, among other things, to 
provide a partition between the swirl chamber 
around the cup 6 and the breech chamber or the 
area rearwardly and outwardly thereof. The 
amount of circulation through the breech cham 
ber may be predetermined by selecting the area. 
between the peripheral edge of the cone-shaped 
wall T and the adjacent inner surface of the 
burner tube, and also by selecting the flow ca 
pacity and/or angular disposition of the holes 2, 
22 and 23. 
In Figures 3 and 5 an attempt has been made 

to illustrate by arrows and flow lines the turbu 
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6 
flane having a yellow core. Just after starting, 
unvaporized fuel can be seen issuing from the 
Cup is and moving almost radially toward the 
wall of the burner tube. This probably results 
from more fuel flowing into the cup 6 at feeds 
beyond idling than can be burned at this point 
due to lack of air supply; also with the heavier 
fuels it is more than can be vaporized due to lack 
of time for heating and the high vaportension 
which would exist if vaporization were accom 
plished. 

It will be observed from Figure 5 that there is 
a continual swirl or movement of air in the 
breech of the burner tube. This apparently re 
sults from the tangential swirl of air around the 
end of the cup 6 which creates a depression at 
this point and a higher pressure region radially 
outwardly thereof adjacent the wall of the tube, 
so that part of the air and products of combus 
tion adjacent the cup are drawn, along with any 
excess fuel, back toward the breech end of the 
burner and flow through the annular space be 
tween the outer edge of the cone T. and sur 
rounding burner wall and then recirculate for 
wardly through the holes 2, 22 and 23 where 
they encounter the radial component around the 
end of the Cup 6. Thus there is a breech cham 
ber recirculation of flame, air and any unburnt 
fuel which further assists vaporization and com 
plete combustion and maintains the cup and cone 
at a relatively high temperature so that discharge 
of unburnt liquid fuel toward the outlet of the 
burner is avoided. This is of considerable ad 
vantage, particularly when heavy fuels such as 
kerosene are used. Since the heat developed in 
the breech chamber is substantially proportional 
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lent action of the air and products of combustion 
which takes place in the burner tube at, for ex 
ample, intermediate to full power conditions, it 
being understood that the showing can only be 
an approximation due to the difficulties encoun 
tered in making tests and visually observing the 
Operation of a device of this nature. As air flow 
increases due to a rise in pressure in the Outer 
shell 5, the tangential acion resulting from flow 
through the holes 8 generates a Swirl around the 
end of the cup f, which creates a depression in 
the center of the tube and induces a gentle 
axial flow connonent towards the Cup from air 
entering the tube through the holes 9 and 10 of 
reduced angle to the tube radius. This axial 
component meets the flame and fuel Vapor, issu 
ing from the cup and the mixture swirls as it 
rolls forwardly toward the outlet of the tube, 
building up a swirling mass of blue flame around 
the in'erior of the tube, the tip of the carrot 
shaped flame retracting as fuel and air flow in 
creases from idling or minimum feed. Further 
increase of fuel feed and accompanying air flow 
fills the tube with an annulus of Whirling blue 

to the rate of fuel being fed, the ports or holes 
2, 22 and 23 may be calibrated to control cir 
culation in the region of the cup and cone in a 
manner Such that these parts, even when made 
of moderately heat-resistant materials such as 
steel or iron or alloys thereof, will stay hot enough 
to effect vaporization of the fuel without burn 
ing away. 
An Outstanding feature of the burner as a 

whole is its ability to maintain a stable lame 
under varying Conditions of operation. Since 
the rec'rculation of flame or air and products 
of combustion depends to a large extent upon 
the rate of fuel feed, and since the turbulence 
is light at low fuel feeds, it follows that the fame 
will be stable through a very wide range of air 
and fuel flows. At high airflows of say for ex 
ample 120 feet per second through the ports 
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Or holes 8, 9, O and , the burner is stable to 
a lean air fuel proportion of, for example 1500 
to 1, and it is also stable at a rich mixture of 
for example 15 to 1, the latter result being largely 
due to the arrangement of the cup 6 and wall 
T surrounding the fuel nozzle. Carbon forma 

tion is Small due to high cup temperature and 
also because of substantially complete combus 
ion as evidenced by the blue flame. For a given 
amount of fuel and air consumed, the heat radia 
tion of the burner is lower by virtue of the blue 
flame than it would be with a red or yellow flame. 
Other advantages are positiveness in starting, 
both initially, and with the air blast on, which 
is of considerable importance in jet propulsion 
engines or power plants since it is ofttimes de 
sirable to restart in flight at high air flows. 
Easy starting is in part attributable to the close 
confinement of the fuel in the cup 6 and the 
location of the spark plug. 24, which sparks 
acroSS the adjacent area of the cup in the region 
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of the confined fuel; also, the controlled tems 
perature of the cup assists in maintenance of 
proper vaporization in this region. By using 
higher voltages than those employed in con 

8 
the scope of the invention being limited only 
by the appended claims. 
We can: 
1. A tubular burner having walls defining an 

ventional practice, the effectiveness of the igniter is elongated burner chamber provided with an in 
may be increased. 

Figures 9 and 10 illustrate an example of how 
the structure of the flame protecting and breech 
circulation control unit may be modified to ob 
tain desired results. In this instance, the burner 
tube and fuel nozzle are similar to those of Fig 
ures 1 to 5, and are therefore given correspond 
ing reference numerals. The low flame shield 
which corresponds to the shield 6 heretofore 
described is indicated at 50, and the forwardly 
flared wall which corresponds to the wall 
is indicated at 5. In Figures 9 and 10, this 
wall extends outwardly to a point closely ap 
proaching the adjacent wall of the burner Cup, 
leaving sufficient space to permit liquid fuel to 
be drawn back into the breech. Breech Circula 
tion and recirculation is controlled by a series 
of annularly-arranged, radially-spaced openings 
53 and 54 formed in the wall 5, and deflectors 
or guide vanes 55 and 56 which overlie the Open: 
ings 53 and 54, the outer and inner series of 
vanes extending in reverse directions So that 
the air and products of combustion may flow 
into the breech chamber through the series of 
openings 53, circulate around this chamber and 
then flow out through the openingS 54, the Vanes 
tending to produce a whirling action to the air 
and products of combustion in the chamber. 
By suitably calibrating these openings 53 and 54 
and varying the angular position and relation 
of their coacting guide vanes, the breech circula 
tion can be augmented or reduced to in turn 
control the heat of the cup 6 for use of fuels 
of different volatility. 
Among other factors which affect control of 

main flame circulation is the angular disposition 
of the holes 9, 0 and . Thus the axial circu 
lation of air towards the cup-like shield 6 or 
50 can be increased by directing these holes sub 
stantially straight towards the center or axis 
of the burner and if necessary slanting them 
backward towards the breech. Similarly, axial 
flow away from the cup 6 or 50 can be de 
creased by slanting these holes more towards the 
mouth of the burner and giving them increased 
tangential components. For burners which op 
erate under low air pressures, the holes 8 
may be enlarged, while the tangential Swirling 
and recirculation effect in the breech may be 
augmented either by enlarging the holes 2, 22 
and 23 of Figures 1 to 5, inclusive, or the holes 
53 and 54 of Figures 9 and 10 and/or by chang 
ing the impact angle of the vanes 55 and 56. 
The wall 5 of Figure 9 may be disposed in 

contact. with the adjacent wall of the burner 
tube, note the lower portion of Said figure, 
thereby dissipating heat by conduction to the 
wall of the burner tube and thence by radiation 
to the outer chamber 5. 

It will be understood that once those skilled 
in the art have been taught the theory of op 
eration of the improved burner and the results 
obtained thereby, such results may be obtained 
by various modifications and rearrangements of 
parts other than those specifically enumerated 
herein. Hence no attempt has been made to de 
Scribe all the advantageous features of the in 
vention or the modifications which may be made 
in order to carry out or produce such advantages, 
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let end and a discharge end, a burner nozzle ar 
ranged to discharge fuel under pressure into 
the inlet and substantially axially of the burner 
chamber, means for igniting the fuel, a cup-like 
shield surrounding and projecting forwardly of 
the nozzle, said shield being provided with in 
let ports for admitting precombustion air to the 
interior of the shield and said chamber walls. 
being provided with longitudinally and circum 
ferentially spaced inlet ports for admitting pre 
combustion and dilution air to said chamber, 
said latter ports in the region of said shield be 
ing arranged to direct the entering air in jet 
like streams at a tangent to a cylindrical area 
bounding the longitudnal axis of the burner 
chamber and through which area a core of burn 
ing gases is propagated outwardly from the 
shield when the burner is in operation. 

2. A burner as claimed in claim 1 wherein the 
fuel nozzle is of a type causing the fuel to issue 
therefrom in a whirling spray and the tangential 
Component of the jet-like Streams of air in the 
region of Said shield coincides with the whirl 
component of the spray. 

3. A burner as claimed in claim 1 wherein the 
ports in the burner wall outwardly beyond the 
region of the shield are set at a reduced angle 
to the tube radius with respect to those in the 
immediate region of the shield. 

4. A burner as claimed in claim 1 wherein the 
ports in the burner wall outwardly beyond the 
region of the shield are not only set at a re 
duced angle to the tube radius with respect to 
those in the immediate region of the shield, but 
are also Set to direct the streams of air at vary 
ing degrees of angularity with respect to the 
axis of the burner chamber to produce whirl 
or eddy components and differential pressure 
areas in the chamber. 

5. A burner including a burner tube defining 
an elongated combustion chamber having an in 
let end and a discharge end, a burner nozzle 
arranged to discharge fuel under pressure into 
the inlet end substantially axially of the chain 
ber, means for igniting the fuel, a cup-like 
shield surrounding and projecting forwardly of 
the nozzle, said shield being provided with inlet 
ports for admitting precombustion air to the in 
terior of the shield and said tube being provided 
with a multiple of longitudinally and circum 
ferentially Spaced inlet ports for admitting pre 
combustion and dilution air to said chamber 
Outwardly of Said shield, said tube ports in the 
region of Said shield being arranged to direct 
streams of air at a tangent to a cylindrical area 
bounding the longitudinal axis of the burner 
chamber and through which area, a core of burn 
ing gases is propagated outwardly from the 
shield when the burner is in operation, other of 
said tube ports more outwardly remote from said 
shield being arranged to direct streams of air at 
varying angles into said cylindrical area, said 
tube ports being of progressively increasing flow 
capacity from the inlet to the discharge end of 
Said chamber. 

6. A burner having walls defining an elongated 
burner chamber provided with an inlet or breech 
end and a discharge end, a burner nozzle ar 
ranged to discharge fuel under pressure into the 
inlet end substantially axially of the chamber, 
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means for igniting the fuel, said walls being 
formed with a multiple of longitudinally and cir 
cumferentially spaced inlet ports for admitting 
air under pressure into the chamber, a Substam 
tially cup-shaped shield surrounding the nozzle 
and projecting forwardly thereof to protect the 
burner flame at low fuel discharge pressures, 
said shield being provided with calibrated air 
inlet ports for feeding the fiame controlled quan 
tities of air at varying air flows, and means aS 
Sociated with Said shield for establishing a pre 
determined circulation of air in the area be 
tween the shield and the surrounding wall of 
the burner chamber, said last-named means in 
cluding a wall surrounding said shield and pro 
jecting; forwardly and outwardly from the breech 
end of the shield toward the adjacent wall of 
the burner chamber and provided with calibrated 
flow ports or openings. 

7. A burner having a burner tube defining 
an elongated burner chamber of generally cir 
cular contour in cross-section provided with an 
inlet or breech end and a discharge end, a burner 
nozzle arranged to discharge fuel under pressure 
into the inlet end substantially axially of the 
chamber, means for igniting the fuel, a Substan 
tially cup-shaped shield surrounding the nozzle 
and projecting forwardly thereof to protect the 
burner flame at low fue discharge pressures, 
the wall of said tube being provided with a mull 
tiple of longitudinally and circumferentially 
spaced air-inlet ports arranged to direct indi 
vidual jets or streams of air into the burner 
chamber, a wall Surrounding Said shield and 
projecting forwardly and outwardly from the 
breech end of the shield toward the adjacent 
wall of the burner tube and provided with cali 
brated flow ports functioning to establish a pre 
determined circulation of air and products of 
combustion in the breech end of said chamber 
between the shield and the surrounding wall of 
the tube and said air-inlet ports in the region 
of the shield being disposed at angles with re 
spect to the projected burner flame conducive 
to the desired circulation. 

8. A burner including a burner tube defining 
an elongated combustion chamber provided with 
an inlet or breech end and a discharge end, a 
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burner nozzle arranged to discharge fuel under 
pressure into the inlet or breech end substantially 
axially of the chamber, a generally conical 
shaped wall surrounding the nozzle, a substan 
tially cylindrical cup-like flame shield project 
ing forwardly from the base of the cone defined 
by Said wall, the wall of said tube having a mul 
tiple of longitudinally and circumferentially 
Spaced air inlet openings for directing air under 
preSSure into said chamber in the region of Said 
shield and forwardly thereof and said conical 
Wall being provided with a series of calibrated 
openings designed to produce a predetermined 
circulation of air and products of combustion in 
the breech end of the combustion chamber 
around said Shield. 

9. A burner as claimed in claim 8 wherein the 
openings in said cone-shaped wall are of pro 
gressively increasing flow capacity from the base 
portion to the forward or outer edge of the cone. 

FRANK C. MOCK. 
HERBERT H. THURSTON. 
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