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6 Claims. 

This invention relates to furnaces and methods 
of operating the same and, while not limited 
thereto, relates more particularly to furnaces 
known as soaking pits used for reheating ingots 

5 to the temperature necessary for forging or roll 
ing; and equipped with air preheating apparatus. 

Heretofore in operating furnaces or pits of this 
class it has been customary to direct a very hot 
flame into the furnace to heat the ingots in as 
short a time as possible. This hot flame will 
raise the parts of the ingots with which it first 
contacts to a very high temperature while the 
remainder stays comparatively cool. Therefore 
it is necessary for the operators to Watch the 
heating operation and shut off or regulate the 
fuel and thereby the flame when the hottest parts 
of the ingots reach a predetermined temperature 
in order to prevent burning or overheating. The 
ingots are then permitted to Soak, that is, the 
heat from the hottest portions of the ingots is 
permitted to travel through the ingots to the cool 
er portions. After the ingots have soaked suf 
ficiently, the fuel is again turned on and flame 
reestablished to again heat the ingots until they 
again approach the molten state at the point 
of contact with the flame. The fuel is again 
shut off or regulated and the ingots again per 
mitted to Soak. This alternate heating and Soak 
ing is continued until the ingots are heated to an 
even temperature throughout. The regulation of 
the flame depends upon the judgment of the 
operators and since said judgment is often faulty, 
excessive scaling and burning of the ingots re 
Sults. - 

At best under this old method of heating the 
time required is excessive due to the periods of 
Soaking which are necessary. 
The present method has for its object the pro 

vision of a novel method whereby the heating of 
the ingots may be carried on continuously with 
out burning the ingots and the time necessary for 
heating will be materially reduced. 

In Over-fired pits, Such as shown in the accom 
panying drawings, the firing port is at the upper 
end of the pit, and the outlet port for the prod 
ucts of combustion is at the lower end of the 
port so that in Order to force the flame down to 
the lower part of the pit, the flame pressure 
must be maintained; therefore reduction of the 
gas and air supply to reduce the temperature of 
the flame is not practical with this class of pit 
furnace. 
The present invention provides apparatus and 

55 method whereby the flame temperature may be 
reduced without reducing the flame volume and 
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pressure So that when the upper ends of the in 
gotS or other materials being heated are raised 
to a predetermined temperature, the flame tem 
perature may be reduced to a point approximat 
ing or below the temperature of the upper ends 60 
of the ingots. Thus the temperature of the up 
per ends of the ingots will not be further heated 
but the reduced temperature flame will continue 
to heat the lower portions of the ingots which 
are below the desired temperature. 
The present method consists in providing for 

the flow of products of combustion into the mix 
ing chambers of the fuel burners of the respec 
tive pits to lean down the fuel mixture when it 
is desired to reduce the flame temperature. 70 

In the drawings: 
Figure 1 is a plan view of a furnace layout con 

Structed in accordance with this invention. 
Figure 2 is a side elevation of the furnace, part 

ly in Section and partly broken away. 75 
Figure 3 is a sectional plan view of the pre 

heater of the furnace. 
Figure 4 is a vertical transverse section through 

the preheater. 
Referring more particularly to the drawings, 80 

the numeral 2 designates the several pits of the 
furnace, each of which is separate from the other 
and each of which is provided with a door or 
closure member 3 at its top. Each of the pits has 
its rear wall, adjacent its top, provided with a 85 
pair of burner ports 4 which open at their rear 
ends into a mixing chamber 5. A gas supply 
manifold conduit 6 extends along the several pits 
2 and is provided with branches 68 which com 
municate with the mixing chambers 5 through 90 
the bottom walls thereof. Each of the branches 
6 is provided with a manually operated shut-off 
wave 7. 
An air manifold conduit 8 extends along the 

Several pits 2 and is provided with branch con- 95 
duits 8a, which lead to each of the mixing cham 
bers 5. A pair of nozzles 9 lead from each air 
branch conduit 88 into the mixing chambers 5 
through the back walls thereof on a line with the 
burner ports 4. A manually operated shut-off 00 
valve 9 is provided in each of the branch con 
duits 88. 
The pits 2 are provided with ports 10 in their 

rear walls adjacent the bottoms thereof through 
which the products of combustion pass from the 
pits. The ports 10 communicate with branch 
conduits or flues 12 which in turn are connected 
to a waste gas manifold conduit 13. A manually 
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operated shut-off valve or damper 14 is mounted, 
in each of the branch conduits 12. 110 
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The gas manifold 6 is connected to a gas supply 

main 15 leading from any Suitable Source of gas 
supply, such as a gas producer or a source of 
natural gas. 
The air manifold 8 is connected by a main hot 

air supply conduit 16 leading from the hot air 
outlet of a continuous air regenerator 17. 
The waste gas manifold 13 is connected by a 

main waste gas conduit or flue 18 which leads to 
a main waste gas stack 19. 
The regenerator 17 per Se is a standard appara 

tus and comprises a heat insulated, substantially 
rectangular chamber or body 20 mounted on a 
brick or other heat insulating base 21. The 
chamber or body is divided into three sub-cham 
bers 22 by transverse walls 23 composed of brick 
or other heat insulating material. Each Sub 
chamber is provided with a plurality of metal 
heater plates 24 which are suspended therein and 
are adapted to be heated to a high temperature 
by the hot waste gases and to give off said heat 
to the air passed through said sub-chamber. 
A hot waste gas conduit or flue 25 is formed in 

the base 21 and communicates with each of the 
Sub-chambers 22 through ports 26. A cooled 
Waste gas conduit or flue 27 extends along the 
top of the chamber 20 and communicates with 
each of the Sub-chambers 22 through ports 28. 
A cold air conduit or flue 29 extends along the 

top of the chamber 20 and communicates with 
each of the sub-chambers 22 through ports 30. 
A hot Or heated air flue 31 is formed in the base 
21 and communicates with each of the sub-cham 
bers 22 through ports 32. 
The ports 26 and 28 of each chamber are con 

trolled by valve-disks 26 and 28, respectively, 
mounted on a single, vertically movable valve-rod 
33, while the ports 30 and 32 of each chamber 
are controlled by valve-disks 30 and 32, respec 
tively, mounted on a single, vertically movable 
valve-rod 34. The valve-rods 33 and 34 of each 
chamber are connected to a valve-rocker 35 
adapted to alternately raise and lower the rods 33 
and 34 so as to open and close the valves car 
ried thereby. By thus operating the valves 26, 
28, 30 and 32, hot gases are first allowed to pass 
into the sub-chamber 22 through the ports 26 and 
out through the ports 28, thus heating the heater 
plates 24, then cold air is permitted to flow into 
the sub-chambers 22 through the ports 30 and be 
come heated by contact with the heater plates 24 
and then pass out through the ports 32. 
The valve-rockers 35 of the three sub-cham 

bers are adapted to be operated by cam members 
36 mounted on a shaft, 37 journaled on the top 
of the regenerator 17 and connected by gearing 
38 to a motor 39. . 
The cams 36 are so adjusted that the valves 

controlling the flow of air and waste gases will be 
Opened and closed so that One sub-chamber is on 
air while one is on gas or being heated, while a 
third sub-chamber is closed, it having been previ 
Ously heated. This previously heated sub-cham 
ber is then opened to air as the one previously on 
air is reversed and put on gas. The opening of the 
previously heated Sub-chamber is arranged so as 
to overlap the closing of the sub-chamber previ 
Ously on air so as to not interrupt the flow of 
heated air. The sub-chambers are reversed at 
relatively short intervals so as to maintain a con 
stant supply of relatively high heated air. 
A branch flue conduit 40 is connected with 

the waste gas main 18 and the flue 25 in the 
base 21 of the regenerator 17 to permit hot waste 
gases to flow into the regenerator. A cooled 
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waste gas conduit 41 is connected with the Outlet 
of the flue 27 of the regenerator 17 and with 
the inlet port of an exhauster 42. The exhauster 
42 has its outlet or discharge port connected to 
a conduit 43 leading into a cooled waste gas 
stack 44. r 
A blower 45 is provided for supplying air un 

der pressure to the regenerator 17 and has its 
outlet port connected by a conduit 46 with the 
cold air supply conduit 29 of the regenerator 
and by a branch conduit 47 with the air supply 
main 16. The conduit 46 is provided with a valve 
46a by which the air supply to the regenerator 
may be shut off. 
The branch conduit 47 is normally closed by 

a damper 48 and is only opened when it is de 
sired to use cold instead of preheated air for com 
bustion. 
The hot air main 16 is connected with the hot 

air flue 31 of the regenerator by a flue 49 having 
a damper valve 49 therein. 
The exhauster 42 and blower 45 are coupled 

together by a coupling shaft 50 and are operated 
by a single motor 51. 
The main waste gas flue 18 is provided with 

a damper 52 at a point between the point of Con 
nection of the branch flue 40 and the stack 19, 
and this damper is operated by a standard pres 
Sure operating control 53 operable by the pres 
sure within the waste gas manifold 13. 
The damper 52 will operate to maintain a con 

stant pressure in the manifold 13. 
A bleeder conduit 55 connects at One end With 

the conduit 43 and at its other end with the hot 
Waste gas branch flue 40 So as to permit the 
bleeding of cooled Waste gases into the hot waste 
gases entering the regenerator to temper the hot 
gases, when desired. w 
The flow of cooled Waste gases through the 

bleeder conduit 55 is automatically controlled by 
a damper 56 operated by a thermostat or other 
heat responsive device 57 mounted on the regen 
erator 17. The heat responsive device 57 is adapt 
ed to open the damper 56 when the regenerator 
becomes too hot and to close the damper when 
Said regenerator cools. 
A damper 58 is mounted in the cold air supply 

conduit 46 and a second damper 59 is mounted in 
the cooled waste gas conduit 41. The damper 
58 is adapted to be moved toward closed position 
when the pressure builds up in the air manifold 
8 due to any cause such as shutting down of 
or reducing the air supply to one or more of the 
pits 2, and at the same time the damper 59 is 
adapted to be moved toward closed position so as 
to decrease the induced flow of waste gases 
through the regenerator, since a lesser amount of 
air is entering said regenerator and therefore a 
lesser amount of heat exchange takes place. In 
order to automatically control the dampers 58 
and 59 they are connected to a standard pressure 
control mechanism, indicated at 60, which is op 
erated by the pressure in the air manofold 8. 
The pressure in the air manifold 8 varies in 
direct proportion to the amount of heated air 
used by the pits, therefore the pressure control 
apparatus will operate the dampers in accord 
ance with the amount of heated air used. 
A cooled waste gas manifold 78 is mounted par 

allel with and above the air manifold 8 and con 
nected with the lower end of the cooled Waste 
gas stack 44 by a conduit 79. Branch conduits 
80 lead from the Waste gas manifold 78 to each 
of the fuel and air mixing chambers 5. A valve 
or damper 81 is mounted in the stack 44 above 
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the point of communication of the conduit 79 and 
is adapted to be automatically regulated by a 
pressure regulator 82 which is connected by a 
preSSure line 82 with the manifold 78 so as to 
maintain a constant pressure of cooled waste 
gases in the lower portion of the stack 44, con 
duit 79 and manifold 78. 
A manually operated valve 85 is provided in 

each of the branch conduits 80 by which the flow 
of Waste gases to each of the mixing chambers 
may be controlled. 
While I have shown the manifold being con 

nected by the conduit 79 to the stack 44, it will 
be understood that the conduit 79 may be con 
nected to any other source of the waste gases un 
der pressure. In some cases it may be desired to 
discharge the cooled waste gases into the main 
stack 19, and in this case the valve or damper 
81 would be mounted in the conduit 79 which 
would be connected to the stack 19 at a point 
beyond the damper 52. 

It will also be understood that, if desired, auto 
matic valves operable by temperature responsive 
means in the pits may be substituted for the 
valves 85. 

In carrying out the method of this invention 
the gas and air pressures and volumes are regu 
lated to provide a maximum of flame volume and 
temperature so as to carry the flame throughout 
the pit and heat the ingots or other material in 
the shortest time. As the upper portions of the 
ingots are heated to a predetermined tempera 
ture, which is that approaching a molten state, 
the flame temperature of the pit is reduced with 
out reducing the flame volume by opening the 
valve 85, and permitting cooled waste gases to 
flow into the combustible mixture in the mixing 
chamber 5, thus diluting the mixture and lower 
ing the B. t. u. value thereof. The valve 85 will 
be regulated So as to reduce the flame tempera 
ture to approximately the temperature at which 
it is desired to heat the ingots, and the heating 
will thus proceed without interruption. 

It will be noted that the pressure regulator 82 
receives its pressure from the manifold 78 so that 
regardless of the number of pits using the cooled 
Waste gases, the pressure in the manifold will be 
maintained. 
The waste gases are under pressure from the 

exhauster 42 which pulls them through the re 
generator 17, and said gases are at substantially 
the same temperature of the preheated air so 
that the temperature of the combustible mixture 
is maintained. - 
The invention has been illustrated in connec 

tion with a regenerator in which the waste gases 
are first passed through the regenerative cham 
ber and then cut off while the air is passed 
through the same. 
There are certain types of preheaters, generally 

called "recuperators', where tiles are used with 
Separate passages for the air and for the waste 
gases and where there is liability of leakage be 
tween the two passages so that the air cannot 
economically be carried at a higher pressure than 
the gases. There are other styles of recuperators 
in which there is no liability of leakage and where 
pressure may be used on the air. The present 
invention, therefore, is not restricted to regen 
erators in the specific sense of the word but it is 
applicable to all styles of preheaters which are 
adapted to the supplying of air under pressure. 
While I have described a method composed of 

a certain sequence of novel steps and a certain 
specific embodiment of apparatus for carrying out 

3 
said method, it will be understood that I do not 
Wish to be limited thereto Since various modifica 
tions may be made in both the method and ap 
paratus without departing from the scope of my 
invention, as defined in the appended claims. 

I claim 
1. The method of operating an ingot pit fur 

nace having a preheater for heating the air Sup 
plied to Support combustion and Wherein the 
flame impinges on the material which consists in 
providing a mixture of fuel and air adapted to 
provide a predetermined flame temperature to 
heat the ingots in said pit, passing the hot Waste 
gases through said preheater to preheat the air 
to be mixed with the fuel, maintaining said flame 
temperature until the portions of Said ingots in 
contact with the flame entering said pit reach a 
predetermined temperature, then leaning down 
the flame temperature while maintaining the 
flame by by-passing controlled amounts of the 
cooled Waste gases after they have passed through 
said preheater under pressure into said mixture 
of fuel and air so as to prevent burning and ex 
cessive scaling of the ingots. 

2. The method of operating an ingot pit fur 
nace having a preheater for heating the air sup 
plied to support combustion and wherein the 
flame impinges on the material which consists 
in providing a mixture of fuel and air adapted 
to provide a predetermined flame temperature to 
heat the ingots in said pit, passing the hot waste 
gases through the preheater to preheat the air 
to be mixed with the fuel, maintaining said flame 
temperature until the portions of said ingots in 
contact with the flame entering said pit reach a 
predetermined temperature, then leaning down 
the flame temperature while maintaining the 
flame by by-passing controlled amounts of Waste 
gases from said pit back into the mixture of 
fuel and air under pressure so as to prevent burn 
ing and excessive Scaling of the ingots. 

3. The method of operating a preheating fur 
nace of the direct heating type, which comprises 
mixing fuel and air therein in quantities Suffi 
cient to provide a predetermined flame tempera 
ture, directing the flame so as to impinge on the 
material, removing the waste gases from the fur 
nace pit, cooling at least a portion of the Waste 
gases, and supplying controlled amounts of the 
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cooled waste gases to said mixture of fuel and 25 
air to lean down the fuel mixture whereby a low 
er flame temperature in the furnace is obtained. 

4. The method of operating a preheating fur 
nace of the direct heating type, Which comprises 
providing a mixture of fuel and air adapted to 
give a predetermined flame temperature, direct 
ing the flame to impinge on the material, COn 
ducting the waste gases from the heating chamber 
and cooling at least a portion thereof, maintain 
ing the predetermined flame temperature until 
the portions of the material being treated in 
closest proximity to the flame attain a prede 
termined temperature, then reducing the flame 
temperature by conducting cooled Waste gases 
into the fuel and air mixture. 

5. The method of operating preheating fur 
naces of the direct heating type, wherein the 
flame impinges on the material being heated, 
which consists in providing a mixture of fuel 
and air adapted to provide a predetermined flame 
temperature in said furnace, directing the flame 
against the material, conducting the hot waste 
gases from the furnace through a preheater 
to preheat the air to be mixed with the fuel, 
and conducting controlled amounts of the cooled 
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waste gases under pressure after they have passed 
through said preheater into said mixture of fuel 

, and air to lean down the fuel mixture and re 
duce the flame temperature. 

6. The method of operating a preheating fur 
nace of the direct heating type having a plu 
rality of heating chambers, which comprises mix 
ing fuel and air in each of said chambers in 
quantities Sufficient to provide a predetermined 
flame temperature therein, conducting the waste 

1,926,714 
gases from each of said chambers, cooling a 
least a portion of said waste gases, and supply 
ing controlled amounts of the cooled Waste gases 
under constant pressure from a single main to 
said mixture of fuel and air in each of Said 
chambers to lean down the fuel mixture, where 
by a lower flame temperature is obtained in each 
of said chambers. . 

ALBERT 1, CUBERTSON. 
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