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This invention relates to method of and ap 
paratus for continuous and uniform heating of 
slabs, billets, blooms or the like, and it is among 
the objects thereof to provide a furnace design 
which embodies an improved fring and heat con 
trol system. 
In the art of heating by continuous processes 

as heretofore practiced, it has been customary to 
fire the furnace at numerous points and in most 
instances at spaced longitudinal intervals, the 
furnace being divided for that purpose into a 
So-called heating and Soaking chamber, this es 
tablishing multiple heat, zones of diferent tem 
peratures. Such division of furnace heating 
chambers was accomplished by the employment 
of a roof structure having a drop or partition 
member that provided for a relatively long heat 
ing chamber and short soaking chamber, each of 
which was individually fired by regulable burners. 

In accordance with the present invention, a 
furnace construction embodying a single or unit 
heating chamber is utilized and the application 
of the heating medium to the slabs or billets to 
bring them up to the necessary working or rolling 
temperature is accomplished in a novel manner 
to obtain the desirable input of heat without ex 
posing any portion of the billets to excessive 
oxidizing or scaling temperatures, and by means 
of which maximum heating capacity is obtained. 
Another object of the invention is the provision 

ef means for preventing the infiltration of air at 
the discharge end of the furnace thereby, in effect, 
producing a reducing atmosphere at the point of 
maximum temperature to prevent scaling. 
; : Still a further object of the invention is the 
provision of means for utilizing different fuels in 
conjunction with recuperator structures which 
are adapted to develop and maintain a high pre 
heat of the air directed to the combustion Zone. 

Still another object of the invention is the pro 
vision of means for recirculating a part of the 
preheated air through the recuperator structure 
where gases of low B. t. u, value are utilized as fuel 
thereby substantially reducing the temperature 
differential between preheated air and waste 
gases in the walls of the recuperator tile. 

Still a further object of the invention is the 
provision of means for heating light billets or the 
like which controls the temperature at the charg 
ing and discharging ends of the furnace chamber 
by directing the heat flame or products of com 
bustion from a single firing source whereby great 
flexibility of heat control is provided. A. 
These and other objects of the invention will 

become more apparent from a consideration of 

13 Cializing, (C. 283-3) 
the accompanying drawings constituting a part 
hereof in which like reference characters desig 
nate like parts and in which: 

Fig. - is a vertical cross-sectional view longi 
tudinally of a continuous heat furnace embodying 
the principles of this invention; 

Fig. 2 a horizontal section taken along the line 
&??,?g??; 

Fig. 3 a vertical section transversely of the fur 
nace taken along the line 3-3, Fig. l.; and 

Fig. 4 a horizontai cross-sectional view taken 
along the line 4-4, Fig. 1. 

VVith reference to the several figures of the 
drawings, the structure therein illustrated com 
prises a heating chamber generally designated by 
the reference nutrineral having a constricted 
charging end 2 and discharge passage 3; material 
such as billets or slabs & being supported on skid 
rails or water cooled pipes 5 and moved through 
the furnace by means of a pusher mechanism 6, 
when the gate is opened. As the billets ad 
vance toward the discharge end of the furnace, 
they travel from the rails 5 onto a solid uniform 
ly heated hearth portion 3. The hearth 8 is pro 
vided with a sloping end 9 which, with a tapered 
roof portion 10 of the heating chamber, forms the 
discharge passage 3 that is controlled by a gate 

, the billets being received on a feed-roll table 
A 2 by which they are conveyed to the rolling mill. 
The door mechanists are operated in timed rela 
tion with the pusher nechanism 6 so that the 
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doors open only as a billet is being charged and 
discharged into and out of the furnace. 
The tapered roof portion at the discharge 

end of the furnace extends to a roof 3 which 
is a flat arch as shown in Fig. 3 and gradually 
slopes downwardly towards the charging end 2 of 
the chamber...; A braer port 4 is provided ad 
jacent the apex of the sloping roof portions and 
burners 46abeneath the billets for the bottom 
heating of heavy stock, there being as many burn 
ers or firing ports provided transversely of the 
hearth as is necessary to supply a heat flame of 
the width of the furnace. The sloping hearth 
portion 9 adjacent the discharge end of the fur 
nace is provided with an exhaust passage is, and 
exhaust passages 6 and are provided beneath 
the billet supporting rails 5, passages f S, 6 and 
îl communicating with recuperator structures 8 
and 9 that are separated by a partition wall 20. 
Dampers fia and 6a are provided for passages 
f5 and is to independently regulate the with 
drawal of the products of combustion through 
these passages, and a damper 2 controls exhaus 
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tion of the gases from the furnace chamber di- sis 
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rectly to a stack passage 22 to provide additional 
means to maintain desirable heat condition with 
in the recuperator structure. 
The arrangement of the recuperator chambers 

is more clearly shown in Figs. 2 to 4 inclusive 
of the drawings in which they are shown divided 
by the walls 20 and 23, and walls 24 and 25, the 
latter being provided with openings 26 through 
which preheated air is conducted to a longitudi 
nal passage 27 and thence to a transverse pas 
sage 28. The heat exchange tile 29 is built up in 
the recuperator chambers, the tile forming verti 
cal waste gas passages and horizontal air pas 
sages, the air passages being connected at the bot 
tom with a manifold 30 having conduits 3 ex 
tending to the bottom of the recuperator tille, 
each conduit being provided with a damper or 
gate 32 to regulate the quantity of air entering the 
different portions of the recuperator structures. 

Manifold 30 has a transverse main 33 which is . 
connected to a blower 34, the blower being also 
provided with a conduit 35 leading to the trans 
verse passage 28. The preheated air passes up 
wardly from passage 28 through conduit 36 to a 
burner 37 extending into the firing port f4 on the 
roof of the furnace. Gas ducts or mains 38 and 
39 communicate with the burner 3, the duct 38 
being of the lesser diameter as it supplies a natu 
ral rich fuel gas while the duct 39 is considerably 
larger to supply a greater volume of fuel gas Such 
as producer gas that is of a lower B. t. u, value 
than the natural gas and consequently used in 
greater volume. 
A blower 34 is provided with a gate valve 40 

that regulates the volume of air conducted to the 
manifolds 30 on the sides of the recuperators and 
a gate valve 4 for regulating the amount of pre 
heated air drawn from the transverse passage 28 
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for recirculating with the cold air drawn in 
through the passage controlled by the gate valve 
40 for the purpose to be hereinafter explained. 
The waste gases withdrawn from the furnace 
through the exhaust passage 5 pass into the 

recuperator chamber 18 thence downwardly 
through the vertical tile passages 42 to a horizon 
tal passage 43 leading to the exhaust stack pas 
Sage 44. Passage 43 is controlled by a gate 45. 
Similarly,' the products of combustion exhausted 
through the passages 6 and 7 may be drawn 
directly to the stack passage 22 controlled by thie 
gate 2, or by closing gate 2f the exhaust gases 
may be drawn through the vertical recuperator 
tile passages 42 to an exhaust passage 46 leading 
to a stack passage 47 that is controlled by a 
gates 48. 
One of the features of the invention is the lo 

cation of the discharge passage 3 below the hori 
Zontal plane of the furnace hearth 8 and also be 
low the opening of the exhaust passage 5. By 
So locating the discharge passage beneath the 
hearth and exhaust passage, infiltration of air is 
prevented. Any air passing into the discharge 
passage when, for example, the gate f is open, 
will be drawn through exhaust passage 5 and 
be prevented from contacting the heated billets 
supported on the hearth 8. By preventing in 
filtration of air, scale and oxidization are largely. 
eliminated and the withdrawal of air through the 
exhaust passage 5 produces a reducing. atmos 
phere in the portion of the furnace immediately 
adjacent the discharge passage . 
The method of firing the furnace and regula 

tion of the application of heat to the billets to-- 
gether with the control of the furnace tempera 
ture through regulation of the exhaust, and the 
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intensity and volume of the preheated air is as 
follows: The gaseous fuel is supplied through the 
burners 37 and 37a and a heat flame is directed as 
indicated by the arrows so as to impinge upon the 
hearth 8 at substantially its termination with the 
billet supporting skid rails 5. When the burner 
is first ignited, the exhaust 5 is shut off either 
through manipulation of the damper 5a or by 
closing gate 45 so that all of the heat is drawn 
beneath the long sloping roof portion towards 
the charging end of the furnace, damper 6d. 
likewise being shut of or closed for the initial 
heating of the furnace. Roof f is inclined or 
sloped as shown in Fig. 1 to reduce the volume 
of the products of combustion toward the charg 
ing end of the furnace to obtain uniform heating. 
by lowering the level of movement of the gases 
as they pass to the exhaust opening . As the 
furnace chamber is brought up to temperature, 
billets 4 are charged into the heating chamber by 
the pusher mechanism 6, each successive stroke 
of the pusher advancing the billets along the rail 
5 a distance corresponding to the width of the 
billet, and as they approach the firing ports they 
will be subjected to maximum heat. On account 
of the water cooled rails 5 producing cold spots or 
dark spots on the bottom of the billet, the solid 
hearth portion 8 is provided to uniformly heat the 
billet before being pushed over the inclined slope 
9 of the discharge passage 3. 
Dampers 5a and 6a are subsequently opened 

and gates 48 and 45 are wholly or partially 
opened while gate 2 is wholly or partially closed. 
Instead of the products of combustion passing 
longitudinally of the furnace to the exhaust 7 
and thence to the stack, they will partially be 
drawn to the exhaust passage 5 and may be par 
tially withdrawn at the mid-portion of the heat 
ing chamber through the passage 16 and par 
tially withdrawn through the end passage 7 
thence through the tile structures of recuperator 
chambers 8, 9 and 9a, and through their re 
spective stack passages 43 and 46. 
Blower 34 is placed in operation and the gate. 

AO is opened an amount to supply a desired quan 
tity of air to the manifolds 30 from which it is 
conducted through the gate controlled conduits 
3 to the air passages of the recuperators. The 
air, as it is preheated, rises in the tile structure 
and passes through openings 26 of the re 
cuperator walls 25 into the collecting air passage 
27, thence to the transverse air passage 28 up 
wardly through conduits 36 to the burner 37. It 
is to be noted that after the preheated air leaves 
the recuperator tile passages, heat losses by rada 
tion are prevented and it is further heated in the 
horizontal collecting passage 27 Which is adja 
cent the hottest portion of the waste gas tile 
passage of the recuperator and beneath the ex 
haust passages 15 and 16. 

Provision is also made for recirculating a part 
of the preheated air when the leaner fuel gases 
such as producer gas is employed. That is to 
say, if air is supplied to the recuperators in 
quantities adequate to support combustion when 
a rich natural gas is employed, a lesser quantity 
of air is necessary where gases such as producer 
gases of lower B. t. u. are fired in the furnace. 
At the same time, it is necessary to maintain suff 
ciently low temperatures of the recuperator tile to 
prevent overheating and breakage of the tile and 
to accomplish this a part of the preheated air is 
recirculated by exhausting the excess portion 
used for rich fuel from the transverse passage 28 
through the blower conduit 3, this being accom 
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2,056,904 
plished by opening the gate 4 and regulating the roof from the charging end towards the discharge 
gate 40 so a lesser quantity of cold air is drawn 
into the blower. By thus recirculating the air, the 
temperature differential between the inner and 
outer walls of the bottom recuperator tiles is sub 
stantially reduced or eliminated and a high pre 
heat of air is maintained at the burner port. 

By the arrangement of exhausting the products 
of combustion at the rear and front portion of 
the heating chamber and firing at an inter 
mediate point between the charging end and 
discharging end, high flame temperatures may be 
directed to the billets greatly in excess of the 
final rolling temperature of the billets without 
heating the billets beyond the desired rolling tem 
perature, thereby accelerating the heating and 
increasing the capacity of the furnace. By proper 
regulation of the exhaust through passage 5, 
loss of heat is prevented once the billets have 
been brought up to suitable rolling temperatures. 

By means of the intermediate exhaust passage 
6, the waste gas temperatures may be controlled 

for any desired heating rate. Cold steel enter 
ing the furnace has a higher temperature differ 
ential with the Waste gases than the steel in the 
area adjacent the exhaust passage 6 and by 
manipulation of the dampers, this heat differen 
tial may be reduced at the charging end and in 
creased above the Ordinary in the intermediate 
area SO that more uniform heat absorption pre 
Vails along the hearth. . 

Accordingly, by means of the exhaust passage 
86, temperature differential and the heat rate 
along the hearth is balanced or controlled to 
maintain a more nearly constant condition. 
When more heat is drawn down passage 6 as a 
result of increased tonnage, the temperature in 
the recuperator is increased, and increased air 
preheat temperatures follow. This automatical 
ly increases the flame temperature above the 
Solid hearth portion and assists in maintaining 
the desired temperature differential by which the 
heat rate may be accelerated. 
By dividing the heat exchangers into groups 

of chambers with separate damper control, more 
effective regulation of the heat in the furnace is 
attainable. Also by the employment of the unit 
heating chamber, the furnace is particularly 
adapted to the use of producer gas fuel which 
does not efficiently lend itself to a large number 
of burners of small fuel capacity. 
From the foregoing description of the inven 

tion, it is evident that such a furnace structure 
is adapted to maintain uniform heat of billets, 
ingots, slabs or the like in an economical man 
ner as its regular uniform external wall surface 
requires a minimum input of heat and is adapt 
ed to the utilization of the cheaper fuels. By 
recirculating part of the preheated air, the tile 
at the exhaust end of the recuperator passages 
is maintained at suitable temperatures anda high 
preheat is available for efficient and economical fring. 
Although an embodiment of the invention has 

been herein illustrated and described, it will be 
evident that various modifications may be made 
in the details of construction and in the ar 
rangement of parts without departing from the 
principles herein set forth. It is also apparent 
that the method of firing and heat control is 
applicable to continuous heating of articles other 
than billets, slabs or the like. 
We claim: 
1. A continuous heating furnace comprising an 

elongated heating chamber having an inclined 

end of the chamber and an inclined roof from 

3. 

the discharge end towards the charging end ; 
forming an apex remote from the charging end 
and near the discharge end of the chamber, a 
hearth disposed within the chamber below the 
end of the roof, at the charging end and above 
the end of the roof at the discharge end, an 
exhaust paSSage adjacent the charging and dis 
charge ends of said chamber extending beneath 
the hearth and means for withdrawing the prod 
ucts of combustion from the chamber in divided 
paths through the said exhaust passages. 

2. A continuous heating furnace comprising an 
elongated heating chamber having charge and 
discharge openings at opposite ends, a hearth 
extending longitudinally of the chamber, exhaust 
passages in said hearth, recuperator tile struc 
tures beneath said hearth communicating with 
said exhaust passages and separated by par 
tition Walls dividing the recuperator Structures 
in separately controllable sections, burner ports 
in said heating chamber, means for withdrawing 
the products of combustion through the exhaust 
passages direct to the stack, means for conduct 
ing the products of combustion through said re 
cuperator sections, means for directing air 
through the recuperator structures in heat ex 
change relation with the waste gas passages, 
means for conducting the preheated air from 
the recuperator structures to the burner port, 
and means between the recuperator and the fur 
nace for regulating the volume of air supplied 
to the furnace independent of that Supplied to 
the recuperator sections. 

3. A continuous heating furnace comprising 
an elongated heating chamber having an in 
clined roof extending from a maximum elevation 
at a portion of the chamber near the discharge 
end thereof to the charge and discharge open 
ings of the chamber, a burner disposed through 
the roof adjacent the apex thereof disposed to 
direct a heat flame toward the hearth in the 
direction of the charging end of the furnace 
chamber, a plurality of recuperator structures 
beneath the hearth of the heating chamber, an 
exhaust passage adjacent the discharge end of 
the furnace with the mouth of the passage above 
the discharge opening of the chamber, Said ex 
haust passage being in communication with said 
recuperator structures, an exhaust passage adja 
cent the charging end of the chamber in commu 
nication with the recuperator structures, means 
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for withdrawing the products of combustion from . 
the heating chamber through the Several exhaust 
passages and their respective recuperator struc 
tures, means for supplying air to the recupera 
tors and for withdrawing the preheated air 
through a passage leading to the burner ports, 
and means for independently regulating the 
quantity of cold and heated air supplied to dif 
ferent portions of the recuperator structures. 

4. A continuous heating furnace comprising 
an elongated chamber having a flat arch roof 
sloping from a maximum elevation near the dis 
charge end of the chamber towards a charge 
and discharge opening at opposite ends of the 
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chamber, a recuperator structure beneath the . 
hearth of said chamber, an exhaust passage ad 
jacent the charging and discharge ends of the 
chamber extending beneath the hearth and com 
municating with the recuperator structure, ex 
haust means for withdrawing the pröducts of 
combustion from the -heating chamber through 
the exhaust passages in regulable amounts and 
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4 
from the exhaust passages through the recupera 
tor structures to a stack, means for Supplying 
air to the bottom of the recuperator structures, 
and means for collecting the preheated air from 
the recuperator structures near the top thereof 
and conducting it to the burner ports of the 
heating chamber. 

5. A continuous heating furnace comprising an 
elongated heating chamber having a charging 
and discharge opening at opposite ends, exhaust 
passages extending through the hearth adjacent 
the charge and discharge openings, an exhaust 
passage extending through the hearth inter 
mediate said first named passages, a recuperator 
structure beneath the hearth of the heating 
chamber in communication with the exhaust 
passages of the chamber, partition walls divid 
ing said recuperator structures into independent 
ly controllable units for the respective exhaust 
passages, means for by-passing the products of 
combustion around said recuperator structures to 
a stack and means for moving the products of 
combustion through the exhaust passages and 
controlling the movement at will in the respec 
tive recuperator structures to the stack, means 
for supplying air to the recuperator structures, 
means for collecting the preheated air from all 
of the recuperator structures and conducting it 
in heat exchange relation with the exhaust paS 
sages of the chamber to the burner ports, and 
means for regulating the quantity of air Sup 
plied to the several recuperator sections. 

6. A continuous heating furnace comprising an 
elongated chamber having charge and discharge 
openings at opposite ends and having exhaust 
passages extending through the hearth, the dis 
charge passage of the chamber being below the 
level of the hearth, burner ports disposed in the 
roof of the chamber for directing a heating flame 
towards the hearth and in the direction of the 
charging end of the furnace chamber, a recu 
perator structure beneath the hearth, means for 
withdrawing the products of combustion through 
the exhaust passages into the recuperator struc 
ture, and thence to a stack, means for supplying 
air to the recuperator structures at the bottom 
thereof and withdrawing the preheated air 
through a passage common to all the recupera 
tors and conducting the preheated air to the 
burner ports, and means for withdrawing a por 
tion of the preheated air and recirculating the 
same through the air preheat passages of the re 
cuperator StructureS. 

7. A continuous heating furnace comprising an 
elongated heating chamber having parallel skids 
for a portion of its length to support the articles 
to be heated in spaced relation with the hearth, 
said skid members terminating in a Solid hearth 
portion near the discharge end of the furnace 
whereby the articles to be heated are initially 
conveyed along the skid members and subse 
quently on the solid hearth portion, burners in 
said chamber below and above said skid men 
bers, the burners being located to direct a heat 
ing flame on the work at substantially the junc 
ture of the skid members and solid hearth por 
tion, and means for withdrawing the products of 
combustion in desired volumes from the top 
burners to effect a division thereof at substan 
tially the juncture of the skid members and the 
said solid hearth portion. 

8. A continuous heating furnace comprising an 
elongated heating chamber having its roof wall 
inclining from an apex adjacent the discharge 
end of the furnace tovgards the respective ends oi 
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the furnace, a pair of work-supporting skids ex 
tending longitudinally of the furnace chamber for 
supporting the articles to be heated out of contact 
with the furnace hearth for a major portion of 
their travel through the furnace and a solid 
work-supporting hearth portion forming an ex 
tension with said skid members beneath the apex 
of the furnace roof and sloping sharply down 
ward to the discharge opening of the furnace, 
heating means comprising a gaseous burner ex 
tending through the roof of the furnace above 
the work-supporting hearth that constitutes a 
continuation of the skid members, burners be 
neath said skid members and means beneath the 
hearth and skid members for withdrawing the 
products of combustion from the gaseous burner 
in divided paths towards the respective ends of 
the furnace chamber. 

9. A continuous heating furnace having a 
work-supporting hearth substantially horizontal 
throughout one end of said hearth declining 
sharply to constitute a discharge chute for the 
articles passing through the furnace, a combus 
tion chamber provided above said hearth and 
waste gas passages beneath the hearth at the 
respective ends thereof, the waste gas passage at 
the discharge end being beneath the inclined 
portion of the hearth and above the discharge 
opening of the furnace chamber. 

10. A continuous heating furnace having a 
work-supporting hearth substantially horizontril 
throughout one end of said hearth declining 
sharply to constitute a discharge chute for the 
articles passing through the furnace, a combus 
tion chamber provided above said hearth and 
waste gas passages beneath the hearth at the 
respective ends thereof, the waste gas passage at 
the discharge end being beneath the inclined por 
tion of the hearth and above the discharge Open 
ing of the furnace chamber, and regulable means 
controlling the exhaustion of the products of con 
bustion from the heating chamber through the 
Said waste gas passages. 

11. A continuous heating furnace comprising a 
heating chamber and a hearth with a charging 
opening at one end and a discharge opening at 
the opposite end, a product-supporting hearth 
extending longitudinally of said chamber and 
having its upper level coextensive with the charg 
ing opening and above the discharge opening, 
burners disposed intermediate the charge and 
discharge ends of said chambers, and exhaust 
means for withdrawing products of combustion 
in desired quantities simultaneously at different 
points across the hearth of the furnace adjacent 
the discharge end. 

12. A continuous heating furnace comprising a 
heating chamber and a hearth with a charging 
opening at one end and a discharge opening at 
the opposite end, a product supporting hearth 
extending longitudinally of said chamber and hav 
ing its upper level coextensive with the charg 
ing opening and above the discharge opening, 
burners disposed intermediate the charge and 
discharge ends of said chamber, and spaced 
damper controlled exhaust means adjacent the 
discharge end of the furnace and connected there 
to substantially beneath the hearth for with 
drawing products of combustion from the furnace. 

13. A continuous heating furnace compris’ -g 
an elongated heating chamber having an inclined 
roof from the charging end towards the discharge 
end of the chamber and an inclined roof from the 
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an apex remote from the charging end and near 
the discharge end of the chamber, a hearth dis 
posed within the chamber below the end of the 
roof at the charging end and above the end of 
the roof at the discharge end, an exhaust passage 
adjacent the charging and discharge ends of said 
chamber and an exhaust passage intermediate 

said end exhaust passages, said exhaust passages 
extending beneath the hearth, and means for 
withdrawing the products of combustion from the 
chamber selectively in divided paths through the 
said exhaust passages. 

WA. A. MORON. 
HOWARD F. SPCNCER. t 


