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This invention relates to heat exchange COn 
duits or tubes adapted to be used with commod 
ities, such as gases, that have low coefficients 
of heat transfer. More particularly it relates 
to heat exchange conduits that are provided With 
internal fins to give them extended internal Sur 
face area and which are subject to greater pres 
Sures on their exterior than on the inside of the 
eXchanger Wall. 
My copending application executed of even 

date herewith, Serial No. 740,597 filed April 10, 
1947, Which has been abandoned, and assigned 
to my present assignee, illustrates a type of 
boiler construction that preferably embodies a 
heat exchange conduit of the type contemplated 
by the present invention. In such a boiler, a 
plurality of heat exchange conduits pass through 
a body of Water that is heated by transfer of 
heat to it from hot gases on the inside of the 
conduits. To insure a high rate of heat transfer, 
the interior of each conduit is provided with a 
plurality of fins by which the heat from the com 
modity is transferred to the side Walls and from 
the side Walls to the Water. If steam is gener 
ated in the boiler, the pressure exerted by the 
Steam is ordinarily much greater than the pres 
Sure of the commodity Within the heat exchange 
conduit, thus resulting in the application of 
forces on the exterior Walls that may crush them 
inwardly. Although the example of a conduit 
used in a boiler has been employed herein to 
illustrate the invention, it Will be understood that 
the present invention is susceptible of a variety 
of other uses in Which a heat exchange conduit 
that is resistant to externa forces is required. 

It is a general object of the present invention 
to provide a heat exchange conduit With a high 
rate of heat exchange efficiency and that is 
strongly reinforced against compressive forces 
applied at the exterior of the Walls. Another ob 
ject of the invention isto provide a heat exchange 
conduit with an improved form of heat exchange 
fin construction on the interior thereof and in 
efficient heat transfer relation With the side 
Walls. Still another object of the invention is 
to provide such a fin construction that of itself 
possesses great compressive strength to support 
the side Walls against high eXternal loads. A still 
further object of the invention is to provide a 
heat exchange conduit in Which the fins may be 
bonded to one or more of the Walls before the 
walls are assembled to provide a closed unit. Still 
an additional object of the invention isto provide 
a heat exchange conduit that may be manufac 
tured rapidly and economically. 
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Further objects and advantages of the inven 
tion Will become apparent from the following 
description of a preferred form thereof, refer 
ence being made to the accompanying drawings. 
The essential characteristics of the invention 
are Summarized in the claims. 
Referring to the drawings: Figure 1 illustrates 

a heat exchange conduit embodying the present 
invention mounted as a vertical fire tube in a 
boiler; Figure 2 is a perspective of a preferred 
form of heat exchange conduit with the internal 
fins in place; Figure 3 is an enlarged section 
through the conduit of Figure 2 as indicated by 
the lines 3-3 thereon, showing a modified form 
of fin construction; Figure 4 is a section similar 
to Figure 3 but showing a further modified form 
of fin construction and also a modified form 
of end Wall construction; Figure 5 is a section 
Similar to Figure 4 showing a heat exchange con 
duit With internal and external heat exchange 
fin members; and Figure 6 is a further modified 
form of heat exchanger shown in section similar 
to the Section of Figure 4. 
To provide efficient heat interchange for gases 

or similar commodities having low coefficients of 
heat transfer, it is necessary to have large ex 
tended surfaces for contact with the gases within 
the conduit. It is also desirable to provide such 
a construction that the paths for the flow of 
heat in the extended surface elements are as 
Short aS possible. For economy of contruction, 
as Well as efficiency in heat transfer, it is desir 
able that the Walls of the conduit be as thin as 
possible consistent with the forces which they 
are required to Withstand. I have found that 
heat exchange conduits of rectangular cross sec 
tion With longitudinally extending internal fins 
are efficient from a heat exchange standpoint 
in that they can be constructed With fins of 
ample surface area to give the required heat 
eXchange capacity; by the use of rectangular 
sections, the paths for the flow of heat within 
the fins themselves may be kept at a minimum, 
while at the same time the fins canbe distributed 
Substantially uniformly throughout the entire 
interior of the conduits, and so-called “short 
circuiting” of any substantial portion of the fluid 
floWing Within the conduit can be eliminated. 
The use of rectangular sections, however, pre 

Sents problems in the construction of conduits 
that are adapted to withstand external pres 
sures. According to the present invention, the 
internal fins, which provide the extended heat 
eXchange Surface, are utilized to reinforce the 
conduits against external forces. The internal 
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fins serve the dual purpose of acting as heat 
transfer surfaces as well as mechanical rein 
forcements, and thus I am able to provide at 
reasonable cost conduits which are highly effi 
cient from a heat transfer standpoint and which 
can be made of relatively light gauge materials 
and yet have strength to Withstand substantial 
externa preSSureS. 
A preferred form of the present invention com 

prises a closed conduit of generally rectangular 
cross section formed by placing the Outer side 
edges of two similar pan members in contact 
with each other and welding them together. 
Fins are welded or otherwise bonded to the con 
duit walls to transfer heat efficiently to them 
from the commodity flowing therethrough. The 
precise form of the fins may vary in accordance 
with the following description and as illustrated 
in the drawings. If desired, heat transfer mem 
bers may be placed on the exterior of the con 
duit to perform a heat transfer function On the 
outside similar to that which the fins perform on 
the inside. 
The internal fins are not only characterized by 

a highly efficient rate of heat transfer to the 
side Walls but by great strength in compression 
to reinforce the conduit and prevent its being 
crushed when high pressures are present on the 
exterior and low pressures on the interior. To 
permit ready assembly of the complete conduit, 
the present invention provides for Securing al 
the fin elements to their supporting conduit Walls 
prior to the assembly of the walls and then final 
ly welding or other wise bonding the walls to 
gether to provide the completed conduit. 

Referring now to the drawings and particular 
y to Figure 1, there is illustrated a fire tube 
boiler that in general is similar to the construc 
tion described and claimed in my copending ap 
plication referred to above. In this figure, the 
boiler is illustrated as a circular Steel container 
10 mounted above a fire box 2. This boiler 
comprises a circular side wall 3, end walls 4 
and i 5 and an inner wall i6. Water is admitted 
to the boiler at di and removed either as hot 
Water or as steam at 8. 

Passing vertically through the boiler and Se 
cured in the ends 4 and i 5 by Welds 20 and 2 
are Steel heat exchange conduits 25. These 
conduits act as fire tubes to receive hot gases 
from the fire box at end 2 and allow them to 
paSSupWardly and out at 28. During the course 
of their travel, the hot gases give up their heat 
through the Walls of the conduits 25 to heat the 
Water in the boiler 10. As the Water becomes 
heated, and particularly if large amounts of 
steam are generated, pressure on the outside of 
the conduits Will greatly exceed that on the in 
side and Will tend to crush the Walls thereof in 
Wardly and collapse them. 
The inside of each conduit 25 is strongly re 

inforced againstany crushing forces by fins that 
also act to improve the rate of heat transfer be 
tween the commodity On the inside and the com 
modity on the outside of the conduit. These 
fins may take several forms, but in general are 
characterized by great strength in compression 
and a high heat transfer efficiency. 
A preferred form of heat exchange conduit is 

illustrated in Figure 2. In that figure, the steel 
Walls of the conduit are shown to comprise a 
pair ofshallow open-ended pans 30 and 32, each 
provided with end walls or flanges 33 and 34 that 
terminate in lips or flanges 35 and 36 parallel to 
the pan bottoms. As hereafter described, the 
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4 
pans are welded or otherwise bonded together 
at the contacting faces of the fianges 35 and 36. 
This construction forms a metal conduit of gen 
erally rectangular cross section with pair of op 
posed sidewalls 40 and 4l formed by the flat bot 
toms of the pans 30 and 32 and end Walls 43 and 
44 formed by the joined upstanding portions 33 
and 34 of the pans 30 and 32. In the embodi 
ment of the invention shown in Figure 1, the 
conduit of Figure 2 extends vertically through 
the boiler 10, and the exterior walls of the con 
duit are, as stated above, secured by welds at 
20 and 2 to the ends of the boiler. 
The commodity, fiue gas, that enters the con 

duit at 2 (Figure 1) is a material with a rela 
tively low coefficient of heat transfer and gener 
ally travels through at a low pressure. To trans 
fer the heat in this commodity to the commodity 
Surrounding the exterior surface of the conduit 
and to reinforce the conduit in compression, an 
improved form of internal fin construction is 
provided. 
One form of finned construction is shown in 

Figure 2 and is made up of a series of relatively 
Stiff Steel channel members each with an out 
standing fin portion 50 comprising one or more 
relatively stiff fins 5 formed integral With a base 
portion. 52. The base portions are welded to 
the side Walls 40 and 4 by a series of resistance 
Welds 54 Which may be made with a conventional 
seam welder embodying roller electrodes; one 
electrode bearing against the exterior of a side 
Wall 40 or 4, and the complementary electrode 
riding inside of the channel against the base por 
tion 52. The electrodes are urged together in a, 
well-known manner, and sufficient current is 
passed from one to the other to make the welds. 
It Will be seen in Figure 2 that alternate chan 
nels of a series are welded to the side wall 40 
While the intermediate channels are welded to 
the side wall 4. By this construction, heat in 
Substantially equal amounts is transferred to 
each of the side Walls to achieve a uniform heat 
transfer over the eXterior surface of the heat ex 
change conduit. The outer edges of the fin por 
tions 5, remote from their base 52, are not 
Secured to the side Walls adiacent which they 
terminate but merely abut them to take a com 
pression load applied to the exterior of the unit. 
From the description thus far it Will be Seen 

that all of the channels carried by the side wall 
40 and all of those carried by the side Wall 4 i 
may be properly located by suitable jigs and 
Welded in place before the pans 30 and 32 are 
Secured together. After the channels have been 
Welded in place on their respective side walls 
the pans 30 and 32 are assembled as shown in 
Figure 2 and Welded together at their flanges 
35 and 36. 
The compressive strength of the completed as 

Sembly is attained by the presence of the stiff 
metal fin portions 5i that are secured to one 
Side Wall and at their free edges are positioned 
With relation to the other side wall to engage 
it and prevent the Walls from being forced to 
gether under compressive loading. The end walls 
indicated at 33 and 34 are thick in proportion 
to their Width and also are slightly convex out 
Wardly to form a modified arch and insure the 
requisite compressive strength required for the 
uses contemplated. 
A modified form of construction in which the 

walls 43 and 44 are interconnected and further 
braced to improve their strength in compression 
is illustrated in Figure 3. In this construction 
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a fat steel piate 60 extends across the conduit 
25 parallel to the side walls 40 and 4 and prefer 
ably is Welded in place between the fianges 35 
and 36 of the pans. While it is preferired to Weld 
plate 60 in place it may be secured in position 
in any desired manner, as by a force fit. This 
construction reinforces the intermediate side 
Walls 33 and 34 and preventS their being crushed 
inwardly under external pressures. 
The plate 60 divides the construction of Fig 

ure 3 into two conduits that are used in parallel 
together to transmit fluid from one end to the 
other from a common inlet. No advantage is 
gained under these conditions if heat exchange 
fins are secured to the plate 60 and consequently 
the fins 63 are Welded only to the side Walls 40 
and 4f. The fins are channel shaped and gen 
erally conform to the construction shown in Fig 
ure 2 except that their sides 64 are somewhat 
shorter than the corresponding parts 5 of that 
figure. This is because they need only to span 
the space between the plate 60 and one of the 
side Walls 40 or 4. In this Way compressive rein 
forcement from the side Wall 40 to side Wall 4l 
is obtained by transmitting compressive stresSes 
from the side Wall 40 through itS associated fins 
63 to the plate 60 and then through the fins on 
the opposite side of that plate to the side Wall 
4. This construction reinforceS the end Walls 
43 and 44 because the fins also stiffen the plate 
60 to prevent it from being flexed if excessive 
compressive loads are applied to the end Walls. 
Thus a structure is provided in Which the end 
walls and side Walls reinforce each other against 
compressive loads. 
The base portions 65 of the fins 63 are Welded 

to their respective side Walls 40 or 4 in the same 
manner as described in connection With the fins 
illustrated in Figure 2. This Welding operation 
is performed before the complete conduit is as 
sembled after Which the tWo pans 30 and 32 
With the fins in place are assembled as ShoWn 
in Figure 3 With the plate 60 between them. The 
pans and the plate are then Securely Welded 
together in the region of the fianges 35 and 36. 
The construction described above in connec 

tion With Figures 2 and 3 in Which the pans 
are joined together by welds at the fianges 35 
and 36 is best used Where the thickness of the 
material from which the pans are made permits 
the flanges to be formed easily and resistance 
welded together. If the thickness of the mate 
rial from Which the pans are made is relatively 
thicker this form of end wall construction is besti 
replaced by that shown in Figure 4. In this 
latter construction the somewhat thicker pans 
are brought together with their edges in abut 
ment and then arc welded as indicated at 67. 
This same form of construction is illustrated in 
the modifications of Figures 5 and 6 but it Will 
be apparent that it may also be used in the con 
structions in Figures 2 and 3 if desired. On the 
other hand the construction shown in Figure 2 
employing flanges 35 and 36 may, if desired, 
be Substituted for the Weld at 67 in thOSe cOn 
structions illustrated in Figures 4, 5 and 6. 
The arrangement of fins illustrated in the con 

struction of Figure 4 is a modification over thOSe 
previously described in that the outWardly ex 
tending plate-like portions of the fins carried by 
one side Wall interfit With the corresponding fins 
carried by the other side wall. Thus it Will be 
seen that a series of fins 70 With outWardly ex 
tending portions 7 and base portions 72 are 
Welded to the pans 30 and 32 reSpectively in 
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the same manner as previously described in con 
nection with Figure 2. When the fins are posi 
tioned for Welding however, tney areso arranged 
that, except for the end fins of a group, two 
eXtending portions of two adjacent fins carried 
by one plate lie within the channel formed by 
the portions of a fin 70 carried by the other 
plate. This permits the inclusion within the con 
duit of a larger extended heat transfer surface 
than is attained with the construction shown in 
Figure 2 and also provides an assembly that is 
Somewhat stronger in compression. In the con 
struction of Figure 4 it will be evident that the 
fin eXtensions do not extend into contact with 
the opposite side wall but only into contact With 
the base of the particular fin within which they 
nest. 

In certain instances it is desirable to employ 
heat transfer fins on the exterior of the conduit 
aS Well as on the interior and this form of con 
struction is illustrated in Figure 5. Here again 
the usual pans 30 and 32 are, in the final assem 
bly, Welded together as at 67. Internal fins 80 
and external fins 8 are welded through their 
base portions 82 and 83 to the respective side 
Walls With electrode rollers as described in con 
nection With Figure 2. Severa arrangements of 
fins are possible and the arrangement of the 
internal fins may conform to any of the others 
described above. The result of Such a construc 
tion is to produce a heat exchange conduit that 
is in all respects, similar on its interior to one 
of the forms already described and that in addi 
tion provides an eXtended heat exchange surface 
on the exterior thereof. 
A further modified form of conduit embodying 

the present invention is illustrated in Figure 6. 
In certain features this construction resembles 
the construction of Figure 4 except that of two 
fin portions on a channel shaped fin only one 
portion of any one fin interengages within the 
channel of an opposite fin channel member. 
Thus there are secured to the pans channel mem 
bers 85 and 86 so positioned that the fin 87 of 
the member 85 lies within the channel of mem 
ber 86 and in turn the fin 88 of the member 86 
lies Within the opposite channel of member 85. 
The other fins 90 of the channel members 85 
and 86 do not lie Within a channel of an oppos 
ing member but extend from the pan to which 
they are Secured across the conduit space into 
direct contact with the opposing conduit wall. 
Thus in each of the channel members 85 and 86 
the interfitting fins as indicated at 87 and 88 are 
somewhat shorter than the free fins 90 because 
they only extend from One pan across to contact 
the base of the opposite channel member and 
so do not extend to the Surface of the opposing 
Side Wall. 
Various other changes and modifications may 

be made herein Without departing from the Spirit 
and Scope of my invention. It is therefore to be 
understood that my patent is not limited to the 
preferred forms of the invention described herein, 
or in any other manner than by the scope of the 
appended claims. 

I clain: 
1. A heat exchange conduit comprising a hol 

low structure with a pair of opposed side walls, 
Said opposed side Walls each having a plurality 
of channel shaped fins having base portions 
Welded thereto and fin portions extending toward 
the opposite side wall, and a plate interposed 
between the fins carried by one side Wall and 
those carried by the other sidewall and engaged 
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by the fin portions of both sets of fins to rein 
force the conduit against external preSSure. 

2. A heat exchange conduit comprising two 
relatively shallow pans with short end Walls, 
Welds joining the end Walls of One pan to thOSe 
of the other to provide an elongated closed struc 
ture of generally rectangular cross section With 
the bottoms of the pans forming one pair of 
opposed Walls and the joined Walls of the pans 
forming another pair of opposed Walls, a plu 
rality of channel shaped heat exchanger fins, 
each with a base portion and a pair of fin por 
tions, certain of said fins being Secured to the 
bottom of one pan, certain other of Said fins 
being secured to the bottom of the other pan, 

º said fin portions extending from their respec 
tive bases approximately half Way toward the 
opposite pan bottom, and a plate interposed be 
tween the fins carried by one pan bottom and 
those carried by the otherpan bottom. 

3. A heat exchange conduit comprising two 
relatively shalloW pans With Short end Walls, 
Welds joining the end Walls of One pan to thOSe 
of the other to provide an elongated closed struc 
ture of generally rectangular cross Section With 
the bottoms of the pans forming one pair of 
opposed Walls and the joined Walls of the pans 
forminganother pair of opposed Walls, a plurality 
of channel shaped heat exchanger fins, each with 
a base. portion and a pair of fin portions, certain 
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of said fins being secured to the bottom of one 
pan, certain other of said fins being secured to 
the bottom of the other pan, said fin portions 
eXtending from their respective bases approxi 
mately half Way toward the opposite pan bottom, 
and a plate interposed between the fins carried 
by one pan bottom and those carried by the other 
pan bottom, Said plate being secured to the Said 
Walls formed by the pan end Walls adjacent the 
Welds joining said Walls. 

JOHN W. BROWN, JR. 
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