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The present invention relates to a method of producing 
a tubular device comprising an internally ?nned inner or 
liner tube, and a smooth outer or shroud tube in radial 
pressure contact with the inner or liner tube. 

It is an object of the present invention to provide a 
method of producing a composite tubular device com 
prising an internally ?nned liner tube formed of a ?rst 
metal, and a smooth shroud tube having its inner surface 
in continuous radially acting pressure contact with the 
outer surface of the liner tube. 

It is a further object of the present invention to pro 
vide a method of producing a tubular device as described 
in the preceding paragraph in which the inner tube is 
formed of aluminum. 

It is a further object of the present invention to pro 
vide a method of producing a tubular device as described 
in the preceding paragraphs in which the shroud tube is 
formed of copper. 

It is a further object of the present invention to pro 
vide a novel method of producing a composite tubular 
device which comprises extruding ‘a liner tube provided 
with internal longitudinally extending ?ns and a smooth 
outer surface, assembling the liner tube in an outer shroud 
tube having an internal diameter slightly greater than the 
outside diameter of the liner tube, the shroud tube having 
smooth inner and outer surfaces and having a yield 
strength substantially less than the yield strength of the 
liner tube, reducing the diameter of the shroud tube suffi 
ciently to materially stress the liner tube so as to produce 
continuous radially acting pressure contact between the 
outer surface of the liner tube and the inner surface of 
the shroud tube. 

It is a further object of the present invention to pro 
vide a method as described in the preceding paragraph 
in which the outer shroud tube is sunk onto the inner 
liner tube by drawing the assembly through a die. 

It is a further object of the present invention to pro 
vide a method as described in the preceding paragraphs 
in which the extruded inner liner tube is aluminum and 
the outer shroud tube is copper. 

Other objects and features of the invention will be 
come apparent as the description proceeds, especially 
when taken in conjunction with the accompanying draw 
ings, illustrating a preferred embodiment of the inven 
tion, wherein: 
FIGURE 1 is an end view of the composite tubular 

device. 
FIGURE 2 is an end view of the inner liner tube prior 

to assembly. 
FIGURE 3 is an enlarged fragmentary sectional view 

of the inner liner tube. 
The tubular device indicated generally at 10 in FIG 

URE 1 comprises an inner tube 12 provided with a multi 
plicity of generally radially inwardly extending ?ns 14 
which are tapered as best illustrated in FIGURE 3. 

In a tubular device of the character described, which 
is used for a water chiller tube, excellent results have 
been obtained when the ?ns have a height of approxi 
mately .100", a thickness at the base of approximately 
.035", and a thickness at the tip of approximately .010”, 
the ?ns being formed to extend inwardly from a tube 
having a wall thickness of approximately .025” and a 
diameter of approximately 0.65”. A tube having these 
dimensions is readily extruded from a suitable aluminum 
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alloy intended for extrusion, and excellent results ‘are ob 
tained using 6063-T5 aluminum. The aluminum liner 
tube after extrusion undergoes an age hardening treat 
ment for a purpose which will present appear. 

In use as a water chiller tube the environment requires 
that the outer surface of the tubular device be of a metal 
other than aluminum and copper has been found to be 
entirely satisfactory for this purpose, due in part to its 
resistance to corrosion. 
Inasmuch as the tubular device is intended to operate 

as a heat transfer device, it is of course ‘apparent that 
heat transfer across the outer surface of the liner tube 
and the inner surface of the shroud tube shall be as high 
as possible. In order to accomplish this it is essential 
that these surfaces be in smooth continuous contact which 
can best be assured by maintaining the surfaces under 
continuously acting radial pressure. 
To produce the tubular device the inner tube 12 is in 

ser-ted into an outer or shroud tube 16 formed of a cor 
rosion resistant material, preferably copper. Excellent 
results are obtained when the shroud tube is formed of 
DHP copper. The copper tube is formed with an internal 
diameter sufficiently greater than the external diameter of 
the extruded aluminum tube so as to permit ready ‘assem 
bly. Excellent results are obtained when the aluminum 
liner tube is extruded to have an outside diameter of 
0.680/ 0.690”. The copper shroud tube, which is initially 
formed to ?t loosely over the inner liner tube is produced 
with an outside diameter of 0.790/ 0.800", and with 1a wall 
thickness of 0.036". ’ 

In order to insure the permanent result of radially act 
ing pressure between the inner surface of the shroud tube 
and the outer surface of the liner tube, the yield strength 
of the inner tube must be substantially greater than that 
of the shroud tube. With the materials speci?ed, the 
minimum yield strength of the copper shroud tube is ap 
proximately 6,000 p.s.i., and the yield strength of ‘the 
aluminum liner tube, after the age hardening thereof, is 
approximately 16,000 p.s.i. 

After loosely assembling the aluminum liner in the 
copper tube, the assembly is pulled through a die having 
an aperture of 0.750". This operation creates an intimate 
pressure contact between the outside diameter of the liner 
and the inside diameter of the copper shroud tube which 
provides a low resistance thermal conductive path. 
The effectiveness of the continuous pressure contact 

between the adjacent surfaces of the tube is attributed to 
the difference in yield strength of the component parts. 
In tube drawing ‘the material tends to spring back to a 
diameter somewhat larger than the diameter of the die 
through which it is pulled. This spring back effect is 
greater in materials having greater yield strength. It fol 
lows therefore, that when the two components of this 
assembly are drawn through a die, with the component 
having the greater yield strength on the inside, the in 
side component will spring back more than the outer 
component. This differential spring back will create a 
permanent stress condition at the interface and provide 
a bond or contact between the two surfaces characterized 
by a low resistance thermal conductive path. 

In some cases it is necessary or desirable to sink or 
reduce the diameter of the extruded aluminum liner tube 
after extrusion and prior to the assembly in ?nal draw 
operation with the copper shroud tube. In such case, the 
aluminum liner tube is aged subsequent to sinking vand 
before assembly with the copper shroud tube. 
As a matter of interest, it is noted that in the speci?c 

example described in the foregoing, the copper tube is 
subjected to ‘an 8% reduction in cross-sectional area by 
the draw operation. 
The composite tubular device described in the fore 

going is particularly useful as a water chiller tube because 
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the inner surface of the liner is provided with ?ns which 
produce a total inside area of contact approximately twice 
as great as the outside ‘area. Since the outside of the tube 
is in contact with water and the inner surface of the tu 
bular device is in contact with a chilled gaseous medium, 
this area ratio produces a highly eiiicient overall heat 
transfer relationship. The e?icient tubular device per 
mits the formation of the internally ?nned'structure by 
highly e?icient extrusion of a material designed for ‘this 
purpose, while atlthe same time, it is characterized by 
the external corrosion resisting surface of a dissimilar 
metal, speci?cally copper, to be assembled together by an 
operation which insures a permanent radially acting pres 
sure between the smooth adjacent surfaces of the shroud 
and liner, thus producing a thermal conductive path of 
low resistance. 7 

a’ The drawing and the foregoing speci?cation constitute 
a description of the improved tubular device in such full, 
clear, concise and exact terms as to enable any person 
skilled in the art to practice the invention, the scope of 
which is indicated by the appended claims. 
What I claim as my invention is: 
1. The method of making a composite ‘tubular device 

which comprises eftruding a liner tube having a smooth 
outer surface and 'a'?nned inner surface, assembling over 
said liner tube a shroud tube‘having smooth inner and 
outer surfaces and having a yield strength substantially 
less than the yield strength of the liner tube, sinking the 
shroud tube onto the liner tube by drawing the assembly 
through a die sized to materially stress the liner tube. 

2. The method ‘as de?ned in claim 1 in which the liner 
tube is formed of aluminum. 

3. The method as de?ned in claim 1 in which the 
shroud tube is formed of copper. 

4. The method as defined in claim 1 in which the liner 
tube is formed of 6063~T5 aluminum. 

5. The method as de?ned in claim 1 in which the 
shroud tube is formed of DHP copper. 

:11 
6. The method as de?nedin claim 1 in which the liner 

tube is formed of aluminum and in which the shroud 
tube is formed of copper. " 
"7. The method of making a composite tubular device 
which comprises extruding an internally ?nned aluminum 
tube having a smooth outer surface, positioning an outer 
copper tube having a smooth inner surface over'said ex; 
truded aluminum tube, and thereafter drawing said tubes 
to produce a permanent reduction in the outside diameter 
of said inner tube and to produce a permanent radial 
stress acting between said tubes. 

8. The method of making a composite tubular device 
which comprises extruding an internally ?nned aluminum 
tube having a smooth outer surface, positioning an outer 
copper tube having a smooth inner surface over'said ex 
truded aluminum tube, said aluminum tube after‘extru 
sion havinga yield strength in excess of that of said outer 
copper tube prior to the draw operation, and thereafter 
drawing said tubes to produce a permanent reduction in 
the outside diameter of said inner tube and to produce a 
permanent radial stress acting between said tubes. 
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