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My invention relates to improvements in 
furnaces and particularly to the type of fur 
nace in which a fluid is heated in tubular 
elements partly by radiantheat and partly by 

5 heat transferred by convection. 
In this type of furnace it has been recog 

nized that it is desirable to separate the ra 
diant and convection heating effects in order 
to avoid the injurious effects of local over 

10 heating, and several means for obtaining this 
result have been proposed. So far as I am 
aware, however, none of the proposed meth 
ods result in a complete or substantially 
complete separation, and recourse is had to 

15 such expedients as shielding the tubes by 
a refractory substance or the like in order to 
avoid the effects of heat transfer by convec 
tion. 
In the apparatus of my invention I secure 
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of the flowing current of the products of com 
bustion. Furthermore, the section of the 
passage through which the products of com 
bustion flow is maintained substantially con 
stant which tends to avoid turbulences in 
flow which might throw the hot gases against 
the tubes. The gases, having radiated heat 
to the vertical elements and consequently been 
reduced in temperature, then pass into the 
economizer section at such a temperature as 
to be substantially nonradiant. The hot 
gases here come in contact with and flow 
around a second group of heat absorbing 
tubes which are thus consequently adapted 
R absorb the convection component of the 
heat. 
A feature of the invention is the annular 

arrangement of heat absorbing tubes within 
the combustion chamber permitting the flam 20 a substantially complete separation of the sing gases to pass vertically through the an 

radiant and convection heat without resort 
to the interposition of refractory shields or 
the like between the source of heat and the 
tubes, the source of heat and the tubes being 

25 at all times in open communication. The na 
ture of my apparatus furthermore, permits 
of an arrangement such that sagging of the 
tubes from the effects of heat is avoided, the 
tubes are readily removable for cleaning and 

30 the structure of the furnace is greatly cheap 
ened and simplified. 
The preferred embodiment of my inven 

tion consists of a furnace having two sec 
tions, a combustion chamber of substantially 

35 uniform cross section provided with tubes to 
absorb the heat of radiation only, and an 
economizer section where the products of 
combustion come into direct contact with a 
bank of heating elements placed in their path. 

40 preferably construct my combustion cham 
ber in cylindrical form, disposing the tubes 
vertically and supporting them from an 
upper tube sheet and arranging them so that 
they virtually line the inner surface of the 

45 
bustion pass vertically through the center of 
the ORE chamber in a direction gen 
erally parallel to the plane of the tubes, 
radiating heat to be vertically disposed 
tubes but not transferring any substantial 
amount of heat thereto by contact since the 
bulk of the gases will not come in contact 

50 

with them and the atiriosphere immediately 
surrounding the tubes is substantially out 

combustion chamber. The products of com 

nular space formed by the tubes without im 
pinging on the surfaces of the tubes, thus 
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avoiding the necessity of shielding the tubes 
as heretofore practiced, such as, for instance, 
imbedding them in the wall and roof of the 
combustion chamber, or incasing them in heat 
resisting material. 
When the vertically disposed tubes arear 

ranged circularly about the source of heat 
and the path of the heated gases they form 
a protective lining or shield for the walls 
of the furnace, which consequently may be 
of lighter construction, and less heat will be 
lost by radiation through the walls, as they 
receive only a portion of the heat imparted 
to them in existing furnace designs. 
The invention also provides other novel 

arrangements, such as a simple method of 
supporting the tubes, whereby they may be 
readily removed for renewal and accessible 
from both ends for cleaning. 
The invention will best be understood if 

the following description is read in connec 
tion with the accompanying drawings, in 
which 
Figure.1 is a side elevation partially in 
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00 
section of a furnace according to my inven 
tion, showing a bottom-fired combustion 
chamber connected to an economizer section 
and the manner of vertically disposing the 
tubes in the combustion chamber; . 

Figure 2 is a detailplan view on a reduced 
scale of the upper tube sheet of the combus 
tion chamber shown in Figure 1; 

105 
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Figure 3 is a detail view showing the man 
ner of mounting the tubes in the combustion 
chamber as shown in Figure 1; 

Figure 4 is a detail perspective view of the 
lower casting giving access to the bottom of 
the tubes of the combustion chamber of Fig 
ure 1; 

Figure 5 is a central longitudinal section 
through a modified form of my invention in 
which the combustion chamber is fired from 
the top, the products of combustion descend 
ing and passing through an underground 
flue into the economizer section; 

Figure 6 is a detail view showing the man 
ner of mounting the U-tubes used in the com 
bustion chamber shown in Figure 5; 

Figure 7 is a section on the line 7-7 of 
Figure 5, showing the manner in which the 
tube ends are connected; and 

Figure 8 is a detail plan view of the upper 
tube sheet of the combustion chamber shown 
in Figure 5. 

In the embodiment of my invention shown 
in Figures 1 to 4, 10 represents a cylindrical 
combustion chamber built of brick work or 
other suitable material which may be held in 
shape merely by the circular bands 11. It 
will be understood that the combustion cham 
ber may equally well be made somewhat coni 
cal or chimney-like in shape, and that this 
construction may be desirable with a high 
furnace as an aid to structural stability or 
for the purpose of modifying the section to 
allow for the change in volume of the prod 
lucts of combustion to maintain uniformity of 

O 
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flow. At the bottom of the combustion cham 
ber a burner 12 or other source of heat is 
located inside the fire box 13, the sides of 
which extend well above the burner. At the 
top of the combustion chamber and extend 
ing down into the chamber is a flue or pas 
sageway 14 connecting the combustion cham 
ber with the economizer section 15, in which 
is located a bank of tubes 16 preferably posi 
tioned horizontally at right angles to the 
path of the heated gases therethrough. Cir 
cularly arranged within the combustion 
chamber 10 adjacent the side wall but not in 
contact therewith are the vertically disposed 
tubes 17 supported from an upper tube sheet 
18. The tubes so arranged form a surface 
virtually lining the side wall of the furnace 
and shielding it from the intense heat to 
which combustion chamber walls are ordi 
narily subjected. As shown in Figure 1, the 
tubes 17 extend well aboye the lower end of 
the flue 14 and below the top of the fire box 
13. The hot products of combustion flowing 
up from the burner 12 pass through the cen 
ter of the furnace, radiating heat to the an 
nularly arranged tubes 17 but not transfer 
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ring any substantial amount of heat to the 
tubes by contact since the tubes are situated 
out of the path of the gases. 
The tops of the tubes extend through aper 65 
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tures 19 in the tube sheet 18 and the lower 
ends project into an annular casting 20 ex 
tending around the firebox, which holds the 
tubes in place and spaces them evenly in re 
lation to one another. The casting 20 serves 
the function of a lower tube sheet, and is 
preferably formed in a plurality of arcuate 
sections open along their outer wall, as shown 
in Figure 4. Each section may be provided 
near each end with a strut 21, placed in such 
position that it will not interfere with the ac 
cess to the tube headers. The tubes pass 
through apertures in the upper surface of the 
casting 20 into the chamber thus provided. 
The tubes are connected together in series by 
headers 22 located at their ends as shown in 
Figure 3. Ready access may be had to either 
end of the tubes by means of plugs 23 in the 
headers 22 for cleaning or otherwise. 
As is usual in heating apparatus of this 

type, the oil or other liquid to be heated flows 
first through the tubes 16 of the economizer 
section 15 and then through the tubes 17 of 
the combustion chamber 10. Preferably the 
oil in the economizer section flows counter 
current to the flow of the products of com 
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bustion, entering the lowest tube 16 of the 
economizer section and flowing upwardly 
through the tubes 16 connected in series, the 
final tube 16 being connected to the upper end 
of one of the tubes 17 in the combustion cham 
ber 10. The alternate ends of the tubes 17 
are connected by headers as shown in Figure 
3, and the heated oil or other liquid flows 
downwardly through the first tube 17, then 
upwardly through the next tube, and so on 
until it has completely gone around the circle 
formed by the tubes 17, being discharged 
from the final tube. 

It will be noted that the lower end of the 
flue 14 extends below the upper tube sheet 18 
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and that the upper end of the fire box 13 ex 
tends above the lower casting 20, forming 
shoulders behind which gas pockets are 
formed, thereby tending to prevent the en 
trance of the flame into these corners and 
consequent erosion of the tubes at these 
points. These shoulders also serve to keep. 
the flame somewhat centered and away from 
the tubes during its vertical travel. 

It will be seen that the ends of the tubes 
and the headers connecting them are pro 

ll0 
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tected from the flame by being housed outside . . . 
of the heating zone. 
In the embodiment of my invention shown 

in Figure 5, which will be described only in 
So far as it differs from that shown in Figure 
1, the combustion chamber 25 is fired from 

20 

the top by a burner 26. In this modification : 
the connecting flue 27 is located below the 
combustion chamber 25 and the economizer 
28, and it is possible to support the tubes in 
the combustion chamber in such a manner that 
when in need of cleaning, a tue may be read 
ily removed and a clean tube substituted, thus 
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reducing the idle time of the equipment. In 
order to accomplish this a somewhat different 
construction of the tubes is used. A number 
of U-shaped tubes 30 are arranged in the com 
bustion chamber as before, and are supported 
from an upper tube sheet 31, which is provid 
ed with slots 32 as shown in Figure 8, to per 
mit the U-tubes to be inserted therethrough. 
A separate flame plate 33 is placed over each 
slot 32 and supported on the top of the tube 
plate 31, and is provided with two apertures 
to accommodate the ends of the tube 30. The 

5 

25 

U-tubes 30 are connected together by return 
bends 34 which are joined to the tubes by 
unions 35. In this manner the tubes are held 
in place only by their own weight and are free 
to expand or contract as they vary in tem 
perature. 
A furnace constructed in accordance with 

my invention effectually distributes the 
work done by the heating surfaces and to a 
large extent reduces the possibility of over 
heating of elements which would be detri 
mental either to the surfaces thus attacked 
or to the fluid being heated and flowing 
within the tubes. As will be seen, this is 
accomplished by absorbing heat by radia 
tion from the flame until the products of 
combustion have been so reduced in tem 
perature that they can be safely put into con 
tact with the usual form of heating elements. 
It is, of course, desirable to burn fuel with 

35 
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the least amount of excess air possible, 
which always results in a high fire box tem 
perature which is detrimental to the walls of 
the combustion chamber and to the first ele 
ments with which the products of combus 
tion come into contact. 
By absorbing the radiant heat from the 

intense flame caused by burning fuel under 
proper conditions, the temperature of the 
products of combustion passing out of the 
combustion chamber is reduced efficiently by 
transferring the portion of the heat that 
can be withdrawn by radiation and making 
it perform useful work. The transfer rate 
on the first contact elements is thus reduced 
to a safe limit, at the same time permitting 
efficient combustion of the fuel without the 
necessity of admitting excess air. 
By disposing the tubes vertically, it will 

be noted that the section at right angles to 
the path of the hot gases is substantially 
uniform, tending to permit a smooth flow 
and to avoid the forming of eddies around 
the tubes which would cause a transfer of 
heat by contact. If the tubes were disposed 

60 

horizontally around the path of the flame, 
the difference in the area of sections, taken 
between the tubes and through the tubes, 
would tend to cause a turbulence in the flow 
of the hot gases which is undesirable for 
the above reasons. Thus, the disposing of 
tubes vertically not only adds to the struc 
tural merit of the frnace by avoiding sag 

3 

ging of the tubes, but is an important factor 
in eliminating heat transfer by contact on 
the radiant heat elements. 
The circular form of the combustion 

chamber and the shielding of the wall by 
the heat elements reduces the costs of con 
striction by utilizing a stable form of struc 
ture and permitting the use of lighter walls. 
The steel work required to hold the com 

bustion chamber together is largely reduced 
over furnaces of rectangular sections and 
the necessity of using arches and roof sec 
tions is avoided. 

it will be obvious that changes can be 
made in the design and that the combustion 
chamber can be built rectangular in cross 
section without departing from my inven 
tion, although the combustion chamber is 
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preferably made circular in form for the . . 
above reasons and this circular form is dis tinctly an improvement on the existing 
practice. a 
In the invention shown by the drawings, 

one row of tubes has been indicated in the 
combustion chamber. This, however, is pri 
marily for the purpose of illustration and I 
contemplate, when necessary, using two or 
more rows, preferably in staggered relation 
ship, which may be desirable to absorb as 
much of the radiant heat as possible, and 
furthermore, the combustion chamber and 
the economizer sections may be constructed 
one above the other if desired, although the 
indicated arrangement is preferred for 
structural reasons. 
Where the term “substantially cylindrical 

combustion chamber' is used in the claims, 
it is intended to include a chimney-like con 
struction with somewhat sloping sides. 
While two embodiments of my invention 

have been described in detail in the fore 
going specification for the purpose of fully 
disclosing my invention, it is to be under 
stood that my invention is not limited there 
to, but includes all changes and modifica 
tions wheih fall within the scope of the ap 
pended claims. 
What I claim is: 
1. In a furnace, a vertically arranged sub 

stantially cylindrical combustion chamber, a 
plurality of vertically disposed heat absorb 
ing tubes annularly arranged therein adja 
cent to the walls of the combustion chamber, 
means for directing burning fluid fuel and 
the products of combustion thereof in a cen 
tral, longitudinal and unobstructed path 
through said chamber and substantially out 
of contact with said tubes, and means for re 
movably suspending said tubes from their 
upper ends whereby the lower portions there 
of may be capable of lateral movement. 

2. In a furnace, a vertical combustion 
chamber, a burner chamber located at one end 
of said combustion chamber, an outlet fue 
located at the other end thereof, said burner 
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chamber and said outlet flue extending into 
said combustion chamber and having cross 
sectional areas less than the cross-sectional 
area of said combustion chamber, and a con 
tinuous heating coil arranged in a series of 
vertically disposed interconnected tubes 
about said combustion chamber adjacent the 
walls thereof and outside the path of the 
products of combustion, to enable the passage 
of a continuous stream of heat absorbing fluid 
serially through said tubes. 

3. In a furnace, a vertical combustion. 
chamber, a burner chamber located at the up 
per end thereof, an outlet flue located at the 
lower end thereof, said burner chamber and 
said outlet flue extending into said combus 
tión chamber substantially centrally thereof 
and having cross-sectional areas less than the 
cross-sectional area of said combustion 
chamber, and a continuous heating coil ar 
ranged in a series of vertically disposed in 

i terconnected U-shaped heat absorbing tubes 

2 5 
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about said combustion chamber adjacent the 
wall thereof and outside the path of the 
products of combustion, to enable the passage 
of a continuous stream of heat absorbing fluid 
serially through said tubes. 

4. In a furnace, a vertically arranged sub 
stantially cylindrical combustion chamber, a 
continuous heating coil composed of a series 
of vertically disposed interconnected heat 
absorbing tubes adjacent to the wall of the 
combustion chamber and disposed on an an 
nular pitch circle the center of which sub 
stantially corresponds with the center of the 
combustion chamber, and means for direct 
ing burning fuel and the products of combus 
tion thereof in a central longitudinal and un 
obstructed path through said chamber and 
substantially out of contact with said tubes. 

5. In a furnace, a vertically arranged sub 
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stantially cylindrical combustion chamber, 
means for passing products of combustion 
heated to a radiating temperature centrally 
and longitudinally thereof in an unobstruct 
ed path, and means in said combustion cham 
ber for cooling the products of combustion to 
a substantially non-radiating temperature 
comprising a continuous heating coil com 
posed of a series of interconnected unshielded 
heat absorbing tubes positioned vertically in 
the chamber and outside the direct path of 
the hot products of combustion and arranged 
in substantially uniform spaced relationship 
to each other and to the chamber wall, en 
abling the passage of a continuous stream of 
heat absorbing fluid serially through said 
tubes, whereby local overheating of walls 
and tubes is avoided and absorption of heat 
by radiation is maintained substantially uni 
form among the tubes. 

6. In a furnace, a substantially cylindrical 
vertical combustion chamber, 'a continuous 
heating coil composed of a series of vertically 
disposed interconnected heat absorbing tubes 
adjacent to the wall of the combustion cham 
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ber and disposed on an annular pitch circle - 
the center of which substantially corresponds 
with the center of the combustion chamber, a 
burner located at one end of the chamber, so 
positioned centrally with respect to said 
tubes as to impel its flame and the products 
of combustion in an unobstructed vertical 
path substantially parallel to and out of di 
rect contact with said tubes, and means for 
leading away the combustion gases from the 
opposite end of said chamber. 
In testimony whereof, I have signed my 

name to this specification this 30th day of 
June, 1926. 

LUIS DE FLOREZ. 

5 


