
3. Sheets--Sheet 1, 
WLLAM SE LERS 

provemerit in Regenerator-Furnace S. 
Artici No. 129,429, Patented July 16, 1872. 
|----|\ R v 

i 

Sai 

a A. a.oro-z/A/ogate co-axoSacaws Araca SS . a 

    

    
  

  

  





3 Sheets-Sheet 3, 
WLLAM SE LERS 

improvement in Regenerator-Furnace S. 

| || ('|'); 
?º:§ § ` @ ? -tj- , ! 
| || || H. 

----|— IEEE| -#= 

  

  

  



129,429 

UNITED STATES PATENT OFFICE. 
WILLIAM SELLERS, OF PHILADELPHIA PENNSYLVANIA. 

MPROVEMENT IN REGENERATOR-FURNACES. 

Specification forming part of Letters Patent No. 129,429, dated July 16, 1872. 

To all chon it may concern: 
Beit known that I, WILLIAM SELLERs, of 

the city and county of Philadelphia, in the 
State of Pennsylvania, have invented certain 
new and useful Improvements in the art of 
Regenerating Eleat for Furnaces, of which im 
provements the following is a specification: 
My invention relates to that class of heat 

regenerators by means of which the waste 
products of combustion from a furnace, on 
their Way to the chimney, are employed to 
heat the gaseous fuel or the atmospheric air 
to be supplied thereto for its combustion, or 
both the gaseous fuel and the air on their way 
to the furnace in which they are to be con 
sumed. Waste products of combustion have 
heretofore been thus utilized in the arts un 
der two systems differing from each other. 
By one of these systems the heat of the waste 
products is continuously given off to a surface 
of suitable material, through which material 
it is continuously transmitted to and taken up 
from the opposite surface. By the other, the 
heat of the waste products is, by alternate in 
termissions, given off to and taken up from 
the same surface. 
A further distinctive feature of these two 

systems respectively is that, in the first, one 
Surface always takes up the heat of the waste 
products passing continuously over it, and the 
other surface gives off this heat to the incom 
ing air passing continuously over it, while in 
the other system the same surface to and from 
which the heat of the waste products is by 
alternate intermissions given off and taken 
up, is also by alternate intermissions exposed 
to the action of the waste products and to the 
action of the air (or gas,) the waste products 
passing in one direction and the air (or gas) 
in the opposite direction. 
In the first system the waste products and 

the air respectively act upon all parts of the 
respective surfaces simultaneously, while in 
the other system the waste products and the 
air (or gas) alternately act intermittently upon 
all parts of the same taking up and giving off 
surface. In the first system, however, the air 
alone is heated on its way to the furnace while 
the gas moves toward the furnace in which it 
is to be consumed without any elevation of 
its temperature above that of its producing 

furnace, this temperature being much lower 
than that of the air when they meet. 
A feature peculiar to the second system is, 

that the air (or gas) as it enters the furnace 
to be consumed will pass over a surface which 
has been exposed to and which has acquired 
the highest temperature of the waste products, 
and the incoming air (or gas) will acquire this 
temperature momentarily, but as the taking 
up action of the air (or gas) continues, the giv 
ing-off action of the waste products being sus 
pended, the temperature of the inflowing air 
(or gas) passing to the furnace must necessa 
rily diminish as its source of supply becomes 
exhausted, and the resulting temperature of 
the air (or gas) as it enters the ?urnace must 
be the mean between the two extremes. 

. The result which characterizes these two 
systems respectively is, that the temperature 
obtained under the first, while substantially. 
uniform, is not so high as might be derived 
from the same fuel if the gas met the air with 
an equally high, temperature, while under the 
second system the mean temperature obtain 
ed, though high, is remittent. 

For convenience I shall designate the first 
system as the double-surface system, and the 
other as the single-surface system. My in 
vention relates to and is an improvement up 
on the double-surface system, my object being 
to maintain continuously the highest temper 
ature heretofore attained only at intervals. 
My invention consists of a chamber in which 
the waste products of combustion are received 
directly from the furnace, in which chamber 
these products, if unconsumed, may be thor. 
oughly consumed, and from which chamber 
the products of combustion may be discharged 
through series of pipes on each side of this 
chamber, for purposes hereinafter described. 
And my invention further consists in combin 
ing a chamber in which the Waste products of 
combustion are received directly from a fur 
nace, and in which chamber they may be 
thoroughly consumed; series of pipes on each 
side of said chamber, through which the pro 
ducts may be discharged from the receiving 
chamber; and secondary chambers into which 
the pipes on each side of the first chamber 
discharge the products, from which seconda 
ry chambers respectively these products pass 



through secondary series of pipes, either di 
rectly to the chimney or otherwise, as herein 
after set forth. 
I am aware that some of the high tempera 

tures of waste from furnaces cannot be ex 
haustively utilized in heating both the air and 
the gas through the medium of two or even 
three sets of chambers with intermediate se 
lies of pipes, as above set forth, and I, there 
fore, multiply the chambers between the re 
ceiving-chamber and the chimney, with Series 
of pipes to correspond, to any number required 
to extract the desired quantity of heat from 
the Waste products of combustion, and to im 
part this heat to both the air and the gas, 
each series of pipes being combined with two 
chambers, as hereinbefore and as hereinafter 
more fully set forth. 
As, in order to obtain the greatest quantity 

of heat from a given quantity of Waste pro 
ducts of combustion, both the air and the gas 
on their way to the furnace in which they are 
to be consumed should, just before entering 
that furnace, be exposed to the highest tem 
perature of the waste, and as to obtain high 
temperatures the chambers and series of pipes 
must be multiplied, my invention further con 
sists in arranging the chambers and the inter 
posed series of pipes in such order that as the 
products of combustion pass from the receiv. 
ing-chamber through the pipes and succeed 
ing chambers and series of pipes to the chim 
ney, both the air and the gas to be consumed 
in the furnace will move over series of pipes 
successively in the opposite direction, and as 
they approach the furnace pass over succes 
sively more highly-heated pipes. The pro 
ducts of combustion, moving meanwhile to 
ward the chimney, and at each series of pipes 
parting with a portion of their heat, are, more 
over, passing successively through series of 
pipes, the exterior surfaces of which have been 
subjected to the earlier action of the incoming 
air and gas, and are, therefore, of successive 
ly lower temperature, so that the difference of 
temperatures to which the inside and the out 
side of each series of pipes are respectively ex 
posed, is reduced to the minimum. 
The temperature of the chamber in which the 

waste products of combustion are received di 
rectly from the furnace being higher than that 
of any succeeding chalmber, my invention 
further consists in encompassing the receiv 
ing-chamber with air and gas chambers and 
flues, so that any heat that may be transmitted 
through the walls of the receiving-chamber 
will be taken up by the air and gas on their 
way to the furnace. My invention further con 
sists in combining the chambers and series of 
pipes through which the products of combus 
tion pass from the furnace to the chimney with 
the chambers through which the gas and air 
pass from their respective entrance-flues to 
the furnace in vertical lines, so that the pas 
sage of both the gas and the air toward the 
furnace will be facilitated by accretions of 
heat taken up from each successive series of 
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pipes in their course; and my invention fur 
ther consists in combining series of chambers 
and series of pipes, extending from one cham 
ber to another, with air and gas chanibers, so 
that the pipes extend across the air and gas 
chambers respectively, and the products of 
combustion passing through the pipes give off 
their heat to the air and gas passing over 
them. 
In the accompanying drawing, which makes 

part of this specification, Figure 1 is a section 
all side view of a heat-regenerator embodying 
my improvement, and of a puddling-machine 
in which the gas and air are consumed aud 
from which the waste products of combustion 
are discharged, thus illustrating the operation 
of my improvements. Fig. 4 is a transverse 
section at the line e d of Fig. 1. Fig. 5 is a 
sectional plan at the line elf of Fig. 4. Fig. 
6 is a vertical section at the line g h of Fig. 5. 
Fig. 7 is a vertical section at the line i k of 
Fig. 5. Figs. 2, 3, and 8 are views of the pud 
dling-machine, to which no further reference 
need be made herein, as it forms no part of 
this patent. 
The regenerator is of rectangular form, with 

four cross-walls extending from bottom to top 
in such manner as to form five chambers, as 
shown in plan, Fig. 5, and in elevation, Fig. 1. 
The middle chamber is subdivided transverse 
ly so as to form the three chambers H', K, 
and N. The two chambers, A' and B', ad 
joining the middle chambers, are not subdi 
vided. The two side chambers are subdivided 
so as to form in each two chambers, I and L', 
and J and M. From the puddling-vessel A, 
in which the air and gas are to be consumed, 
a flue, TT, extends down into the chamber 
H'. Across each of the chambers A and B, 
respectively, a series of fire-clay pipes, d' d' d' 
e' e. e. extend from the chamber H to the 
chambers I and J/, respectively. Below 
these pipes a second series of similar pipes 
in like manner extend across the chambers 
A' and B', respectively, from the chamber 
K to the chambers I? and J, respectively. 
Below these again a third series of pipes 
(which may be of iron) in like manner extend 
across the chambers A and B from the cham 
ber K to the chambers L and M', respectively, 
and below these a fourth series of similar pipes 
in like manner extend across the chambers A? 
B', respectively, from the chamber N to the 
chambers L and M, respectively. It is obvi 
ous that the number of sets of chambers and 
series of pipes may be more or less, according 
to the height of the furnace. It may further 
be observed that, as the waste products are 
reduced in volume as they are diminished in 
temperature, a smaller number of pipes will 
suffice in the lower series than is required for 
the larger volume of their higher temperature. 
From the bottom middle chamber, in this in 
stance N', a flue leads to the chimney, and this 
fille is provided with a damper. The gas to 
be consumed in the furnace is admitted through 
a flue, C, provided with a damper, D', to a 
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chamber, from which it passes through open 
ings at a' a' into the chamber A', Figs. 5 and 
6. The air to be supplied to the gas at the 
furnace is admitted through a damper, E, to 
a chamber, E”, from which it passes through 
openings c' c, Figs. 4, 5, and 7, to the cham 
ber B. From the chamber At the gas passes 
to the flue S by the flueF, and from the cham 
ber B the airpasses to the flue S by the flue G", 
the two uniting in the flue S, which opens into 
the puddling-vessel A, burst into flame and 
are utilized therein, the products of combus 
tion being discharged through the flue TT in 
to the chamber H. It Will be observed that 
the chamber H has on either side of it the 
gas and air chambers A and B', while the gas 
and air flues F and G', leading to the furnace, 
pass over either side of the top, and the dis 
charge-flue T enters the center of the top of 
this chamber, so that this chamber, which is subjected to the highest temperature of the 
waste products of combustion, is entirely sur 
rounded by chambers and flues, which will 
take up any heat that may be transmitted 
through its sides and return it back again in 
to the furnace. The arrangement shown in 
Figs. 1 to 7 is the best mode in which I con 
template applying my improvements, and the 
advantages combined in it are numerous. The 
location of the receiving - chamber EI in the 
top of the middle division of the regenerator 
with the air and gas chambers on either side 
thereof, and the chambers K and N' below it, 
with the chambers I and L'on the outer sides 
of the chamber A', and the chambers J and 
M on the outer side of the air- chamber B', 
gives the best plan for construction, all the 
lines being vertical, the most convenient ar 
rangement for the introduction of the waste 
products of combustion from the furnace, and 
for the introduction of gas and air to the fur 
nace, the largest area of surface for the trans 
mission of heat to the gas and air, with the 
smallest area for loss of heat by radiation. 
The operation, it will be seen, is as follows: 

The products of combustion from the chamber 
H' pass through the pipesd did into the cham 
ber I, and through the pipes e. ei e into the 
chamber J. From these chambers, respect ively, the products pass through the pipes d? 
dandee into the chamber K. From K they 
pass through the pipes did into the chamber 
L', and through the pipes ee into the cham 
ber M', and from these chambers they pass 
through the pipes d' d' and e'e' to the cham 
ber N', whence they pass into the chimney 
through a flue. While the products of com 
bustion are thus moving through these series 
of pipes successively toward the chimney, the 
gas is passing through the chamber A', and 
the air through chamber B toward the fur 
nace, the air and the gas, respectively, tak 
ing up the heat transmitted by the products 
of combustion through the pipes and given 
off from their outer surfaces, it being obvious 
that the gas and the air enter their respective 
chambers at the bottom, where the pipes, being 

heated only by the waste products, which have 
passed through all the series above, are re 
duced to a low temperature, and rise through 
the spaces between the higher series succes 
sively, which have had an earlier contribution 
of heat from the waste products until they 
reach the series of pipes nearest to the cham 
ber H, which are, of course, more highly heat 
ed than any series below, and the gas and air 
thus pass to and meet at the flue S with the 
highest temperature derivable from the waste 
products. On the other hand, the Waste prod 
ucts passing at their highest temperature 
through the series of pipes nearest the cham 
ber H', and descending through the succes 
sive series of pipes below, reach the lower 
pipes, which are subjected to the cooling ac 
tion of the entering air and gas, respectively, 
with a temperature so much reduced that the 
difference between the temperatures of the 
waste products and that of the incoming air 
and gas is reduced to the minimum. As the 
ascending air and gas acquire, and the de 
scending products lose, heat at each stage of 
the series, it is obvious that the minimum dif. 
ference of temperature between the two is ob 
tained at each stage of the series. The accre 
tion of temperature by the air and gas to be 
supplied to the furnace being progressive, the 
flow of air and gas being continuous from the 
entrance-flues to the point of combustion, and 
the temperature of the waste products of com 
bustion being constantly decreasing from the 
chamber H to the chimney-the flow of the 
waste products also being continuous-I at 
tain by this system a continuous flow of gas 
and air, a continuous heating of both, a con 
tinuous flow of waste products of combustion, 
a constant flame, and the highest tempera 
ture, with a minimum of destructive action upon the regenerative system. 
I do not claim, under this patent, subjecting 

the air moving to the furnace in a continuous 
current to a progressively-increasing temper 
ature, while the waste products of combustion 
moving from the furnace to the chimney in a 
continuous current are subjected to a con 
stantly-decreasing temperature; nor do I claim 
the combination, in vertical lines, of chambers 
and series of pipes extending from one cham 
ber to another, with an intermediate chamber 
across which the pipes extend, and through 
which air or the waste products of combustion 
pass; nor do I claim passing the waste prod 
ucts of combustion through the pipes, and 
passing the air to be heated over the pipes, so 
that the heat from the products of combustion 
is taken up by the interior surfaces of the 
pipes, transmitted through the body to the ex 
terior of the pipes, and given off from the ex 
terior surface to the air passing over the pipes, 
as, although I believe myself to be a true and 
original inventor of these features of my re 
generative system, I have since learned that 
I am not the first inventor thereof, the same, 
or substantially the same, having been first in 
vented by William Gorman and John Paton, 
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of Glasgow, North Britain, and being de 
scribed and represented in Letters Patent of 
the United Kingdom of Great Britain and Ire 
land, granted to them under date of Decem 
ber 5, 1863, No. 3,057, and an application for 
Letters Patent of the United States therefor 
being filed by them simultaneously with the 
filing of this application; but 
I claim as my invention, and desire to se 

cure by Letters Patent 
1. The improvement in the art of regen 

erating heat for furnaces, hereinbefore set 
forth, which consists in subjecting both the 
air and the gas moving to the furnace in con 
tinuous currents, substantially as described, to a progressively increasing temperature, 
while the waste products of combustion, mov. 
ing from the furnace to the chimney in a con 
tinuous current, are subjected to a constantly 
decreasing temperature from the incoming 
currents, both of air and gas. 

2. As an improvement in the art of regen 
erating heat for furnaces, the combination of 
a central chamber, in which the waste prod 
ucts of combustion are received from the fur 
nace series of pipes through which the waste 
products are passed, and over which the in 
coming air and gas move toward the furnace, 
and side chambers into which the waste prod 
llcts are discharged from the pipes on their 
way to the chimney, substantially as described. 

3. As an improvement in the art of regen 
erating heat for furnaces, the combination of 
a central chamber, in which the waste prod 
lucts of combustion are received from a fur 
nace, series of pipes through which the waste 

products are discharged from the central receiv 
ing-chamber, side chambers into which these 
products are discharged by the pipes, and Sec 
ondary series of the pipes through which the 
waste products pass to the chimney, or to a 
second central chamber connected with the 
chimney, while the incoming air and gas move 
toward the furnace over the pipes, substan 
tially as described. 

4. As an "improvement in the art of regen 
erating heat for furnaces, the combination of 
a chamber in which the waste products of com 
bustion are received directly from the furnace, 
With encompassing air and gas chambers, and 
air and gas flues, substantially as and for the 
purpose set forth. 

5. As an improvement in the art of regen 
erating heat for furnaces, the combination, in 
vertical lines, of the chambers and series of 
pipes through which the products of combus 
tion pass from the furnace to the chimney, 
With the chambers through which the gas and 
air pass from their respective entrance-flues 
to the furnace, substantially as and for the 
purposes described. 

6. As an improvement in the art of regen 
erating heat for furnaces, the combination of 
series of chambers, and series of pipes extend 
ing from one chamber to another, with air and 
gas chambers, so that the pipes extend across 
the air and gas chambers, respectively, sub 
stantially as and for the purpose described. 

WM. SELLERS. 
Witnesses: 

J. SNOWDEN BELL, 
JNO. H. HOGAN. 

  


