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My invention relates to combustion of 
fuels and more especially to the provision 
of a method of burning such fuels as gas (such as the ordinary illuminating gas), oil 
or powdered coal, such that the fuel will be 
burned with an extremely high degree of 
efficiency and extremely high temperatures 
produced. The invention also relates to an 
apparatus or burner for carrying out my im 
proved process. 

It is well known that the efficiency of prac 
tically all burners heretofore made is rela 
tively low and that the temperatures ob 
tained from such burners are far below the 
theoretical flame temperature. By “theoret 
ical flame temperature” I refer to the tem 
perature attainable by the complete combus 
tion of a completely combustible mixture 
without excess oxygen in a non-heat conduct 
ing chamber. 
Of the burner designed heretofore, by far 

the greater number are atmospheric burners, 
in that combustion takes place at substan 
tially atmospheric pressure, the burners for 
the most part depending either upon induced 
air or air from the surrounding atmosphere 
for the support of combustion. While in 
some of these burners partial combustion 
takes place within a chamber or tube as dis 
tinguished from the majority wherein the 
flame is at the end of the burner mouth and 
surrounded by atmospheric air, in none of 
them does the combustion occur within a 
space within which the flow of the fuel and 
the combustion supporting medium, such as 
air, is so controlled that the combustion takes 
place under pressure, and therefore, in all 
such burners we have what may be termed 
a “flash’ burner as distinguished from an 
explosive burner wherein the combustion 
takes place under pressure, or at least with 
in a space so confined that an explosion of 
the mixture is the result rather than a mere 
burning or flashing thereof. . 

It is, of course, well recognized that a prop 
er mixture of the fuel and the combustion 
supporting medium is necessary for efficient 
combustion and for the obtaining of high 
temperatures therefrom, and it is also recog 
nized that if the mixture is pre-heated prior 
to its combustion the resulting temperature 
will be increased. - 
One object of my inventign, therefore, i? 

the provision of a method of burning a fuel 
55 so that the combustion takes place under 

pressure. 

Another object of m invention is the pro 
vision of a method of burning a fuel where 
by a proper mixture of fuel and a combus 
tion supporting medium such as air will be 
exploded under pressure within a confining 
Space or chamber, whereby an exceedingly 
high temperature will be obtained. 
A still further object of the invention is 

the provision of a burner whereby a proper 
mixture of a fuel and a combustion support 
ing medium will be exploded within acom 
bustion tube or chamber under pressure. 
A still further object of my invention is 

the provision of a burner which will operate 
efficiently in a “back fire' condition, so that 
the combustion takes place within a combus 
tion chamber in order that the mixture may 
be exploded while confined, and an exceed. 
ingly high temperature is attained. 
A still further object of my invention is 

the provision of a burner wherein a mixture 
of fuel and air is introduced into a combus 
tion tube or chamber in a thoroughly mixed 
condition and there exploded, so that com 
plete combustion takes place within the tube, 
and a flame temperature approaching that 
of theoretical flame temperature is attained. 
Another object of my invention is the pro 

vision of a method of burning a fuel such 
that combustion takes place within a limited 
or confined space at a very high rate of speed, thereby developing a very high tempera 
ture. 
To these and other ends the invention con 

sists in the novel features and combination 
of parts to be hereinafter described and 
claimed. 

In the accompanying drawings: 
Fig. 1 is a sectional view of a burner em 

bodying my invention and illustrating my 
improved process; 

Fig. 2 is a similar view illustrating a 
modified form of my invention; 

Fig. 3 is a sectional view of a further 
modification. 
The burner which I have selected to illus 

trate in Fig. 1 of the drawings as one em 
bodiment of my invention is like that shown 
in my co-pending application, Serial No. 
633,978, filed April 23, 1923, of which this 
application is a continuation in part, and 
comprises an air tube 1, receiving a supply 
of air from an airline 2, controlled by the 
valve 3. The fuel, which in the instance 
shown is in a gaseous state, is introduced 
through the tube 6, controlled by the valve 
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4, from the gas line 5. I preferto so con 
struct the gas and air tubes that the former 
will be surrounded by the latter, so that as 
hereinafter explained, the supply of air will 

5 be introduced around the mouth of the gas 
orifice. To the end of the gas supply tube 
6 is connected a gas chamber 12, which may 
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be enlarged at its intermediate portion to 
permit the gas to expand, and which pref 
erably will have a constricted orifice 13 so 
that the velocity of the gas issuing therefrom 
will be somewhat increased. This also gives the chamber 12 a shape substantially ellip 
tical in longitudinal cross section, and, as 
will be explained hereinafter, enables the 
wave action set up in the burner to be main tained or possibly augmented and built up 
by the action within this chamber. 
To the air tube or conduit 1 is threadedly 

connected an air nozzle 7, the discharge end 
of which is tapered so as to conform closely 
to the wall of the gas chamber adjacent the 
discharge orifice 13. The air nozzle is pref 
erably so shaped at this point that the air 
will be directed across the orifice of the gas 
nozzle in all directions in a substantially cone 
shaped stream, so that, the air supply being 
under pressure, the flow of gas will be in 
creased by induction or drawn out of the 
orifice 13 by the partial vacuum created by 
the stream of air passing across this orifice. 
It is noted that the space between the ends 
of the air and gas nozzles is annular in shape 
and tapers in a forwardly direction, becom 
ing gradually smaller as the orifice end of 
the chamber 12 is approached, so that the air 
is conducted through this tapering annular 
space across the gas orifice and both gas and 
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air issue into a flaring chamber, and an im 
proved mixing of the fuel and air occurs as 
a result of this construction. It will be un 
derstood, of course, that the particular 
shapes of the air nozzle and the gas cham 
ber 12 and orifice 13 may be varied to a con siderable extent without departing from the 
basic principles of my invention. 
In order to adjust the mixture of gas and 

air supplied from the nozzle 7 and orifice 13, 
I have only to rotate the nozzle 7 upon its 
threaded connection with the tube 1, so as to 
produce a relative longitudinal movement. 
tween this nozzle and the chamber 12. If 

desired, a threaded connection 16 may be 
made between the chamber 12 and the gas 
tube 6, which threads will be disposed op 
positely to those upon the nozzle 7 and tube 
1 and radially extending pins 14 may be pro 
vided upon the chamber 12, which are re 
ceived within recesses 15 upon the interior 
of the nozzle 7. It will be apparent that 
with this construction, when the nozzle 7 is 
moved to the right, as shown in the draw 
ings, the chamber 12 will also be rotated and 
due to its oppositely threaded connection 
with the tube 6 will be moved to the left, 
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thereby effecting a very rapid change in the 
proportions of fuel and air supplied, with a 
relatively small amount of rotation of the 
tube 7. 
As the fuel and air issue from the nozzle 7 

and orifice 13, they flow into a primary ex 
pansion or mixing chamber 8, which as 
shown, increases in diameter from its receiv 
ing end toward its discharge end where the 
mixture is discharged into a secondary mix 

70 

75 
ing or expansion chamber 9. As shown in 
the drawings, this secondary expansion cham 
ber is ellipsoidal in shape and is provided 
with a somewhat restricted orifice 10. The 
fuel and air are thoroughly mixed within 
these expansion chambers, and it will be un 
derstood that as long as a thorough mixing 
is obtained the exact shape of these cham 
bers is not important in the broad aspects 
of the invention but may be considerably 
varied, and in some instances it has been de 
termined that the two chambers may be com 
bined into one. 
The mixed charge is then conducted 

through the orifice 10 into a combustion 
chamber or tube 11, within which the com 
bustion of the charge mainly takes place. 
This tube is shown as secured to the wall of 
the chamber 9, but the particular method of 
supporting the tube is not of importance in 
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all aspects of the invention. The length of . 
the tube may be varied to suit conditions, 
but preferably the tube is sufficiently long 
so that a substantially complete combustion 
of the charge takes place therewithin so that 
few particles of the fuel are permitted to 
escape from the open end of the tube un 
burned, and also it is preferable to have the 
hot gases produced by combustion remain in 
the tube a sufficient length of time to heat 
the walls thereof, so that the contact between 

05 

the walls of this tube and the wall of the 
chamber 9 will heat the latter and preheat 
the mixture. The mixture will also be pre 
heated by the wall of the chamber 9, due to 10 
the heating of this wall directly from the 
heat of the combustion which takes place at 
the forward end of this chamber, as some of 
the explosions occur at this point as well as 
farther along in the combustion chamber 11. 
In practice it has been found that the tube 

11 gets exceedingly hot, and if this tube is 
not constructed of certain materials of very 
high melting point and which do not tend to 
oxidize easily, the tube will quickly be de 
stroyed due to the intense heat to which it 
is subjected. For instance, if this tube were 
made of cast iron or steel it would oxidize 
within a short time after the burner was 
lighted. I prefer to use for the construction 
of the tube, chrome nickel steel, or a metal 
composed only of chromium and nickel, but 
other materials may be used. It will be un 
derstood, of course, that as long as a metal is 
selected which will withstand the intense 
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heat of combustion, the particular metal used 
may be varied. The gas admitted to the burner through the 
pipe 5 may be and preferably is under the 
low pressure, which normally exists in the 
usual gas mains, that is, a pressure of from 
a few ounces to a pound or more above atmos 
pheric pressure. The pressure may, of course, 
be raised if desired, but this is not necessary 
for the efficient operation of the burner, al 
though gas pressures as high as fifteen pounds 
per square inch have been successively, em 
ployed in my burner, such pressures usually 
being accompanied by an air feed under a 
pressure substantially four or five times as 
great. The air conducted to the burner 
through the conduit 1, is preferably under 
pressure and this pressure may be compara 
tively high. For instance, the burner has been 
found to operate efficiently with an air feed 
under a pressure of 75 pounds per square inch, 
although an efficient and satisfactory result 
is accomplished with considerably lower pres 
sures. In fact, it is possible to employmy 

5 novel method in a burner in which the air is 
entrained at substantially atmospheric pres 
sure so that a source of compressed air will, in 
such cases, not be absolutely essential to the 
operation of a burner embodying my inven 
tion. However, in the embodiment which I 
have selected to describe, it will be assumed 
that the burner is supplied with compressed 
air under a pressure of at least several pounds. 
This air under pressure is expelled from the 

5 air nozzle 7 in a stream which passes across the 
gas orifice 13 so that the gas will be inducted 
into the expansion and mixing chamber 8 by 
the partial vacuum created at the mouth of 
the orifice by the action of the stream of air. 
This induction will, of course, be aided by the gas flow due to the normal pressure existing 
within the main. The orifice 13 is contracted 
to some extent, and the effect of this contrac 
tion will be to increase the velocity of the gas 
passing therethrough. The charges of gas 
and air which enter the chamber 8 are thor 
oughly mixed within this chamber and with 
in the chamber 9, so that a thoroughly mixed 
charge of gas and air of the proper propor 
tions passes into the combustion chamber 
through the orifice 10. 
The latter orifice may also be somewhat 

restricted to increase the velocity of the 
charge passing therethrough, and when this. 
charge leaves the orifice 10 it will be seen 
that it will be permitted to expand and there 
by the pressure of the charge is increased and 
the velocity reduced. I, therefore, have a pre 
mixed explosive or combustible charge of 
fuel and a combustion supporting medium 
which, in the instance described, is air, intro 
duced into the combustion chamber. This 
charge is under pressure and while confined 
within the combustion tube orchamber con 
tains a sufficient amount of air to support 
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combustion without having to draw upon the 
tophere surrounding the open end of the 
Oe. " . . 

It is well recognized that the rate of com 
bustion is a function of the temperature de 
yeloped or attained by the combustion. That 
is, when fuel and oxygen combine at a more rapid rate a higher temperature or a greater 
intensity of heat will be developed. One 
lethod of increasing the combining speed of 

fuel and oxygen is by causing the combus 
tion to take place under pressure or within 
a confined space. This principle is made use 
of in my burner wherein the pre-mixed charge 
of gas and air is introduced into a confined 
space or chamber and there burned so rapidly 
that it may be described as an explosive com 
bustion. That is, the combining of the fuel 
and oxygen takes place substantially instan 
taneously and the result is that an explosion 
or multiplicity of explosions occur rather 
than a quiet or "flash' burning of the fuel. 
This pressure is due to some extent to the fact 
that the gas and air are caused to pass through 
a restricted orifice, which according to well 
known physical laws tends to increase the 
pressure within the charge after the orifice 
has been passed and the charge is permitted 
to expand. This pressure is also due to the 
initial pressures with which the gas and air 
are fed to the burner, the flow of the charge 
through the combustion tube being resisted 
by the pressure waves set up by the explosions 
within the tube so that at the point where the 
combustion or explosions take place the ex 
plosive mixture is confined and, therefore, a 
pressure is set up which results in a very high 
combining speed of the fuel and oxygen. I 
have, therefore, a pre-mixed and properly 
proportioned charge of gas and air introduced 
into the chamber 11 and there exploded or, 
burned at a very high rate of combustion, the 
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charge being so proportioned that substan 
tially complete combustion may take place 
within this combustion chamber without the 
necessity of drawing upon the open end of the 
chamber for atmospheric air. 
Moreover, the waves set up by the explo 

sions occurring within the chamber cause a 
turbulence of the charge therein so that the 
charge instead of passing directly through 
the chamber as a pencil or solid stream, is 
caused to remain within the chamber for a 
sufficient length of time to be substantially 
completely burned before passing into the at 
mosphere. The products of combustion are 
thus caused to impinge against the wall of 
the chamber so that the latter becomes very 
hot and by its contact with the chamber 9, 
preheats the charge and thus increases the 
attained temperature. . . . 
This is of course in addition to the preheat 
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ing that occurs as a result of the combustion - 
that takes place at the mouth of the chamber 
9, as in practice the flame probably passes 30 
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back and forth through the orifice 10 and it 
is therefore probable that some combustion 
occurs within the mouth of this chamber at 
least a part of the time. 

It will be noted from the above description 
that my burner burns in a back-fire condition. 
That is, ther combustion takes place near the 
mouth of the orifice 10 instead of at the mouth 
of the tube 11. The zone of combustion ex 
tends forwardly from this point, its extent 
depending upon the conditions under which 
the burner is used. When the charge is con 
ducted into the chamber under a relatively 
high pressure, the zone of combustion may 
extend practically throughout the length of 
the chamber, depending, of course, to Some ex 
tent upon the length of the chamber. It is 
usually the case when a burner back-fires, as 
for example the common form of Bunsen 
burner, that very inefficient action results and 
steps are taken to prevent such action. My 
burner, however, is constructed to burn nor 
mally and most efficiently in this back-fire 
condition, as it is due to this principle that 
the substantially instantaneous combustion of 
the pre-mixed charge takes place and thus an 
extremely high temperature is developed. 
In starting the burner, relatively small 

amounts of both gas and air are fed thereto. 
The burner is then lighted and a cone of flame 
appears at the open mouth of the combustion 
tube 11. The air supply is then increased 
and the flame finally jumps back to the mouth 
of the orifice 10 so that the back-fire condition 
is established. The burner now operates upon 
the explosive principle and burns with a very 
loud noise. The supply of both gas and air 
may then be increased and if the proper pro 
portions of the fuel and air are maintained, 
the amount of the charge may be greatly in 
creased without choking, or without sur 
passing the consumptive capacity of the burn 
er, and without blowing the flame out of the 
combustion tube, although the velocity of the 
charge in a forward direction, under the high 
pressures used in some instances, may be 
greater than the velocity of flame propaga 
tion rearwardly. This forward velocity of 
the charge is, however, resisted by the pres 
sure waves of the explosions so that it may be 
said that a balance is reached where the net 
velocity of the gases passing through the 
combustion chamber is substantially equal to 
the velocity of flame propagation, so that 
combustion takes place in the vicinity of the 
mouth of the orifice 10. The combustion, 
therefore, takes place mainly within the con 
bustion chamber or tube 11, and takes place 
substantially the instant that the charge 
reaches the chamber. 
Under certain conditions it might be that 

the pressure within the burner would inter 
fere with the flow of fuel from the orifice 13. 
By training the air supply in a cone shaped 
fashion over this orifice the stream of air not 
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only induces the gas from the orifice but acts 
as a shield against the pressure existing in 
the combustion tube. 

lit is noted that in the form of my invention 
shown in Fig. 1 of the drawings, the chambers 
12 and 9 are ellipsoidal in shape or substan 
tially elliptical in longitudinal cross section. 
According to well known physical principles, 
a pressure wave or a wave of condelisation 
emanating from one of the foci will be con 
centrated at the other focus and returned 
from that point and again concentrated at 
the first focus, where it may, in conformity 
to the principles of resonance, amplify the 
following waves emanating from the first 
focus, so that pressure waves of considerable 
amplitude or intensity may be set up. This 
principle is of importance in this form of my 
invention, I believe, for when the explosions 
take place adjacent the orifice 10, some of 
these explosions occur within the forward 
portion of the chamber 9, or at least set up os 
cillatory waves within this chamber. These 
waves are reflected from the walls of the 
chamber and returned to the point of emana 
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tion where they serve to amplify the follow 
ing explosion waves, and thus build up the 
pressure under which the explosions occur. 
These oscillations, in all probability, pass into 
the tube 11 through the orifice 10, so that they 
annplify the pressure under which the com 
bustion takes place in the combustion tube. 
Likewise, this oscillating back and forth of 
the layer of ignition exerts an influence upon 
the stream of fuel within the chamber 12 
through the chamber 8, and, therefore, the 
effect of the chambers 12 and 8 is to maintain 
the oscillatory explosive action which occurs 
adjacent the orifice 10 and perhaps to amplify 
this action. That is, the pressure waves set 
up within the chamber 9 by the explosions, 
pass by propagation through the chimber 8 
into the chamber 12 so that throughout the 
chambers 12, 8 and 9 an oscillatory pressure 
wave action is set up, which according to the 
principles of resonance amplifies the explo 
sive waves and results in an increased density 
of the mixture at the points where the explo 
sions occur, causing the development of a 
lhigher temperature owing to the more inti 
mate contact between the molecules when 
conibustion occurs. This wave action in 
chambers 8 and 9 also results in the produc 
tion of a thorough mixture of the fuel and air 
within these chambel's. 

The shape of the tube 11 will affect, the 
shape of the flame and this shape may he 
raried to provide the kind of flame desired 
when the burner is used for various purposes. 
For instance, a tube tapering inwardly to 
ward its outer end will provide a concen 
trated flame of great intensity, while a tube 
flaring or tapering outwardly toward this 
end will result in a large flame of less concen 
tration. It will be, of course, understood 
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that the mouth of the tube may be so shaped 
as to cause a flame of crescent, diamond, or 
star shapes which may be desired in certain 
kinds of work. As previously stated, the 
length of this tube may be varied but I have 
found that within certain limits, increasing 
the length of the combustion tube increases 
the noise made by the burner and apparently 
the temperature of the flame. The tube 
should be sufficiently long so that substan 
tially complete combustion of the fuel takes 
place therewithin. 
Contrary to what might be expected of a 

burner when operating in a back-fire condi 
tion, the flame within the combustion tube of 
my burner is of a bluish-green color in con 
trast to the usual yellow back-fire flame, thus 
indicating that substantially complete com 
bustion takes place within the tube. 
In Fig. 2 of the drawings, I have shown a 

burner similar to that shown in Fig. 1, but 
differing therefrom in certain details of con 
struction. The gas conduit is represented at 
5, the air conduit at 1", and the air nozzle at 

57, having a threaded connection at 7 with 
the conduit 1 so that the proportions of gas 
and air flowing through the burner may be 
regulated. The chambers 8, 9 and 12 are 
of substantially the same form as the corre 
sponding elements shown in Fig. 1. There 
is, however, in this construction no adjustable 
connection between the gas conduit 5 and the 
chamber 12. The combustion chamber 11 
is slightly flared, as shown at 20, so as to 
provide for a less concentrated flame than 
would be obtained if this chamber were of 
smaller diameter. The openings 20 are pro 
vided in order to afford a convenient method 
of lighting the burner when it is started. 
The action which takes place in this burner 
is, however, substantially the same as that 
which occurs in the form previously de 
scribed. 
In Fig. 3, I have shown a further embodi 

ment of my invention, which is similar to that 
shown in Fig. 2, except that the mixing cham 
bers 8 and 9 have been combined into a sin 
gle chamber 9 which is enlarged or flared 
toward its forward end so as to be substan 
tially semi-ellipsoidal in shape. The gas and 
air issuing from the nozzle 7 and the orifice 
13 will be mixed in the chamber 9, and will 
burn or explode, as previously described, be 
ginning at a point adjacent the mouth of this 
chamber where the charge issues into the 
combustion chamber 11. The wave action 
previously described, is set up in the cham 
bers 12 and 9, and this, together with the 
initial pressures with which the gas and air 
are supplied to the burner, will cause the 
charge to be burned or exploded under pres 
sure while confined by the walls of the com 
bustion chamber 11. 
in all forms of my invention, the charge is 
burned within a combustion chamber and 

It will be noted that 
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that prior to the time this chamber is reached 
it is passed through, one or more chambers, 
which will be conducive to maintaining or 
augmenting the wave action as set up by the 
explosions. In other words, the ?????????tfi?? 
are so arranged as to be in a state of reso 
nance, so that the explosion waves will be re 
flected from the chamber walls, and thus 
cause an increase in the pressure under which 
the charge is exploded. 

It has been determined that my burner is 
of greater efficiency than those heretofore 
used, and its use, therefore, results in a sub 
stantial saving in the fuel employed in a given 
operation. 

It will be understood, that although I have 
described the operation of my burner partic 
ularly with reference to the use therein of or 
dinary illuminating gas as fuel, that other 
fuels may be used as well. For instance, I 
may use oil or powdered coal, and while cer 
tain modifications may be necessary in the 
mixing and vaporizing of the charge of fuel 
and air, the underlying principle will be the 
same. That is to say, the fuel will be con 
ducted into and burned within a confined 
space or chamber so that combustion takes 
place within a restricted space under pres 
Ó????? thus increasing the temperature devel 
oped. 
While I have shown and described some 

preferred embodiments of my invention and 
a preferred method of carrying out my im 
proved process, it will be understood that the 
details of both apparatus and process may be 
greatly varied without departing from the 
spirit of my invention or from the scope of 
the appended claims. 
What I claim is: 
1. The method of obtaining a high tem 

perature from the combustion of a fuel, 
which comprises introducing a charge of the 
fuel and air into a mixing chamber, mixing 
the charge therein and passing it into a com 
bustion chamber having an open mouth, ig 
niting the charge so as to initially cause a 
flame at the mouth of the chamber, increas 
ing the Supply of air to cause the back-fire 
of the flame to a point adjacent that at which 
the mixture is introduced, and then increas 
ing the supply of fuel and air to bring about 
a vigorous back-fire combustion of the fuel 
within the end of the chamber remote from 
the mouth. 2. The method of burning a vaporized fuel 
and air to obtain a high temperature there 
from, which comprises introducing into a 
mixing chamber a charge of the fuel and air 
in explosive proportions, mixing the charge 
therein and passing it into one end of an elon 
gated combustion tube having an open mouth 
at the other end, and bringing about combus 
tion of the fuel within the combustion tube 
adjacent the point of admission of the gas 
and air so as to build up a pressure within 
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the tube to resist the oncoming pressure of 
the charge and insuring the combustion tak 
ing place within the tube. 

3. The method of burning a vaporized fuel 
to obtain a high temperature therefrom, 
which comprises introducing a charge of the 
fuel and air in proper explosive proportions 
and under pressure into a mixing chamber, 
mixing the charge therein, passing the charge 
directly into one end of an elongated combus 
tion tube having an open mouth at the other 
end, and bringing about combustion of the 
fuel within the combustion tube adjacent the 
oint of admission of the gas and air so as to 
E. up a pressure within the tube to resist 
the on-coming pressure of the charge to pre 
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vent the zone of combustion moving forward 
ly to the end of the combustion tube. 

4. A method of burning a fuel to obtain a 
high temperature therefrom, which com 
prises forcing a mixture of the fuel and air 
under pressure into one end of, and in line 
with the mouth of, a tubular combustion 
chamber having an open mouth, and explod 
ing said mixture adjacent its point of admis 
sion whereby pressure is built up in the cham 
ber to resist the movement of the oncoming 
mixture and prevent the zone of combustion 
passing out the end of the chamber. 

5. The method of obtaining a high tem 
perature from a mixture of fuel and air, 
which comprises introducing under pressure 
through a single orifice a mixture of the fuel. 
and air into one end of, and in line with the 
mouth of, an elongated combustion chamber 
having an open mouth, and exploding the 
mixture, while maintaining the explosive 
zone within the chamber so that substantially 
complete combustion takes place therein. 

6. The method of burning a fuel to obtain 
a high temperature from the combustion 
thereof, which comprises introducing into a 
combustion tube open at one end a pre-heated 
and pre-mixed charge of fuel and air in a cli 
rection in line with said opening, and bring 
ing about substantially instantaneous com 
bustion of the fuel within the tube. 

7. The method of burning a fuel to obtain 
a high temperature therefrom, which com 
prises introducing the fuel and air into a mix 
ing chamber, causing a thorough mixture 
of the two within said chamber, conducting 
the mixed charge into a combustion chamber 
open at one end, and there burning said 
charge at an extremely high rate of speed to 
develop a high temperature. 

8. The method of burning a fuel to obtain 
a high temperature therefrom, which com 
prises introducing the fuel and air into a 
mixing chamber having a restricted outlet, 
causing a thorough mixture of the two within 
said chamber, conducting the mixed charge 
through said outlet into a combustion cham 
ber open at one end, and there exploding said 
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chamber to cause combustion to take place at 
a high rate of speed and thereby develop a 
high temperature. - 

9. The method of burning a gaseous fuel 
to obtain a high temperature from the com 
bustion thereof, which comprises delivering 
to a mixing chamber having curved walls, a 
stream of the fuel surrounded by a stream of 
air, the latter being directed across the path 
of the fuel whereby the charge is thoroughly 
mixed within said chamber, conducting said 
charge into a combustion chamber and there 
exploding the same to cause substantially 
complete combustion of the fuel within said 
chamber. 

10. The method of burning a gaseous fuel 
to obtain a high temperature from the com 
bustion thereof, which comprises delivering 
to a mixing chamber having curved walls a 
stream of the fuel surrounded by a stream of 
air, the latter being directed across the path 
of the fuel whereby the charge is thoroughly 
mixed within said chamber, pre-heating said 
charge, conducting said charge into a com 
bustion chamber and there exploding the 
same to cause substantially complete com 
bustion of the fuel within said chamber. 

11. A fuel burner comprising an elongated 
combustion chamber open at one end, means 
for introducing into said chamber at a point 
remote from the end a pre-mixed charge of 
fuel and air, means for controlling said 
charge to cause a back-fire of the burner 
whereby the charge is caused to burn adja 
cent the point at which it is introduced into 
the chamber, and causing substantially com 
plete combustion to take place while the 
charge is within the chamber to develop a 
high temperature, and means for pre-heating 
the charge from the hot combustion tube. 

12. A fuel burner comprising a combustion 
chamber open at one end, means for intro 
ducing into said chamber in a direction in 
line with the open end, a pre-mixed charge 
of fuel and air, and means for causing sub 
stantially instantaneous combustion of the 
fuel within the chamber. 

13. A fuel burner comprising a combustion 
chamber open at one end, means for introduc 
ing into said chamber a pre-mixed charge of 
fuel and air, and means for controlling said 
charge so as to bring about the combustion 
of the fuel within the chamber under pres 
sure including an ellipsoidal mixing cham 
ber through which the charge passes to the 
combustion chamber. 

14. A fuel burner comprising an elongated 
combustion chamber open at one end, means 
for introducing into said chamber in a direc 
tion in line with said open end a continuous 
stream of fuel and air in pre-mixed condi 
tion, and means for causing the continuous 
combustion of the fuel within the chamber 
at a high rate of speed. 

65 charge while confined within the combustion 15. A fuel burner comprising a combustion 
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chamber open at one end, means for intro 
ducing into said chamber a pre-mixed charge 
of explosive proportions of fuel and air, and 
means for controlling the passage of the 
charge through the burner to cause the com 
bustion of the fuel supported by the air of 
the charge adjacent the point at which the 
charge is introduced into the chamber includ 
ing a mixing chamber through which the 

: charge passes to the combustion chamber. 
16. A fuel burner comprising a combustion 

chamber open at one end, means for intro ducing into said chamber a pre-mixed charge 
of proper proportions of fuel and air, and 
means for controlling the passage of the 
charge through the burner to cause the com 
bustion of the fuel under pressure supported 
by the air of the charge adjacent the point 
at which the charge is introduced into the 
chamber including a mixing chamber through 
which the charge passes to the combustion 
chamber. 17. A fuel burner comprising a combustion 
chamber open at one end, means for intro 
ducing into said chamber a pre-mixed charge 
of fuel and air, and means for controlling 
said charge to cause the combustion of the 
fuel to take place adjacent the point of its 
entrance into the combustion chamber in a 
back-fire condition including a mixing cham 
ber through which the charge passes to the reflected from the walls of the preceding combustion chamber. 

18. A fuel burner comprising a combustion combustion takes place under pressure. chamber open at one end, means for intro 
ducing into said chamber at a point remote 
from, and in a direction in line with said end, 
a pre-mixed charge of fuel and air, means for 
pre-heating said charge, and means for caus ing the combustion of said pre-heated charge 
to take place adjacent its point of entrance 
into the chamber under pressure. 

19. A fuel burner comprising a combustion 
chamber open at one end, means for intro 
ducing into said chamber at a point remote 
from, and in a direction in line with said end, 
a pre-mixed ????? of fuel and air, means for causing the combustion of said pre-mixed 
charge to take place within the chamber, and 
means to pre-heat the charge from the heat 
of combustion in the burner. 

20. A fuel burner comprising a combustion 
chamber open at one énd, means to introduce 

Ainto said chamber at a point remote from, 
and in a direction inline with said end, a 
charge of fuel and air, and means to cause p 
combustion of said charge under pressure in 
said chamber at a point adjacent its entrance 
in a back-fire condition whereby the wall of 
said chamber is heated and the charge pre 
heated as it enters the chamber. 

21. The method of burning a fuel to obtain 
a high degree of heat therefrom, which com 
prises introducing a pre-mixed charge offuel 
and air into a combustion chamber, explod 
ing said charge within the chamber and so 

i cent the po 
ling the charge in its H??? to the combus 
tion chamber that exp 

controlling the charge that the explosive 
waves set up are reflected and amplified to 
cause the combustion to take place under 
pressure. 

22. The method of burning a fuel, which 
comprises pre-mixing the fuel and air in a 
mixing chamber, introducing the charge from 
this chamber into a combustion chamber, and there causing combustion to take place adja 

oint of entrance, and so control 
osions will there take 

place underpressure and the explosive waves 
will be reflected, and the pressure under 
which combustion takes place will be built up. 
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80 
23. The method of burning a fuel in a com 

bustion chamber open at one end, which com 
prises passing the fuel into said chamber 
through a preceding chamber and causing it 
to explode in the combustion chamber, and 
so controlling the passage of the fuel through 
said preceding chamber that the explosive 
waves set up will be reflected by the walls 
thereof and thereby build up the pressure un 
der which the combustion takes place. 

24. The method of burning a fuel in a com 
bustion chamber in back-fire condition, which 
comprises passing the charge of fuel into said 
chamber through one or more chambers hav 
ing curved walls, whereby the explosive 
waves, set up in the combustion chamber are 
chamber and amplified thereby so that the 

25. The method of burning a fuel in a com 
bustion chamber under pressure so that the 
fuel burns with a series of explosions which 
comprises passing the fuel into the combus 
tion chamber through a preceding chamber 
having curved walls so that the explosive 
waves will be reflected from the walls of the 
preceding chamber and amplified thereby 
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and cause an increase in the pressure under 
which the explosions take place. 

26. The method of burning a fuel in a com 
bustion chamber under pressure, which com 
prises introducing a charge of fuel and air 
into said chamber under pressure through a 
preceding chamber of ellipsoidal shape, and 
causing the combustion of the charge to take 
place adjacent its entrance into the combus 
tion chamber whereby the explosive waves set 
up will be reflected from the walls of the el 
lipsoidal chamber, and combustion will take 
lace under increased pressure. 
27. The method of burning a fuel which 

comprises causing a charge of said fuel and 
air to explode in a combustion chamber in 
back-fire condition, introducing the fuel into 
the chamber through a preceding chamber of 
ellipsoidal shape, whereby the explosive 
waves will be reflected from the walls of said 
chamber in resonance with subsequent explo 
sive waves and thereby build up the pressure 
under which combustion takes place. 
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28. The method of burning a fuel which 
comprises premixing a charge of fuel and 
air in a chamber having curved walls, intro 
ducing said charge under pressure into a com 
bustion chamber controlling said charge so 
that combustion takes place within the latter 
chamber under pressure with the burner in a 
back-fire condition whereby the explosive 
waves set up are reflected from the curved 
walls of the first chamber and the pressure is 
thereby amplified. 

29. The method of burning a fuel which 
comprises pre-mixing and pre-heating a 
charge of fuel and air in a chamber having 
curved walls, introducing said charge under 
pressure into a combustion chamber, control 
ling said charge so that combustion takes 
place within the latter chamber under pres 
sure with the burner in a back-fire condition 
whereby the explosive waves set up are re 
flected from the curved walls of the first 
chamber and the pressure is... thereby ampli 
fied. 

30. The method of burning a fuel, which 
comprises introducing a stream of said fuel 
into a mixing chamber, introducing air into 
said chambersuader pressure in a direction 
across the fuel stream from all sides thereof, 
in cone-shaped fashion so as to cause a thor 
ough mixing of the fuel and air in said cham 
ber, passing the mixed charge into a combus 
tion chamber and there causing said charge 
to burn adjacent its point of entrance into the 
combustion chamber. 

31. A fuel burner comprising a mixing 
chamber having curved walls and restricted 
in cross-sectional area adjacent one end, 
means for introducing a stream of fuel into 
said chamber, means for introducing a stream 
of air under pressure into said chamber 
around the fuel stream whereby a thorough 
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mixture of the fuel and air is obtained, a coin 
bustion chamber, means for passing the 
mixed charge into the combustion chamber 
and causing the combustion to take place 
therein under pressure. 

32. A fuel burner comprising a mixing 
chamber having curved walls, means for in 
troducing a stream of fuel into said chamber, 
means for introducing a stream of air under 
pressure into said chamber around the fuel 
stream and directed across the latter from all 
sides, whereby a thorough mixture of the 
fuel and air is obtained, a combustion cham 
ber, means for passing the mixed charge with 
out addition of air thereto into the combus 
tion chamber and causing the combustion to 
take place therein under pressure. 

33. A fuel burner comprising a mixing 
chamber substantially ellipsoidal in shape, 
means for introducing a stream of fuel into 
said chamber, means for introducing a stream 
of air under pressure into said chamber 
around the fuel stream whereby a thorough 
mixture of the fuel and air is obtained, a 
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combustion chamber, means for passing the 
mixed charge into the combustion chamber 
and causing the combustion to take place 
therein under pressure. - 

84. A fuel burner comprising an elongated 
combustion chamber, a preceding chamber 
communicating therewith and having curved 
walls, means for introducing into said pre 
ceding chamber an unignited supply of fuel 
and a supply of air under pressure, means 
for causing the combustion of said fuel in the 
combustion chamber at a high rate of speed, 
and means for pre-heating the mixed chargé 
prior to its combustion. 

85. A combined mixing nozzle and combus 
tion chamber consisting of a pair of telescop. 
ing members, one constituting an air conduit 
and the other a ????? conduit, said air conduit 
connecting to an ??????ifil????? chamber at the 
discharge end of the gas conduit, and a re 
stricted nozzle substantially elliptical in lon 
gitudinal cross section beyond the discharge 
end of the gas conduit ???extending into the 
combustion chamber. 

86. A combined mixing nozzle and combus 
tion chamber consisting of a pair of telescop 
ing members, one constituting an air conduit 
and the other a gas conduit, said air conduit 
connecting to an expansion chamber at the 
discharge end of the gas conduit, and a re 
stricted nozzle beyond the discharge end of 
the gas conduit and extending into the com 
bustion chamber, said conduits being adjust 
able relative to each other to control the 
relative flow of gas and air. 

87. A combined mixing nozzle and com 
bustion chamber consisting of a pair of tele 
scoping members, one constitutingan air con 
duit and the other a gas conduit, said air con 
duit connecting to a substantially ellipsoidal 
expansion chamber at the discharge end of the 
gas conduit, said ellipsoidal chamber having 
a restricted nozzle beyond the discharge end 
of the gas conduit and extending into the 
combustion chamber, said expansion cham 
ber being formed of a smaller portion adja 
cent the gas nozzle and a larger portion ad 
jacent the restricted discharge opening of 
the air conduit. 

38. A combined mixing nozzle and combus 
tion chamber consisting of a pair of telescop 
ing members, one constituting an air conduit 
and the other a gas conduit, said air conduit 
connecting to an expansion chamber at the 
discharge end of the gas conduit, and a re. 
stricted nozzle beyond the discharge end of 
the gas conduit and extending into the com 
bustionchámber, said gas conduit being sub stantially elliptical in cross section adjacent 
its discharge end to reduce the friction there. 
in and to increase the discharge. 

39. A gas burner comprising a tubular com 
bustion chamber, a substantially ellipsoidal 
expansion chamber connected thereto and dis 
charging into the combustion chamber 
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through a restricted nozzle, a substantially 
ellipsoidal gas nozzle aligned with the mix 
ing chamber, and an air nozzle surrounding 
the gas nozzle and integral with the mixing 
chamber, said air and gas nozzle being formed 
to permit longitudinal adjustment between 
the gas nozzle and the mixing chamber. 

40. The method of burning a fuel to ob 
tain a high tenperature therefrolm, which 
comprises introducing into a mixing cham 
ber a supply of fuel and a combustion sup 
porting medium in explosive proportions, 
passing the mixed charge in a longitudinal 
direction into one end of an elongated com 
bustion chamber open at the other end, con 
fining the charge laterally in the chamber 
and bringing about combustion of the fuel 
there within under pressure. 

41. The method of burning a fuel to obtain 
a high temperature there from, which com 
prises introducing into a mixing chamber a 
supply of fuel and a combustion supporting 
medium in explosive proportions, passing the 
mixed charge in a longitudinal direction into 
one end of an elongated combustion chamber 
open at the other end, confining the charge 
laterally in the chamber, and bringing about 
substantially complete combustion of the fuel 
prior to the emission of the charge from the 
chamber. 

42. The method of obtaining a high tem 
perature from the combustion of the fuel, 
which comprises introducing into a mixing 
chamber a supply of fuel and a combustion 
supporting medium in explosive proportions, 
mixing the fuel and combustion supporting 
medium therein, and passing the mixed 
charge directly into a combustion chamber 
having an open mouth, and bringing about 
combustion of the fuel within the chamber 
under pressure. 
43. The method of obtaining a high tem 

perature from the combustion of the fuel, 
which comprises introducing into a mixing 
chamber a supply of fuel and a combustion 
supporting medium in explosiye proportions, 
mixing the fuel and combustion supporting 
medium therein, and passing the mixed 
charge directly into a combustion chamber 
having an open mouth, bringing about sub 
stantially complete combustion of the fuel 
under pressure while the charge is within 
the chamber. 

44. The method of obtaining a high tem 
perature from the combustion of the fuel, 
which comprises introducing into a mixing 
chamber a supply of fuel and a combustion 
supporting medium in explosive proportions, 
mixing the fuel and combustion supporting 
medium therein, and passing the mixed 
charge directly into a combustion chamber 
having an open mouth and then exploding 

d mixture under pressure within the cham 
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45. The method of obtaining a high-tem 
perature from the combustion of the fuel, 
which comprises introducing into a mixing 
chamber a supply of fuel and a combustion 
supporting medium in explosive proportions, 
mixing the fuel and conibustion supportin 
medium therein, and passing the mixe 
charge directly into a combustion chamber 
having an open mouth, and causing the com 
bustion of the fuel supported by the combus 
tion medium of the charge adjacent the point 
at which the charge is introduced into the 
chamber. 

46. The method of obtaining a high tem 
perature from the combustion of the fuel, 
which comprises introducing into a mixing 
chamber a supply of fuel and a combustion 
supporting medium in explosive proportions, 
mixing the fuel and combustion supporting 
nedium therein, and passing the mixed 
charge directly into a combustion chamber 
having an open mouth, and causing the com 
bustion of the fuel supported by the combus 
tion medium of the charge adjacent the point 
at which the charge is introduced into the 
chamber, and confining the charge laterally 
during the combustion of the fuel. 

47. The method of burning a fuel to obtain 
a high temperature therefrom, which com 
prises introducing into a mixing chamber a 
supply of fuel and a combustion supporting 
medium in explosive proportions, passing the 
mixed clharge in a longitudinal direction into 
one end of an elongated combustion chamber 
open at the other end, confining the charge 
laterally in the chamber, and bringing about 
a backfire combustion of the fuel within the 
chamber. 

48. A fuel burner, comprising a combus 
tion chamber open at one end and having 
means to receive a charge of fuel and air ad 
jacent the other end, said chamber being 
elongated in a direction between said ends, 
means for delivering at the receiving end of 
said chamber an explosive mixture of fuel 
and air, and bringing about the explosion 
of the fuel while confined within the chamber. 

49. A fuel bulner, comprising a combus 
tion chamber open at one end and having 
means to receive a charge of fuel and air ad 
jacent the other end, said chamber being 
elongated in a direction between said ends, 
means for delivering at the receiving end of 
said chamber an explosive mixture of fuel 
and air, and bringing about substantially 
complete combustion of said fuel while pass 
ing through the chamber. 

50. A fuel burner, comprising a combus 
tion chamber open at one end, and having 
means to receive a charge of fuel and air ad 
jacent the other end, said chamber being 
elongated in a direction between said ends, 
means for delivering at the receiving end of 
said chamber an explosive mixture of fuel 
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and air, and bringing about substantially 
complete combustion of said fuel under pres 
sure while passing through said chamber. 

51. A fuel burner, comprising a combus 
tion chamber open at one end and having 
means to receive a charge adjacent the other 
end, said chamber being elongated in a direc 
tion between said ends, means for introduc 
ing adjacent the receiving end of the cham 
ber an unignited premixed charge of fuel and 
air, and for controlling said charge to cause 
a back-fire of the charge within the burner, 
whereby the charge is caused to burn adjacent 
the point at which it is introduced into the 
chamber, and substantially complete combus 
tion takes place prior to the emission of the 
charge from the chamber to develop a high 
temperature. 

52. A fuel burner, comprising a combus 
tion chamber, a mixing chamber communi 
cating with-the combustion chamber, means 
for delivering a charge of fuel and air to the 
mixing chamber, passing it therefrom to the 
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combustion chamber, and causing the combus 
tion of this charge to take place adjacent its 
point of entrance into the combustion chann 
ber under pressure, and said mixing chamber 
having curved walls to cause the explosive 
waves set up to be amplified by reflection from 
the walls thereof. • 

53. A fuel burner, comprising a combus 
tion chamber, a mixing öham????e; having 
curved walls communicating with the combus 
tion chamber, and means to deliver a charge 
of fuel and air to the mixing chamber, cause 
it to pass therefrom to the combustion cham 
ber, and cause an explosion of said charge to 
take place under pressure within the combus 
tion chamber, the explosive waves set up 
thereby being reflected from the curved walls 
of the mixing chamber so as to increase the 
pressure under which combustion occurs. 

In witness whereof, I have hereunto set 
my hand this 8th day of April, 1925. 

HERBERT A. HYMER. 
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