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Claims. 

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

5 in the industrial arts the application of heat 
forms an important part of many manufacturing 
processes. It is frequently desirable to heat the 
Sinaterial subjected to the manufacturing processes 
in the presence of the heating flame, and it fre 
quently happens that the character of the atmos 
goere in Which the material is heated is of mas 
terial importance. For example, it is desirable, 
and often necessary to acneal Steel during the 
Shaufacturing processes to which it is subjected. 

5 his consistS in raising the steel to a determined 
triperature and then cooling it under conditions 
Yhich experience has demonstrated will produce 
the desired physical characteristics in the steel. 
The character of the atmosphere in which the 
steel is heated plays an important part. For ex 
asple, 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 re noved 
before the nanufacturing processes can be care 
ried forwald. 

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 Anascent state, 

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

35 ponent 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 of steel, if 
the heating of the material under treatment is 

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

45 jected during the heat treatment, where the 
heating is accomplished in the presence of the 
fame or in the same chamber in which the heat 
producing combustion is taking place. 

it is well known that heat is ordinarily more 
50 effectively 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 

55 the temperature of the interior of the chamber 
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Walls to an effective heat radiating temperature 
by heat externally applied to those walls. It 
follows, that even where the heating of the mate 
rial treated is accomplished within the combus 
tion chamber, there is an advantage in employ- 60 
ing a heat radiating flame, i.e., a luminous flame, 
even though we do not consider the fact that the 
character of the atmosphere may be more easily 
controlled where such a flame is utilized. This 
fact, when taken in connection with the further 65 
fact that the products of combustion resulting 
from luminous fame combustion are Stally free 
from nascent oxygen or oxygen in highly active 
State, discloses the advantages to be derived fron, 
luminous flaine combustion. 

Experience has shown that it is difficult to ob 
tain the desired degree of heat, and at the same 
time maintain luminous flame combustion, and 
that this is particularly true where a gaseous 
fuel is employed. The flame breaks out of con- is 
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- 86 
ditions which contemplate fortuitous variations 
in gas or air delivery pressures, the flame is un 
staible, in that it may break into a dead flame, i. e. 
a smoke producing flame, or it may break into 
a hard intense flame, i. e., a clear or partially 85 
clear flame, where there is some or considerable 
turbulence in the mixing of the gas and air, un 
less the combustion is constantly under the con 
trol of an expert and skilled operator. In the 
event the flame 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 95 
which will result in the production of a luminous 
flame which will remain stable under the ordi 
nary variations in operating conditions encoun 
tered in the operation of gas-fired furnaces. 
A further object is to produce apparatus in the 

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 
illustrated such a burner. Figure is a longia 
tudinal sectional view along the line - of Fig. 
2; and Fig. 2 is a transverse sectional view along 
the line - of Fig. 1. 

I will first describe my improved method as 0. 
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2 3,930,044, 
employed by me in connection wits, hatia gas, 
Sucia as is eiiployed cornia&srcially in the Westeia 
part of *ennsylvania, and throughout 'ifes, Wise, 
ginia, but it will be understood that the is Ye 
tion may be carried forward in connection with 
any gaseous fuel. deliver the gas and air ug 
der greSSure, but I am careful to keep the presa 
Sures of icoth, fluids substantially equal, as far as 
this can ice done under Crdinary operating con 
ditions, he gas is delivered to the furnace is 
a Well-defined consolidated stream totally star'- 
rounded by an envelope of air proving at Suk 
stantially the saine velocity as the gas stream. 
Tie gas is delivered at a press are which occa 
Sions the desired rate of flow, i. e., the desired 
Volune 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 fluid velocity but the expansion 
is so accomplished as to avoid turbulence and so 
as to produce the gas flow in a well defined 
stream in which all portions of the Stream are 
moving at the desired velocity along well-defined 
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 
imogeneous 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 flow at the desired velocity, but 
in this connection it will be understood that the 
velocity of gas flow determines, within narrow 
limits, the permissible velocity of air flow, and 
that with natural gas, for example, where the 
proportions of air to gas should be about 10 to 1, 
the variation in the rate of air flow 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 fluid velocity must be so 
accomplished that the streams of air and gas 
will unite to form a consolidated jet within the 
confines 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-defined 
stratification between the air and the gas is main 
tained in the jet so that the jet is, as before in 
plied, a well-defined consolidated stream of gas 
surrounded by an envelope of air moving at the 
same velocity as the gas stream. 

60 

65 

70 

75 

For the reasons above stated the gas stream is 
preferably annular, and the conversion from pres 
sure to kinetic energy in the form of fluid 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 flow 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 accorn 
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 fluid velocity is accomplished, that they 

aire in effect open ended tubes, one Starounding 
the other and with a means of comralinication at 
their inlet ends. With this airangement tiae pres 
Stres in he tWO tubes will be mainsigned Sub 
stantially equal even under varying conditions 30 
of gas or air pressure and as a result, the fiulid 
Velocities Set up in the two strearinS will be Sub 
stantially equal. 
Another feature of this invention is the act, 

that coinbustion takes place at the surface of 85 
unior etween the gas.and air streans forming 
the consolidated jet and takes place under Such 
conditions that the Sensible heat of the combus 
tion occasions a "cracking down' of the hydrocara 
bons in the gas into fixed carbon particles which Eb 
are heated to incandescence by the hest of con 
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 95 
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 100 

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 105 
gas stream in which the percentage of oxygen is 
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- 10 
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 sufficient oxygen 5 
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 120 
of the gas which, as has been noted, contributes 
to the luminosity of the flame by the 'cracking 
down' process above mentioned. 
By practicing the process herein outlined I am. 

able to produce a stable luminous flame and to 125 
maintain that flame 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 130 
stability of the flame. I have also been able to 
project flames of various lengths and to vary the 
effective heat within the furnace throughout a 
relatively wide range. 
The burner illustrated constitutes apparatus 135 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 
plypipe in effect projects into the chamber 5 140 
and is provided 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 interpositioning of the nozzle 8. The 
conduit 9 is tubular, that is to say, the passage 5 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 lla is in open communication with the 
chamber 5 and its outlet end 11b is in open com 
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gunication with the passage iG. Tie COX dults 
9 and 13 and the passage lic may be converalently 
foxiined in a Refractory oock of Ody 2, 29 
passsage 0 ogens into the interios of the fulace 
viiia Waica the one is aSSociated. A fraga 
Sienatasy Orion only of the Race Wall 3 is 
SOYK. 
As sovia, he ais delively piping 6 is provided 

with a control valve 14 which, for convenience o? 
i.St.Etios, is Saowa as 8, lattery OS deYe 
valve. E29 Oising is sicvy as eigencing to gi 
E, gie W7. C tiae (cia 33 3, &Saaving & elOW 
eas i:S set, exad Sox properly positioning the 

2025; 3 Wii. 235 to to the coal, 9, 32 ca, Vave 
5 os controig the Soy OS gas to tie (C32e. 
AS 3.07A is Fig. 2 Re itals: ecossag Wa. 

St. o? Exe conditat 9 is sigoted £50; the cyline 
gicSi Yai or 32 sania coxadiit is by SeaS Of 
reg 8. Erass3 yes are preferely dially cis 
COSas vyi is relation to the conduits 5 a.d. ii. and 

7e SS Saigia Raogao its eatie eigt 
ad in eitect co:ISS & Siost sitecting Sition I 
3 Caci, are foliad tas, it is desiae 
e: Spy SSA ever anies of Sci FeS 88Ced. So 

5 to divide iiage interior of tie codi i G 22. 
3: 53.35 of exactly sails, 22.SSages. It Wi. 
Sotet East & these Sai-passages are not only 
tle to escia Giae, at are also parallel to the 
S3ge Titain the condui; 9. AS 8, Easte: OS 
, asye for it convenient O. ca. Einese pass 
is sisightee &S35ges, since they initiate 
diec, irae Soy of fusic traversing ties and 

ire OS Sliceia, eing and Voigte to estaoisi 
liesce, Sowy of the fluid in strea?ia igies parale 
&O tie 7&8 of the passages, Tast is to say, 
COEAVeision for preSSL'e to fixietic energy is 

he OEA 08 Laid Velocity takes piece Within the 
SSages and under such conditions as to pro 
AC3S, SO3 statientory in the direction Offazae 

Orogeagation. I have also found that it is highly 
desiglie O Orovide the passages. With SEcota 
Was SO &S to avoid Occasionizag & disturgic ix. 
tle of C: Sidi Ehrough thera. 
Wiese the are is to be exployed in cons 

Sectics. With Satural gas, the aggregate cross 
Sectional Site, 0, the combined conduit should 
ce about era tires that of the cross sections: area, 
C: the cold it 9, and it is also desirable to so 
300SiO3, the conduit 9 witka Seiatio to the G3 
2e 3 as it is not only sorewiat, arges has 

he external diarieter of the nozzie, it is also 
Saliciety age to provide a pressuse equalize 
iing 9&SSSge & Cland the Ozzie 8 and evee the 
chages 5 33d the interior of the conduit, 9. 

he air is delivered to the chance 5 under 
reSSlie and at a pressure sustantially equal 

to tie delivery pressure of the gas througi, the 
SC32& 3. It Will, Of course, he understood that 
ae govy OS lot gas and air may be controlled 
oy the Waves to which reference has been inade, 
but it is desirable to maintain the delivery pres 
Sixes of the two fluids as nearly equal as is possie 
de Sadet Crdinary connercia operating cordia 
tions such as are encountered in Various face 
tories, Where the gas pressure and even the air 
pressure may Wary somewhat throughout the pe 
iCd of the Working day. 

I should also be said that the conduits 9 and 
are proportioned to obtain equal velocities of 

the stids traversing then and particularly at 
the outlet ends thereof. That is to say, if it is 
desired to burn 00 feet of natural gas per hour 
and to maintain a velocity of 15 feet per second 
of the gas as it issues from the conduit 9, then 
the air passages going to make up the annular 
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conduit, ill, Eust be so proportioned as to delive 
approxizing tely ,000 feet of air per hour at the 
greSSE'e determined apon to give Substantially 
15 Seet per second exit velocity to the air. From 
the Gregoing it, Will be understood that the also 
lute Sessures of the gas and air as delivered to 
the 322 le 8 a.d. the changer 5 are not essential 
so long as they are maintained substantially 
equal agad a Suáicient to produce the volune of 
30W diesired. 

A Opeatios. tie gas is delivered at the desired 
preSSL-e 2d WOXe through the 2022e 3 and 
into se conduit 9. It will be apparent that the 
2O2Sie & directS the gas axially of the codus it, 
9 a.d. i., Yi also be apparent that the gas Ca 
leaviaag as O22le 3 expands SOI evya, kecass 
ce the increased cross sectional airea, Of the core 
daii, aid that the conduit Race Se of its length 
and icecause of its Stooth straight was esta 
lishes a, well defined strean line lovy in the gas 
st:eaga iOi to its delivery rot, the conduit, 
into the assage 10. As a as keen said, the air 
is delivered at the desired vone to the chairs 
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ce: 5, aid at such a preSSLe that the pressure 
in the annular conduit 11 will be substantially 
equal to the pressure in the condui; 9 and so 
that tie Velocity of the air issuing into tie pas 
sage is Vii ce substantially equal to the velocity 
of tine gas as it issues into that passage. Sere 
again the conditions are such hat the sub-divia 
sions of the conduit is establish a quiesceni, 
stres.In line flow of the air which is parallel 
to the streasin line flow of the gas; and the loca 
tional Relation of the codits 9 and is such 
that Fae streaERS of air and gas unite to for a 
COSolidated jet, which is preferably circular in 
CoSS Section and in which there is 2, Wye dea 
fined stratification between the air aid the gas. 

it, Wii also e Ioted that the stream of gas 
is a consolidated stream, both while traversing 
the condit 9 and after delivery from that co 
duit i. that it is circular in CroSS Section 22nd of 
sustaitially uniforn. Velocity at a points of any 
cross Section along its length. It Will, of course, 
ice apparent that no natter how Smooth the walls 
of the conduits 9 and 11, they Will occasion sonne 
fiction Wyich Will to SOre extent retaid the flow 
of iLidiaediately adjacent to ther, out; he 
intest, is to provide as early uniforn, conditions 
of flow at all points throughout any cross section 
Of cost conduits as ca, oe obtained, 

It will also be noted that the jet, Sorgned by 
the union of the two streams in the passage 0, 
is in effect a, composite let in that the stratifica 
tion is Saintained after the issuance from the 
condits 9 and 1 and the gas streat is totally 
enclosed within the envelope O annular sheath 
of air whica is Enoving at substantially the same 
Velocity. ES the gas stream. Every precaution is 
take to prevent turbulence in either strean and 
inasmuch as combustion is a chemical reaction 
between gas and oxygen, combustion will take 
place at the surface of union between the two 
streams, that is to say, around the Outside of 
the gas stream. The COInbustion taking place 
under the conditions described may, however, he 
terred delayed cobustion. The effect of this 
will be the propagation of a luminous flane. At 
all points along the central strean of gas the 
surface of the gas will be subjected to an oxygen 
bearing atmosphere with the result that combus 
tion Will take place at the Surface of the gas 
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stream, but will not spread into the gas strean, 
due to the lack of Oxygen. The gas will, however, 
be subjected to the sensible heat of the eonibus 



tion and the hydrocarbons contained therein will 
be "cracked down' into fixed carbon particles 
Which, by reason of the heat to which they are 
exposed, Will glow and render the flaine liminous. 
As previously described, these particles will not 
be immediately or rapidly consumed because of 
the lack of sufficient oxygen to complete their 
coinbustion. 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 accona 
plished, but under Such conditions that the flane 
is at all times a uninous flame, but at the Sane 
tissne not a Smoky flame. 
The burner illustrated produces a, non-turbul 

ent flow of the stratified components of combus 
tion and the combustion of the gas is accom 
plished in a long luminous slow burning fame as 
distinguished from a rapid burning Violent flame 
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 gas and 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. 
There may be Some expansion of the gas and air 
streans as they leave the conduits 9 and 11, but 
the passage 10 has a confining and directing effect 
on the combined jet and tends to maintain the 
flow 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 
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equalize the pressure conditions in the two con 
duits 9 and 1. 

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 flow which is occasioned by what 

50 

5 
inlet end of the conduit 9 and the chamber 5. 
That is to say, such flow 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 fills 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 pres 
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 flow conditions, 

It will, of course, be apparent that even if the 
temperature conditions are sufficient to occasion 
combustion in the conduit 9, the combustion will 
take place under the conditions above described, 

is due to the stratified conditions of the gas and air, 
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ever difference in pressure may exist between the 

395,044. 
2nd Will be a delayed or slow coinbustio, such as 
previously described. 

It is my belief that such gas as may enter the 
Conduit li by reason of the effectiveness of the 
pressure equalizing arrangement described, will 
be of Such minute quantities that it will hardly 
inore 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 i 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 
tarminate 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 1 can 
not be of Sufficient extent to disturb the quiescent 
Stream line flow heretofore described. This is 
also true of Such combustion as may take place 
Within the conduit 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 10 
may be made Without upsetting the stability of 
the flame. 
A condition may be encountered where, due to 

infiltration of air in the combustion chamber or 
furnace, more air is delivered than is desirable. 15 
Under Such conditions, either the air valve 14 
may be manipulated to decrease the airflow or the 
gas valve 15 may be manipulated to increase the 
gas flow and in either event the flow conditions 
i: 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 
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 flame combus 
tion and while I have also illustrated a form of 30 
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 first 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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Sages, each similai to the other and each paralle 
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 throug said loody, radial WebS extend 
ing 303 in the outer Surface of the inner conduit 
to the outer conduit, and Iceans for passing non 
talent gas and air streams throug Said inner 
Sad cate conduits, espectively, at Substantially 
the Salie velocity, the cross-sectional area of said 
03:33 condui, 33ing of the Order of ter times the 
C20SS-Sectionai as ea of said inner conduit. 

S. in 2, device Cí the ca, acter described, a re 
Éogy ccdy, ivyo straight concentric conduits 

igg to liga said body, radia, Weks extend 
C32 the OS3; Sutrage of the inner conduit 

O 313 lites conduit, and seas for passing non 
33.33 a gas aili air strea: Eas nough said innes 

and C3.3 CO2 iiis, esgeci/ey, at Sustantially 
32 S&S.23 Teiccity, ae cross-sectionaa. 23.28, of said 
O3S 303di, ceig of ae (33dies of e.a. iries the 
cross-sectiona 2,332, Ci said iiie conduit, and 
ise constructic2, aga: age gest aid Weiocity ceilag 
SLic 3, 8, (ROE-L roile:Ca. 302290Site jet is grge 
jec's 'Cir. Said 2C duis 73rein ae cential gas 
st 22,232 is saealizei is as angular air streaga, des 
ayes, cc.(3SiO5 cccurring at the contacting sug's 
is c33 c 3ae 70 streains in accordance with the s 

323s a, "ific he gas streat is eventually fur 
3risiad 7i. Sufficient O:ygen for combustion. 

in a device of the chai'acter described, a re 
£raciory cdy, Yo straight concentric conduits 
ascending airciga said body, radial WebS extends 
i(g frog the oaiei surface of the inner conduit to 
line cite conduit, and 3 aeans for passing nox 

Soileia, gas a 3d air strea, as thirough said in R285 
and outer condits, respectively, at Sustantially 
the sagae veccity, the cross-sectional area, of Said 
outei conduit sing of the ordes of te: times Rae 
cross-sectional area of said inner conduit, 832d 
the consisruction, arrange ine; 2. d. Veccity keing 
scia that a, no-uroulent Congposite jet is proje 
jected iroir said conduits Yerei: the cential gas 
sizeaxa is sneathed in 22 as a 'ls, 8i Stear, i. 
line proportions ingosed oy tine cross-sections. 
areas of said conduits, delayed COTR2SiO2, OCCU.S.'s 

S 
ring at the contacting surfaces of the two strea: as 
in accordance with the rate at which the gas 
stream is eventually furnished with sufficient Oxy 
gen for combustion, 

5. A method of promoting luninous flame COY - 
bustion, which consists in maintaining Sega'ate 
bodies of gaseous fuel and air, establishing Core 
munication therebetween to substantially equalize 
the pressure thereof, setting up a flow of the gase 
eous fuel, continuing such fuel flow and confining 
it to establish a well defined consolidated Strea? 
Inoving at a, substantially uniform Velocity, Sir - 
taneously establishing fro Said Ody of ai", a 
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flow of air around Said fuel Strea. In and Continuing 
and confining such flow to establish a Wei defined 
annular stream of air surrounding but Separated 
frogs said fuel strea.K. and Rowing is Saostantially 
the saxine axial direction and at Substantially the 
same yelocity as said Suel strea, connoining Said. 
streas as to for in a consolidated Strea22. Wiile 
maintaining a well defined stratificatio: a getv7ee33. 
such streasis, confining and directing the CO32 
oined streat while promoting combustios at the 
surface of union between the two streans of fuzei 
and air, constituting components thereoi, or 
jecting the cognoined streana as 2, Sukhstantially 
unconfined jet and in the direction of its confined 
travel and continuing such combustion along Sicii 
projected jet. 

6. In corabination in a gas surner, a chaE128; 
shaving an air inlet port, two concentric cond its 
communicating with said chamber, meanse:tead 
ing into said change and projecting into the 
central conduit for delivering gaseous fuel theire 
to, and an open ended directing passage of greater 
diameter than the external conduit and COISAu 
Ricating with both conduitS. 

7. Era combination in a gas burner, 2, ch3. Inger 
having an air inlet port, contiguous conduits conio 
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municating with said chamber, means extending C 
into said chanber and continunicating with One 
of said conduits for delivering gaseous fuel there 
to, and a directing passage of greater ci"CSS-Sec 
tional area, than the combined area of Said Co 
duits communicating with the outlet ends thereo. 

g3 WSON. 

  


