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This invention relates broadly to combustion 
control for the production of a luminous ?ame, 
and particularly to the burning of gas in the pro 
duction of a luminous ?ame. 

t In the industrial arts the application of heat 
forms an important part of many manufacturing 
processes. It is frequently desirable to heat the 
material subjected to the manufacturing processes 
in the presence of the heating ?ame, and it fre 

1o quently happens that the character of the atmos 
phere in which the material is heated is of ma 
terial importance. For example, it is desirable, 
and often necessary to anneal steel during the 
manufacturing processes to which it is subjected. 

1D This consists in raising the steel to a determined 
temperature and then cooling it under conditions 

F which experience has demonstrated will produce 
the desired physical characteristics in the steel. 
The character of the atmosphere in which the 

as steel is heated plays an important part. For ex 
ample, if the heating takes place in an oxidizing 
atmosphere, scale will be formed on the steel, and 
in a great many cases this scale must be removed 
before rthe manufacturing processes can be car= 

2s ried forward. 
It is my theory that many of the detrimental 

effects resulting from_the heating of material 
during manufacturing processes, are occasioned 
by the presence of oxygen in the nascent state, 

30 or in any event by the presence of oxygen in such 
a state that its amnity for the material being 
heated is somewhat increased. It is also my 
theory that oxygen in this highly active state 
may result from combustion, orat least is a com 

35 poncnt of the products of combustion unless the 
combustion is carefully controlled. This is borne 
out by my understanding that scaling is more 
likely to take place in the annealing 0! steel, if 
the heating of the material under treatment is 

40 accomplished in the presence of the ?ame, or 
within the chamber where the combustion is 
taking place. This it appears. results from the 
fact that it is more difllcult to control the atmos 
phere to which the steel or other material is sub 

“ jectcd during the heat treatment, where the 
heating is accomplished in the presence of the 
?ame or in the same chamber in which the heat 
producing combustion is taking place. 

It is well known that heat is ordinarily more 
50 ei‘iectively transmitted by radiation than by con 

vection, and because of this it is often highly 
desirable to locate the, material being heated 
within the combustion chamber, since under 
such circumstances it is not necessary to raise 

$5 the temperature of the interior of the chamber 
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walls to an e?ective heat radiating temperature 
by heat externally applied to those walls. It 
follows, that even where the heating 0! the mate 
rial treated is accomplished within the combus 
tion chamber. there is an advantage in employ- 60 
ing a heat radiating ?ame, i. e., a luminous ?ame, 
even though we do not consider the fact that the 
character of the atmosphere may be more easily 
controlled where such a ?ame is utilized. This 
fact, when taken in connection with the further 65 
fact that the products of combustion resulting 
from luminous ?ame combustion are usually free 
from nascent oxygen or oxygen in highly active 
state, discloses the advantages to be derived from. 
luminous ?ame combustion. 
Experience has shown that it is dimcult to ob 

tain the desired degree of heat, and at the same 
time maintain luminous ?ame combustion, and 
that this is particularly true where a gaseous 
fuel is employed. The ?ame breaks out of con 
trol under ordinary operating conditions. That 
is to say, where a gaseous fuel is employed, a 
luminous flame may be produced, and may be 
maintained with expert and careful handling, but 
under ordinary operating conditions, i. e., con 
ditions which contemplate fortuitous variations 
in gas or air delivery pressures. the flame is un 
stable, in that it may break into a dead ?ame, i. e. 
a smoke producing ?ame, or it may break into 
a hard intense flame. i. e., a clear or partially 
clear ?ame, where there issome or considerable 
turbulence in the mixing of the gas and air, un 
less the combustion is constantly under the con 
trol oi.’ an expert and skilled operator. In the 
event the ?ame does break out of control detri 
mental effects are almost certain to result, even 
though the undesired conditions subsist for a short 
time only. ' ‘ 

An object of my invention is to produce a meth 
od of promoting combustion of gaseous fuels 
which will result in the production of a luminous 
?ame which will remain stable under the ordi 
nary variations in operating conditions encoun 
tered in the operation of gas-?red furnaces. 
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A further object is to produce apparatus in the 100 
form of a gas burner for carrying forward the 
steps of my improved method of burning gaseous 
fuel. 
In the drawings accompanying and forming a 

part hereof I have more or less diagrammatically 105 
illustrated such a burner. Figure 1 is a'longi 
tudinal sectional view‘ along the line I-,-I of Fig. 
2; and Fig. 2 is a transverse sectional view along 
the'line II-Il oi Fig. 1. ‘ 

I will first describe my improved. method as 116 
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employed by me in connwtion natural gas, 
such as is employed commercially in the western 
part of Pennsylvania and throughout West Vin 
ginia, but it will be under-stood that the invert 
tion may be carried forward in connection with 
any gaseous fuel. I deliver the gas and air un? 
der pressure, but I am careful to keep the press 
sures of both iiuids substantially equal, as far as 
this can be done under ordinary operating con 
ditions. The gas is delivered to the furnace in 
a well-defined consolidated stream totally Sill’ 
rounded by an envelope of air moving at sub 
stantimly the same velocity as the gas stream. 
The gas is delivered at a pressure which occa 
sions the desired rate of ?ow, i. e., the desired 
volume at the desired velocity. The gas is par 
tially expanded to convert at least a portion of 
the pressure thereof into kinetic energy in 
the form of ?uid velocity but the expansion 
is so accomplished as to avoid turbulence and so 
as to produce the gas flow‘ in a. well de?ned 
stream in which all portions of the stream are 
moving at the desired velocity along well-de?ned 
parallel lines toward and into the furnace enclo~ 
sure. I have used the term “consolidated” in con 
nection with this stream to mean a compact ho 
mogeneous stream. That is to say, the stream 
is preferably substantially circular in cross sec 
tion at all points along its length, and is homo 
geneous in that there are no eddy currents and no 
turbulence either during or after the conversion 
from pressure to flow velocity. The air is also 
delivered at a pressure which will occasion the 
desired rate of ?ow at'the desired velocity, but 
in this connection it will be understood that the 
velocity of gas ?ow determines, within narrow 
limits, the permissible velocity of air ?ow, and 
that with natural gas, for example, where the 
proportions of air to gas should be about 10 to l, 
the variation in the rate of air ?ow must be 
taken into consideration in determining upon. the 
cross sectional dimensions of‘ the air stream. In 
addition, the conversion from'pressure to kinetic 
energy in the form of ?uid velocity must be so 
accomplished that the streams of air and gas 
will unite to form a consolidated jet within the 
con?nes of the furnace. By consolidated jet I 
mean a compact homogeneous jet, in which the 
velocity of flow at all points at any cross section 
of the jet is the same. In this connection it 
should, however, be noted that a well-de?ned 
stratification between the air and the gas is main 
tained in the jet so that the jet is, as before im 
plied, a well-de?ned consolidated stream of gas 
surrounded by an‘ envelope of air moving at the 

' same velocity as the gas stream. 
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For the reasons above stated the gas stream is 
preferably annular, and the conversion from pres 
sure to kinetic energy in the form of ?uid velocity 
is preferably accomplished in a passage or pas 
sages surrounding the region or passage in which 
the gas stream is initiated" With the air, as with 
the gas, the initiation of the flow directs the air 
in the direction of the ?ow of the consolidated 
jet, and is accomplished without turbulence and 
without setting up disturbing or eddy currents, 
so that the union between the two streams will 
take place without turbulence. 
Both streams of gas and air are initiated under 

such conditions as to ensure substantially equal 
velocities of the two streams. This is accom 
plished in the present embodiment of the inven 
tion by so forming the passages in which the con 
version from pressure to kinetic energy in the 
form of ?uid velocity is accomplished, that they 

readout 
are in e?ect open ended tubes, one surrounding 
the other and with a means of communication at 
their inlet ends. With this arrangement the pres 
sures in the two tubes will be maintained sub 
stantially equal even under varying conditions 
of gas or air pressure and as a result the ?uid 
velocities set up in the two streams will be sub“ 
stantially equal. I 
Another feature of this invention is the tact 

that combustion takes place at the suriace of 
union between the gas .and air streams forming 
the consolidated jet and takes place under such 
conditions that the sensible heat of the combus 
tion occasions a “cracking down” of the hydrocsr= 
hens in the gas into ?xed carbon particles which 
are heated to incandescence by the heat of com 
bustion, but are surrounded by an atmosphere 
incapable of occasioning their immediate and 
complete combustion. This renders the flame 
luminous and the flow conditions are such that 
each such incandescent carbon particle moves 
in the general direction of the jet until it en 
ters an atmosphere containing sufficient oxygen 
to complete its combustion. 
In this connection it should also be pointed 

out that the combustion is carried forward under 
such conditions that the gaseous products of the 
combustion taking place at the surface of the gas 
stream contaminate the air stream and in effect 
produce a strata of contaminated air around the 
gas stream in which the percentage of oxygen is 
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relatively low but increases outwardly from the , 
gas stream. This contaminated air moves with 
the jet at substantially the velocity of the jet 
and delays the complete combustion of the in 
candescent particles but establishes a condition 
such that as the particles progress with the jet, 
they move through an atmosphere in which the 
oxygen content gradually increases, with the re 
sult that each particle takes up sufdcient oxygen 
to maintain it in an incandescent state. This 
slow rate of combustion is maintained until the 
particles are completely consumed. 
This contaminated air envelope around the gas 

stream also results in slow or delayed combustion 
of the gas which, as has been noted, contributes 
to the luminosity of the ?ame by the “cracking 
down" process above. mentioned. 
By practicing the process herein outlined I am' 

able to produce a stable luminous ?ame and to 
maintain that ?ame under the varying conditions 
encountered in commercial heating operations. 
I am able also to vary, within relatively wide lim 
its, the volume of gas or the volume of air de 
livered to the combined jet without upsetting the 
stability of the ?ame. I have also been able to 
project ?ames of various lengths and to vary the 
effective heat within the furnace throughout a 
relatively wide range. 
The burner illustrated constitutes apparatus 

capable of being employed in carrying forward 
the method described. and includes a chamber 5 
to which air under pressure is admitted through 
a piping 6. In the burner illustrated a gas sup 
ply pipe 7 in effect projects into the chamber 5 
and is provlded‘with a discharge nozzle 8, which 
extends beyond the chamber and into a conduit 9, 
which, at its inlet end, is open to the chamber ex 
cept for the lnterpositioning of the nozzle 8. The 
conduit 9 is tubular. that is to say, the passage 
therethrough is cylindrical and its outlet end 
opens into a passage 10. A substantially annu~ 
lar conduit 11 surrounds the conduit 9, and its 
inlet end no is in open communication with the 
chamber 5 and its outlet end 1111 is in open com 
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tion and the hydrocarbons contained therein will 
be “cracked down” into ?xed carbon particles 
which, by reason of the heat to which they are 
exposed, will glow and render the ?ame luminous. 
As previously described, these particles will not 
be immediately or rapidly consumed because of 
the laclr of su?icient oxygen to complete their 
combustion. Each luminous particle, however, 
will be eventually moved into an atmosphere or 
medium containing sufficient oxygen to complete 
its combustion, with the result that complete 
combustion of the gas will eventually be accom 
plished, but under such conditions that the name 
is at all times a luminous ?ame, but at the same 
time not a smoky flame. 
The burner illustrated produces a non-turbu 

lent flow of the strati?ed components of combus 
tion and the combustion of the gas is accom 
plished in a long luminous slow burning flame as 
distinguished from a rapid burning violent ?ame 
such as is produced where an intimate mixture of 
gas and air is accomplished by reason of turbu 
lence in the separate streams or by reason of a 
more or less intimate mixture of the gasand air 
in the burner chambers or even beyond _ the 
burner. It will also be apparent that the passage 

' 10 is what may be termed a directing passage. 

30 

35 

40 

50 

60 

70 

There may be some expansion of the gas and air 
streams as they leave the conduits 9 and 11, but 
the passage 10 has a con?ning and directing e?ect 
on the combined jet and tends to maintain the 
?ow of the two streams in the direction of flow 
initiated by conduits 9 and 11. As illustrated, the 
passage 10 is circular in cross section and is con 
centric with the conduit 9. 
Where the gas or the air is delivered under such 

conditions as to tend to produce a difference in the 
pressures within the conduits 9 and 11, these 
pressures are equalized or maintained equal by 
reason of the fact that both passages are open 
to the chamber 5. With such an arrangement it 
will be apparent that if the volume and pressure 
of the gas issuing from the nozzle 8 is such as 
to tend to maintain a pressure at the inlet end 
of conduit 9 below that within the chamber 5, 
then sufficient air will enter the conduit 9 to 
equalize the pressure conditions in the two con-J 
duits 9 and 11. 

It will be apparent that the air is delivered in 
an annular stream around the gas flow from the 
nozzle 8 and that the admission of this air to the 
conduit 9 is not such an admission as would be 
caused by the entraining force of the gas flow, 
but is rather a ?ow which is occasioned by what 
ever difference in pressure may exist between the‘ 
inlet end of the conduit 9 and the chamber 5. 
That is to say, such ?ow of air as enters the con 
duit 9 is a non-turbulent quiescent flow and is in 
the form of an envelope surrounding the gas flow 
issuing from the nozzle 8 and in effect ?lls out the 
gas stream within the conduit 9 to such an extent 
that the flow and pressure conditions in it are 
substantially equal to those in the air conduit 11. 
If for any reason the pressure of the gas delivered 
through the nozzle 8 exceeds that of the air prcs~ 
sure within the chamber 5 the condition will be 
reversed from that just above described, and the 
‘open end of the conduit 9 will effect an equaliza 
tion of pressures and ?ow conditions. 

It will, of course, be apparent that even if the 
temperature conditions are suincient to occasion ' 
combustion in the conduit 9, the combustion will 
take place under the conditions above described, 
due to the stratified conditions of the gas and air, 

accepts 
and will be a delayed or slow combustion; such as 
previously described. ' 

It is my belief that such gas as may enter the 
conduit 11 by reason of the effectiveness of the 
pressure equalizing arrangement described, will 
be of such minute quantities that it will hardly 
more than contaminate the air entering along the 
inner wall of the conduit 11 and will therefore 
not be in sufficient quantity to result in combus 
tion unless the temperatures encountered are 
quite high. Then too, it is apparent that any gas 
entering the conduit 11 will necessarily enter 
around the inner peripheral wall of the conduit, 
and will either move through the conduit as a 
thin annular sheath of gas or will merely con 
taminate a thin annular sheath of air, and this 
because of the non-turbulent character of the flow 
through the conduits. In any event, such com 
bustion as may take place in the conduit 11 can 
not be of su?icient extent to disturb the quiescent 
stream line ?ow heretofore described. This is 
also true of such combustion as may take place 
within thelconduit 9, but, here uncontaminated 
air is, delivered into the conduit 9 by reason of 
whatever variation in pressure may exist between 
the chamber 5 and the inlet end of that conduit, 
and this air is delivered in the form of an annu 
lar sheath, but in such small quantities that even 
if it mixes with the gas it can do hardly more than , 
contaminate the gas at the surface of the stream 105 
forming and formed within the conduit 9. 
Under ordinary operating conditions the valves 

14 and 15 may be manipulated to vary the quan 
tity of air and gas admitted to the conduits 9 and 
11 and I have found that considerable variation 110 
may be made without upsetting the stability of 
the flame. ‘ 

A condition may be encountered where, due to 
in?ltration of air in the combustionchamber or 
furnace, more air is delivered than is desirable. 115 
Under such conditions, either the air valve 14 
may be manipulated to decrease the air flow or the 
gas valve 15 may be manipulated to increase the 
gas ?ow and in either event the flow conditions 

the jet will be so maintained as to ensure the 120 
stratification and the quiescent flow above de 
scribed. It will, of course, be understood that if 
it is desired to either increase or decrease the ~' g 
amount of gas burned within the furnace, both of 
the valves 14 and 15 may be manipulated to pro- 125 
duce the change desired. 
While I have described what I now consider to 

be the preferred procedure in carrying out my 
method of producing luminous ?ame combus 
tion and while I have also illustrated a form of 
burner which may be employed in connection 
with this method it will be understood that some 
changes, either in the steps of the method de 
scribed and certainly in the structure of the 
burner illustrated, may be made without depart 
ing from the spirit and scope of my invention as 
set forth by the appended claims. 
What I claim is: 
1. In combination in a gas burner, a chamber, 

means for delivering a fluid under pressure there 
to, a conduit circular in cross-section communi 
cating with said chamber, a nozzle of less external 
diameter than the interior diameter of said con 
duit, projecting from said chamber into the end 
of said conduit, and axially aligned therewith, 
an‘ annular conduit surrounding said ?rst men— 
tioned conduit, axially aligned therewith and 
communicating'with said chamber, a plurality of 
radially extending partitions sub-dividing the in 
terior of said annular conduit into straight pas- 150 
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intense 
sages, each similar to the other and each parallel 
to said first mentioned conduit, and means for 
delivering gas under pressure to said nozzle. 

2. in a device of the character described, a 
refractory body, two straight concentric conduits 
extending through said body, radial webs extend 
ing the outer surface of the inner conduit 
to the outer conduit, and means for passing none 
turbulent gas md air streams through said inner 
and outer conduits, respectively, at substantially 
the same velocity, the cross=sectional area of said 
outer conduit being of the order or” ten times the 
cross-sectional area of said inner conduit. 
‘ 3. in a device of the character described, a re= 

to the outer conduit, and means for passing non~ 
t a"hulent gas and air streams through said inner 

outer resnectively, at substantially 
t’ e velocity, the crossesectional of said 
on - conduit is of the order of ten times the 
cross=sectional area oi said inner conduit, and 

construction, arrangement and velocity such that a non-=turbulent composite jet is pro~ 

jected from said conduits wherein the central gas 
stream is sheathed in an annular air stream, de= 
laycrl combustion occurring at the contacting sure’ 
' ._> of two in accordance with the .l 

l e which the gas stream is eventually i’ ir= 
nished with suidcient oxygen for combustion. 

L3. "in a device of the character d%cribed, a re= 
story body, two straight concentric conduits 

extending through said body, radial webs extend~ 
ing from the outer surface of the inner conduit to 
the outer conduit, and means for pass'mg non= 
turbulent and air strearns through said inner 

outer conduits, respectively, at substantially 
the same velocity, the cross=sectional area of said 
outer conduit oi the order of ten times the 
cross-sectional area or" said inner conduit, and. 
the construction, arrangement and velocity being 
such that a non-turbulent composite jet is pro= 
jected from said conduits wherein the centred gw 

is sheathed in an annular air stream, in 
the :oronortlcm imposed by the cross-sectional 
areas of said conduits, delayed combustion occur= 

ring at the contacting surfaces of the two streams 
in accordance with the rate at which the gas 
stream is eventually furnished with su?cient oxy 
gen ior combustion. 

5. A method of promoting luminous ?ame corn= 
bustion, which consists in maintaining separate 
bodies of gaseous fuel and air, establishing com» 
munication therebetween to substantially equalize 
the pressure thereof, setting up a ?ow of the gas~ 
eous fuel, continuing such fuel ?ow and con?ning 
it to establish a well defined consolidated stream 
moving at a substantially uniform velocity, simul= 
taneously establishing from said body of air, a 
flow of air around said fuel stream and continuing 
and con?ning such flow to establish a well de?ned 
annular stream of air surrounding but separated 
from said fuel stream and moving in substantially 
the same axial direction and at substantially the 
same velocity as said incl stream, combining said 
streams to form a consolidated stream while 
‘maintaining a well defined stratification between 
such streams, con?ning and directing the com= 
bined stream while promoting combustion at the 
surface of union between the two streams or fuel 
and air, constituting components thereof, nro~= 
jecting the combined stream as a substantially 
uncon?ned jet and in the direction of its con?ned 
travel and continuing such combustion along such 
projected jet. 

6. In combination in a gas burner, a chamber 
having an air inlet port, two concentric conduits 
communicating with said chamber, means crrtenlri= 
ing into said chamber and projecting into the 
central conduit for delivering gaseous fuel there“ 
to, and an open ended directing passage of greater 
diameter than the external conduit and wlllllllle 
nicating with both conduits. 

i’. in combination in a gas burner, a chamber 
having an air inlet port, contiguous conduits com-1 
rnunicating with said chamber, means extending 
into said chamber and communicating with one 
or" said conduits for delivering gaseous fuel there 
to, and a directing passage of greater cross~sec~ 
tional area than the combined area of said con~ 
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duits communicating with the outlet ends thereoi. ‘ 
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