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Norman J. Urquhart, Scenery Hill, Pa., assignor 

to Combustion Processes Company, a corpora 
tion of Pennsylvania 

Application November 16, 1944, Serial No. 563,685 
(C. 158-11) 3 (Cairns. 

This invention relates to a combination oil and 
gas burner and particularly to a combination oil 
and gas burner having advantageous features 
when used in conjunction with furnaces of War 
ious SOrtS. 

It is a primary object of Iny invention to con 
bine an oil and gas burner which, when used 
either with oil as a fuel, gas as a fuel, or using 
gas and oil simultaneously, is capable of furnish 
ing a low velocity luminous fame composed of an 
unstratified bend of gases; in which the type of 
ilame and the atmosphere created by the burner 
in the enclosed space of a furnace is under Con 
tro; and in which the combined fuel and air. 
wouane delivered to the burner may be Varied 
within wide limits and the type of fiane and at 
mosphere created by the burner combustion may 
be varied without departing from the low ve 
locity of the combustion fiane and without loss 
of its high uninosity. 

In attaining these objects depart from the 
usual principles of burner construction by an ar 
rangerient, which avoidis rapid flame movement. 
and which does not utilize the principles of pre 
mixing the combustion air and fuel or of multi 
stage combustion. On the contrary my burner 
is so arranged that whether oil, gas, or both of 
those fuels be used, mixing takes place within the 
combustion areas of the burner and is begun in 
the rearward portion thereof under the heating 
effect of an initial supporting flage of substan 
tial heating value. . Also, the oil or gas providing 
the fluid fuel consumed in the burner is so intro 
duced with relation to the supporting flame and 
additional air is so supplied with respect to both 
that mixing in the combustion areas of the 
burner is effected at an early stage under the in 
iluence of cracking conditions and conditions 
which produce a high rate of molecular nove 
nent of the several gases with complete and uni 
form mixing thereof. Thus as used with either 
oil, gas, or both of them as its fuel, the burner 
creates and supplies throughout a wide operating 
range an unstratified blend of reacted and unre 
acted gases, with such early cracking and rapid 
and coinplete commingling that as delivered to 
the furnace it gives therein a highly luminous 
condition and an atmosphere which is proof 
against oxygen slippage, and which therefore 
does not bring substantial quantities of free re 
active oxygen into contact with the furnace 
charge. Considering a prime utility of the 
burner, this effect is of great value in metallurgi 
cal furnaces in which the effect of the furnace 
atmosphere in producing Oxidation of the fur 
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nace charge is a matter of primary importance. 
Also, as indicated above, the combustion rate 

and heat output of the burner may be varied 
within wide limits without causing stratification, 
without producing high velocity of flame move 
ment and without loss of luminosity. Thus it is 
possible to control combustion by regulating the 
volume of, the fuel and total air supply to the 
burner to vary the heat output of the burner and 
the atriosphere created in the furnace, while re 
taining throughout different orders of combus 
tion the desirable burner and furnace conditions 
which have been noted above. 

In the accompanying drawings illustrative of 
iny in Veration: 
Fig. is a longitudinal Sectional view through 

a combination oil and gas burner organization 
embodying the principles of my invention; 

Fig. is a cross-sectional view through the 
burner taken in the plane of the section line 
I-II of Fig. I; 
Fig. III is a Cross-sectional View through the 

burner taken in the plane of the section line 
I-III of Fig.; m 
Considering both that portion of the structural 

organization of the burner as shown in the ac 
companying drawings which applies both to its 
use as an oil burner and as a gas burner, the 
burner comprises an Outer shell having a periph 
erai wall and a rear closure wall 2, an inner 
shell having a peripheral Wall 3 and a gas igni 
tion tube . . At its forward end the Wall of the 
outer shell is fanged and has connected to its 
flange 5 the flange 6 of an adapter shell . This 
adapter shell has a forwardly presented flange 
8 which is welded or otherwise suitably secured 
to the Wail 9 of a furnace to surround a port ( 
of the furnace wall. Within shell and port 
there is a refractory lining which abuts rear 
wardly against flange 5 of the burner shell proper 
and extends forwardly into the port of the 
furnace Wall, to bound a combustion tunnel 2. 

In the inner shell of the burner and within gas 
ignition tube there is a nozzle 3 from which 
oil is projected with compressed air or steam of 
moderately high pressure. Surrounding nozzle 
3 and inner shell there is a flange 3 extended 
between wall 3 of the inner shell and wall of 
the outer shell. This fange is provided with a 
series of ports 5 arranged to deliver air from 
chamber 6 lying between was and 3 of the 

These ports 5 desirably 
are, as shown, extended through the complete 
annular extent of flange fi and are equidistant 
ly spaced therein. 
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Air is supplied through an air inlet duct , 
having therein a butterfly valve 8 which opens 
directly into secondary air chamber 6, which 
may be considered an extension of the duct . 
A branch air duct 9 provided with butterfly 
valve 20 opens into a primary air supply tube 2 
arranged concentrically within the inner shell 
of the burner. The chamber 2 which may be 
considered an extension of the primary air duct 
9, and the air introduced by branch inlet duct 
8 to the interior of air supply tube 2 may be 
considered primary air, inasmuch as it supports 
combustion in a film of oil or envelope of gas 
to provide primary combustion in the form of 
an inner supporting and heating flame. The pe 
ripheral wall and the rear wall 2 define a cas 
ing. 

It will be convenient now to consider the burner 
as operating solely with oil as a fuel and then 
to note the likeness and differences in burner 
operation if the fuel be gas or if both oil and gas 
be used. It will thus initially be taken that the 
primary air surrounds a film of oil delivered by 
nozzle 3 to provide the primary supporting and 
heating flame. The total combustion air is Sup 
plied at relatively low pressure, such as a pressure 

O 
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of from about 5 pound per square inch to 1.5 
pounds per square inch in a suitable manner as 
by the action of a low pressure fan. It is to be 
noted that this air supply, introduced under rel 
atively low pressure to provide low velocity burn 
er operation, constitutes in practical effect the 
entire air supply depended on for combustion, no 
additional air being drawn or forced into the 
burner to support the burner flame at different 
stages in progressive combustion of the fuel. 
Secondary air issues into tunnel 2 through 

ports 5 around the inner flame comprising pri 
mary air and a film of oil from the nozzle. In 
the primary fame the oil is carried by and Sur 
rounds the jet of compressed air or steam, and 
the compressed air or steam expanding as it is 
sues from nozzle 3 carries the oil in a conical 
oil film, which mixes with the surrounding pri 
mary air to produce the initial supporting flame. 
In proper operation of the burner, primary air 
must be insufficient to approximate complete 
combustion of the fuel, but must be sufficient to 
produce with the fuel a primary flame of sub 
stantial heating value. It may be explained that 
with the oil broken up in the nozzle and carried 
as a film on the expanding cone of compressed 
air or steam there is an interior flame in which 
combustion is substantially complete and which 
is surrounded by the Secondary air and by excess 
fuel. The primary flame is a clear, Smokeless 
and relatively non-luminous flame; and its cen 
tral portion in which combustion is substantially 
complete insures against its extinguishment un 
der the exigencies attendant upon practical use 
of the burner. 

It thus is to be understood, and this is an im 
portant feature in the operation of my burner, 
that the primary flame above described not only 
serves as a pilot and combustion Supporting 
fame, but that it has of itself sufficient heating 
value to raise the interior of tunnel 2 and its 
bounding refractory surface to a high tempera 
ture. Secondary air, which in the proper oper 
ation of my burner is supplied in volume suff 
cient to take part at least Substantially in the 
combustion, is heated by radiant heat from the 
surface of combustion tunnel 2 immediately 
upon its entry into the tunnel, as well as by heat 
directly received from the primary fame. 
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4. 
In operating my burner the supply of primary 

air, fuel and secondary air are all adjusted to 
give a primary flame of desired characteristics 
and such adjustment readily may be made ini 
tially by observing the primary flame itself. That 
is, fuel and primary air supply may be adjusted 
until a clear flame of substantial size and obvi 
ously high heating value has been obtained. De 
sirably this primary flame is allowed to burn with 
a relatively small supply of secondary air until 
the Wall of the combustion tunnel has been 
brought to a relatively high temperature, and at 
Such stage the supply of secondary air is gradu 
ally increased until a very bright luminous flame 
moving forwardly at low velocity is seen to be 
entering the furnace from the tunnel. At this 
point it is frequently desirable to make some 
compensatory relative adjustment between pri 
mary air and secondary air to get the exact de 
sired combustion conditions. - 
The effect of proper burner operation, which 

is described and specifically illustrated in my 
companion application Serial No. 563,684, filed 
November 16, 1944, gives the desired condition 
referred to above. Let it be assumed that the 
burner is operating with both butterfly valve 8 
in secondary air duct 7 and butterfly valve 20 
in primary air duct 9 fully open. This provides 
a proportioning of primary air and secondary 
air substantially in accordance with the cross 
sectional areas of primary air duct f S and sec 
ondary air duct 7. Desirably, though not nec 
essarily the ratio between the Cross-sectional 
areas of these ductS is such as of itself to ap 
proximate optimum proportioning of primary air 
and secondary air with both butterfly valves fully 
Open. 
The rapidly expanding conical film of oil sup 

ported by the interior jet of compressed air or 
steam and reacting with the primary air, gives 
a, primary flame of Substantial size. Under its 
heating effect, and the heating effect of radia 
tion from the tunnel Wall there is a rapid ex 
pansion of both the primary and secondary air 
accompanied by vaporization and cracking of the 
oil and expansion of the gases produced thereby. 
The expansion, incident to the heating and 

cracking, exerts an expanding pressure against 
the wall of the combustion tunnel which forces 
the secondary air inWardly as primary air and 
fuel expand outwardly. The secondary air being 
introduced under low pressure, the expansion pro 
duces transverse mixing rather than accelerated 
forward motion. This action is the one which 
primarily gives the advantageous results produced 
by the burner. 
The actual effect produced by heating the gases 

in this rearward region of the combustion tunnel 
thus is one of lapid molecular motion by which 
the gaseous substance of the secondary air moves 
in Wardly and the gaseous substance of the pri 
mary flame, including the primary air and the 
gaseous products of vaporization and cracking of 
the oil, moves outwardly. In movement forwardly 
of the tunnel this blending progresses to such ex 
tent that the gaseous mixture, comprising both 
reacted and unreacted gases, is unstratified and is 
of approximately uniform composition through 
out its entire volume. This unstratified blending 
of the gases persists when the gaseous blend issues 
into the Work chamber of a furnace. 
The fundamental action in tunnel 2 is thus the 

production of a fine and uniform blend of air and 
cracked oil vapors, in which combustion has in 
Some measure taken place; together with the pro 



duction of high luminosity in such gaseous body 
moving at low velocity through the tunnel. Ap 
parently this fundamental effect obtains without 
reference to the degree to which combustion takes 
place in the gaseous blend. I believe that the 
high luminosity of the flame is due to the uniform 
distribution of a great number of incandescent 
carbon particles in the blended gases. 

In many prior art burners this effect is obtain 
able for one combined volume of fuel and air and 
within a very narrow range of total fuel and air 
supply. It obtains throughout a very wide range 
of total air and fuel Supply in operating my burn 
er, as above described. That is, the total air and 
fuel supply may be cut to a very low point without 
destroying the function of the primary flame in 
heating the air and fuel in such manner as rapidly 
to produce an unstratified uniform gaseous blend. 
There is of course a point at which it is impos 
sible to maintain an adequate heating effect of 
the primary flame, but such point is low beyond 
that at which any one reasonably night desire to 
cut down the heat output of the burner. 
This effect of the burner in providing a uniform 

and apparently molecular blending of the gases is 
of great advantage when the burner is used with 
metallurgical furnaces. In most such furnace op 
erations, such as those conducted in heating, heat 
treating, melting and bath furnaces for iron and 
steel, it usually is desirable to avoid oxidation of 
the furnace charge. It has been the experience of 
the art that even though the furnace atmosphere 
may contain less than a sufficiency of oxygen for 
complete combustion, there is a tendency for the 
occurrence of what is known as oxygen slippage. 
That is, the Oxygen of the cornbustion air tends to 
separate from the other gases of the furnace at 
mosphere and to gravitate to the lower regions of 
the furnace chamber in direct contact With the 
furnace charge. It is an observed fact that even 
when sufficient combustion air is provided to com 
plete combustion the blended gases delivered by 
my burner are substantially proof against such 
oxygen slippage, so that there may be high heat 
delivery in the furnace and the furnace charge 
may be brought to a desired high temperature 
with minimum scale formation. 

It should been phasized that uniformity in the 
gaseous blend and an unstratified luminous fame 
is provided by the burner throughout a wide range 
in the combined voluzne of air and fuel and thus 
throughout wide variation in the rate of combus 
tion. The proportioning of fuel, primary air and 
secondary air having been established, the volume. 
of fuel and total air then can be adjusted to the 
desired temperature conditions without in any 
substantial degree altering the condition of the 
burner gases and the furnace atmosphere. Thus 
the furnace temperature may be raised, lowered, 
or maintained, regardless of heat absorption by 
the charge, without disturbing the luminosity of 
the flane and without disturbing the blending 
which prevents scale formation in the furnace. 

In certain furnace operations it is desirable to 
provide an oxidizing atmosphere in the furnace. 
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ume of total air supplied to the burner, without 
disturbing the ratio between primary air and sec 
ondary air, to give a gaseous blend, otherwise 
identical with that previously described, which 
contains an excess of oxygen. As so used my 
burner gives a scale formation of superior sort on 
the furnace charge, inasmuch as the effect of the 
oxidizing atmosphere is uniform in its contact 
with the charge because of the maintenance of a 
blended atmosphere in the work chamber of the 
furnace. w 

It is to be understood, as is specifically illus 
trated in ray above-identified companion appli 
cation, that my burner not only may be operated 
to give an effect unobtainable in prior art burn 
ers, but if so desired it may be operated to give 
an effect usual in many prior art burners. If the 
total air be directed either wholly or excessively 
into chamber 6 and through ports 3 as sec 
Ondary air, the effect will not be that above de 
Scribed as attendant upon a proportioning of the 
primary and secondary air supplies. 
Thus if butterfly valve 20 in the primary air 

duct 9. be completely closed, and butterfly 88 
25. in the secondary air duct be completely open 

the total air supply is delivered to the burner as 
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secondary air. Under. Such conditions the pri 
mary flame is supported only by such air issuing 
from ports 5 as mingles with the expanding oil 
film from nozzle 8, and the major proportion of 
the air supply of the burner passes forwardly 
through tunnel 2 to give a stratified as opposed 
to a blended gaseous mixture therein. Although 
the primary flame is itself short and of substan 
tally lesser heating value than the flame which 
is obtained if primary air be supplied, this condi 
tion produces a long secondary flame burning 
within and progressively mixing with an outer 
envelope of secondary air. The tendency thus is 
to introduce into the work chamber of a furnace 
a stratified atmosphere which is not controlliable 
as is the blended atmosphere obtained in the op 
timum operation of my burner, and is an atmos 
phere in which oxygen slippage occurs. With 
combustion of this sort there is only one specific 
combined volume of fuel and air which produces 
a luminous flane and in which approximate ulti 
mate blending in the furnace atmosphere is ob 
tainable. With higher and lower total air-fuel 
volumes to give a greater or lesser heat output, 
stratification always occurs. An extreme exam 
ple of this effect is obtained by multi-stage com 
bustion in which secondary air is progressively 
added along the length of a central flame. 
Another operation of the burner simulating 

that of prior art burners, and which condition is. 
illustrated in my above-identified companion ap 
plication, takes place if the total air supply to 
the burner be directed wholly or excessively as 
primary air. In such case butterfly valve 8 in 
secondary air inlet it may be assumed to be 

5 
One example of such condition exists in soaking . 
pits, in which a close adherent scale on the ingots, 
or other soaking pit charge, tends toward heat in 
Suation and improvement in the desired effect of 
the soaking operation. In such case, without in 
creasing the velocity of the flame, and without 
loSS of luminosity therein, I am able to provide in 
the furnace an oxidizing atmosphere of the sort 
to form a fine adherent scale on the soaking pit 
charge. This I do merely by increasing the vol 

70 
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wholly closed and butterfly valve 2 in primary 
air inlet duct 9 may be assumed to be fully open. 
With this apportionment of the air supply the 
primary flame is the only flame produced in the 
burner. That fame begins at a point substan 
tially forward of the jet nozzle. It is a roaring 
filame in which the air and the atomized oil are 
in stratified condition, there being no effective 
initial cracking of the oil or blending in the com 
position. With a flame of this sort it is impos 
sible to obtain complete combustion without sub 
jecting a furnace charge to the effect of uncon 
trolled free oxygen. It is therefore a fact that 
in burners capable of operating only in this man 
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ner it is impossible to obtain a high heating effect 
while avoiding oxidation of a metallurgical 
charge, or to control oxidation in such manner 
as to effect it in desired sort and Order. 

Specific exemplary means for introducing oil 
in finely atomixed condition and in such manner 
as to form an expanding conical film of oil, Con 
prise the nozzle 3, which has therein an oil 
chamber 22 communicating with oil inlet duct 23, 
and jet chamber 26 communicating with a duct 
25 leading to a source of compressed air or steam. 
A relatively small vacuum chamber 26 is in Com 
munication with oil chamber 22 by way of port 
2 and with chamber 24 for air or steam by Way 
of port 28. Desirably, as shown, both port 2 
and port 28 are of relatively small caliber; the 
port 23 for compressed air or steam being of 
lesser caliber than port 27, and port 2 being 
arranged to discharge downwardly into chamber 
26 at right angles to the direction in which the 
jet of compressed air or steam is directed. 
In this nozzle, air or steam entering chamber 

26 by way of constricted port 28 expands and in 
expanding creates at the rear of the chamber a 
vacuum which draws in oil through port 2. This 
oil is broken up and carried along by the jet of 
Compressed air or steam. As the air or Steam 
jet continues to expand upon issuing from the 
nozzle, a thin film of the oil projected with it 
is carried radially outward by the expanding air 
or steam. This film is in good condition for 
cracking under the heat of its own combustion 
and the radiant, heat from the Wall of Combus 
tion tunnel 2. It thus contributes to the desired 
effect of rapid molecular motion and blending 
with the primary combustion air and the sec 
ondary air, to give the cracked and blended gas 
eous mixture which is desired. 

It is to be understood that the nozzle show 
and described is exemplary of nozzles of different 
specific structure capable of delivering oil in a 
thin film carried by an expanding stream of air 
or steam, suitable to form the unstratified blend 
incident to the proper operation of my burner. It 
is important that the nozzle of the burner be so 
arranged with respect to the flow of primary air 
that the oil being expanded outwardly in the 
tunnel of the burner is surrounded by the primary 

0 

15 

20 

35 

40 

air so that there is combustion substantially back 
to the burner nozzle itself; to give in this region 
a flame of substantial heating value which, by its 
direct heat and by radiant heat from the Wall of 
the tunnel, is capable of creating and maintaining 
in that region a temperature sufficiently high to 
produce cracking and rapid molecular motion. 

It will be observed in Fig. I of the drawings 
that the primary air stream which is supplied 
through primary air tube 2 and which passes 
through gas ignition tube 4, surrounds nozzle 3, 
exerting a cooling effect on the nozzle and itself 
taking up heat as it enters the burner tunnel 
around the jet from the nozzle. 
ment also is such that the primary air which 
supports combustion in the primary flame rap 
idly comes in contact with and blends with the 
film of oil from nozzle f3. It is desirable to 
avoid carbon formation against the wall 3 of the 
inner shell by bringing nozzle 3 out approxi 
mately to the line of flange f4 in which second 
ary air ports 5 are placed, 
In order to equip the burner to use combus 

tible gas instead of oil as its fuel, there is a gas 
inlet duct 29 in communication. With gas cham 
ber 30 lying between the walls of gas ignition 
tube 4 and air inlet tube 2 and the wall 3 of the 
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inner shell. This gas inlet duct 29 is to be con 
nected to a source of suitable combustion gas 
under moderate pressure such as /a, pressure of 
from .5 pound to 1.5 pounds per square inch. 
When the burner is operated with gas, the gas 
entering chamber 30 receives heat from the wall 
of gas ignition tube 4 and enters the interior of 
that tube at the rear thereof. The forward 
edge 3 of primary air supply tube 2 and the 
rearward edge 32 of gas ignition tube 4 are op 
positely chamfered to provide an annular gas in 
let passage 33 directed obliquely inwardly and 
forwardly of the chamber 34 in the ignition tube. 

In chamber 38 of gas ignition tube 4 the gas 
mixes sufficiently with primary air entering the 
chamber from air supply tube 2 to give com 
bustion within the chamber. The major pro 
portion of the gas however, moves forwardly 
along the interior surface of tube 4 issuing as a 
relatively thin compact envelope, or film, sur 
rounding the inner flame. In this operation the 
primary air and the combustible gases are ex 
panded by the heat of the combustion sufficiently 
to impart to the primary flame and the com 
bustible gas a definite forward propulsion. 
On issuing from gas ignition tube 4 into com 

bustion tunnel 2 expansion of the gases con 
tinues. There is thus produced an expanding 
cone of burning primary air and gas which car 
ries the unburned gas outwardly in substantial 
ly the same manner which has been described 
with respect to a film of oil from nozzle f3. Thus, 
in the same manner as when the burner utilizes 
oil as its fuel, there is substantially complete 
Combustion in the inner or primary flame and 
the fuel is carried radially Outward in the same 
manner for Commingling with the secondary air. 
Thus the conditions established in the combus 
tion tunnel 2 are substantially identical with 
those described above when the burner is utiliz 
ing oil as its fluid fuel. 

It should be noted that gas ignition tube 4 is 
relatively short, so that there is no smothering 
effect therein because of the insufficiency of the 
primary air. The burner may be used with gas 
with its various elements in the position shown 
in Fig. I of the drawings, and in such condition 
it is found that the presence of nozzle 3 does 
not interfere with the action in chamber 34 to 
produce the primary flame. The combustion in 
chamber 34 does however, ultimately destroy the 
nozzle, and it is therefore desirable to remove 
the nozzle and its connections when it is pro 
posed to operate the burner solely with gas as 
the fuel. 

It is, however, possible to operate my combus 
tion burner simultaneously with both oil and 
Combustible gas. In such case all the primary 
air is delivered into the chamber 34 of ignition 
tube 4 by primary air tube 2. Additionally to 
primary air there is used also a jet of compressed 
air or steam for projecting and filming the oil. 
Under these circumstances the primary com 

bustion comprises the oil film which is projected 
from nozzle f3 as an expanding cone. Combus 
tion of the gas being effected in chamber 34 of 
the ignition tube, the flame thus produced sur 
rounds the oil film and the Supply of primary 
air desirably is made sufficient to burn at least 
Some oil of that film. An envelope of preponder 
antly unconsumed combustible gas also is pres 
ent in an expanding condition around the cen 
tral flame. 

I have observed that the primary flame pro 
duced by this conjoint combustion appears iden 



2,458,542 

tical with the primary flames produced when 
either oil or gas alone is used as the fluid fuel. 
There is apparently, however, some intensified 
heat output of the primary flame as compared 
with the primary flame produced solely by oil 
or gas and some acceleration in the blending of 
the gases from the primary combustion with the 
secondary air of the burner. An advantage in 
primary combustion conditions is obtained by the 
heating effect of the nozzle which itself becomes 
highly heated and radiates heat to the primary 
air and gas within ignition tube 4. A disad 
vantage of such conjoint operation is, however, 
the above noted destructive effect of high tem 
perature on the burner nozzle. 

It is to be understood that if gas, or both gas 
and oil, are used as the combustible fluid of the 
burner, the same general regulation and appor 
tionment which has been described above with 
respect to the sole use of oil should still be foll 
lowed in order to obtain the advantageous com 
bustion conditions possible in operation of my 
burner. 

I have found it impossible to give critical rela 
tive dimensions for most of my burner elements 
because such proportional relations Vary with 
different sizes of burner. 
said that combustion tunnel 2 should be of such 
bore diameter that the inner surface of its wall 
closely surrounds ports which deliver the secon 
dary air. This is in order that such wall may be 
highly heated by combustion in the tunnel and so 
that secondary air is prevented from expanding 
outwardly and flowing along the tunnel wall to 
give a stratified tunnel atmosphere. In other 
words, the bore diameter of the tunnel should 
not be so great as to defeat the desired blending 
action which has been described above. The 
length of the tunnel should be adequate to provide 
complete blending of the gases therein before 
delivery of those slowly moving gases to the work 
chamber of a furnace. 

I have found no fixed critical relation between 
the diameter and length of the combustion tunnel 
and the ratio between the diameter and length 
of the tunnel will vary with burners of different 
size and low velocity capacity. A simple con 
sideration of the requisites will give an appro 
priate length of the tunnel for any size burner, it 
being understood that at least the rearward por 
tion of the tunnel wall should closely surround 
the Secondary air portS. 

Certain desirable characteristics of my oil bur 
ner may be further explained. It will have been 
noted that in practical entirety combustion air 
is introduced in the low velocity air stream which 
is divided into the primary and Secondary air. 
If compressed air rather than steam be used to 
provide a jet for carrying the film of oil, such 
compressed air which is of negligible volume takes 
no substantial part in the combustion. The low 
velocity of the gases permits combustion of the 
sort which has been above described and avoids 
Stratification in a furnace with which the burner 
is associated as well as in the burner itself. 

It is to be a ted that the ourner does not use 
the impingement principle to obtain cracking and 
blending. That is, the burner does not direct a 
rapidly moving gaseous body against a refractory 
surface, such as the Wall of a furnace, so to utilize 
the heat thereof as to crack the fuel. It thus 
avoids the uncertainties of operation, erosive 

10 
tube and jet nozzle is coaxial. This avoids the 
possibility of angularly directing the flame, to 
cause bodily implingement against the wall of the 
combustion tunnel. 
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It can, however, be 
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effect and other undesirable effects of impinge 
ment burners. As is seen in the drawings, the 
arrangement of Secondary air ports, gas ignition 75 

Although my burner has been specifically de 
scribed as used in metallurgical furnaces its utility 

, is not limited to furnaces of that sort. Its vari 
Ous advantageous properties give it definite utility 
in furnaces of various sorts and for general heat 
ing use in which a low velocity flame of high 
heating value is desirable. In all its variant uses . 
there is great advantage in the fact that the com 
bined volume of fuel and air utilized by the bur 
ner, and consequently the combustion rate and 
heating effect, may be varied within wide limits 
without changing the flame characteristics or Composition, 
Having shown and described one physical em 

bodiment of my invention both with respect to 
the burner and with a respect to method of com 
bustion appropriate to its use, I wish it to be 
understood that my invention is not limited to the 
specific physical and operational details given 
herein, but that the scope of my invention is to be 
limited only by the statement of the claims ap 
pended hereto. 
I claim as my invention: 
1. The herein described method of producing 

a low velocity, luminous, unstratified combustion 
atmosphere comprising the steps of projecting 
a high velocity expanding gaseous jet within an 
expansion restraining heat-radiating bounding 
surface, supplying fuel oil to the outer surface 
of said expanding gaseous jet, substantially sur 
rounding said expanding mixture of oil and gas 
with low velocity primary air and substantially 
surrounding said primary air with low velocity 
fuel gas, said primary air being sufficient to sup 
port combustion of a portion of said fuels, ignit 
ing and burning a portion of the said fuels and 
thereby producing a primary fame of high heat 
ing value, thereby highly heating said bounding 
surface by said primary flame, and surrounding 
the said primary flame with low velocity sec 
ondary air, whereby the heating effect of the 
primary flame and the heat radiated from said 
bounding surface produces cracking of the excess 
of said fuels and restrained expansion of the 
several gases including the primary air, the Sec 
ondary air and the cracked fuels. 

2. A low velocity oil and gas burner compris 
ing a chambered forwardly opening casing, a 
secondary air inlet duct including a chamber of 
said casing and having a forwardly directed 
opening therefrom, a combustion tunnel con 
prising a refractory wall surrounding the for 
ward opening of said secondary air inlet duct 
and extending forwardly of the casing, a gas 
ignition tube within the said Casing and opening 
in the forward end thereof, a primary air inlet 
duct to deliver primary air at the rear of Said 
ignition tube, a gas inlet duct and a connection 
therefrom for introducing fuel gas between said 
primary air inlet duct and said ignition tube, 
means for directing said gas in an annular 
stream around the primary air in the ignition 
tube to issue into the said combustion tunnel as 
combustible gas on an expanding core of fire of 
substantial heating value, and a fluid projector 
structure in the said ignition tube, said projector 
structure comprising a duct for high pressure 
gaseous fluid arranged to discharge a jet of 
gaseous fluid adjacent the forward opening of 
the said ignition tube, means for supplying high 
pressure gaseous fluid to said duct therefor, an 
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oil duct communicating with said duct for high 
pressure gaseous fluid to supply oil on the stream 
of gaseous fluid in the duct therefor adjacent 
the forward end thereof and supply oil to the 
outer surface of an expanding gaseous jet into 
the said combustion tunnel to give with the sur 
rounding primary air a primary core of fire 
blending with the low velocity secondary air, the 
said refractory wall of the combustion tunnel 
being in direct heat exchanging relation with 
air and fuel issuing from said openings. 

3. A low velocity oil and gas burner compris 
ing a chambered forwardly opening casing, a 
secondary air inlet duct including a chamber of 
said casing and having a forwardly directed 
opening therefrom, a combustion tunnel con 
prising a refractory wall surrounding the for 
ward opening of said secondary air inlet duct 
and extending forwardly of the casing, a gas 
ignition tube within the said casing and opening 
in the forward end thereof, a primary air inlet 

O 
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duct arranged to deliver primary air at the rear 
of said ignition tube, a gas inlet duct and a con 
nection therefrom for introducing fuel gas be 
tween said primary air inlet duct and said igni 
tion tube, means for directing said gas in an 
annular stream around the primary air in the 
ignition tube to issue into the said combustion 
tunnel as combustible gas on an expanding core 
of fire of substantial heating value, and a fluid 
projector structure in the forward opening of 

3) 

said ignition tube, means for supplying said fluid . 
projector structure with high pressure gaseous 
fluid, said fluid projector structure including 
means to supply oil to the Outer Surface of an 
expanding gaseous jet into the said combustion 
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tunnel to give with the surrounding primary air 
a primary core of fire blending with the OW 
velocity secondary air, the said refractory wall 
of the combustion tunnel being in direct heat 
exchanging relation with air and fuel issuing 
from said Openings. 

NORMAN J. URQUHART. 
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