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57 ABSTRACT 
Recuperative furnaces, such as soaking pits, have 
recuperators formed of sets of ceramic tiles arranged 
end to end with aligned holes in each set of tiles form 
ing one series of passages for the flue gas and openings 
between the sets of tiles forming a second series of 
passages for the air to be heated. The heated air from 
the recuperator is directed through an air tunnel to an 
entry or burner port where it is mixed with coke oven 
gas or other fuel. Combustion is completed in the 
combustion or heating chamber which also receives 
the ingots to be heated. The burnt gases pass from the 
chamber through a flue gas port to the recuperator. It 
is impossible to maintain a gas tight connection 
between the tile. To prevent air leakage into the flue 
gas passages and increase fuel efficiency and produc 
tion the entry port area is made at least approximately 
75 percent (preferably 100 percent) of the cross sec 
tional area of the air tunnel and the flue port area is 
made at least approximately 75 percent (preferably 
100 percent) of the total cross sectional area of the 
flue gas passages in the recuperator. 

10 Claims, 5 Drawing Figures 
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RECUPERATIVEFURNACES 
This invention relates to recuperative furnaces and 

more particularly to soakingpits for heating steel ingots 
in which the recuperator is made of a plurality of 
refractory ceramic tiles laid up dry. The reason for lay 
ing them up is that provision must be made for expan 
sion. If the tiles are cemented together to make the 
joints gas tight cracks, either in the tiles or joints, will 
result due to expansion and contraction so that the end 
result is the same as if they were laid up dry. In both 
cases air leakage occurs into the inside passages of the 
tile which carry the flue gas from the air passages 
formed between the tiles. Recuperators of this general 
type are shown in Morton et al. U.S. Pat. No. 2,092,402 
dated Sept. 7, 1937. Air is blown through the recupera 
tors under pressure and passes into the combustion and 
heating chamber of the soaking pit around or in contact 
with the fuel with which it mixes, and burns. The 
products of combustion or flue gas pass from the heat 
ing chamber and through the openings in the recupera 
tortile. Furnaces using this type of recuperator have 
been in use for at least 30 years and prior to our inven 
tion problems arose due to leakage of the combustion 
air into the flue gas. Morton et al. U.S. Pat. No. 
2,079,560 dated May 4, 1937 discloses such a soaking 
pit. It is desirable to heat the ingots as fast as possible in 
order to reduce the time of the heating cycle. The fur 
naces of which we have knowledge are so designed that 
the air travels at a higher velocity than the fuel which is 
normally gas, such as coke oven gas. It was found that 
the flue gas leaving the soaking pit contained from 10 
to 20 percent unburned fuel at maximum firing rate 
and it was necessary to reduce the firing rate. Even 
then it was impossible to burn all the fuel. Various at 
tempts were made to correct this situation. Oxygen was 
added to the air, but this was not entirely satisfactory 
and increased the cost of the process. The most com 
mon way of attempting to solve the problem was to in 
crease the volume of air being fed to the recuperators. 
However, it was found that the flue gas contained ap 
proximately the same amount of unburned fuel even 
when the air fed to the recuperator was 50 percent 
more than the stoichiometric amount required for 
complete combustion. This condition has existed from 
the time this type of furnace was first used without any 
one finding a solution to our knowledge. 
We have found that this condition can be corrected 

by increasing the area of the burner and flue gas ports 
without loss of mixing of the air and fuel. The area of 
the burner port must be increased so that it is at least 
75 percent (preferably at least 100 percent) of the area 
of the air tunnel and the area of the flue gas ports must 
be increased until they are at least 75 percent 
(preferably at least 100 percent) of the total area of the 
flue gas openings in the recuperator. This results in 
amazing improvements. In one plant where the soaking 
pit furnaces are being altered in this manner, there has 
been a saving of as much as one half or more in the 
amount of fuel required to heat a ton of ingot and the 
productivity has increased between 50 and 100 per 
cent. This has been done with substantially no increase 
in investment since it is necessary to rebuild the burner 
ports and flue gas ports periodically, and the changes 
have been made during the rebuild periods. 

It is therefore an object of our invention to provide a 
recuperative furnace having substantially higher effi 
ciency than similar furnaces. 
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Another object is to provide a soaking pit which 
heats ingots substantially faster than similar soaking 
pits not utilizing our invention. 

Still another object is to provide such soaking pits in 
which there is a substantial fuel saving. 
These and other objects will be more apparent after 

referring to the following specification and attached 
drawings, in which: 

FIG. 1 is a schematic view of a soaking pit, mostly in 
vertical section exceptfor the flues and stack; 

FIG. 2 is a view on an enlarged scale taken on the 
line II-II of FIG. 1; 

FIG. 3 is a vertical sectional view on an enlarged 
scale of a portion of the recuperator; 

F.G. 4 is a view taken on the line IV-V of FIG. 3; 

FIG. 5 is an enlarged view of a detail 
tion. . . . . . . 

Referring more particularly to FIGS. 1 and 2 of the 
drawings, reference numeral 2 indicates a soaking pit 
combustion and heating chamber having a coke bottom 

of our inven 

4 with an entry or burner port 6therein. A removable 
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cover 7 is provided for chamber 2. Flue gasflows from 
the chamber 2 through ports 8 located at opposite sides 
of the chamber. It is desirable that the ports 8 be pro 
vided with beveled inlets 9 to decrease pressure drop. 
This is also done at the entrances to other ports. A pair 
of recuperators 10 are provided for receiving the flue 
gas. Each of the recuperators 10 includes a number of 
horizontal baffles 11. In FIG. 1, the showing of the 
recuperators 10 is schematic to illustrate the air and 
flue gas flow, and the number of baffles and flue gas 
passages have no relationship to the actual numbers 
and construction. The actual construction is shown in 
FIGS. 3 and 4. Each baffle 11 is part of a horizontal 
wall covering the the full cross section of the recupera 
tor and is made up of a plurality of ceramic tiles 12 hav 
ing an octagonal outer surface and a circular central 
opening 13. The tiles are laid up side by side with 
spaces 14 between tiles. The tiles in each baffle 11 are 
arranged in the same MANNER as the adjacent baffles. 
Arranged between adjacent baffles 11 are a plurality of 
thin walled ceramic tiles 15 one between each pair of 
tiles 12. The tiles 15 have an octagonal outer surface 
smaller than that of tiles 12 and a circular central open 
ing 16 the same size as opening 13. Thus there are a 
plurality of rows of tiles with each row having a plurali 
ty of tiles laid one on top of the other with the openings 
13 and 16 in alignment. This provides a space 17 
between the rows of tiles. Air is delivered by means of 
blowers 18 into the lower end of the recuperators. In 
order to increase the length of travel of the air, tiles 20 
are inserted into some of the spaces 14 of each of the 
horizontal baffles 11 so that the air follows the path of 
travel shown by arrows in FIG.1. Thus the baffles 11 of 
FIG. 1 are formed by the combination of tiles 12 and 20 
and the open space shown in FIG. 1 actually consists of 
tiles 12 without the tiles 20 inserted in the spaces 14. 
The spaces between the tiles 12 and the walls of the 
recuperator are also closed by tiles where necessary. 
The air passes from the top of the recuperators through 
air tunnels 22 to the burner port 6. Fuel gas, such as 
coke oven gas passes to the burner port 6 through a gas 
pipe or port 24. The construction so far described is 
conventional. As shown in FIGS. 1 and 5, a hood 26 is 
supported on the pipe 24 by means of three lugs 28 so 
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as to provide a peripheral opening 30 for the gas. A 
central opening 32 is provided through the top of hood 
26. The total area of the openings 30 and 32 is substan 
tially equal to the area of the pipe 24 with the opening 
32 providing only a small amount of the area so that 
most of the fuel gas is diverted into the air streams from 
the recuperators. Hoods or divertors of this general 
type have been used in the past on some types of bur 
ners. It will be understood that other types of recupera 
tors may be used. For example, the baffles 11 could be 
omitted. The flue gas passes downwardly through the 
recuperators 10 and generally horizontal through flues 
34 to a vertical stack 36 in the usual manner. 

Prior to our invention the pressure drop from the 
outside to the inside of the tiles 12 adjacent the top of 
the recuperators was approximately 0.07 of an inch of 
water, whereas subsequent to the change in construc 
tion, this drop decreased to approximately 0.015 inch 
of water. For efficient and proper operation this drop 
should not exceed 0.025 inch of water. This is accom 
plished by increasing the area of the burner port 6 so 
that it is at least 75 percent (preferably at least 100 per 
cent) of the combined transverse area of the air tunnels 
22 and by increasing the total area of ports 8 so that 
this area is at least 75 percent (preferably at least 100 
percent) of the total transverse area of the flue gas 
ports (openings 16) in the recuperators. 

It will be understood that the invention may be used 
with other types of recuperative furnaces or soaking 
pits. In addition to the bottom fired soaking pit shown 
the invention is being used on side fired pits of the type 
generally shown in Morton et al. U.S. Pat. No. 
2,414,888 dated Jan. 28, 1947. It has been used in this 
type of furnace equipped with two air ports and two 
flue gas ports. In some instances a gas burner hood has 
been used and in others it is omitted. The invention is 
also applicable to soaking pits of the type shown in 
Suydam U.S. Pat. No. 3,198,855 dated Apr. 24, 1962 
and Mawhinney U.S. Pat. No. 1,915,470 dated June 
27, 1933. It may also be used with furnaces having 
recuperators for heating blast furnace gas as well as air 
as shown in Morton et al. U.S. Pat. No. 2,124,888 
dated July 26, 1938. The terms "recuperator" and "air 
tunnel' as used in the claims refer to a single recupera 
tor or to any number of individual recuperators ar 
ranged in parallel, it being obvious that it is immaterial 
whether the series of passages are arranged in one unit 
or in a plurality of units. The term "entry or burner 
port' as used in the claims and the term "flue gasport' 
as used in the claims refers to either single or multiple 
ports, it being obvious that it is the total port area 
which is important. S. 

In operation, with the pit empty and the temperature 
control set at 2,400°F. the cover 7 of the pit is removed 
and the ingots Splaced in the pit, after which the cover 
is replaced. Normally the steel is 3 hours old and has an 
outside temperature of approximately 1,400 F., with 
the inside of the to being considerably hotter. After 
charging, the temperature of the pit is about 1,600 F. 
As soon as the cover is closed the fuel comes on full 
which is approximately between 50,000 and 60,000 cu. 
ft. of coke oven gas per hour or 27.5 to 33 million BTU 
per hour. Prior to our invention only approximately 
30,000 to 35,000 cu. ft. per hour could be fired. The 
fuel is fired at this rate for approximately 20 minutes at 
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which time the pit temperature reaches control point 
and the fuel is reduced to hold the surface temperature 
of the ingot at the desired level while waiting for the 
center of the ingot to come up to rolling temperature. . 
Previously, it took 105 minutes to reach this tempera 
ture. The heating then continues for 1% hours with the 
fuel continuing to be cut until it is at a minimum of ap 
proximately 6,000 cu. ft. per hour which is sufficient to 
hold the pit temperature at control point. There is no 
change in this part of the operation. At this time the 
soaking period of 2 hours begins and after 2 hours the 
ingots are removed as they are needed by the rolling 
mill. The total time required is 230 minutes, as com 
pared to 315 minutes prior to our modification. In ac 
tual practice, the ingots may be held more than 3 hours 
before charging into the pit and in some instances the 
ingots may be at ambient temperature. We have found 
that the savings in fuel and heating time increases as the 
charging temperature of the ingots lowers with most of 
the savings being in the initial heating at the maximum 
firing rate. For ingots at ambient temperature it. 
requires approximately four hours at the maximum fir 
ingrate as compared to approximately ten hours in the 
old pits. , 
The actual changes made. in the specific soaking pit 

described were increasing the total flue port area from 
approximately 2,120 sq. in. to approximately 3,900 sq. 
in, increasing the bottom diameter of the airport from 
approximately 27 in. to 37% in. (an increase of area 
from approximately 580 sq. in. to approximately 1,125 
sq. in.), increasing the top diameter of the airport from 
approximately 33 in. to 43% in., increasing the diame 
ter of the fuel pipe to approximately 6 in. to enable 
more gas to flow with the existing gas pressure, and ad 
ding the hood to divert the fuel gas outwardly into the 
air from the recuperators. It will be understood that the 
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figures given will vary from furnace to furnace since the 
airport is lined with a plastic refractory and the flue gas 
ports are made from refractory brick so that the exact 
dimensions are dependent upon the skill of the work 
3. 

In three pits of the type described the BTU con 
sumed per ton of ingot averaged approximately 
1,122,000; 912,000; and 791,000 before conversion 
and 451,000; 423,000; and 398,000 after conversion. 
In the same pits the ingottons per hour averaged 13.19, 
11.2, and 13.2 before conversion and 26.53, 18.6 and 
19.5 after conversion. Two pits of the side fired type 
were converted by increasing the diameter of the air or 
burner ports from 15 to 18 in. and increasing the flue 
gas port area from 12 to 18 sq. ft. For these furnaces 
the BTU consumed per ton of ingot averaged approxi 
mately 1,226,000 and 1,878,000 before conversion and 
476,000 and 476,000 after conversion. In the same pits 
the ingottons per hour averaged 9.11 and 9 before con 
version and 16.4 and 17.2 after conversion. 
We claim: 
1. In a furnace having a combustion chamber, a recu 

perator formed of sets of ceramic tiles arranged end to 
end with aligned holes in each set of tiles forming one 
series of passages and openings between the sets of tiles 
forming a second series of passages, an entry port to 
said combustion chamber for receiving air from said 
recuperators and fuel, means for delivering air to one 
end of one of said series of passages, an air tunnel con 
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necting the other end of said air passages to said entry 
port, and a flue gas port for receiving burnt gases from 
said combustion chamber and delivering it to the other 
of said passages; the improvement comprising an entry 
port area at least approximately 75 percent of the area 
of said air tunnel, and a flue gas port area at least ap 
proximately 75 percent of the total area of said flue gas 
passages. : 

2. A furnace according to claim 1 in which the pres 
sure drop from the air passages to the flue gas passages 
at the chamber end of the recuperator is a maximum of 
0.025 inches of water. 

3. A furnace according to claim 1 in which the entry 
port area is at least as great as the area of said air tunnel 
and the flue gas port area is at least as great as the total 
area of said flue gas passages. 

4. A furnace according to claim 3 in which the pres 
sure drop from the air passages to the flue gas passages 
at the chamber end of the recuperator is a maximum of 
approximately 0.025 inches of water. 

5. A furnace according to claim 3 in which the pres 
sure drop from the air passages to the flue gas passages 
at the chamber end of the recuperator is a maximum of 
approximately 0.015 inches of water. 

6. A furnace according to claim 1 in which the com 
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6 
bustion chamber is a pit for receiving steel ingots, said 
entry port extends downwardly from said pit, said flue 
gas port is in two sections one in each of two opposed 
side walls of said pit, said recuperator is in two sections . 
one connected to each of said gasport sections and said 
air tunnel is in two sections one extending between 
each recuperator and said entry port. 

7. A furnace according to claim 6 in which the pres 
sure dee from the air passages to the flue gas passages 
at the chamber end of the recuperator is a maximum of 
approximately 0.025 inches of water. 

8. A furnace according to claim 7 including a vertical 
pipe below and in vertical alignment with said entry 
port, and means on the top of said pipe for directing gas 
outwardly at an angle from the vertical. 

9. A furnace according to claim 8 in which the entry 
port area is at least as great as the area of said air tunnel 
and the flue gas port area is at least as great as the total 
area of said flue gas passages. 

10. A furnace according to claim 9 in which the pres 
sure drop from the air passages to the flue gas passages 
at the chamber end of the recuperator is a maximum of 
approximately 0.015 inches of water. 

k . . . . 


