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8 Claims. 
My invention relates to improvements in re 

verberatory metallurgical 'furnaces wherein are 
Vembodied  the useful features of continuous 
charging, melting, and refining of metal. 
One object of my invention is to provide a 

reverberatory furnace which facilitates continu 
ous or intermittent operation wherein the metal 
is preheated, melted and reñned to any degree 
desired preparatory to final treatment in an 
electric furnace. l 

A further object of my invention is to provide 
a reverberatory furnace which will' eliminate the 
objectionable features and uncertainties of 
cupola melting and incorporate .the desirable 
features found in air furnace operation. By 
combining the advantages of continuous charg 
ing and melting as practised in cupola opera 
tion together with meansfor continuous slag 
ging, co-ordinated with an integral furnace 
combustion chamber, material economies in fuel 
consumption are attained and perfect control of 
the atmospheric condition within the furnace 
is at all times obtainable, and by embodying 
means to supply auxiliary fuel and air it follows 
that this construction offers a most ideal furnace 
for economical melting and refining of ferrous 
and non-ferrous metals. 
Another object of my invention is to combine 

the outstanding features of cupola melting with 
that of standard box type reverberatory furnaces 
for the purpose of obtaining higher thermal effi 
ciency and provide means for proper control of 
treatment of metals during the melting and re 
fining processes. 
A further object of my invention is to provide 

a reverberatory furnace adaptedfor continuous 
or intermittent melting and refining of metals, 
in small or large quantities as desired. 
Another object of my improvement is to pro 

vide a reverberatory melting furnace which may 
be charged continuously or intermittently either 
mechanically or manually, as desired. 
A further object of my invention is to provide 

a reverberatory furnace wherein the metal is 
pre-heated, melted and refined in successive 
stages before final treatment in an electric fur 
nace. 

Another purpose of my invention is to provide 
a rapid and emcient reverberatory furnace for - 
melting and refining of ordinary gray iron, high 
test gray iron, cupola malleable, refined malle 
able, low carbon and alloy steel, electric steel, 
also non-ferrous metals. 
A further object of my invention is to provide 

a melting furnace adapted for continuous or in 

(Cl. 26S-24) 

termittent charging of melting stock wherein 
.various fuels, such as coke, bituminous coal, 
powdered coal, fuel oil or gas, may be utilized 
singly or in combination, including electricity, 
should the molten metal require further alloy 
additions, refining and super-heating. 
A further object of my improvements is to 

provide means whereby air furnaces now in use 
may be equipped for continuous charging of 
melting stock and fuel, thereby permitting con 
tinuous or intermittent melting and refining of 
metals. 
Another object of my invention is to provide 

melting furnaces wherein the absorption of sul-A 
phur and carbon by the metal from the fuel 
will be reduced to a minimum. 
One of the objects of my invention is to pro 

vide controllable means to obtain complete com 
bustion of solid, liquid and gaseous fuels Within 
the melting zone and combustion chamber. In 
a standard cupola, the products of combustion 
ascend vertically through superimposed layers 
of melting stock and solid fuel generating CO 
gas which escapes unburned to the atmosphere. 
In my invention this gas is directed to ñow hori 
zontally and burn within the combustion cham 
ber thereby materially increasing the thermal 
emciency of the furnace. , 

Another object of my invention is to reduce the 
maintenance cost of refractory materials. In 
operating a. standard air furnace it is necessary 
to remove a part of the roof each time the furnace 
is charged. 'I'his entails a large waste of residual 
heat and the refractory lining in the roof and side 
walls is subjected to excessive temperature 
changes which quickly deteriorates the ñre brick. 
A further object of my improvement is to se 

cure the greatest possible thermal efficiency of the 
furnace by increasing the eñ’ectiveness of the ra 
diate heat. In an air furnace the melting cham 
ber volume must be suñiciently large to receive 
the cold metal charge, consequently when this 
material is melted the distance from the surface 
of the molten metal in the hearth to the roof is 
much greater than required for the passage of 
combustible gases and it follows that the radiant 
heat acting upon the molten metal is less intense 
resulting in a corresponding reduction in heat 
transfer and lowering of thermal eiliciency. 
These and other objects and features of my im 

provements will be clearly presented’ in the sev 
eral illustrations shown on the accompanying 
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drawings and described more` fully in the follow- » 
ing specification and more particularlyfpolnted 
out in the appended claims. f 55 
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In the accompanying drawings, Fig. 1 repre 

sents a side elevation and partial longitudinal 
sectional view of the entire furnace embodying my 
improvements, showing an upright compartment 
or cupola. furnace for receiving solid fuel and 
metal charges, and an arrangement of tuyères for 
admission of air required for combustion. liquid 
or gaseous fuels, a section of the melting zone 
and combustion chamber including a transverse 
bridge for separating the molten metal within the 
furnace, and also a stack or chimney through 
which the waste gases may escape to the atmos 
phere. s 

Fig. 2 is a cross section on line 2_2 of Fig. 1 
through the charging door. This view also shows 
a hinged damper. ‘ 

Fig. 3 is a cross section and plan View on line 
3_3, Fig. l showing the wind box, air cooled 
breast forming a sectional Wall and a roof over 
the duct leading to the combustion chamber. 
This view also shows a partial plan of the roof 

’ bungs above the combustion chamber. 
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' indicates the piping for powdered coal, liquid or » 
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Fig. 4 is a cross section of the upright compart 
ment on line 4_4, Fig. 1. 

Fig. 5 is a cross ,section through the furnace 
showing the removable arched roof, also side walls 
and furnace bottom taken on line 5_5, Fig. 1. 

Fig. 6 is a cross sectional plan view of the en 
tire furnace taken on line 6_6, Fig. 1. This view 
shows that relative-arrangement of tuyères, sight 
holes, openings for liquid and gaseous fuels, ar 
rangement of tap spouts and troughs for slagging 
and transferring the metal from one hearth to 
another, tap spouts, pour backs and spout leading 
to electric furnace. Hinged inspection doors are 
shown on each side of the furnace also at the base 
of the stack. ` 

Fig. 7 is a cross section on line 1_1, Fig. 6, 
through the combustion chamber of the reverber 
atory furnace and an electric furnace with a 
spout connection for the transfen'ing of metal. 

Fig. 8 is a cross section of the reverberatory fur 
nace on line 8_8, Fig. 6, indicating the method of 
Ventilating the center bridge also the relative po` 
sitions of transfer trough and tapping spout. 

Fig. 9 is a cross section taken on line 9_9, Fig. 
6, showing the relative position of the hinged in 
spection door, slag spout and the longitudinal 
trough for transferring the metal. 

Fig. 10 is a side elevation showing the lower 
portion of the upright or vertical compartment 
and the adjoining combustion chamber. This 
view also indicates the wind box and tuyère con-A 
nections including the piping arrangement for 
powdered coal, gas or liquid fuel. It indicates, by 
dotted lines, air blast connections for Ventilating 
the breast and the dividing bridge inside the fur 
nace. Structural steel supports for carrying the 
breast and method of holding the refractory tile 
in place are also indicated. _ 

Fig. 11 is a cross section on line II_I I, Fig. 10, 
looking towards the combustion chamber. This 
view illustrates a method of supporting and sus 
pending the tile which constitutes the breast. It 
also shows cross sections of the wind box and 
tuyère connections including the hinged doors at 
the bottom of the vertical compartment. 

Fig. 12 is a. cross section taken on line I2_I2, 
Fig. 1, also an elevation showing the rear view of 
the vertical charging shaft. 

Fig. 13 is a front elevation showing the vertical 
or charging compartment with door openings, 
hinged damper, and charging platform. It also 

gaseous fuel, arrangement of tuyères and wind 
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box including a pressure blower mounted on a 
platform directly below the charging platform 
proper. , ’ 

Fig. 14 is a crosssection through the slag spout 
on line I4-I4, Fig. 6. 

Fig. 15 is a vertical longitudinal sectional view 
of a modified type of furnace having a single 
hearth, top and bottom tuyères, and auxiliary fuel 
and air ducts beyond thel base of the upright 
charging compartment or cupola, auxiliary blower 
and cool air piping for the upper tuyères and 
other openings for air blast connections. A re 
cuperator or heater for the primary air required 
for combustion is also shown. 

Fig. 16 is a cross sectional plan of the furnace 
on line IG-IB, Fig. 15. 'I‘his view shows the rela 
tive position of the lower tuyères and auxiliary air 
and fuel inlet ducts, including slag spout, furnace 
doors, waste gas stack and tapping spouts. The 
stack is not shown in section. 

Similar characters refer to similar parts 
throughout the several views. 

Referring to Fig. l, this illustration shows the 
adaptation of a vertical charging compartment or 
cupola providing a pre-melting furnace with a 
longitudinal box type combustion chamber. The 
vertical furnace, I, consists of a steel shell, lined 
with fire brick from top to bottom. This furnace 
may be rectangular or circular in cross section, 
the latter form being shown in Fig. 4. To carry 
away burnt gases this furnace is extended up 
through the roof of the building in which it may 
be installed, and, to facilitate charging, an open 
ing is provided slightly above the charging plat 
form, 2, as shown. During certain intervals, as 
will be explained later, the hinged damper, 45, is 
placed in position within the cupola to check the 
flow of gases which may ascend to the atmosphere. 
The charging platform, 2, may be of any con 

venient height and size and means for manual 
or mechanical charging, not shown on the draw 
ings, of fuel and melting stock may be located on 
this platform. 
For the purpose of clearness, a motor driven 

pressure blower, 3, with pipe connection 4, to the 
wind box, 5, is shown mounted on a balcony below 
the charging platform; however, this blower may 
be located elsewhere at any convenient distance. 
The wind box, 5, surrounds the cupola in a semi 
circle with tuyère boxes for conducting air under 
pressure to the respective openings, 6, within the 
ñre brick lining. These tuyère boxes are equipped 
with dampers or sliding gates 1, for the purpose 
of controlling the quantity of air passing through 
each tuyère. interposed between the tuyères a 
fuel pipe connection 8, is provided which termi 
nates within an opening through the fire brick lin 
ing and it serves the purpose of directing the pas 
sage of powdered coal, gas or liquid fuel, singly, or 
in combination, into the melting zone and combus 
tion chamber. 
The cupola, I, is supported on a structural steel 

framing of suitable design to carry the Weight, and 
the bottom of the cupola is closed by two hinged 
doors, 9. When the furnace is in operation these 
doors are held in a closed position by steel props 
extending to the ñoor as shown onthe drawings, 
Fig. 13. Above these doors, 9, a sand bottom or 
iioor is prepared to support the solid fuel, metallic 
charges and receive the molten metal. 

It should be noted that the lower section of 
furnace or cupola I_, is cut away to provide a large 
side opening forming a gas passageway into the 
combustion chamber. This opening or throat is 

’ subjected to extremely high temperatures and it 
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follows that the construction of this part of the 
furnace is of great importance. For this purpose 
a roof bridge or breast, I I, consisting of a plurality 
of ventilated refractory tile, as is shown in section 
in Figs. 1 and 3, and in elevation Fig. 10, and in 
sectional views 11 and 12, is provided. These tiles 
are resting against a steel plate I2, securely sup 
portedby brackets, I3, and these in turn are car 
ried by a structural steel frame, I5, extending to 
the fioor as shown in Fig. 10. The bridge tile, I I, 
has a notch, I6, forming a continuous channel 
for the passage of air from the blower through 
the blast pipe connection to the wind box, 5, see 
Figs. 11 and 10. ' 

As described, the breast tile are subjected to 
considerable abrasion due to the action of the me 
tallic charges and solid fuel. They are also sub 
jected to high furnace temperatures, and it fol 
lows that they must be replaced at intervals. ' To 
facilitate this work each tile is provided with 
grooves on their sides for suspension on steel rods 
or brackets, I1, carried by the supporting mem 
bers, I3. It is intended that the breast tile be laid 
up without cement or mortar to permit the Venti 
lating air to escape between the joints, thereby 
carrying away excessive heat, prolonging the life 
and usefulness of the breast.  
As may be seen in Figs. 11 and 15, the refractory 

tiles, II, are also provided with grooves on the 
sides extending from recess I6. When the tiles 
are placed in position these grooves form ducts 
or openings 53, 54, 55 for the passage of air into 
the melting zone within the vertical shaft. 

It should be noted that the blast pipe connec 
tion leading to the wind box is provided with a 
damper 56 to control the volume of air entering 
the furnace through channel I6, and ports 53, 5d, 
and 55 in the breast tile. ‘ 

The combustion chamber as shown ‘in Fig. 1, 
consists of refractory side walls resting on a con 
crete foundation, these walls being covered on 
the outside with sheet steel or cast iron plates 
held in position by heavy buck stays, I8, securely 
tied together and anchored in the concrete foun 
dation. The furnace bottom consists of packed 
silica sand, I9, or similar material, resting upon 
insulating brick, 20. The roof of the furnace 
consists of a plurality of removable bung castings, 
2l, adapted to hold “circular” refractory brick in 
the shape of an arch; these roof bungs may be re 
moved when it is necessary to make repairs to the 
furnace bottom or replace the side wall lining. 

Referring to Fig. 6, it will be seen that the fur 
nace bottom is divided into two hearths or sec 
tions, 22 and 23, having a ventilated refractory 
bridge or dam 24, which separates the metal 
holding chamber into two compartments. Figs. 
l, 6, and 8, indicate the means employed for ven 

» tilation by passing cold air through this bridge. 
60 

70 

During the melting operation it is essential to 
remove the slag which forms in the melting zone 
and collects on the bottom of the pre-melting fur 
nace I; and for this purpose, slag spout, 25, is 
provided, see Figs. 6 and 9. The furnace slag 
being lighter than the metal will float on top and 
separation takes place when the metal passes un 
der dam 26, causing the slag to be discharged 
through spout 25, ̀ while the molten metal is con 
ducted through_ trough 21, and intersection, 28. 
At this point Ñthe metal may be directed into 
hearth, 22, or it may be removed at tap spout 29. 
For certain metallurgical treatment it will be 
necessary to pass the metal through trough, 39, 
into hearth, 23, for ñnal treatment. 

Inspection door, 3|, is provided to permit the 

introduction of ores and ferro alloys, cold metal 
charges, soda ash and various other materials 
necessary to obtain the desired chemical> compo 
sition of the metal. A spout, 32, is provided for 
conveying the metal either to the tap spout, 33, 
or into hearth, 22, as may be desired. A door, 34, 
is provided in the side wall of the furnace for 
treatment of the metal within this compartment. 
35, `and 36, are extensions or pour-backs on 
troughs to facilitate the work of pouring molten 

"metal from ladies back into furnace. 
At the far end of the combustion chamber as 

shown in Fig. 1, a stack, 31, is provided for the es 
cape of waste gases. This stack may be of steel 
or brick construction lined with refractory ma 
terials. At the top ofthe stack is an adjustable 
damper, 38, which serves the purpose of control 
ling the ñow of gases within the" stack, thereby 
assisting, in obtaining eñicient control of the 
furnace. The furnace bottom proper terminates 
near the base of the stack 31. Inspection doors, 
3B', are provided to observe the action of the gases 
within .the furnace and stack. These doors, may 
also. be- used forl admitting cold air to the stack 
as a means to cool the lining and control the 
draft within the furnace. 
Referring to Figs. 6 and 7, it can be seen that 

any metal which 'may have been accumulated 
and treated in hearths, 22 and 23, maiI readily be 
transferred through trough 39, to an electric fur 
nace. `The electric furnace, 40, may be of any 
standard type and located adjacent the rever 
beratory furnace, as shown on the drawings, or 
any distance therefrom, and the molten metal 
being contained in the reverberatory furnace 
may be transferred in a ladle to the electric fur 
nace for further refining and superheating. ' 
Again referring to Fig. 6, it will be seen that 

the combustion chamber is provided with a plu~ 
rality of inspection openings, di, extending 
through the side walls thereof. The tuyère 
openings, 6, may be arranged radially or at an 
angle with the axis of the furnace. An aper 
ture 42, is provided for the injection of auxiliary 
fuel consisting of powered coal, liquid fuel or 
gases, either singly, or in combination, into the 
melting zone. Other openings for similar pur 
pose may be provided in the side walls of the 
combustion chamber as shown. 
Referring to Figs. 10 and ll, it will be seen that 

the wind box, 5 is provided with tuyère elbows, 
43, having slidingV gates or dampers, 1. These 
elbows have lateral openings M, covered with 
mica or similar transparent material to enable 
the operator to observe the condition of the tuyère 
openings during melting operations. »n 

It is obvious that for certain metallurgical op 
erations the dividing bridge 24, may be entirely 
eliminated and this in turn will dispense with 
trough 30 and 32, as shown in Figs. 15 and 16. 
As previously described, this furnace will pro 

vide economical means for continuous and inter 
mittent melting, alloying, and refining of metals, 
and the following procedure should be followed 
in its operation: . ' 

It is presumed that the furnace bottom, I9, 
has beenvproperlyprepared and that the roof 
bungs, 2I, are in place. The bottom doors, 9, 
ibeing closed, and supported in the manner de 
scribed, a layer of ñre sand is placed thereon and 
so arranged as to have its top surface slope to 
ward slag spout, 25; the sand supporting a quan 
tity of kindling wood and a charge of coke or coal 
being delivered through the cupolal from the 
charging floor. 'I'he kindling wood is then lighted 

3 . 

20 

25 

30 

35 

40 

45 

50 

55 

65 

70 

75 



20 

25 

35 

40 

60 

65 

70 

75 

4 
through the tuyères or side wall openings and the 
burning wood will in turn ignite the solid fuel. 
The blower, 3, now being started, with the gates, 
1, slightly open; will cause a flow of air through 
the tuyères and support combustion of the fuel. 
Additional charges coal or coke may be made and 
be continued until the melting zone, combustion 
chamber, furnace walls and roof attain a suitable 
high temperature. Upon the incandescent fuel 
bed is now placed the ñrst charge of melting stock 
and this is followed with a second charge of solid 
fuel. 'I'his procedure is repeated until a required 
amount of alternate charges of melting stock and 
fuel is attained. 
The sliding gates, 1, may now be adjusted to 

increase the volume of atmospheric air. At this 
juncture, liquid fuel, powdered coal or gas in small 
proportions may also be admitted through pipe 
8. The combustion of oxygen and carbon will 
create an exceedingly high temperature and a 
small percentage of the combustible gases being 
generated may ascend through the cupola I, but 
by far the greater volume will be directed into 
the combustion chamber imparting high tempera 
ture to the roof, side walls and bottom thereof. 
Melting stock descending through the cupola 

will quickly reach a melting temperature and the 
molten metal and slag will trickle down and fol 
low the said sloping sand bottom and leave the 
furnace through tap spout, 25, and 21, as pre 
viously described. Owing to the fact that the 
cupola is filled with charges of melting stock 
and solid fuel, the ascension of gases is ob 
structed to a great extent and it follows that the 
combustible gases must enter the combustion 
chamber and that the products of combustion will 
escape through stack 31. At the end of a heat, 
the ~material‘in the cupola will descend to the 
bottom offering no resistance to the iiow of gases 
through the cupola I, and to prevent this it is 
necessary to move damper, 45, into its closed 
position within the cupola to obstruct the free 
passage of gases. 
For certain purposes, the molten metal which 

flows through trough 21, may be collected directly 
in a ladle at tap spout, 29, and poured into molds 
without further treatments. Should the require 
ments call for refinement of the metal in batches, 
the content of this ladle may be poured into the 
refining furnace through trough extension, 35, for 
further treatment in the furnace hearth, 23. 
Metal confined in this reservoir is subjected to the 
radiant heat from the rcof and side Walls thereof 
and it is also acted upon by the `flow of the 
gases passing through the furnace. In the event 
it is desired to reduce the silicon and carbon con` 
tent in the metal an oxidizing furnace atmosphere , 
may be maintained. The addition of ore will also 
reduce the carbon content of the charge, and 
ferro-silicon, ferr-manganese, or other alloys, may 
be added to bring about the desired composition of 
the metal. 
For further superheating and refining of the 

charge, the metal may be transferred to hearth 22, 
and kept there until ready for tapping. The 
transfer of the metal from part, 23 to 22, may be 
accomplished by placing a dab of clay at the outer 
end of tapping spout 33 thereby directing the flow 
of the metal. 

It is understood that the several tapping spouts 
and troughs have suitable provisions in the side 
walls to hold the metal in the furnace. This de 
tail, is not shown on the drawings for the sake 
'of clearness. 

In producing high test grey iron it is necessary 
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to lower the carbon content and control the sul 
phur, silicon and manganese and phosporus with 
in'a. close range. As previously described the 
charged stock attains a melting temperature in 
descending through cupola l. As the process of 
melting progresses the liquid metal is collected 
on the said sloping sand bottom and does not 
come in contact with the fuel except for a short 
period of time, and it follows that the carbon and 
sulphur absorption is thereby lessened to a marked 
degree. Should it be found desirable to raise the 
carbon content in the metal this can be accom 
plished by carbon additions such as petroleum 
coke and an excess of CO gas which can be pro 
duced by controlling the supply of air and the 
admission of the auxiliary fuel supply consisting 
of liquid fuel, powdered coal, or gas. As de 
scribed, the injection of air and auxiliary fuels 
constitute excellent means for controlling the 
temperature and furnace atmospheric condition 
when a reducing, oxidizing, or neutral condition 
is required. These same conditions may be ob 
tained by the proper adjustment of the air supply 
and fuel. 
During the required time molten metal is being 

confined in hearths, 22 and 23, a thorough mix 
ing takes place which insures a homogeneous 
mixture so desirable in producing quality metal. 
Whenever it is necessary to utilize an electric fur 
nace for further refining and super-heating, 
the process is exactly the same as previously de 
scribed. When the reverberatory furnace is be 
ing operated in conjunction with an electric 
furnace the dividing bridge, 24, may be dispensed 
with and the metal conveyed directly from the 
melting zone to the furnace hearth through 
troughs, 25 and 21. The metal bath may then be 
treated in various ways until the desired analysis 
and temperature is obtained after which the 
metal is transferred through trough, 39, or by a 
ladle to the electric furnace for «further metal 
lurglcal treatment.  I 

By this method of operation, namely, pre-heat 
ing and melting the stock in a vertical furnace 
or cupola with further treatment of the metal 
in a large bath maintained at a high temperature, 
the electric input required to complete the process 
of refining or alloying is very small with a very 
material saving in the cost of refractory linings. 
The metal in the electric furnace may be tapped 
either continuously or intermittently as needed. 
Whenever a quantity of metal is drawn from the 
electric furnace a corresponding amount is trans 
ferred from the pre-heated bath in the reverbera 
tory furnace as described.  
At the end of the heat the bottom doors, 9, are 

opened permitting the sand bottom to drop car 
rying with it unburnt fuel which collects below 
the tuyères. These doors are left open to allow 
cold air to enter the furnace to permit inspection 
of the interior of particularly breast, Il. 
repairs be necessary these are made before the 
furnace is made ready for the next heat. 
As previously s mentioned, solid fuels are 

charged alternately with the melting stock, the 
object being to separate the charges and facili 
tate melting, but under certain conditions, the 
solid fuels may be entirely dispensed with. The‘ 
auxiliary air and fuel supply being suil'icient to 
support combustion and maintain high tempera 
tures within the melting zone and combustion 
chamber. The importance of having an auxil 
iary fuel supply consisting of either powdered 
coal, liquid fuel or gas, is paramount-in the suc 
cessful operation of the furnace. ’ 
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In making ordinary grey iron or malleable, es 

pecially when it is desired to tap the furnace in 
termittentl'y, the transverse dividing bridge, 24, 
and tap spout, 30 and 32, may be entirely dis 
pensed with, as shown in Figs. 15 and 16. 

It should also be noted that for the sake of 
clearness I have omitted to show the alternate 
layers of solid fuels and melting stock as they 
would appear within the vertical shaft. 
A further refinement of the furnace is shown 

in Figs. 15 and 16. This construction differs 
from the design shown in Fig. 1, principally with 
respect to the arrangement of the tuyères in the 
vertical furnace and the location of the ducts 
for admission of auxiliary fuel and air. These~ 
views illustrate a furnace having a single hearth. 
For certain metallurgical operations exception 

ally high temperatures are most desirable and 
can best be obtained by supplying heated air for 
combustion. For this purpose a conventional 
type of heater or recuperator is provided consist 
ing of ñre brick lined shaft 65, having an arch, 
66, carrying interior dividing Walls, 68, through 
which refractory tubes, 61, are placed. 'I'hese 
tubes are subjected to the action of the hot gases 
generated by burner '|2, and these gases ascend 
within the dividing walls escaping through chim 
ney, 69. The air blast enters the heater through 
blast pipe, 4, into` chamber, 1D, thence through 
the tubes, 61, into chamber 1|. The ñre brick 
lined duct 4A carries the heated air to wind box. 
5, thence to the lower or upper tuyères, as de 
sired. 
The air which passes through the heater is 

furnished by a blower, 3, same as shown in 
Fig. 1. 
Under certain operating conditions it may be 

found advisable to admit secondary air at room 
temperature through the upper tuyères, 59, air 
ports, 53, 54, 55, and blast pipe 49. These air 
ports are controlled by gates or dampers, 50, 52, 
58 and 11, and it should be noted that an aux 
iliary blower, 14, with blast pipe connection, 13, 
supplies air under pressure to the upper and 
lower tuyères. 
The upper tuyères, 59, are controlled by gates, 

6|) and 11. The lower tuyères, 43, and wind box, 
5, is similar to the construction illustrated in 
Figs. 10 and 11. 

'I'hese tuyères are arranged radially in a semi 
circle and the auxiliary fuel and air ports 6|, 64 
are situated in each side wall beyond the base of 
the vertical shaft, I. 
Above the roof of the furnace a transverse 

blast pipe, 48, with gate`50, is shown. This blast 
pipe is provided with a number of branch pipes, 
49, for admitting secondary air through the roof 
into the furnace chamber. Branch pipe, 5|, with 
gate, 52, conducts air to duct, I6, within the 
breast tile, II, thence to ports, 53, 54, 55. 

Slag spout, 25, with dam, 26, are similar to 
the construction shown in Figs. 6, and 14. Stack, 
3l, doors, 3|, 34, also tap spouts, 33, are similar 
to the design previously described. 
The object sought in arranging the lower 

tuyères, 43, and the auxiliary fuel and air ducts 
as shown in Fig. 16, is primarily to provide means 
whereby the temperature within the lower por 
tion of the vertical furnace or cupola may be 
reduced below the melting point of the charged 
materials and at the same time maintain a higher 
temperature within the furnace as may be re 
quired for metallurgical treatment of the metal 
confined in the hearth. l 
The operation of the modiñed furnace is iden 

5 
tical to thatpreviously described with exception 
that heated air for combustion may be used, and 
further, that the operator has better means for 
controlling the operation of» melting withinthe 
vertical furnace and for controlling the tempera 
tures and atmospheric conditions within the con 
fines of the furnace walls and roof. 

It is apparent from the design shown in Figs. 
1 and 15 that slag spout 25, may be dispensed 
with, and the molten iron and slag may flow 
directly into the hearth of the furnace.. In melt 
ing charges containing a high percentage of low i 
carbon steel, the fluidity of the molten metal is 
very low and difliculties may be encountered in 
passing such metal through exterior spouts. By 
treating the metal in the hearth the fluidity may l 
be increased as desired for pouring into molds. 
Having thus described my invention it can be 

readily understood that minor` details of' the con- ‘ 
struction shown may be altered in several ways 
without departing from the spirit and scope of 
my improvement and without losing any of its 
attendant advantages. Therefore, what I claim 
and desire to secure by Letters Patent is- ` 

1. A premelting cupola in conjunction with a 
reverberatory furnace, said reverberatory fur 
nace comprising an horizontal combustion and 
heat radiating chamber provided with an outlet 
for waste gases, said chamber having an inlet 
for combustible gases formed integral with said 
premelting cupola, said cupola having an open 
ing on one side thereof forming an outlet for 
combustible gases whereby the same may enter 
the said horizontal combustion chamber, said 
opening being lined with refractory material com 
prising a series of independently suspended ven 
tilated tile having ports or channels for the pas 
sage of air under pressure from a common header 
or Wind-box into the melting zone of the cupola, 
substantially as described. 

2. A reverberatory furnace, of the character 
described, having a vertical premelting compart 
ment, the said compartment being adapted to 
receive charges of melting stock and solid fuel, 
the wall of said compartment having a large 
opening formed on one side thereof at its lower 
end, the said opening being adapted to form a 
connection between the melting zone of said com 
partment and the combustion chamber of said 
reverberatory furnace, the said opening having 
a removable ventilated wall formed there-over 
whereby to form a breast-Wall opposite the melt 
ing zone of said compartment, a plurality of re 
movably supported refractory tile forming a roof 
over the combustion chamber of said furnace, and 
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a stack providing an outlet for waste gases ema- , 
nating from said chamber. 

3. A premelting cupola in conjunction with a 
reverberatory furnace, said reverberatory furnace 
comprising an horizontal combustion and heat 
radiating chamber _having an outlet for waste 
gases, said chamber having an inlet for com 
bustible gases formed integral with said premelt 
ing cupola, the melting zone of said cupola being 
a continuation of the combustion chamber of the 
said reverberatory furnace, means through which 
to inject auxiliary fuel and air under pressure 
into the melting zone of the said cupola, and 
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means for inducing a continuous flow of com- , 
bustible gases into the said combustion chamber, 
substantially' as described. 

4. A reverberatory furnace, of the character de 
scribed, having an horizontal combustion and 
heating chamber having an outlet for burnt gases, 
a premelting cupola formed integral with said 
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6. 
combustion chamber, means for admitting pre 
heated air and auxiliary fuel into the melting zone 
of said cupola and the said combustion chamber, 
and means for introducing and regulating a con 
tinuous flow of secondary air, fuel, and combusti 
ble gases into the said chamber. 

5. In a combined reverberatory furnace and 
premelting cupola, of the character described, an 
extended combustion> and heat liberating cham 
ber having a basin for receiving molten metal and 
an outlet for burnt gases, a premelting cupola 
furnace formed integral with said combustion 
chamber, said chamber having a floor arranged 
above its basin extending into the said cupola at 
its base, the said fioor being adapted to support 
charges of melting stock and solid fuel, the melt 
ing zone of. said cupola and the said chamber be 

_ ing a continuation of each other, and means to 
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admit auxiliary fuel and preheated air into said 
zone and the said chamber. ‘ 

6. A .premelting cupola integral with a rever 
beratory furnace, said furnace comprising an 
horizontally extended combustion and heating 
chamber enclosing a basin, said chamber having 
an outlet for burnt gases and an inlet passage 
for combustible gases and fuel through an open 
ing opposite the melting zone within the said pre 
melting cupola, said inlet being a continuation of 
the said zone, and means for admitting auxiliary 
fuel and air under pressure into said melting zone 
and the said combustion chamber. 
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7. A- premelting cupola integral with a rever 

beratory furnace, said furnace comprising an 
horizontally extended combustion and heating 
chamber enclosing a basin, said chamber having 
an outlet for burnt gases and an inlet passage for 
combustible gases and fuel through an opening 
opposite the melting zone within the said pre 
melting cupola, said inlet being a continuation of 
the said zone, and means for admitting auxiliary 
fuel and air under pressure into the inlet forming 
a gas and fuel passage to the said combustion 
chamber. ` 

8. A reverberatory furnace in combination with 
a vertical premelting furnace or cupola, the said 

` reverberatory furnace comprising an extended re 
fractory combustion chamber having an opening 
formed therein through which to receive fuel and 
combustible gases and having an outlet opening 
for burnt gases arranged opposite said opening, 
said fuel and gas opening being formed integral 
with an opening forming the melting zone at the 
base of said cupola, said cupola being open at its 
top, said cupola being adapted to receive alternate 
charges of melting stock and solid fuel, and an 
arrangement of tuyères suitably disposed in the 
Wall surrounding said zone and chamber through 
which to admit air and auxiliary fuel necessary 
to support combustion within said zone and com- ' 
bustion chamber. ` 

ALGOT A. WICKLAND'. 
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