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United States Patent Office 

3,118,608 
FUEL GAS AND gXYGEN NgECTION LANCE 
Ey; PEYNG WSE323ES) (CO)0:AN3 EFLECTORS 

Waifer W. Eersy, 2679 Santa Barbara Dise, 
Pi?sibirgi 33, P3, 

Fied Feb. 5, 1962, Ser. No. 73,386 
4. Clains. (C. 239-32) 

This invention relates to burner nozzies and 
to a conubination fuel and oxygen burner nozzle that can 
deliver either fuel, or oxygen, or both into the interior of 
an open-hearth furnace continuously. 

--is 

time by injecting oxygen over the met in order to inc 
the rate of carbon removal from the molten bath in prepa 
ration for tapping. Much activity has been devoted to 
providing a nozzie that can deliver oxygen to the interior 

Water cooling the iance and the head of the burier 
been used to reduce the temperature of the lance and 
nozzle in order to prolong the life of these parts. 
severe demands on the burner nozzle and the related 
parts is increased enormously when both filei and oxy 
gen are introduced together into the furnace in order to 
further increase the rate of heating of the meit. Many 
configurations of the interior passageways for the various 
fluids and gases have been devised and various exterior 
contours of the end of the burner nozzle have beeil tried. 
The common shape of the previous art in burner nozzles 
has resulted in burner nozzles that iook like an exten 
sion, or cap, to a pipe section which deiivers the gasses 
to the burier nozzle. Exit ets are grouped in the tip 
f the burner nozzle. 
There are several severe dynamic restraints surrouild 

ing the problem of providing oxygen, or fuel, and es 
pecially both oxygen and fuel simultaneously into the 
very-high-temperature environment of an operating open 
hearth furnace. The entire hot enciosure of the open 
hearth firnace is lined with several layers of fire brick 
floors, walls, and ceiling. This fire brick is designed to 
take the very-high-temperatures of the melt, or bath, 
which approaches 3000 degrees Fahrenheit. 

However, in order to transfer heat energy into the bath, 
there must be a higher-temperature heat source. This is 
provided by combustion over the bath. These combus 
tion temperatures are higher than the melting tempera 
ture of the fire brick. Cpen-hearth furnace operation 
requires balancing the combustion temperature and fiew 
of fuei and oxygen to aciieve (1) a high rate of energy 
transfer to the bath and (2) maintenance of refractories 
in the solid state. 

This is a delicate dynamic balance permited by the re 
fractory tolerating a temperature somewhat higher than 
the peak bath temperature attained prior to tapping. 
This the heat of combustion is transferred primarily to 
the bath, as it is at a somewhat lower tenperature than 
the refractory enciosure. The bala ince is increasingly 
delicate as furnaces are being forced harder in reducing 
tag-to-tap time. 
One major problem this is in devising 

the rate of heat transfer to the bath while 
transfer to the refractory chamber. 
A second probien is to protect the device inserted into 

the furnace to introduce oxygen and fuel from rapid de 
terioration in this severe environment 

low to improve 
inhibiting heat 

and function. If 
the nietal apparatus were left unattended inside this cham 
ber, it would melt and drip into the bath. In burner tips 
where oxygen alone has been introduced it has been 
found sufficient to circulate water within the burner head. 
However, when both fuel and oxygen are introduced 
simultaneously into the charaber, these burner tips de 
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2 
teriorate rapidly under the combined strains of the severe 
requirements and environment. The increased severity 
due to the proximity of combustion of the fuel and oxy 
gen introduced through the burner head aggravates the 
wear problems already acting on the metal burner head 
in the high-temperature environment. A burner head 
that can provide a continuous injection mixture and 
burning of fuel and oxygen within an open-hearth fur 
nace must contain immensely improved structure, or a 
combination of improvements that act in combination to 
advance the state of the art. 

it is accordingly an object of nay invention to provide a 
burner head for mixing fuel and oxygen continuously for 
their combustion within an open-hearth furnace. 

It is another object of my invention to provide a burner 
haad that has a prologged operating life within the open 
hearth furnace. 

it is another object of my invention to provide a means 
for shortening the tap-to-tap time, and thus increasing the 
output production of an open-hearth furnace. 

it is another object of my invention to provide a 
urner head that will not delay production by requiring 

frequie:nt replacement within the furnace. 
The novel features that I consider characteristic of 

my invention are set forth wish particularity in the ap 
pended claims. The invention itself, however, both as 
to its organization and its method of operation, together 
with additional objects and advantages thereof, will best 
be understood from the following description when read 
in connection with the accompanying drawing in which: 
FIGURE 1 is a showing in cross section of the burner 

head in the preferred embodiment of my invention. 
Fig JRE 2 is an end view of the burier head in the 

preferred embodiment of my invention. 
fiG JRE 3 is a showing in elevation of a section 

through an open-hearth furnace showing the use of an 
embodiment of my invention exteading just below the 
roof of the furnace. 

in accordance with the preferred embodiment of my in 
vention, provide a bufner head 6 which contains several 
pairs of passageways, each pair comprising a fuel jet 2 
and an oxygen jet 3. These fuel and oxygen ways are 
diverted within the burner head so that they exit from the 

at positions 4 well 
enoved from the center 6 of the burner head. The 

exit jets 4 roughly establish a circle on the exterior sur 
face of the biriler head, that circle having a large diam 
eter. The fuel and oxygen jets are open between one 
another i3 near their exit from the burner head 4 to pro 
wide early combination of fuel 2 and oxygen 19 and 
initial combustion as the two flow streams leave the 
burner head. 

in the preferred embodiment of my invention the 
burner head 6 is bulbous in shage. That is, it has in 
creasingly larger diameters as it extends from its mount 
ing pipe. The largest diameter across the burner head 
29 is appreciabiy iarger than the diameter of the mount 
ing pipe 22. This provides a much larger burner head 
face 24 permitting a larger diameter across the exit jets 
24. This permiis both a greater distance between the 
very-high-temperature exit jets 4 and also makes the cen 
rai interior portion of the burner head 25 available to 
unrestricted flow of coolant water. 
About halfway along the projection of the burner head 

beyond the mounting pipe 22 the surface of the head 
curves. gradually inward to the said area where the exit 
jets is exit out from the burner head, and then the burner 
head again curves gradually across the central region 16 
of the burner head. It can be seen that such an ex 
terior peripheral shape approximates the nearest ap 
roach to a spherical enclosure as can be accommodated 
by the limitations of matching with the mounting pipe 
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Section 22 and providing the widely-separated, and angled 
exit jets 4 for the fuel 2 and oxygen i3. The quality 
this provides is derived from the efficiency of a spherical 
volume related to its surface area. The shape provides 
increased coolant volume within the head related to the 
exterior Surface area exposed to the high temperature 
within the furnace. 
The efficiency of this shape of the burner head in the 

preferred embodiment of my invention insures the best 
use of the cooling water circulating into the burner at the 
center 23 and being returned at the outside of the head 
38 passing through apertures 3 between the passageways 
i0, 2. This circulating water reduces the temperature 
of the metal of the burner head to guard against con 
Sumption in the furnace. The enlarged burner head pro 
vides sufficient distance across the central portion of the 
head i3 between the exit combustion jets i4 so that these 
localized hot spots can be served independently by the 
cooling water and will not act in combination to con 
tribute to a possible central hot spot 26 between them. 

In the preferred embodiment of my invention cooling 
is further enhanced by sizing the apertures 32 provided for 
the flow of cooling water between the passageways pro 
vided for fuel and oxygen. Webbings connecting between 
the passageways are opened near the front surface of the 
burner head leaving a small, proportioned opening 3 
between the central interior region 26 and the outer re 
gion 30. The total area of all of these proportioned open 
ings 35, through which the cooling water flows out from 
the central region 26 of the head, is approximately equal 
to the interior area of the central tubing down which the 
cooling water arrives 28, and also is approximately equal 
to the exit annular area of the return stream 3. Thus, 
the velocity of the cooling water is maintained along the 
interior wall of the burner head. Maintaining velocity 
flow along the interior metal surface within the burner 
head rinses away any air bubbles that may have a tend 
ency to cling to the interior surface and inhibit cooling, 
and also rinses free any particles of foreign matter or 
oxides that may insulate the metal from the cooling water 
and thus inhibit cooling. The enlarged shape of the 
burner head provides ample flow of cooling water all 
around each of the burner jets 4. 
The divergence of the passageways for fuel and oxygen 

provide an angle of departure from the burner head that, 
acting in combination with the distance across the head of 
opposite exit jets, insures that the burner head develops a 
far-flung wide-angle cone-of-combustion 32, or cone of 
flame extending down into the open-hearth chamber 34. 
The sum total of these combined improvements pro 

vides a burner head and a means for heating the bath 
36 of the open-hearth furnace, to such a degree that the 
operation of this burner head within the furnace 34 re 
quires particular mention. It is common to insert a 
burner tip down through the roof 38 of the furnace and 
drop the burner head close to the surface of the bath 36. 
Such operation contributes to excessive wear on burner 
heads, and also the high-velocity burning gasses splash out 
across the surface of the bath 35 and impinge on the walls 
of the furnace 34, there causing accelerated deterioration. 
Use of the burner head that I provide permits the open 

hearth furnace operator to insert the burner head 6 until 
it just protrudes beneath the roof 38 of the open hearth. 
The jet flames 32 extending in all directions below the 
burner head in effect establish a cone-shaped wall of high 
temperature gas, Sufficiently high in temperature to com 
municate heat energy down into the bath surface. The 
enlarged head combined with the angle of the jet pro 
truding from the head provides a large-diameter, or wide 
angle cone that has a large diameter at its approach to 
the surface of the bath. The surface of the bath within 
this ring "sees' this wall of high-temperature gas pro 
vided by the combustion of the fuel and oxygen in any 
direction above the surface of the bath. Therefore, each 
burner inserted into the roof of the furnace provides a 
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4. 
circular bath area that is surrounded by the high tempera 
ture cf the gas of the burning fuel and oxygen. This, in 
effect, provides a reiatively high-temperature heat cham 
ber within the furnace without contributing to the de 
terioration of the refractory material lining that furnace. 
Several such high-temperature areas can be provided in 
each furnace by inserting several such burner heads 
through the roof of the open-hearth furnace. 

Therefore, the enlarged bulbous shape of the head and 
the many other contributing factors provide at once both 
an improved burner life expectancy within the furnace 
and, by providing a wide cone of fame within the furnace 
and directed over the bath, permit an improved technique 
for safely forcing the furnace to higher rates of produc 
tion. Shis, in combination, provides a significant ad 
vance in the state of the art. 
Although I have shown and described specific embodi 

ments of my invention, I am aware that other modifica 
tions thereof are possible; my invention, therefore, is 
not to be restricted except insofar as is necessitated by 
the prior art and the spirit of the invention. 

I claim as my invention: 
1. A burner nozzle for use in an open hearth furnace 

comprising: a bulbous end shell having sides and a gen 
erally spherical face and having therein a plurality of cir 
cumferentially spaced pairs of inclined cooperating oxy 
gen and fuel gas conduits diverging outwardly toward 
and through the end of said shell and spaced from the 
sides of said shell, said nozzle having a centrally located 
passageway for coolant extending to the face of said sheil 
and restricted coolant passageways between adjacent pairs 
of said conduits and contiguous with the inner face of 
said shell interconnecting said centrally located passage 
way and the outer region between said conduits and the 
sides of Said shell, said restricted passageways being sized 
so their total summarized apertures are equal to the 
cross-sectional area of the narrowest portion of said cen 
tral coolant passageway. 

2. A lance nozzle for use in an open hearth furnace 
comprising a burner nozzle head adapted at one end there 
of to be fastened to a Supporting pipe, said nozzle head 
having a plurality of dual cooperating passageways, one 
of each of Said dual passageways being for fuel gas and 
the other for oxygen, said dual passageways being ar 
Tayed around a central coolant supply tube, the external 
Wails of Said burner head being bulbous in shape so that 
Said head increases in exterior diameter from the region 
where it is adapted to be connected to said support pipe 
toward its opposite end so that space is provided to allow 
each of said dual passageways to be angularly diverted 
away from the axis of the burner head sufficiently to pro 
vide a wide angle of discharge for the combined fuel and 
Oxygen from the said burner head without causing said 
dual passageways to interfere with the flow of coolant be 
tween Said dual passageways and the outside wall of said 
burner head, said dual passageways extending outward at 
an angle to the axis of said burner head in the region near 
their exit ends, said burner having openings between ad 
jacent dual passageways contiguous to the face of said 
burner head sized to equal in total summarized area 
the cross sectional area of the central coolant tube in the 
region where said head is adapted to be fastened to a 
Supporting pipe. - 

3. A nozzle for use in an open hearth furnace com 
prising: a bulbous end shell having outwardly sloping 
sides toward an end thereof and a generally spherical end 
face, a plurality of circumferentially spaced conduits di 
verging outwardly toward and through said end face and 
spaced from the sides of said shell, coolant return means 
between said shell and said conduits, said shell having 
therein a centrally located passageway for coolant ex 
tending to said end face, and restricted coolant passage 
Ways between adjacent pairs of Said conduits and contigu 
ous with an inner face of said shell for interconinecting 
said centrally located passageway and said coolant re 
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turn means between said conduits and the sides of said 
shell. 

4. A nozzle for injecting gases into an open hearth 
furnace comprising: a bulbous end shell having outwardly 
sloping sides toward the end thereof and a generally 
Spherical end face and having therein a plurality of cir 
climferentially spaced conduits diverging outwardly to 
ward and through the end of said shell and spaced from 
the sides of said shell, cooiant return means between the 
sides of Said shei and said conduits, said nozzle having 
a Ceintraliy located passageway for coolaii extending to 
the face of Said shell and restricted cooiant passageways 
between adjacent pairs of said conduits and contiguous 
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with the inner face of Said shell interconnecting said cen 
traliy located passageway and said coolant return means 
between said conduits and tile sides of said shell. 
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