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UNITED STATES PATENT OFFICE 
RECUPERATIVE SOAKING PET FURNACE 

William A. Morton and Edwin G. Smith, Mount 
Lebanon Township, Allegheny County, Pa., as 
signors to The Amsler-Morton Company, Pitts 
burgh, Pa., a corporation of Pennsylvania, 
Application July 3, 1941, Serial No. 400,914 

(CI. 263-15) 3. Claims. 

This invention relates generally to recuperative 
soaking pit furnaces for heating heavy ingots, 
billets and the like to rolling temperatures and 
more particularly to the construction and the 
method of Operating the same. 

Pit furnaces of the recuperative type may be 
fired continuously or intermittently. 
These furnaces may be equipped with automatic 

temperature control devices which constantly de 
crease the Supply of fuel during the progress of 
the heating cycle of the ingots. The heat is thus 
proportioned for the batch of ingots constituting 
a single furnace heat and this type of furnace is 
frequently referred to as a full proportioning or 
batch type furnace. 

If the furnace is fired intermittently the auto 
matic temperature control turns the fuel on and 
off periodically. The full amount of fuel is ap 
plied until a predetermined furnace temperature 
is attained, then the fuel is automatically shut 
off until the furnace temperature drops to a pre 
determined degree, at which time the control 
again automatically functions to supply a full 
flow of fuel. These alternate on and off periods 
lengthen as the ingots approach the proper satu 
rating temperature. These lengthened periods 

0 

5 

2 
Again a burner flame projected in the free space 

above the ingots expands without imparting tur 
bulence to the colder layers of gases adjacent the 
base of the standing ingots. It is desirable to 
create a maximum turbulence at the end adja 
cent the end of the first pass of the flame. 
The principal object of this invention is the 

provision of a recuperative type soaking pit fur 
nace which overcomes these difficulties for uni 
formly heating the ingots and the method of op 
erating the same. 
Another important object is the provision of 

a recuperative soaking pit furnace having burners 
in opposite walls and through which all or a 
major portion of the fuel is alternately introduced 
at any One time, to insure circulation of the gases 
about the ingots located remotely from the 
burners. 

25 

taken with the furnace temperature inform the 
operator that the ingots are properly saturated 
for rolling or other purposes. 
A furnace of this character which is fired simul 

taneously with oppositely disposed burners in the 
end walls, produces a definite defect in the heat 
ing characteristics whether the heating cycle is 
continuous or intermittent. The flames from both 
burners meet at a common point along the axis 
of the burners, causing a Sudden increase in the 
rate of mixing the fir and fuel, thereby liberating. 
an excessive amount of heat at the zone surround 
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ing the impingement of the tWO streams of flames. 
Localization of heat produced in this manner is 
damaging to the steel being heated and is unde 
sirable. The impingement of the flames from 
tWO Opposed burners breaks the velocity head 
required to first carry the gases into the pit and 
Consequently stops the flames in the center there 
of. Proper and immediate circulation of the 
flames in the area of the burners is not obtained. 

If the opposed burners are offset from one 'an 
other in a horizontal plane they must be raised 
above the ingot tops to prevent direct flame im 
pingernent on the charge. However burner 
flames projecting across the top of the furnace 
have the tendency to prematurely accelerate the 
rate of combustion, thereby liberating most of the 
heat overtop of the steel instead of Surrounding 
it by the burning gaseous products. 
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Another object is the provision of a recupera 
tive soaking pit furnace having oppositely dis 
posed burners in its end walls. 
Another object is the provision of a recupera 

tive soaking pit furnace having vertically. Spaced 
burners in opposite walls to selectively regulate 
the temperature of different vertical portions of 
the ingots. 
Another object is the provision of a recupera 

tive soaking pit furnace having the burners dis 
posed in opposite walls and within the limit of 
the height of the charge in the furnace. 
Another object is the provision of a recupera 

tive soaking pit furnace having discharge ports 
in opposite walls and through which the flow of 
the products of combustion is regulated. 
Another object is the provision of a recupera 

tive soaking pit furnace having discharge ports 
in opposite walls arranged to alternately convey 
the products of combustion from the pit. 
Another object is the provision of a recupera 

tive soaking pit furnace arranged to supply pro 
portionate amounts of heated air to burners lo 
cated in opposite walls of the pit. 
Another object is the provision of a recupera 

tive soaking pit furnace arranged to alternately 
Supply heated air to the burners On one side of 
the pit. 
Another object is the provision of method and 

apparatus for regulating the alternate supply of 
fuel and heated air and the withdrawal of the 
products of combustion from the alternate end 
walls of a recuperative soaking pit furnace. 
Another object is the provision of a recupera 

tive soaking furnace arranged to be fired at 
double capacity alternately from each end of the 
pit producing a stream of burning fuel in suf 
ficient quantities to sustain a high velocity head 
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to induce sufficient circulation of the gases to 
cause the gases to thoroughly envelop the ingots. 
Another object is the provision of a recupera 

tive soaking pit furnace having oppositely dis 
posed burner ports with the ingots arranged in 
rows on each side of the burner ports forming 
aisles into which the flames are propagated. 
Other objects and advantages appear in the 

following description and claims. . 
In the accompanying drawings a practical en 

bodiment illustrating the principles of this inven 
tion is shown wherein: 

Fig. 1 is a vertical section of a recuperative 
soaking pit furnace charged with ingots. 

Fig. 2 is a vertical section of a recuperative 
soaking pit showing vertically spaced burners at 
a different location than that illustrated in Fig. 1. 

Fig. 3 is a plan view of a recuperative furnace 
soaking pit showing the ingots placed in four 
rows from one end of the pit to the other with 
heating aisles therebetween. 

Fig. 4 is an end view taken along the line 4-4 
of Fig. 3. 

Fig. 5 is a diagrammatic plan view of the re 
cuperative soaking pit furnace illustrated in Fig. 
1 showing the apparatus for supplying fuel and 
air to the furnace pit and the discharge of the 
products of combustion therefrom together with 
the circuits for controlling the same. 

Referring to the drawings, the soaking pit fur 
nace chamber 0 is an individually constructed 
pit which would be located in rows of two on a 
rectangular plan making up a battery of sim 
larly constructed furnaces. The heating units 
or recuperators f are of the counterflow type 
and are located between the consecutive rows of 
furnaces and are connected through the end 
walls 2 of the pit. The top 3 of the furnace pit 
is flush with the main deck level 4 of the furnace 
battery. The latter is made in sections that are 
removable for purposes of inspection and main 
tenance. The mouth of the pit is closed in by 
the unitary cover 5 provided with an annular 
set of depending seal blades arranged to be 
stepped into the granular trough. The weight 
of the cover is supported on four adjustable pads 
at four points on the steel oinding surrounding 
the cover. 

Each cover is provided with four lugs is ar 
ranged to be engaged by the lifting jaws 7 de 
pending from the carriage 8. The carriage 8 
may span one or both of the furnace pits in rows 
of two and it is supported on a track secured 
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4. 
23 form the combustion chamber for the streams 
of flames issuing from the burner ports, . 
The fuel is delivered through the burner pipes 

25 which extend through the preheated air pas 
sageways 26. The burning gases issuing from 
one end of the furnace project down the aisles to 
the opposite end wall 2 of the furnace. The ex 
pansion of the gases increases rapidly upon en 
tering the pit, 
The combustibles enter the aisles between the 

ingots at relatively high velocities, preferably 
with all or most of the combustible entering first 
from one side of an aisle and then from the op 
posite side by means of the reversing means 
hereinafter described and employed for the first 
time on a recuperative pit. This method of firing 
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to the main deck and extends longitudinally of 
the battery of furnaces. Each carriage is 
equipped with a hoist mechanism 20 for raising 
the furnace covers in each row and a traverse 
drive mechanism to carry them away from the 
mouth of the pit. 
The pit 6 of the furnace may be made rec 

tangular or Square in shape and has been con 
structed circular. The bottom of the pit is cov 
ered with approximately twelve inches of coke 
breeze and has an upwardly throated clean-out 
hole 2. The ingots 22 stand in the coke breeze 
and are placed in spaced relatios in rows extend 
ing from one end of the pit to the other, provid 
ing longitudinally disposed aisles. The central 
or main aisles 23, shown in Figs. 3, 4 and 5 are 
aligned with the induction type burner ports 24 
located in the end walls 2. If the pit is suf 
ficiently wide to accommodate two or more wide 
aisles between the rows of billets, as illustrated 
in Figs, 3 and 4, then additional burner ports 
24 are placed in the end walls 2. The wide aisles 
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the furnace permits the initial velocity head of 
the combustibles to carry the flames substantially 
across the furnace where the final available head 
will be absorbed in creating circulation about the 
ingots On the side of the pit remote from the 
burners. The act of reversing the flow of the 
flames in this furnace will insure uniform move 
ment of the flames to all parts of the furnace and 
therefore, around all the ingots. The ingots will, 
therefore, be unifornly heated in every position 
in the furnace. 
The confined aisle space produced by ingots 

increases the turbulence of the rapidly expanding 
gases, thereby increasing the outward flow of 
the burning gases around the spaced ingots, 
which is essential for the proper circulation of 
the heat as well as for the recirculation of some 
of the earlier released and slightly cooler gases 
within the pit. The gases thus flow down the 
aisles, and outwardly between the ingots toward 
the side Walls and return toward the end wall 
from which they were introduced. A portion of 
the gases swirls around each ingot and thus 
a constantly rotating envelope of the pit gases 
is maintained, providing a protective layer around 
the ingot keeping cooler gases from lying stag 
nant in the Outer aisles or on the hearth, and 
resulting in uniform heating. 
When all or a greater portion of the gases are 

fired from one end of the pit all or a greater 
portion of the waste gases are removed through 
the outlet ports 27 positioned in the same end 
Wall 2 near the four corners of the side walls 
and slightly above the coke breeze. The gases 
pass from the Outlets into the superimposed dis 
tributing header 28 and enter all of the hollow 
tile vertical flues 30 simultaneously which results 
in cooling the entire waste gas flow by all of 
the air being preheated. The waste gases travel 
to the bottom of the recuperator and into the 
horizontal collecting passages 3 which direct 
them to the header 32 that is connected to the 
branch passageway 33. The branch passageways 
33 direct the products of combustion from the 
recuperators at each end of the pit to the Y 
connection 34 which leads them through the 
common passageway 35 to the stack. 

Air is supplied by a fan or blower to the duct 
36 which conveys it to the Y 3 where it may 
be directed to the recuperators at either or both 
ends of the pit through the ducts 38. These 
ducts terminate in the headers 40 which connect 
with the openings 4f of the first or lower pass 
of the circuitous air circuit through the counter 
flow type recuperator where it is preheated and 
flows into the passageways 26 that lead to the 
burner ports 24. - - - - 

In the furnace pit shown in Fig. 2 the burner 
ports 24 in the end walls f2 are positioned above 
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the outlets 27 and are below the center of the 
ingots, whereas in Fig.1 they are positioned 
between the center and the tops of the ingots. 
The relative position of these burner ports with 
respect to the ingots depends largely upon the 
size and character of the steel ingots and the 
type of fuel employed to fire the pit. 
Again if the pit is to be loaded with main 

firing aisles 2S, as shown in Figs. 3, 4 and 5 the. 
burner ports 24 in the opposite end walls 2 
may be placed at different elevations, as indi 
cated in Fig. 2, and when fired simultaneously at 
full volume, the flames overlap one another and 
thereby increase the turbulence of the gases with 
out materially increasing the rate of mixing, 
which would produce localized heating. . The 
burner ports 24 in one end wall of the furnace 
pit may be positioned at different elevations as 
illustrated in Fig. 4 and they may or may not 
be aligned with the burner ports in the opposite 
end wall as illustrated in Fig. 2, 

Each burner shown in Figs. and 2 may he 
fired alternately at double full volume or sinus 
taneously and proportionately by alternating the 
greatest fuel volune from one end of the pit 
to the other with the total input volume of the 
burners being equal to the sum of the full Voi 
me of each brer. 
When the ourners are alternately fired they 

deliver a long fare extending across the pit 
and sweeping out the colder gases adjacent the 
walls as the velocity head is expended. This 
action is Erost effective when the burners are 
alternately fired, at which time the volume of 
gases and herefore their Weight to induce cis 
culation is doubled, 
When ring the burners at Opposite ends of 

the pit simultaneously the turbulence is in the 
center of the pit where it is.least beneficial and 
the mass velocity of the gases is also haved and 
improperly expended at the center of the fur 

ce, 
The withdrawal of the products of combustion 

through the outlets 2 and the recuperators 
may be proportioned equally or unequally toe 
tween the recuperators at both ends of the fur 
nace pit or the total discharge may be taken 
alternately from one end of the pit. When all 
or a greater portion of the products of combus 
tion are being discharged through the recupera 
tors at one end of the pit it is preferable to 
gradually change to the recuperators at the other 
end of the furnace before the firing is trans 
ferred, and all the air for combustion. Enay be 
passed through those recuperators, thus a ple 
heat is provided in the recuperator before the air 
is forced therethrough for firing the furnace, 
Esch recuperator is capable of receiving the total 
waste gas output of the pit. In this nanner the 
discharge cycle of the products of combustion 
through the recuperators is out of phase with 
the firing cycle in that it leads the firing cycle 
and furnishes the alternate recuperator With heat 
so that it is amply supplied when the firing is 
transferred. 
When the firing is proportioned between the 

burners at either end of the pit it is also advis 

of gas that is ordinarily fired from one burner 
of a similar furnace which is fired from both 
ends simutaneously. A double. quantity of gas 
issuing from a single burner produces a stream 
a burning fuel having a high velocity head which 
proportionately increases the turbulence and 
provides good fame propagation. This increased 

O 

turbulence aids in wiping the heat about the in 
gots, thereby uniformly distributing the heat to 
properly soak all of the ingots to the proper tem 
perature. Loop flames may be produced in the 
aisles and their magnitude varied from opposite 
sides by manually adjusting the nozzle and fuel 
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for heating different kinds of steel. 
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at the burner port. 
With two or more of the induction type burner ports 24 arranged in the same vertical plane in 

each end wall, as shown in Fig. 4, selective firing 
may be carried on at high, efficiency by manually 
adjusting the firing rate of each burner inde 
pendently for any firing condition. 
rangement of burners is desirable for a very deep 
pit furnace heating extremely tall ingots. 

If the upper one of two or more induction type 
burners in Subjacent relation? were to be fired 
alone hot gases Would be drawn into the pas 
sageways 26 through the ports 24 of the burners 
in the same vertical plane and discharged 
through the port of the burner being fired. Thus 
hot gases from the furnace may be circulated 
and refired. With the hot air from the recuperator, 
the fuel issuing from the burner 25. This is a 
very desirable condition not previously employed 
in soaking pit furnace operation. 
Again if the middle burner of three subjacent 

burners is idle the circulation of the hot gases 
from the pit may be proportioned between the 
upper and lower burners by regulating the fir 
ing of these burners. It may also be desirable 
to draw the hot gases directly from the pit and 
mix then with the heated air from the recuper 
ator as it travels upwardly to the two upper 
burriers which are being fired. Once the burners 
have been adjusted for a given firing condition 
they may be readily reset to duplicate these con 
ditions. Thus by providing a log for a plurality 
of conditions the furnace may be quickly changed 

These fur 
nace adjustments may be made independently 
of the alternate end to end firing or alternate 
ring at both ends when the fuel is proportioned. 
the temperature of the furnace is registered 

by the pyrometers located in the end was 
2. at One side of the burner ports 24 and prefer 
ably opposite from the location of an ingot as 

5 illustrated in Fig. 5. The pyrometers are elec 
trically connected to the recording potentiom 
eter temperature control 42 which in turn ener 
gizes the relay 43 for actuating the servomotor 
44 which regulates the opening and "closing of 
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able to maintain this phase relation between the . 
discharge and firing cycles when alternating the 
proportionate firing load with the combustion 
air and waste gas passing through the respective 
recuperators. . . . . 
When firing alternately from One end of the 

furnace to the other the quantity of gas issuing 
from the burner in service is double the quantity 

70 

the reversing relay 5. 
75 

the waive 5 in the fuel supply line 48, thereby 
controlling the temperature of the furnace. The 
fuel flowing through the supply line 46 passes 
through the orifice 47, the valve 45, and thence 
travels to the reversing valve 8. The reversing 
valve 48 may be employed to direct all or a 
greater portion of the fuel to one end of the 
furnace and none or a Small proportion of the 
fuel to the other end of the furnace at the same 
time. In either event the reversing valve 48 
alternately switches the fuel from one end of the 
furnace pit to the other when it is actuated by 
the servomotor 50 which in turn is energized by 

the air which is fed to the recuperators at 
both ends of the furnace is distributed or pro 

This ar 



7 
portioned in the same 
means of the reversing damper or valve 2 which 
is operated by the servomotors energized from 
the relay54. 
The air supply line 36 has an adjustable orifice 

55 comparable to the adjustable fuel orifice 4 

manner as the fuel by 

in the fuel line. Pressure lines connected to the . 
air and fuel lines on opposite sides of the orifices 
47 and 55 register the pressure differential on Op 
posite sides of the fuel and air diaphragms in 
the ratio controller 56. Since the temperature 
controller 42 determines the flow of fuel in ace. 
cordance with the temperature required in the 

O 

furnace, the air supplied to the burners must be 
proportioned to the amont of fuel consumed. 
The ratio controller 56 thus energizes the servos 
motor 57 to regulate the valve S3 and thereby 
determines the proper amount of air that should 
be fed to the heat transfer units and thence to 
the furnace in proportion to the quantity of fuel 
and the valve 52 selects or proportions the flow 
between the burners at opposite ends of the pit. 
The gases being discharged from the furnace 

pit are directed through the recuperators f, the 
headers 32, the ducts 33 to the Y connection 3. 
The reversing valve 60 in this Y connection may 
be operated to permit the flow of gases from only 
one end of the furnace pit at a time. Dampers 

may also be used for proportioning the 
amount of gases flowing from both ends of the 
pit at the same time. Again the valve may be 
set on dead center whereby the flow may be pro 
portioned as desired with the flow of gases nov 
ing simultaneously from the opposite ends of the 
furnace for a given firing condition. 
The damper 60 is operated by the servomotor 

6 which in turn is energized by the reversing 
relay 62. The three reversing relays 5, 54 and 
62 which control the end or proportionate end 
supply of fuel, air and the discharge of the gases 
from the pit, respectively, are all energized at the 
proper time by, the cycle controller 63 which may 
be adjusted to reverse each of the three relays 
in the proper'sequence at the proper time for 
alternating the on and off end to end firing or 
proportional end to end firing from one end of 
the pit to the other. This controller may be ad 
justed to energize each of the three reversing re 
lays simultaneously or at different timed inter 
vals. In this manner the function controlled by 
the operation of any one of the reversing relays 
may be kept in phase or out of phase with the 
function controlled by the operation of the other 
relays. Thus the damper 60 may be reversed to 
discharge the products of combustion through 
the opposite recuperators before the air and the 
fuel is switched to that end of the furnace. 
Again it may be desirable to switch a portion of 
the air supplied to the burners to the opposite 
ide of the pit before the fuel is transferred. By 
properly timing the operating sequence of the 
eversing relays and by regulating the speed of 
the reversing valves the proper firing conditions 
may be continuously maintained within the soak 
ing pit during the switching operation, 
The furnace pressure is maintained by regulat 

ing the stack damper 84, the operation of which 
is controlled by the servomotor 65. The servomo 
tor is energized by the diaphragm actuated fur 
nace pressure controller 66. One side of the dia 
phragm is connected to the interior of the pit in 
termediate of its ends as shown at 67 while the 
other side is connected adjacent the exterior of 
the furnace as shown at 68, 
A pyrometer 70 is placed in a recess in the side 
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to envelop each ingot as they 
pit. 

saiases - - 
walls of the furnace pit adjacent each corner near 
the bottom of the furnace pit as shown in Figa. 8 
and 4. Each of these pyrometers is connected to 
a temperature recording instrument on the cone 
trol panel where they may be observed by the op 
erator. The lower corners of the pit are the cool 
est positions of the furnace and the last to reach 
the proper soaking temperature. By observing 
the temperatures recorded by the pyrometers 
the operator. is enabled to judge the progress of 
the soaking operation and make any adjustments 
necessary to control the heating cycle. If these 
Pyrometers indicate an unbalance in the firing 
conditions within the furnace the operator may 
adjust the fuel hand valves at each burner to 
rectify the unbalanced conditions. This gives the 
operator a quick and accurate check on the op 
eration of the furnace at all times. However the adjustment of the fuel hand valves is ordinarily 
necessary only during the first few times that the 
furnace is fired or after alterations have been 
made thereon. 
The soaking pit commonly used in present prace 

tice provides approximately 81% byweight yield 
for eachingot which represents the weight of the 
steel in the ingot that is usable after the rolling 
operation. By the use of the furnace structure 
and the method of operating the same as dis 
closed herein, this yield may be raised to 84%. 
Thus 2% to 3% more metal per ingot is saved 
by the use of this improved structure. This sav. 
ing is principally due to the formation of a loose 
but monolithic scale of normal weight on each 
ingot. This scale is of remarkable. unifornity 
and texture and clings as an unbroken sheath 
the Whole of the surface of the ingot until its sub. 
jected to the mill operations. Thus no secondary 
-scale has a chance to form on the ingot from the 
time it is removed from the soaking pit until is 
Worked, 
The low weight and uniformity of this scale is 

the result of not permitting the heating flames 
to directly play on the ingot during flame propao 
gation but permitting the resultant waste gases 

swirl through the 
The avoidance of temperatures which fuse the 

Scale and all local overheating contributes to low 
scale loss and improved steel surface by further 
avoiding the welding of the iron oxide Scale, to 
the surface of the steel. 
We claim: 
1. A recuperative soaking pit furnace of the 

character described comprising a furnace pit, 
recuperators positioned at each end of the pit, a 
row of vertically aligned induction type burier 
openings in each of the end walls of the pit 
adjacent said recuperators and arranged to pro 
ject substantially continuous vertical sheets of 
heating flames across the pit, a common hot air 
conduit for each set of vertically aligned burner 
openings, said conduits being connected to the 
adjacent recuperators to supply heated air to the 
burner openings, a fuel line for each burner open 
g, and means for independently regulating the 

flow of fuel through each line to control the re 
relation of the products of combustion from 

the pit and the distribution of heated air from 
the recuperators through selected burner open 
ings. 

2. In a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
openings in the opposite end walls of the pitre 

5 
Cuperators at each end of the pit for Supplying 
heated air to the burners at the corresponding 
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end, discharge openings at each end of the pit 
for conducting the products of combustion from 
the pit, to the recuperators to heat the air, and 
cycle controller means for alternately supplying 
fuel to the burner openings and air to the re 
cuperators at opposite ends of the pit. 

3. In a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
openings in the opposite end walls of the pit, re 
cuperators at each end of the pit for Supplying 
heated air to the burners at the corresponding 
end, discharge openings at each end of the pit 
for conducting the products of combustion from 
the pit to the recuperators to heat the air, and 
cycle controller means for alternately supplying 
fuel to the burner openings and air to the re 
cuperators and discharging products of combus 
tion simultaneously at opposite ends of the pit. 

4. In a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
openings in the öpposite end walls of the pit, re 
cuperators at each end of the pit for supplying 
heated air to the burners at the corresponding 
end, discharge openings at each end of the pit 
fog conducting the products of combustion from 
the pit to the recuperators to heat the air, and 
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ture responsive means for controlling the flow of 
fuel, means for controlling the supply of air in 
response to the supply of fuel, furnace pressure 
responsive means for controlling. the amount of 

0. 
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cycle controller means for alternately supplying 
proportionate amounts of fuel and air to the 
furnace and discharging proportionate amounts 
of the products of combustion at opposite ends 
of the pit simultaneously. 

5. in a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
openings in the opposite end walls of the pit, 
recuperators at each end of the pit for supplying 
heated air to the burners at the corresponding 
endi, discharge openings at each end of the pit 
for conducting the products of combustion from 
the pit to the recuperators to heat the air, means 
for supplying fuel to the burner openings, means 
for supplying air to the recuperators, tempera 
ture responsive means for controlling the fiow 
of fuel, means for controlling the supply of air 
in response to the supply of fuel, and means for 
simultaneously controlling the proportionate 
2nput of the discharge of the products of cor 
busion for each end of the furnace. 

6. In a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
openings in the opposite end walls of the pit, 
recuperators at each end of the pit for Supplying 
heated air to the burners at the corresponding 
end, discharge openings at each end of the pit 
for conducting the products of combustion from 
the pit to the recuperators to heat the air, means 
for supplying fuel to the burner operilings, means 
for supplying air to the recuperators, tempera 
ture responsive means for controlling the flow of 
fuel, means for controlling the supply of air in 
response to the supply of fuel, furnace pressure 
responsive means for controlling the amount of 
the discharge of the products of combustion from 
the furnace, and means for alternating the Sup 
ply of fuel and air and discharging the products 
of combustion at opposite ends of the furnace pit. 

7. In a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
openings in the opposite end walls of the pit, 
recuperators at each end of the pit for supplying 
heated air to the burners at the corresponding 
end, discharge openings at each end of the pit 
for conducting the products of combustion from 
the pit to the recuperators to heat the air, means 
for supplying fuel to the burner openings, neans 
for supplying air to the recuperators, tempera 

30 

35 

40 

45 

50 

55 

60 

65 

70 

the discharge of the products of combustion from 
the furnace, and means for alternately supply 
ing proportionate amounts of fuel and air and 
discharging proportionate amounts of the prod 
ucts of combustion at opposite ends of the fur 
nace pit. 

8. In a recuperative soaking furnace for heat 
ing ingots and the like comprising a pit, burner 
Openings in the opposite end walls of the pit, re 
cuperators at each end of the pit for supplying 
heated air to the burners at the corresponding 
end, discharge openings at each end of the pit 
for conducting the products of combustion from 
the pit to the recuperators to heat the air, means 
for Supplying fuel to the burner openings, means 
for supplying air to the recuperators, tempera 
ture responsive means for controlling the fiow of 
fuel, means for controlling the supply of air in 
response to the Supply of fuel, furnace pressure 
responsive Eleans for controlling the enount of 
the discharge of the products of combustion 
from the furface, and neans for 'alternating the 
Supply of fae 82nd air and discharging the pro 
lucts of combustion at opposite ends of the fur 
nace pit, said last mentioned means alternating 
the fue, air and the products of cornbustion as 
different phase relation with respect to one an 
other. 

9. The method of loading a horizontally red. 
recuperative soaking pit furnace having a plug 
rality of horizontally disposed burner openings at 
each end thereof fed by said recuperators which 
comprises setting the negabe's naking up the 
charge in rows forning an aisle or both sides 
thereof, and aligning the aisles with the burner 
openings in opposite Walls of the pit to bathe 
both sides of the charge and prevent direct fiane 
inpingeet. 

10. The method of loading a horizontally fired 
recuperative soaking pit furnace having a plu 
rality of horizontally disposed burner Openings at 
each end thereof fed by said recuperators which 
comprises Setting the Fernbers forming the 
charge in paralle rows extending between op 
posite walls which contain the burner openings 
of the pit, spacing the Inerners from each other 
and for the Wai Surfaces of the pit, spacing 
the rows to produce aisles therebetween, and 
aligning the aisies with the burner openings in 
the opposite Wails of the pit to bathe both sides 
of the intermediate rows of members and pre 
vent, direct, fee pirigement. 

11. The method of Operating a recuperative 
soaking pit furnace having fuel burner and dis 
charge openings in opposite end Walls which com 
prises supplying fuel alternately from the op 
posite ends, regulably controlling the duration 
of the fuel supply intervais, and exhausting the 
waste gases at the firing end through openings 
other than those through which the fuel is ad 
mitted. 12. The method of operating a recuperative 
soaking pit furnace having fuel burner and dis 
charge openings in opposite end walls which com 
prises supplying fuel alternately from the Op 
posite ends, regulably controlling the duration of 
the fuel supply intervals, and exhausting the 
waste gases, selectively through oppositely dis 

75 
posed openings other than those through which 
the fuel is admitted. 
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13. The method of operating a recuperative 

soaking pit furnace having fuel burner and dis 
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', bustibles to the burner openings at alternate ends 

charge openings in opposite end walls which com- , 
prises supplying proportionate amounts of fuel 
alternately from the opposite ends simultane 
ously, regulably controlling the duration of the 
fuel supply intervals, and exhausting propor 
tionate amounts of the waste gases selectively 
through opposed openings other than those 
through which the fuel is admitted at different 
selected intervals. 

5 

of the pit. . . . . w 
20. The method of operating a soaking pit fur 

nace having an aisle between spaced ingots, and 
fuel burner openings within the limits of the 
aisle in opposite end walls, which comprises supe 
plying combustibles simultaneously from the op 
posed burners in spaced subjacent horizontal 
paths and exhausting the waste gases through 10 

14. The method of increasing the magnitude 
of turbulence in a recuperative pit furnace have 
ing burners in opposite ends of the furnace which 
comprises varying the quantity of fuel admitted 
simultaneously through the said burners in a 
timed sequence. 

15. In a recuperative furnace, a pit, burner 
in opposite vertical end walls, pyrometers in said 
walls arranged to regulate the supply of com 
bustibles to the burners, waste gas flues in said 
Walls for exhausting the products of combustion 
from the furnace and communicating to a source 
of draft, means for alternating the supply of 
combustibles to the burners at each end of th: 
pit independently of the discharge of waste gases 
from either end, and means for selectively con 
trolling the alternating cycle of combustion. 

16. In a recuperative furnace, a pit, burners in 
opposite vertical end walls, pyrometers in said 
walls arranged to regulate the supply of con 
bustibles to the burners, waste gas flues in said 
walls for exhausting the products of combustion 
from the furnace and communicating to a source 
of draft, means for supplying combustibles to the 
burners, means for alternately directing the dis 
charge of the products of combustion through 
the gas flues at each end of the pit independently 
of the supply of combustibles to either end, and 
means for selectively controlling the alternating 
cycle of combustion. . 

17. In a recuperative furnace, a pit, burners 
in opposite vertical end walls, pyrometers in said 
walls arranged to regulate the supply of com 
bustibles to the burners, waste gas flues in said 
walls for exhausting the products of combustion 
from the furnace and communicating to a source 
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of draft, means for alternately directing the dis- . 
charge of the products of combustion through 
the gas fiues at each end of the pit, means for 
alternating the supply of combustibles to the 
burners at each end of the pit independently of 
the discharge of the products of combustion from 
either end, and means for selectively controlling 
the alternating cycle of combustion. 

18. In a furnace of the recuperative type for 
heating ingots, a pit having burners in oppositely 
disposed walls positioned adjacent the top and 
bottom of the pit, said burners adapted for inter 
mittent and continuous firing, a combustion 
space between the ingots formed by providing be 
tween the rows of ingots an aisle aligned with 
said burners, and discharge openings disposed in 
said end walls adjacent the bottom of the pit 
and offset from the burners for conducting prod 
ucts of combustion from the pit. 

19. In a recuperative soaking furnace of the 
character described comprising a pit, a series of 
burner openings in spaced relation across the 
Opposite end walls of the pit, the opposed and 
adjacent burner openings being at different 
levels, other openings in the pit for discharging 
the products of combustion therefrom, and means 
for supplying and regulating the flow of com 
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openings other than those through which he 
fuel is admitted. 

21. The method of operating a soaking pit fur 
nace having an aisle between spaced ingots and 
fuel burner openings within the limits of the 
aisle in opposite end walls, which comprises sup 
plying combustibles simutaneously from the op 
posite ends, controllably interrupting the fuel 
Supply at intervals to regulate the average ten 
perature of the furnace, and exhausting the 
waste gases selectively through oppositely dis 
posed openings other than those through which 
the fuel is admitted. 

22. In a furnace having recuperators disposed 
at opposite sides thereof, burner openings in op 
posite walls admitting preheated air from the 
recuperators into the furnace, waste gas open 
ings in opposite walls for the delivery of waste 
gases to the waste gas passages of the recupera 
tors, a pair of flues leading from the spaced re. 
cuperators through a Y connection to a source 
of draft, unitary valve means in the Y connection 
of the waste gas flues for controlling the flow of 
gases whereby the gases may be alternately drawn 
through either recuperator and proportionately 
through both simultaneously, and valve means 
for selectively admitting air through a Y con 
nection to either of the spaced recuperators in 
timed relation to the movements of the waste gases therethrough. 

23. In a pair of spaced recuperators adapted 
for the passage of air to be preheated and waste 
gases therethrough simultaneously, the combina 
tion which includes a furnace positioned between 
the recuperators, means for delivering preheated 
air to the furnace and for retroving Waste gases 
from the furnace simultaneously through both 
recuperators, means for selectively varying the 
quantity of waste gases in motion simultaneously 
in each recuperator, and unitary means for re 
Versing the adjusted variation from one recupera 
tor to the other to regulate the desired flow of 
gases in the furnace. 

24. The method of operating a recuperative 
Soaking pit furnace having fuel burner and dis 
charge openings in opposite end walls, which 
comprises applying heat during spaced periodic 
intervals of time alternately from opposite ends 
to the furnace to raise the temperature of the 
charge therein to the furnace temperature, con 
trolling the heating periods by predetermined 
temperature limits of the furnace temperature 
until the heat supplied substantially balances the 
furnace loses, which condition indicates that the 
charge is properly soaked. 

25. The method of claim 24 which also includes 
reducing the quantity of heat applied during 
Successive firing intervals. 

26. The method of operating a soaking pit 
furnace which comprises firing the furnace at 
different subjacent parallel levels from opposite 
ends simultaneously during spaced intervals of 
time. 

27. The method of claim 26 which also includes 
alternating the firing levels from end to end periodically. 
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28. The method of operating a soaking pit fur 

nace' which comprises applying heat during 
spaced periodic intervals of time to the furnace 
to raise the temperature of the charge therein 
to the furnace temperature, controlling the heat 
ing periods by predetermined temperature limits 
of the furnace temperature until the heat Sup 
plied substantially balances the furnace losses, 
which condition indicates that the charge is 
properly soaked, the applied heat being obtained 
by firing at different levels from opposite ends 
of the furnace simultaneously and alternating 
the firing levels from one end of the pit to the 
other periodically. 

29. A soaking furnace for heating ingots and 
the like consisting of a pit having vertical walls 
and a hearth for supporting spaced upright in 
gots in aligned rows, a removable cover closing 
the top of the pit, burner means in the walls of 
the pit spaced from the hearth and from the 20 
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cover and arranged to project substantially con 
tinuous vertical sheets of heating flames across 
the pit between the position of the rows of ingots 
thereby avoiding direct impingement on posi 
tioned ingots, and oppositely disposed means for 
exhausting the waste gases from the pit. 

30. The structure of claim 29 characterized 
in that the exhaust means are positioned be 
tween the burner means and the hearth and are 
Offset from the burner means. 

31. The structure of claim 29 which also in 
cludes oppositely disposed recuperators adja 
cent to the pit, one set of passageways connect 
ing the exhaust means to the adjacent recupera 
tor, means to supply air to the recuperators, and 
a second set of passageways connecting the air 
from the recuperators to the adjacent burner 
e8.S. 

WILLIAM. A. MORTON. 
EDWIN G. SMTH. . 


