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10 Claims, (CI. 266-5) 
My invention relates to furnaces and particu-" 

larly to annealing and other heat-treating fur 
naces. The objects of the invention are to pro 
vide apparatus of this character which can be 
economically made and assembled, which is efil 
cient in operation, and the heating elements of 
which will be extremely resistant to deterioration 
during operation. A primary object of the inven 
tion is to provide new and improved heating tubes 
for annealing and other heat-treating furnaces, 
and new and improved assemblies of such tubes 
and the other necessary elements of such fur 

CeS. 
The annexed drawings and the following de 

scription set forth in detail certain means illus 
trating my improved furnace structures, such 
means constituting only a few of the various forms 
in which the principles of the improved furnaces 
may be embodied. 
In said annexed drawings: 
Figure 1 is a vertical longitudinal section of 

an annealing furnace embodying One form of 
my invention, the section being taken in the plane 
indicated by the line -l, Figures 4 and 5, the 
showing being that of a rectangular furnace in 
which a removable Outer cover is utilized and in 
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which heating gases are fired at different verti 
cally-aligned levels, two series of improved re 
fractory heating tubes being incorporated in the 
furnace adjacently interior of opposed side walls, 
said tubes being secured at the center, the assemi 
bly being such that the tubes can expand at both 
ends; 

Figure 2 is a fragmentary vertical longitudinal 
section of a form of joint between the adjacent 
ends of contiguous sections of a heating tube, 
different than the form of such joint included 
in Figure 1 in that the tube shown in Figure 2 
can expand at the joint, a modified form of tube 
supporting structure also being shown in this 
figure, the section being taken in the plane indi 
cated by the line 2-2, Figure 3; 

Figure 3 is a fragmentary vertical transverse 
section, taken in the plane indicated by the line 
3-3, Figure 2; 

Figure 4 is a plan section of the form of fur 
nace shown in Figure 1, the section being taken 
in the planes indicated by the line 4-4, Figures 
1, 5, and 6; 
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Figure 5 is a broken end elevation, taken from 
the planes indicated by the line 5-5, Figures 1 
and 4; 
Figure 6 is a vertical transverse section, taken 

in the plane indicated by the line 6-6, Figure l; 
Figure 7 is a fragmentary enlarged vertical 

longitudinal section of the furnace assembly as 
shown at the right hand end of Figure 1, the sec 
tion being taken in the plane indicated by the 
line 7-7, Figures 4 and 8; 

Figure 8 is a fragmentary enlarged vertical 
transverse section, taken in the plane indicated 
by the line 8-8, Figures 4 and 7; 

Figure 9 is a fragmentary - enlarged vertical 
longitudinal section showing the nature of the 
central joint between adjacent ends of contigul 
Ous Sections of my new and improved heating 
tube shown in Figures 1, and 4-8; 

Figure 10 is a view similar to Figure 9, but 
showing a joint between contiguous sections of 
the heating tube, other than the central joint; 

Figure 11 is a view similar to Figure 10, but 

O 
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showing a modification of the joint between the 
adjacent ends of contiguous sections of the heat. 
ing tube; 

Figure 12 is a broken and fragmentary verti 
cal longitudinal section of an annealing furnace 
embodying a modified form of my invention in 
that the cooperative arrangement of the heating 
tube assembly with the furnace walls is different 
from that shown in Figure 1, the figure also 
illustrating a form of structure in which the ex 
pansion of the heating tubes is provided for en 
tirely at one end of the tubes; 

Figure 13 is a fragmentary vertical longitudi 
nal section, upon an enlarged scale, of the struc 
ture shown in Figure 12, the section being taken 
in the plane indicated by the line 3-3, Figure 
14; 

Figure 14 is a fragmentary vertical transverse 
section, taken in the planes indicated by the line 
4-f4, Figure 13; 
Figure 15 is a fragmentary horizontal longi 

tudinal section, taken in the plane indicated by 
the line 5-5, Figure 13; 

Figure 16 is a fragmentary vertical longitudinal 
section through that end of the furnace shown in 
Figures 12 and 13 opposite the end thereof which 
is shown in Figure 13; 

Figure 17 is a fragmentary vertical longitudinal 
section, similar to Figure 13, but on a Smaller 
scale, of a further modified form of annealing 
furnace in which expansion of my improved heat 
ing tubes is provided for entirely at one end of 
the furnace, the section being taken in the plane 
indicated by the line 7-7, Figure 18; and 

Figure 18 is a fragmentary vertical transverse 
section, taken in the plane indicated by the line 
8-8, Figure 17. 
Referring to the annexed drawings in which 
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2. 
tive numbers in the several views, and first par 
ticularly referring to Figures 1, 4, 5, 6, 7, 8, 9, . 
and 10, a form of my improved furnace construc 
tion is exemplified in a rectangular annealing 
furnace having a removable outer cover or hood 
with refractory end walls, side walls. 2, and an 
arched brick roof portion 3 topped by refractory 
insulating material 6. To the end walls are 
secured exterior plates 4 to whose exterior faces. 
are secured spaced vertical I-beams 5. Inter 
mediate adjacent I-beams 5 are pairs of opposed 
horizontal channel sections forming box girders. 
6, the outer flanges of the channel sections being 
secured together by plates which are welded to 
said flanges and the outer flanges of the I-beams 

: 5. The remainder of the reinforcing exterior 
side structure comprises longitudinal plates 4' 
secured to the exterior faces of the side walls 2, 
to the exterior faces of which plates 4' vertical 
I-beams 5” are secured; also intermediate hori 
zontal pairs of opposed channels whose Outer 
flanges are welded together by plates '' to form 
box girders. 6. Exterior longitudinal channels 9 
and transverse channels are secured to the top 
ends of the vertical end I-beams 5 and the ver 
tical side I-beams 5'. Secured to the top of the 
end I-beams 5 and upon a plate 30 mounted upon 
the top of the insulating material 6 are inter 
mediate longitudinal I-beams 8 braced by cross 
I-beams 0, these I-beams 8 and O being ex 
tended across the roof of the furnace. To pro 
vide lifting means 2 whereby the aforedescribed 
hood may be positioned on or removed from the 
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furnace base, there are secured to the top of the 
roof I-beams O a pair of spaced longitudinal 
and upwardly-extended I-beams 3 which are 
secured together by a bar 4 whose bottom edge 
is somewhat spaced from the I-beams 0 whereby 
to provide a hook or grab slot 5. To the base 
of the hood structure is secured a peripheral 
plate 7 forming a supporting and wear mem 
ber for the seating of the hood upon the furnace 
base, this plate IT having a depending flange 8 
which dips into a base seal, hereinafter described, 
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for the purpose of sealing the inner furnace 
chamber 28 from the outside atmosphere. 
The base of the furnace upon which the de 

scribed hood is mounted for the heating opera 
tion, comprises a composite member 9 of spaced 
tile and other refractory insulating material to 
the bottom face of which and extended slightly 
outwardly from which is secured a plate 20 hav 
ing an upwardly-extended º peripheral filange 2 
which, in conjunction with an inner spaced plate 
9 Secured to the edge of the base 9, forms a 

reservoir for the Sealing material, such as Sand 
22, into which sand the aforementioned depend 
ing flange 8 of the hood dips. Secured to the 
lower face of the base plate 20 are longitudinal 
I-beams 23 and transverse I-beams 24. I provide 
means for properly positioning the hood upon the 
furnace base 9, the same consisting of two pairs 
of relatively vertically disposed plates 25, Figures 
4 and 5, extended from one side of each of the 

- 65 outside I-beams 23 and formed with a socket to 
hold guide posts 26; which guide posts are adapted 
to register with spool-shaped members 27 se 
cured to the base plate 7, when the hood is nov 
ing downwardly in proper registering position. 

Incorporated in the described hood structure 
are refractory tubes 3 for heating the work 50 
in the furnace chamber 28, this work 50 being 

75 

piled upon a suitable hearth plate 29 secured to 
the top of the refractory furnace base 9, the 
work 50 preferably being covered by an inner 

2,219,894 
cover 5 during the heating and subsequent cool 
ing operations. The heating tubes 3 are dis 
posed in two longitudinal series extended along 
the side walls, 2 of the hood and adjacently in 
teriorly of said side walls, each Series comprising 
a plurality of vertically-aligned tubes 3, and 
each tube comprising a plurality of sections whose 
adjacent ends are jointed by means hereinafter 
described. These refractory heating tubes 3 are 
slidably mounted upon the top surfaces of spaced 
horizontal brackets 32 whose outer ends are in 

O 

corporated with and mounted in the hood side 
walls 2 and whose inner ends project inwardly of 
said side walls into the furnace chamber 28, as 
clearly shown in Figure 6. Referring particularly 
to Figure 10, it will be noted that the joint be 
tween the adjacent ends of each two contiguous 

15 

tube sections 3 is covered by a collar 35 mounted . 
on a bracket 32 and having an opening slightly. 
greater in diameter than the outside diameter of 
the tube 3, the inner surface of the collar being 
Securely fastened to the adjacent ends of the 
abutting heating tube sections by cement 36. 
Such joints between the heating tube sections, as 
are illustrated by Figure 10, prevent longitudinal 
sliding of the sections of the tubes 3 relatively to 
each other, but do not prevent the sections sliding 
relatively to the supporting brackets 32, so that 
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any expansion of the heating tube 3 during the . 
heating operation can be accommodated at the 30 
end hood walls f as as will be hereinafter fully 
described. However, I fasten the heating tubes 
3 at the center joint and for this purpose I pro 
vide a special center bracket or support 32”, Fig 
ure 9, which has upwardly-extended end fanges 
32 serving to restrain the tube sections at this 
central joint against longitudinal movement, since 
the central joint collar 35", which is of elongated 
formation at its lower end, is confined in the 
recess 32 formed between the two end flanges 322 
of the central support 32". 

Except at the top and bottom, the hood end 
walls , adjacent the ends of the heating tubes 3, 
do not extend entirely across the ends of the 
hood completely to fill the spaces between the 
ends of the side walls 2 but terminate short of 
the ends of said side walls 2. Refractory sup 
porting blocks 46, Figures 4 and 7, for the ends of 
the heating tubes 3 are mounted between the 
adjacent vertical surfaces of the end walls and 
the side walls 2 and the adjacent horizontal sur 
faces of the respective top and bottom portions of 
the end walls f. The blocks 46 at their outer 
ends abut insulating plates 47 which are disposed 
adjacent to the inner faces of the hood end plates 
4, the inner ends of the blocks 46 abutting shoul 
der members 2 formed upon the hood side walls 
2. These refractory blocks 46 are formed with 
recesses 3 to accommodate the ends of the re 
fractory tubes 3, these recesses 37 being some 
what larger in diameter than the diameter of the 
heating tubes 3. The blocks 46 are also formed 
with vertically aligned openings 38, the upper 
opening 38 having an open top and the bottom 
opening having a closed end, the openings 38 
intersecting the recesses 37, so that sand 39 can 
be poured into the open top of the upper opening 
38 to fill all the openings 38, which sand also fills 
in between the walls of the recesses 37 and the 
exterior surfaces of the heating tubes 31, all as 
shown in Figures 7 and 8. For facilitating the 
application of the sand 39, an adjacent corner of 
the top portion of the end wall is cut off, as in 
dicated by the number 38', Figure 7. 
The blocks 46, at one end of the removable hood 
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(right hand end, Figures 1 and 7), are formed 
with vertically-aligned recesses, which recesses of 
each pair of blocks 46 are communicating and 
form a closed chamber 40. These chambers 40 
form risers for the heating gases, as hereinafter 
explained. The extreme right hand ends of the 
refractory tubes 3, Figures 1 and 7, extend 
through the recesses 37 into these gas risers 40 so 
that thereby there is provided accommodation for 
expansion of the tubes 3 in the gas risers 40, as 
shown in Figure 7. A gas riser 40' is also pro 
vided at the left hand end of the heating tube 
structure, which riser 40' vertically connects ad 
jacent tubes of two pairs of heating tubes . In 
Other Words, each right hand riser 40 connects the 
open ends of the two tubes of each pair of tubes, 
and the left hand riser 40' connects the open ends 
of one of each of two pairs of tubes. These two 
adjacent tubes can expand in the gas riser 40'. 
In the accompanying drawings, I show four ver 
tically-aligned heating tubes 3, for purposes of 
illustration. The other two heating tubes 3 ex 
pand at thedr left-hand ends in vertical chambers 
33 formed in two of the left hand blocks 48 and 
vertically-aligned with the gas riser 40'. Inter 
secting the risers 40 on the right hand side are 
openings 4 in the upper of each pair of blocks 
46, and intersecting the top of the riser 40' on 
the left hand and also the lower chamber 33 on 
the left hand are similar openings (, aligned 
communicating openings 4' being formed in the 
insulating plates 47 and the end plates 4, whereby 
heating gases can be fired into the refractory 
tubes 3 from burners 82. In the form of appa 
ratus described, the burners 42 at the left hand 
end of the apparatus, Figure 1, fire into the lower 
tubes of the two pairs of heating tubes 3 and the 
burners 52 at the right hand end of the furnace 
are booster burners which fire into the upper tubes 
of the two pairs of refractory tubes, 3, the lower 
tube having no outlet, but communicating with 
the upper tube of its pair through a riser (0. The 
upper tube of the lower pair of tubes 3 has an 
outlet flue 43 passed through one of the left hand 
end blocks 46, this flute 43 being provided with an 
ejector 64. The upper tube of the upper pair of 
tubes 3 also has an outlet flue 43 passed through 
a left hand block 48. If it is desired that the 
same heating gases pass through the entire verti 
cal series of tubes 3, the lower flue 63 is covered 
by a cap 45 and the partially spent gases pass at 
the left hand end of the furnace from the upper 
of the lower pair of heating tubes 3 to the lower 
of the upper pair of heating tubes by means of 
the left hand riser 40', so that in that case the 
upper burner 42 on the left hand end of Figure 1. 
acts as a booster burner as well as the burners 
42 at the right hand end of Figure 1 and the out 
let for all the products of combustion is the upper 
flue 43 also passed through one of the left hand 
blocks 46. 
To insure non-leakage of Outside atmosphere 

into the heating compartment within the inner 
cover 5, sand 48, Figure 6, is piled upon the re 
fractory base 9 exteriorly of the bottom edge of 
the cover 5. 

Referring to Figure 11, a modified form of face 
joint between the ends of contiguous tube sec 
tions is utilized, consisting of an interlocking. 
tongue and groove 62 in addition to the mere 
abutting of such end faces, such as is shown in 
Figure 10, 

Referring to Figures 2 and 3, I illustrate a form 
of support for the heating tubes 3 and joint 
means for adjacent ends of contiguous sections of 

3 
the tubes which provides for expansion between 
each two contiguous sections of the heating tubes. 
In this form of structure, the tubes are supported 

· by tile 53 forming a chambered structure, the tille 
having abutting end faces formed with inter 
locked tongues and grooves 64, the adjacent ends 
of contiguous tube sections being spaced within 
the tile 53 so as to provide an expansion space 55. 
Recesses 58 in the tile 53 through which the tube 
section ends extend are somewhat larger than 
the diameter of the tube and the collar 57 which 
covers the adjacent ends of contiguous tube sec 
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tions is also somewhat larger in diameter, as il- . 
lustrated by the recess 58, than the diameter of 
the tube section. The chamber within the tile 
Structure is filled with sand 59 and this sand 
sifts into the recesses 56 and 68 whereby leakage 
of gas is substantially entirely eliminated while 
permitting necessary expansion between adjacent 
sections of the heating tube structure. 
The assembly of elements forming the anneal 

ing furnace which has been described lends itself 
with particularly satisfactory results to the use 
of heating tubes made of refractory material. 
The nature of the incorporation of the heating 
tubes in the removable hood, and the relation of 
the heating tubes to the heating chamber and the 
work positioned therein under the inner cover, 
render efficiently available the emissivity and 
thermo-conductive factors of the refractory heat 
ing tubes, as well as rendering available the me 
chanical strength thereof, at the same time ef 
fecting highly satisfactory and economical heat 
ing of the work by radiation from the heating 
tubes. The assembly allows for the necessary ex 
pansion of the refractory heating tubes without 
the subjecting of the latter to undue strains, and 
the arrangement of the tubes in vertically-aligned 
series, combined with the method of firing into, 
and venting from, the same, provide uniform 
heating temperatures throughout the work cham 
ber. Leakage of heating gases from the heating 
tubes, and disturbance of the desired atmospheric 
conditions within the inner cover 5, are effec 
tually prevented. These conditions under the 
cover 6 are varlable for different purposes, all 
as well understood in the art, and the obtaining 
of which, whether neutral, oxidizing or de-ox 
idizing, are standard practices also well under 
stood in the art, and a showing of which has not 
been included in the instant specification or ac 
companying drawings. 
The operation of the described furnace is the 

one usually incident to that of an annealing fur 
nace having a removable hood. Briefly, it con 
sists in assembling the work 50 on the hearth 
plate 29, Figure 6, and then placing the inner 
cover 5 || Over the Work, after Which sand 48 is 
shovelled around the lower edge of the cover 
6, and then the removable hood lowered onto 
the refractory base 9 with the flange 8 de 
pending into the sand seal 22. Proper atmos 
pheric conditions having been effected under 
the inner cover 5, the burners 42 are turned on 
and the heating continued so long as is suitable, 
the venting of products of combustion being 
through the two flues 43, Figure 1, or, if desired, 
the lower flue 43 is covered by the cap 45 and the 
entire venting of products of combustion takes 
place through the upper fue 43. 

Referring to the type of furnace shown in 
Figures 12-16, refractory heating tubes 8 are 
permitted to expand at One end only. As shown 
in these figures, for the purpose of illustration, 
the expansion takes place at the right hand end 
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of the tube. The left hand end is secured in 
blocks 462 of a furnace end wall by cement 62, 
Figure 16. Blocks 46' at the right hand end wall 
| are formed with holes 63 therethrough some 
what larger in diameter than the diameter of the 
tube 6 and the end of the tube is passed through 
this hole 63 and extends OutWardly from the 
blocks 46, Figure 13. An angle 64 is secured to 
the exterior face of the lower part of the Wall 
plate 4 and secured to an extended end portion 
of the base plate 7 is a reversed angle 65 which 
forms with the angle 64 a box girder upon which 

i is mounted a vertical metal plate 66 through en 

s 

S20 

larged holes 63 of which also extend the tubes 
61, the plate 66 being positioned at such a dis 
tance exteriorly of the wall plate 4 as to form an 
intervening vertical space 67, which is open at 
the top and is filled with sand 68. This sand also 
sifts into the annular recesses between the ex 
terior of the refractory tube 6 and the adja 
cent surfaces of the blocks 46 and plate 66. 
Secured to collars 69' which in turn are secured 
to the outer face of the vertical plate 66, and 
around the several holes 63' of said plate 66, are 
outwardly-extended hoods 69 into which the ends 
of the refractory heating tubes 6 extend and 
within which are provided expansion spaces 70 
for the respective tubes 6, as indicated by dot 
and-dash lines, Figure 13, alternate hoods 69 
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having openings 69 intersected by burners 7 
which fire into vertically alternate refractory 
tubes 6 i. As shown in Figures 12 and 13, the 
burners fire into the bottom tube 6 and the 
third from the bottom, the second and fourth 
tubes from the bottom discharging into flues 2 
supported on vertically alternate hoods .69 and 
communicating with the chambers thereof. The 
heating medium passes at the left hand end of 
the furnace from the bottom tube 6 to the next 
higher tube, or from the tube which is the third 
from the bottom. to the next higher tube, by 
means of risers 73 formed in the left hand blocks 

In the form of furnace shown in Figures 
12-16, each pair of heating tubes 6 is fired at 
one end only, the firing, and the venting of prod 
ucts of combustion, all being effected at one end 
of the furnace. . . . . 
A modification of the form of furnace shown 

in Figures 12-16 is illustrated in Figures 17 and 
18 in that the furnace end wall and the blocks 
463 thereof are formed with a vertical opening 
75 which has an outwardly-bent upper section in 
which is mounted a metal funnel 75 which in 
tersects and extends outwardly of the furnace 
wall plate 49 and thus serves as means for the 
feeding of sand 76 into the opening 75, which 
sand also sifts into the annular sections of en 
larged tube-accommodating holes TT formed in 
the blocks 463 of the furnace wall . In this 
form of furnace the ends of the refractory tubes 
6 f" also project outwardly from the furnace end 
wall and in the case of the lower tube and the 
tube third from the bottom receive heating gases 
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from burners 79, and in the case of the alternate 
tubes discharge into flues 8, the burners 19 
being mounted in outwardly-extended angular 
portions 78 of a wall plate 49 and the flues 8 
having end collars 80 which are mounted upon 
the outWardly-extended tube ends. In the con 
struction shown in Figures 17 and 18, the lower 
most heating tube 6' of each pair of tubes ex 
pands at the right hand end in the Space 82 
afforded by the angular wall portion 78, and, in 
the case of the uppermost tube of each pair of 
tubes, which discharges into the flue 8, the 

2,219,894 
expansion is accommodated exteriorly of the 
furnace, the fue 8 moving with the expanding 
tube. 
An important feature of the various heating 

furnace designs shown and described in the in 
stant application, in addition to the practicable 
incorporation therein of refractory heating tubes, 
is the extensive and flexible control of the heating 
whereby to obtain uniform heating or such lo 
calized heating as may be desired during the 
heating operation or certain stages thereof. 
What I claim is: 
1. A furnace including a casing having a base 

and a removable cover cooperating therewith to 
form a heating chamber, vertical series of re 
fractory heating tubes so mounted in and sup 
ported by said cover upon opposed sides of the 
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latter as to provide for expansion of the tubes, 
vertical passages formed in the cover wall respec 
tively with which the several tubes of all the tubes 
of the several banks of tubes communicate, a bank 
of tubes comprising at least two tubes, burners 
firing respectively into at least one of said tubes 
of each of the several banks of tubes, at least one 
burner firing into the passage communicating 
with a bank of tubes, and a flue from each bank of 
tubes. - 

2. In a furnace, heating means and means for 
supporting the heating means so as to permit ex 
pansion of the latter, comprising a furnace wall, 
a heating element movably mounted in said wall 
and consisting of a plurality, of communicating 
tube units of refractory material, means sealing 
the joints between adjacent units, means for ap 
plying heat interiorly of the heating element, 
means for exhausting products of combustion 
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from the heating element, and spaced supports 
for the heating element mounted in the furnace 
wall and slidably engaging and supporting said 
joint-sealing means. 

3. In a furnace, heating means and means for 
Supporting the heating means SO as to permit ex 
pansion of the latter, comprising a furnace wall, 
a heating element consisting of a plurality of 
communicating tube units of refractory material, 
including tube units Substantially central of the 
length of the heating element, means sealing the 
joints between adjacent units, means for apply 
ing heat interiorly of the heating element, means 
for exhausting products of combustion from the 
heating element, the furnace wall being formed 
with expansion chambers into which the ends of 

45 
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the heating element extend, a substantially cen- . 
tral Support for the heating element mounted in 
the furnace wall and to which said central tube 
units are fixed, and other spaced supports for 
the heating element mounted in the furnace wall 
and slidably engaging and supporting said joint 
sealing means. . 

4. In a furnace, heating means and means for 
supporting the heating means so as to permit ex 
pansion of the latter, comprising a furnace wall, 
a heating element movably mounted in said wall 
and consisting of a plurality of communicating 
tube units of refractory material, collars covering 
the joints between adjacent units and means for 
sealing the collars, means for applying heat in 
teriorly of the heating element, means for ex 
hausting products of combustion from the heat 
ing element, and spaced supports for the heating 
element mounted in the furnace wall and slidably 
engaging and supporting said collars. 

60 
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5. A furnace including a casing having a base 
and a removable cover cooperating therewith to 
form a heating chamber, a vertical series of re 
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fractory heating tubes so mounted in and sup 
ported by said cover as to provide for expansion 
of the tubes, vertical passages formed in the cover 
wall respectively with which all the tubes of the 
several banks of tubes communicate, a bank of 
tubes comprising at least two tubes, burners fir 
ing respectively into at least one of Said tubes 
of each of the several banks of tubes, and a flue 
from each bank of tubes. 

6. A furnace including a casing having a base 
and a removable cover cooperating therewith to 
form a heating chamber, vertical series of re 
fractory heating tubes mounted in and supported 
by said cover upon opposite sides of the latter, 
said heating tubes being freely extended at their 
ends into the cover wall. So as to provide for the 
expansion of the tubes, a vertical passage in said 
wall for each pair of tubes, the latter communicat 
ing at one end with said passage, vertical pas 
sages in the cover wall with which the other ends 
of the tubes communicate to provide communica 
tion between adjacent pairs of tubes, burners fir 
ing through the cover Wall into the ends of the 
respective tubes, and flues extended outwardly 
of the cover Wall and communicating with an end 
of the respective pairs of tubes. 

7. A furnace including a casing having a base 
and a removable cover cooperating therewith to 
form a heating chamber, vertical Series of re 
fractory heating tubes mounted in and supported 
by said cover upon opposite sides of the latter, 
Said heating tubes being freely extended at their 
ends into opposite sides of the cover wall SO as 
to provide for the expansion of the tubes, vertical 
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passages in one of said wall sides, a passage for 
each pair of tubes, the latter communicating at 
One end with Said passage, vertical passages in 
the Opposite side of the cover wall, the other ends 
of one tube of each adjacent pairs of tubes com-. 
municating with one of said last-mentioned pas 
sages, burners firing through said “opposite' side 
of the cover wall into the end of one tube of the 
respective pairs of tubes, burners firing through 
Said "one' wall side into an end of the other tube 
of the respective pairs of tubes, flues from the 
respective pairs of tubes communicating each 
With a vertical passage in said "opposite' side of 
the cover wall, and means for controlling the pas 
Sage of products of combustion as between said 
flues and Said last-mentioned vertical passages. 

8. A furnace including a casing having a base 
and a removable cover cooperating therewith to 

5 
form a heating chamber, a vertical series of re 
fractory heating tubes movably mounted in and 
supported by said cover, vertical passages formed 
in the cover Wall with which respectively both 
tubes of the Several banks of two tubes communi 
cate, means for sealing and fastening an end of 
each tube in the cover Wall adjacent said pas 
sages, burners respectively firing into the opposite 
end of a tube of the several banks of tubes, sup 
ports for the burners secured to the cover wall 
and having expansion chambers into which the 
ends of the cooperating tubes extend, flues for the 
respective banks of tubes, and supports for the 
flues secured to the cover Wall and having ex 
pansion chambers into which the ends of their 
cooperating tubes extend. 

9. A furnace including a casing having a base, 
a wall, and a roof, and forming a heating cham 
ber, a vertical Series of refractory heating tubes 
disposed in said chamber and movably mounted 
at their ends in Said Wall, burner housings Secured 
to Said Wall and forming expansion chambers 
into which an end of a tube of the several pairs 
of tubes extends, burners firing into said hous 
ings, respectively, flues Secured to said Wall and 
having housing portions forming expansion cham 
bers into which an end of the other tube of the 
several pairs of tubes extends, passages in said 
wall with which respectively the tubes of each 
pair of tubes communicate, and a plurality of 
Spaced tube supports extended inwardly from said 
wall and slidably engaging the tubes. 

10. A furnace including a casing having a base, 
a Wall, and a roof, and forming a heating cham 
ber, a vertical series of refractory heating tubes 
disposed in said chamber and movably mounted 
at their ends in said wall, plates secured to said 
wall, spaced from and forming sand chambers 
exteriorly of the latter, the ends of the tubes 
being extended through said plates, burner hous 
ings forming tube expansion chambers secured 
to said plates and into which one end of one of 
each of the respective pairs of tubes extends, 
burners firing into said end of said tubes through 
Said housings, flues mounted upon an end of the 
other tube of each pair of tubes, passages in said 
wall with which the tubes of each pair of tubes 
Communicate, and a plurality of spaced tube Sup 
ports extended inwardly of said wall and slidably 
engaging the tubes. 
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