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The present invention relates to heat exchange tubes, 
and more particularly to tubes of this class having in 
ternal fins arranged to promote better heat transfer be 
tween a fluid outside the tube and a fluid flowing within 
the tube. 

Heretofore, the art has sought to provide internally 
fin heat exchange tubes in which the fluid flowing within 
the tube would give up heat to or receive heat from the 
extended surface areas of the fins past which it flowed, 
which fins would in turn give up heat to or receive heat 
from the outside wall of the tube. In this way, the heat 
transfer between fluids outside and inside the tube has 
been somewhat increased. In an effort to provide in 
ternally finned tubes adapted to enjoy this increased heat 
transfer, it has been proposed to form the tubes with 
integral fins extending inwardly from the side walls there 
of and formed by machining or extruding or the like. 
However, it has not been possible to increase the interior 
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Finally, it is an object of our invention to provide heat 
exchange tubes and methods for making the same which 
will be strong, durable, inexpensive, and easy to practice. 

Other objects and advantages will become apparent 
from the following description taken in conjunction with 
the accompanying drawing, in which: 
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tion, taken on the line 2-2 of Figure 1; 
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surface of the tube by substantially more than one 
hundred percent by this arrangement; and the cost of 
manufacturing such tubes has been quite high. More 
over, it has been both difficult and expensive to remove 
the portions of the fins adjacent the tube ends when it 
has been desired to install the tubes as in the tube sheet 
of a heat exchange device. 

In a further effort to provide suitable internally fin 
tubes of this type, it has been proposed to insert the 
fins within the tubes separately and then fasten them to 
the tube walls as by soldering or brazing or riveting or 
the like. However, it has been found in practice that 
such fin assemblies readily break loose from their attach 
ments and are extremely difficult to assemble. More 
over, the inserts which have heretofore been used have 
been found to give a much smaller increase in heat trans 
fer than in the case of integral internal fins, and in some 
cases have been found to increase the heat transfer 
hardly at all. 
Although many attempts were made to overcome the 

foregoing difficulties and other disadvantages, none, as 
far as we are aware, was entirely successful when carried 
into practice commercially on an industrial scale. 

it has now been discovered that if the fin assemblies 
are actually embedded in the interior wall of the tube, the 
heat exchange tube assemblies may be quickly and inex 
pensively assembled and will prove strong and durable, 
but most important, will give greatly increased heat 
exchange performance. 

Accordingly, it is an object of the present invention to 
provide heat exchange tubes having improved heat ex 
change characteristics. 
Another object of the invention is to provide heat ex 

change tubes having fin inserts which may readily be 
formed by extrusion or the like. 
The invention also contemplates providing heat ex 

change tubes having internal fin assemblies which may 
be quickly and easily applied to the interior of the tube. 

It is a further object of the invention to provide 
methods of manufacturing heat exchange tubes having 
the foregoing characteristics, 
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Figure 1 is a perspective view broken away of a length 
of heat exchange tube according to our invention; 

Figure 2 depicts a cross-sectional view of a first em 
bodiment of heat exchange tube according to our inven 

Figure 3 shows a partially assembled modification of 
heat exchange tube according to our invention as viewed 
in Figure 2; 

Figure 4 illustrates the embodiment of Figure 3 com 
pletely assembled; 

Figure 5 is a cross-sectional view of still another modi 
fication of our invention at an initial stage of assembly; 

Figure 6 is another view of the embodiment of Figure 
5 shown after assembly is completed; and 

Figure 7 is a greatly enlarged fragmentary cross-sec 
tional view of a portion of a heat exchange according to 
our invention, as seen on the line 7-7 of Figure 1. 

Referring now to the drawing in greater detail, we 
have shown in Figures 1 and 2 a heat exchange tube indi 
cated generally at and comprising an outer hollow 
metal tubular member 3 having therein a fin member 5 
comprising a plurality of radially extending longitudinally 
disposed fins 7 having at their outer ends circumferen 
tially spaced longitudinally extending edges 9. The tubu 
lar member and fin member of Figures 1 and 2, as in the 
case of the corresponding members in the embodiments 
to follow, are preferably made of soft metals having high 
coefficience of thermal conductivity such as copper or 
aluminum or the like. In practice it has been found de 
sirable that the tubular member 3 be formed of copper 
and that the fin member 5 be formed of such an alumi 
num alloy, as for example, 63S-T5, 63S-T6 or 63S-T2, 
properly aged. Materials such as these aluminum alloys 
may be readily extruded to the desired shape. 
The tube of Figures 1 and 2 may be assembled by 

inserting fin member 5 within tubular member 3 and 
then reducing tubular member 3 as by die rolling or 
Swaging or the like so as to form an interference fit 
between edges 9 and the interior wall surface of member 
3. in Figure 7, we have shown somewhat diagram 
matically a greatly enlarged fragment of Figures 1 and 2 
taken on the line 7-7 of Figure 1, which shows how a 
fin 7 will actually penetrate the member 3 when the two 
are brought into interference fit and will become em 
bedded in member 3. Fins 7 actually become embedded 
in member 3, as shown in Figure 7; and the adjacent 
metal of member 3 actually tends to build up on either 
side of edges 9 when fin 7 is embedded in member 3, 
much in the way of a meniscus, as shown in Figure 7. 
This embedding of the fins in the tube walls forms a very 
important part of our invention, since it has been found 
that the heating transfer between fins 7 and member 3 
is very greatly increased by this construction, as com 
pared to a construction in which the fin members are 
held against the outer tubular wall by welding or rivet 
ing or brazing or the like. Although the scientific princi 
ple involved is not known with certainty, it is believed 
that in the course of embedding the fins in the outer wall, 
a very intimate, even atomic, contact is made between 
the respective metals, which intimate contact permits heat 
flow in Substantially the same manner as in the case of 
a fin assembly which has been formed integrally with 
the tubular member. 
As an alternate method of embedding edges 9 in mem 

ber 3, fin member 5 may be extruded with fins 7 some 
what curved and of such a length that when the fins are 
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straightened within tubular member 3 as by having their 
radii of curvature increased, edges 9 will move substan 
tially radially outward into intimate engagement with 
the member 3. 

In Figures 3 and 4, we have shown another embodi 
ment of heat exchange tube according to our invention 
so as to illustrate the method of assembly thereof. In 
this embodiment, a plurality of fin members i, three 
in number, are assembled in a tubular member in gen 
erally triangular relationship as seen in cross-section. 
Each fin member is provided with circumferentially 
spaced longitudinal edges 3 and a medal curved web 
portion 15. Figure 3 shows the first stage of assembly 
of the tube according to this embodiment; and as therein 
shown, fin members 11 are inserted one by one so as to 
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form a hollow fin assembly which would be very difficult 
to form by extrusion or otherwise. The tubular men 
ber may then be reduced as by die rolling or swaging 
or the like; or edges 13 may be embedded in the tubular 
member by forcing them radially outwardly by increas 
ing the radius of curvature of web portions i5. To this 
latter end, a mandrel may be passed through the internal 
void defined by the three fin members 1, in interference 
contact with the crown of each web portion 15 so as to 
reduce the radii of curvature of these web portions and 
press edges i3 into the tubular member. 

In Figures 5 and 6, we have shown still another em 
bodiment of heat exchange tube according to our inven 
tion, in which assembly is effected by inserting a pair of 
complementary fin members 17 within the tubular mem 
ber, each fin member terminating in a pair of circuin 
ferentially spaced longitudinal edges 9 and having along 
opposite sides thereof a pair of concavely curved portions 
21 spaced apart by a relatively flat medial web portion 
23. The radii of curvature of portions 21 may then be 
reduced by passing a mandrel through the interior voids 
as in the case of the embodiment of Figures 3 and 4 
whereupon these portions will become straightened or 
partially straightened. Medial web portions 23 will thus 
be brought into abutment and will press against each 
other, which pressure will be transmitted back to edges 
19 to embed them somewhat within the tubular member. 

Accordingly, it will be seen that we have provided heat 
exchange tubes which have extremely efficient heat trans 
fer characteristics and yet are simple and inexpensive in 
construction and rugged and durable in use. Moreover, 
it will be seen that we have provided methods for manu 
facturing heat exchange tubes which may be practiced 
cheaply with a minimum of equipment to produce with 
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considerable speed heat exchange tubes having the above 
characteristics. 

Thus, it will be seen that we have achieved all of 
the objects of our invention. 

Although the present invention has been described in 
conjunction with preferred embodiments, it is to be 
understood that modifications and variations may be re 
sorted to without departing from the spirit and scope of 
the invention, as those skilled in the art will readily 
understand. Such modifications and variations are con 
sidered to be within the purview and scope of the inven 
tion and appended claim. 
We clairn: 
A heat exchange tube for conducting a refrigerant 

comprising an outer tubular member of relatively soft 
contractible copper and an internal fin member disposed 
in said tubular member, said fin member being an alumi 
inum alloy harder and more resilient than the copper 
material of said tubular member, said fin member being 
of an integral construction and having a plurality of 
radial fins of siniiar form and spacing extending out 
wardly from a common centrai core into intimate, un 
bonded, heat-conductive contact with the inner surface of 
said tubular member at the outer circumferential ends 
of said fins, said radial fins each having a cross section 
increasing in thickness from a point adjacent said core 
outwardly toward said inner surface, said outer circum 
ferential ends of said fins having an interference fit 
with said inner surface, said fins being disposed out of 
diametrical relation with each other so as to augment the 
deflection of said fins upon radial loading, said outer 
circumferential ends of said fins each having that stressed 
abutment relation with said inner surface which results 
from a radial contraction of said tubular member upon 
said fin member to provide said interference fit within 
the elastic limit of said fins. 
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