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BURNER APPARATUS FOR REFINÍNG NETALS 

George H. Smith, Berkeley Heights, and Raymond E. 
Armstrong, lr., Clark, NJ., assignors to Union Carbide 
Corporation, a corporation of New York 

Filed Nov. 28, 1960, Ser. No. 72,034 
2 Claims. (Cl. 266-34) 

The present invention relates to an improved jet device 
and process for directing separate flows of a treating fluid 
and a combustible gas mixture toward the charge in a 
metallurgical furnace. It further relates more particu 
larly to a novel construction and method for cooling 
such a device when exposed to the hot molten bath 
formed therein. 
The use of oxygen by the steel industry to speed up 

production is increasing every year. Not only are oxygen 
and other treating gases used extensively in the final 
stages of the open hearth method to refine the steel, 
but they are used also in the initial stages of the process 
to speed up melting of the charges by flame enrichment 
with oxygen. lt has also been found that refining periods 
may be greatly reduced especially in the open hearth type 
of furnace, by supplementing the normally present end 
positioned burners, with burners which may be suspended 
from the furnace roof thereby permitting heating flames 
to be directed at close range upon the upper surface of 
the furnace charge and on the subsequently formed 
molten bath. 

In order to fully and most economically utilize the 
lances which conduct the treating fluids, or direct the 
heating flames onto the molten bath surface, it is neces 
sary to provide such lances with adequate means for 
countering the effects of high temperatures, furnace at 
mospheres, and molten material splash. Generally such 
lances, or jets as they are frequently referred to, consist 
of a plurality of vertically and concentrically disposed 
elongated tubes which are so associated as to provide a 
flow of the treating material from the lance lower face, 
which ‘face is normally spaced Within the range of a few 
inches to a few feet from the bath surface. It is of 
course necessary to incorporate into such devices a cool 
ing system of some sort which most generally embodies, 
a passage for conducting a flow of coolant liquid toward 
the lance face, and a return channel which brings the 
liquid into contact with the heated outer casing of the 
lance. This method of removing heat, by a circulatory 
coolant flow, is found to be satisfactory up to a certain 
point after Which it is impossible to achieve a sufficiently 
high coolant rate of flow to overcome the damages re 
:sulting from exposure to the furnace heat and from 
rnetal slag buildup on the lance outer surface due to 
vfurnace splash. 

In the instance of roof burners used in open hearth 
installations for the purpose of increasing the scrap melt 
down rate, the prior art has proposed devices in which 
the fuel gas composition is pre-mixed within some por 
tion of the burner end thence ignited at the discharge 
face to form heating flames. A notable disadvantage to 
this >method of flame generation is the susceptibility of 
the combustible mixture to being ignited within the con 
fines of the burner thereby resulting in flash back or 
burn back of the gas. `Since flashback often results in 
damage to the burner itself, or parts associated there 
with, it is'highly desirable to prevent such a reaction. 

It is therefore a primary object of the present inven 
tion to provide an apparatus for treating the charge in 
a metallurgical furnace, said apparatus being particularly 
adapted to resist the detrimental effects of excessive fur 
nace temperatures and molten splatter. 
A further object is to provide a device of the type de 
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2 
scribed in which a liquid coolant material is provided as 
a heat transfer medium for protecting the surfaces of 
said device which are exposed to the molten metal bath. 

Still another object is to provide a combination oxygen 
roof jet and roof burner of the postmixed gas flame type, 
including means for protecting the forward exposed sur 
face thereof with La flow of coolant fluid. 

ln the drawing: 
FIG. l is a longitudinal View in cross section of a 

combination oxygen jet and roof burner apparatus em 
bodying the novel features of the invention; 
FIG. 2 is a plan view of the apparatus shown in FIG. 

l; and 
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FIG. 3 is an enlarged cross sectional view illustrating 
the lower portion of the apparatus shown in FIG. 1. 
FIG. 4 is an enlarged view of the front end discharge 

face of the apparatus shown in FIG. l. 
in brief, the device contemplated by the present inven 

tion includes the combination of a roof lance for in 
troducing flows of a treating gas such as oxygen to a 
molten bath, and a roof burner for impinging heating 
flames onto the unmeltcd furnace charge and against the 
bath surface in a single apparatus. The combustion jet, 
as the device will be hereinafter referred to, consists of 
an inner elongated tube extending the burner length, the 
forward end of said tube being terminated at the burner 
face in a nozzle portion. A plurality of concentrically 
disposed tubes surrounding the inner tube, define an« 
nular passages for separately conducting flows of the treat 
ing gas, a fuel gas, and a coolant fluid respectively to the 
nozzle portion which fixedly positions the lower end of 
said tubes relative to each other. A manifold engaging 
the tube upper ends provides a closure thereto and also 
afford means for communicating with the said annular pas 
sages. The burner inner tube is provided at the upper 
end with means for simultaneously introducing at a high 
pressure, a fuel gas, and a non-combustible, heat vapor 
izable fluid additive substance; a deflector interposed at 
the lower end of said inner tube deflects the high velocity 
composite stream of said fuel gas and additive, outwardly 
toward the burner wall where the latter may adhere to 
and flow toward the exposed burner face. The fuel gas 
thereafter is discharged from the burner face, to mix 
with an oxygen stream and thence burn as a heating 
flame. 

Referring to FIG. 1, a preferred embodiment of the 
present combustion jet is shown at 10 and comprises 
a centrally located inner tube 12, the forward end of 
which terminates in a discharge opening 14 at the ex 
posed burner face. The upper end of said tube is 
slideably enclosed by a cap 16 which constitutes a re 
movable segment of the manifold 18. A resiliently sealed 
opening in said cap 16, including the 0 ring 20 retained 
in a groove therefore, provides a fluid tight connection 
with the outer surface of tube 12 in spite of relative 
movement between the sealing surface of said tube and 
cap due to thermal expansion Iand contraction of the 
respective burner parts in the course of operation. The 
cap 16 is provided with a port 22 for introducing to the 
inner tube 12 a flow of fuel gas such as methane, or 
natural gas. According to the invention, this gas is 
ordinarily delivered to the inner conduit 12 at a suf~ 
ficiently high pressure to achieve a rate of delivery to 
the furnace of about 20,000 to 60,000 cubic feet per 
hour. Such a volume of gas in passing through the rela 
tiëly-small diameter of the inner conduit 12 will of 
course form a high velocity stream. 

lnto the high velocity gas stream thus formed, there 
is injected a relatively small amount of vaporizable cool 
ant fluid preferably water or steam, which is introduced 
through a second port 24 positioned down stream of 
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port 22, so that the injected fluid will be aspirated, sub 
stantially atomized, and conveyed as minute droplets in 
the gas stream toward the burner discharge opening 14. 
While not presently shown in the drawings, the port 24 
may be provided with suitable flow metering means such 
as a valve, for proportioning the proper amount of 
liquid or steam into the gas stream. 
The lower or discharge end of tube 12 as previously 

noted, is generally positioned in an open hearth or other 
type furnace, a matter of a few inches above the molten 
bath or scrap charge surface and therefore subject to 
severe abuse both from the bath heat and from molten 
splatter. In addition, as the stream of fuel gas emerges 
from the discharge port 14, it will then mix with a stream 
of oxygen also emitting from the burner to form a corn 
bustible mixture and be ignited into an intensly hot 
flame which tends to further heat the burner face. 

Also, since it has been found desirable to introduce 
the oxygen to a molten bath in the form of a large num 
ber of high velocity jets, a further problem has often 
been encountered. Since the orifices which form the 
high velocity jets are positioned at the lance face, they 
are subjected to particular abuse from molten splatter, 
as are the web sections 85 which separate the respective 
orifices. In order to obtain the maximum number of 
oxygen streams, the lateral spacing therebetween is usual 
ly quite limited and consists in many instances of no 
more than a thin web 85. Since it is quite difficult to 
adequately cool the web section, burning out at this 
vital point is one of the most common causes for lance 
failure. 

In accordance with the invention, much of the hereto 
fore frequently occuring damage to roof lances of the type 
described has been overcome by interposing in the lower 
end of tube 12, at a point slightly to the rear of the dis 
charge opening 14, a fuel stream diffuser element 26. 
This diffuser in effect separates the tube 12 into respec 
tive upper and lower portions. The primary purpose of 
the deflector is to intercept the downwardly flowing com 
posite fluid stream and urge said stream laterally toward 
the conduit wall. As illustrated in FIG. 3, a preferred em 
bodiment of said element 26 is provided with a generally 
helicoid configuration characterized by gradually slop 
ing surfaces disposed to meet the high velocity, composite 
fuel gas and coolant stream, and to redirect said stream 
into a substantially lateral direction with respect to the 
burner center axis. 
The centrifugal force thereby imparted to the fluid par 

ticles making up the composite stream, will impinge said 
particles against the smooth inner wall of the conduit 12 
at a glancing angle with the result that the heavier liquid 
particles of water will tend to cling to the wall while the 
lighter gas particles will merely be guided into a swirling 
path. When steam is employed in lieu of entrained water, 
the steam will be guided into a swirling path along with 
the fuel gas but since the inner wall surfaces are main 
tained at a temperature below the condensing point of 
steam, the steam will condense on the wall surfaces form 
ing droplets of water whereas the fuel gas will leave the 
jet as aforementioned. During the decarburizing phase of 
the steelmaking process, the use of steam without fuel 
gas is employed, as the fuel gas would create a reducing 
atmosphere. Referring to FIG. 3, an embodiment of the 
novel deflecting element 26 consists of a screw like mem 
ber having a peripheral channel 23 formed thereon de 
fined by a spiral land 30. This land is provided with an 
outer diameter approximating the inside diameter of the 
tube 12 so as to contact the inner wall of said tube or be 
contiguous thereto. A smoothly tapered rearwardly pro 
jecting portion 32 of the deflector 26, minimizes the actual 
blocking force exerted by said member against the rapidly 
moving composite stream so that the high forward velocity 
component of the gas stream will be maintained along with 
the swirling component. 
The defiector axial length is preferably minimized in 
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order to reduce back drag on the swirling stream and 
also to permit the formation of aforwardly advancing thin 
liquid film on the conduit wall. We have found that in 
a tube having a diameter of about 2 inches, a suitable 
length for the deflector from forward to rear end would 
be about 4 inches. Said member 26 may be positioned by 
welding or other suitable means at the desired location in 
conduit 12 or it may be adjustably disposed. It has been 
determined that a high degree of cooling is effected when 
the deliector is positioned about 6 inches in from the 
burner lower face. 
As illustrated in the figures, the centrifuging effect on 

the composite fuel gas stream will cause a thin film of 
water to form along the cylindrical wall of tube 12 from 
t‘ne downstream end of deiiector 26 to the forward opening 
14. The high velocity swirling gas stream, together with 
the gravitational force acting thereon, then will con 
tinue to urge the water film forward along the outwardly 
(divergent) throat 40 and thence in a lateral direction 
onto the recessed plane face portion 42 of the burner. It 
has been found that not only does the thin water layer 
cool the exposed burner surfaces by an evaporation pro" 
ess, but said layer also serves to prevent metallic particles 
ejected from the bath, from clinging to said surfaces. 
Actually, there is both a wetting of the exposed surfaces 
for cooling purposes and also a slight explosive effect 
when the hot bath particles form steam on striking the 
liquid film. Such cooling is particularly effective for pro 
tecting the previously mentioned web sections intermediate 
the oxygen orifices. 
Under actual operating conditions, we have found that 

when the burner is operated as a heating device, with 
natural gas as the fuel, a proper mixture would constitute 
60,000 to 160,000 c.f.h. of oxygen to 30,000 to 80,000 
c.f.h. of fuel gas, with about l0 to 50 gallons per hour of 
water entrained in the fuel stream. In the subsequent re 
fining step where only oxygen was introduced to the bath, 
about 80,000 c.f.h. of oxygen was injected while l0 to 70 
gallons per hour of water was carried through the burner 
by a nominal ñow of fuel gas. When steam rather than 
water is utilized as the cooling medium, for the above 
noted fuel and coolant mixtures, about 30 to 100 pounds 
per hour of steam are required. 

Again referring to FIGS. 1 and 3 of the drawings the 
inner tube 12 is surrounded by a second tube 44 outwardly 
spaced therefrom to define an annular passage 45 for 
conducting a treating gas such as oxygen toward the burner 
forward end. The lower end of said tube engages the 
burner nozzle in a gas tight seal and the upper end is en 
closed by a cylindrical ring portion 46 of the manifold 
18 to define a annular chamber 48. Said chamber is 
maintained fluid tight with respect to tube 44 and with 
the adjacent manifold chambers, by resilient seal rings 
20, 50, and 52 respectively, which are confined in grooves 
therefor at the respective ends of said ring 46. As noted 
previously with respect to seal ring 20; the sliding joints 
so 'formed by the companionate surfaces of the tubes and 
resilient seal rings, permits a degree of longitudinal ex 
pansion of the burner tubes without the consequence of 
fluid leakage. 
t An inlet 54 communicates with chamber 48 for provid 
ing oxygen to the lance, and may be coupled to a supply 
of said gas by a iiexible hose or other suitable form of 
conduit. The lower end of passage 45 terminates at the 
burner nozzle into which a plurality of small bore oxygen 
orlfices 56 are formed. The oxygen orifices as shown in 
FIG. 3, are disposed in circular fashion about the center 
opening 14 and are slightly outwardly biased from the 
burner longitudinal axis to form divergent streams. On 
emerging at a relatively high velocity from the circularly 
spaced orifices the oxygen streams at a point forward of 
the nozzle face, will impinge against the spiral stream of 
fuel gas emerging from the center discharge opening 14 
and thereby provide a combustible mixture which is im 
mediately ignited to form an elongated conical flame. 
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It has also been found that, rather than employing the 
circularly spaced oxygen orifices as presently shown, an 
annular orifice disposed outwardly of and substantially 
concentric with opening 14 will also provide an efficient 
mixing of oxygen and fuel gas after both of said gases 
leave the burner face. The orifices 56 as shown in FIGS. 
l-3 are directed in a generally divergent pattern not only 
for the purpose of proper mixing with the fuel gas stream 
but also for accomplishing a dispersed treating area on 
the molten bath surface when the streams of oxygen are 
being introduced thereto without a heating flame, as for 
example in a deoxidizing step. 

In normal furnace operation, the presently disclosed 
combined roof lance and burner would first be utilized in 
a heating capacity by directing Oxy-fuel gas flames onto the 
unmelted scrap metal charge. As the molten bath is 
formed, the flow of fuel gas is substantially abated until 
only the oxygen flow is continued. In order to sustain the 
above mentioned wetting of the exposed lower Wall por 
tion of the center tube, as well as the exposed burner face, 
a limited fiow of fuel gas may be provided merely to act 
as a carrier for the water additive. It should be noted 
though that when ̀ steam rather than water is utilized, the 
former would not require a carrier and may be introduced 
alone. Therefore, it is possible to eñïect the desired burner 
protection during all steps of the metal refining process. 
Especially beneficial in this respect is the distinct advan 
tage realized that there will be absolutely no mixing of the 
fuel and combustion supporting gases prior to their exiting 
from the burner. This will of course preclude the pos 
sibility of flashback in the burner body or in the gas equip 
ment associated therewith. i 

Referring to FIGS. l and 3 of the drawings, the internal 
cooling system employed in the present burner consists of 
a pair of elongated cylindrical conduits 66 and 62 which 
are disposed outwardly of tube 44 in substantially con 
centric relationship therewith to define respective coolant 
inlet passage 63 and coolant return passage 64. As illus 
trated in the figures, said conduits extend substantially the 
length of the burner and are engaged at the upper end 
with a circumferential collar 66 which forms an integral 
portion of the manifold .18, The lower end of conduit 66 
terminates at the burner nozzle, at a point rearwardly 
adjacent to an annular coolant chamber 67 formed therein. 
Said chamber 67 is provided with a curved forward surface 
which constitutes the rear wall of the exposed nozzle face 
42 such that circulating coolant liquid, which is generally 
Water, will be received from the water inlet passage 63 
and then ire-directed into the outer coolant return pas 
sage 64. 

It has been found that a more efficient cooling of the 
burner may be achieved by the provision of a baflie mem 
ber 68 disposed in passage 63, and a similar baffle mem 
'ber 70 positioned in passage 64. The respective baffles as 
shown comprise a spiral shaped member which, when 
interposed in the annular coolant passages, urge the cool 
ant stream into a confined spiral channel. ìBy so doing 
the velocity of the water is increased and a smooth fiow 
is obtained, both of which characteristics improve the rate 
of heat transfer from the burner. These bafiies are So 
constructed and arranged that cooling water passing down 
wardly through passage 63 will be given a swirling motion 
in, for instance, a clockwise direction. On passing through 
the annular chamber 67, the swirling motion will be con 
tinued and the stream will be thence directed into the 
channels formed in passage 64. These latter channels 
are likewise arranged to continue the stream in a swirling 
path so as to maintain a rapid velocity throughout the 
lance. 
As mentioned above, collar 66 engages the respective 

upper ends of conduits 60 and 62, said collar is adapted 
to threadably engage the outermost conduit 62 and to 
slideably, fluid tightly engage conduit 69 and tube 44 re 
spectively. A water hose, or similar fiexible conduit not 
shown on the drawings, but connected to a suitable water 
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d 
supply, may be coupled at inlet port 72 to provide a HOW 
of the coolant liquid to an annular chamber 74 and thence 
to the coolant inlet passage 63. Likewise, the outer cool 
ant return passage 64 terminates in an annular passage 
76 which is provided with a port 7S for communication 
with a second hose for coolant iiuid. 
The nozzle or discharge end of the -burner is provided 

as shown in FIG. 3 with a smooth outer surface which 
terminates at the forward end in the recessed face 42. It 
has been found that much of the burner damage, usually 
caused by blocking of the oxygen orifices with splashed 
molten metal particles, may be avoided by preventing said 
molten particles from fiowing down ̀ the burner exposed 
outer wall and then being aspirated into the high velocity 
gas stream. Iln this respect, a peripheral lip or ring 80 
formed on said face and spaced radially outwardly of the 
circularly disposed orifice 56, permits the down ñowing 
molten metal on ̀ the lance outer surface to drip back into 
the bath. 
A circumferential plate 82 fixed to the outer surface of 

conduit 62 immediately below the manifold §18, provides 
means for supporting the burner in operating position, 
within a furnace. A metal bail 84 formed to be positioned 
above cap 22, supportably engages said plate 82. Nor 
mally the burner may be transported and positioned in an 
open hearth furnace by an overhead traveling crane of the 
type peculiar to steel mills, which crane is provided with a 
downward extending hook for engaging the burner bail. 

In view of the operating hazards which normally ac 
company any me‘tal refining process, it will be readily ap 
preciated that the construction of the present burner which 
obviates the necessity for flashback precautions is highly 
desirable. Furthermore, not only is the lance a safe 
Working tool, but by virtue of the external cooling feature, 
it has exhibi-ted a useful life that is prolonged considerably 
over similar jets or burners utilizing the conventional cir 
culatory cooling means. 
Of particular advantage are means by which oxygen may 

be introduced to the bath. As suggested by prior art de 
vices, the web portion of the nozzle lbetween oxygen ori 
fices had to be maintained at a certain thickness. The 
greater this thickness, the less would be the number of 
orifices which could be formed into any particular lance 
nozzle. The unique cooling method presently disclosed 
permits a greatly reduced web thickness limited only by 
machining tolerances. Therefore, with a greater number 
of oriñces, metal and slag splash is substantally reduced 
for a given oxygen flow. 

It is understood that the presently disclosed combina 
tion treating lance and roof `burner constitutes a preferrd 
embodiment of the novel apparatus, and that certain 
changes and alterations may be made by one skilled in the 
art without departing from the spirit and scope of the 
invention. 
What is claimed is: 
l. Apparatus for use in a metallurgical furnace having 

a forward end adapted to withstand the effects of bath heat 
and splatter, said apparatus including an inner conduit 
for conducting a fiuidized material containing stream con 
sisting of a gas component and a non-gaseous component, 
an outer conduit spaced from, and extending substantially 
the length of the said inner conduit defining an annular 
passage therebetween for conducting a second ñuid, a clo 
sure engaging the upper ends of said respective inner and 
outer conduits to position the lower ends thereof approxi 
mately adjacent each other thereby defining a forward dis 
charge face, said face having a fiat annular surface with 
a plurality of orifices therein for the discharge of said 
second fluid and a large central orifice for the discharge 
of the components of said fiuidized stream, defining web 
sections between said orifices, means for introducing flows 
of the fiuidized material and said second fiuid to said 
inner conduit and annular passage respectively, and a de~ 
fiector disposed in the lower portion of said inner conduit 
positioned rearwardly of the forward discharge face, said 
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deñector being so arranged to substantially occupy the 
cross-sectional area of the inner conduit and to divide said 
inner conduit into upper and lower portions of substan 
tially constant free and unobstructed cross-sectional area 
whereby the ñuidized stream passing therethrough will be 
deflected into a spiral stream and the non-gaseous compo 
nent of said ñuidized stream will be impinged against the 
inner conduit wall forward of said deñector and thence be 
urged along said wall and onto the web sections of said face 
by the spiralling gas component of the stream thereby pro 
viding a non-gaseous layer on said wall and said forward 
discharge lface. 

2. An elongated jet burner for use in steelmaking to 
direct a stream of fuel gas and a stream of oxygen from 
the exposed face of said burner toward a charge of steel 
making materials, said burner comprising an elongated 
central conduit having upper and lower ends, the lower 
end terminating in a central discharge opening at the 
burner forward face, said face having an annular surface 
with a plurality of orifices therein and defining web sec 
tions between said oriñces, a second elongated conduit sur 
rounding said central conduit defining an annular passage 
therebetween, means for communicating said annular pas 
sage with said plurality of orifices in said face, means 
for introducing a pressurized flow of oxygen into said 
annular passage for discharge at high velocity through said 
plurality of orifices, means for introducing a pressurized 
ñow of fuel gas into said central conduit for discharge 
from said central opening at said burner face, means for 
entraining water into said fuel gas flow in said central 
conduit, and a spiral shaped deñector positioned within 
said central conduit adjacent its lower end, said deflector 
dividing said central conduit into upper and lower portions, 
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said lower portion having a face and unobstructed cross 
seetional area substantially equal to that of said upper por 
tion whereby the water in said fuel gas will be thrown 
against and deposited upon the lower portion wall of said 
central conduit and thence be urged onto the web sections 
of said face as the fuel gas is discharged ythrough said 
central opening for admixture with said discharged oxygen. 
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