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Claims. (Ci. 29-157.3) 

The present invention relates to a method of produc 
ing a double-walled tube having a radially separated 
inner and outer tubes. 
One object of the present invention is to provide 

a new and improved method of making a double-walled 
tube having radially separated inner and outer tubes. 

In accordance with certain aspects of the present in 
vention, one of the tubes is so formed as to define in 
tegral therewith radially extending spacer fins. If the 
inner tube is the one provided with the fins, these fins 
extend radially outwardly from the outer surface of 
the inner tube. Where the outer tube is the one pro 
vided with the fins, these fins extend radially inwardly 
from the inner surface of the outer tube. The inner 
tube is collapsed, inserted into the outer tube and in 
flated outwardly to form the inner tubular component of 
the double-walled tube. The inner and outer tubes are 
so dimensioned, that upon inflation of the inner tube, 
the fins on one tube come into direct contact with the 
adjacent surface on the other tube. 

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 preferred embodiments of the invention, 
wherein: 
FIGURE 1 is a fragmentary perspective view of tubu 

lar stock used in the practice of the present invention. 
FIGURE 2 is an end view of the stock shown in FIG 

URE 1 after it has been flattened. . 
FIGURE 3 is an end view of the stock shown in 

FIGURE 2 after it has been elongated by rolling. 
FIGURE 4 is an end view of reformed tube produced 

by expanding the rolled stock of FIGURE 3. 
FIGURE 5 is a view of stock produced by flattening 

the tubular stock as shown in FIGURE 2, and there 
after folding the flattened stock preparatory to rolling. 
FIGURE 6 is an end view of the stock shown in 

FIGURE 4 after it has been reduced in thickness and 
elongated by rolling. 
FIGURE 7 is an end view of reformed tubing pro 

duced by expanding the stock shown in FIGURE 6. 
FIGURE 8 is an end view of stock of the type shown 

in FIGURE 2 provided with a double fold. 
FIGURE 9 is an end view of the stock shown in 

FIGURE 8 after it has has been reduced in thickness 
and elongated by rolling. 
FIGURE 10 is an end view of the partially and com 

pletely reformed tube produced by expanding the rolled 
stock of FIGURE 9. - - 
FIGURE 11 is a view of stock produced by simul 

taneously collapsing and folding tubular stock of the 
type shown in FIGURE 1. 
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FIGURE 12 is an end view of the stock shown in 
FIGURE 11 after it has been reduced in thickness and 
elongated by rolling. 
FIGURE i3 is an end view of the reformed tube pro 

duced by expanding the stock shown in FIGURE 12. 
FiGURE 14 is an end view of a double walled tube 

assembly produced by . assembling together a plurality 
of tubes of the type disclosed herein. 
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FIGURE 15 is a view similiar to FIGURE 14 show 

ing a double walled tube assembly resulting from tubes 
of slightly different fin configuration. 
The present invention relates generally to a type of 

tubing produced by first providing relatively, thick walled 
tubular stock 10 as shown in FIGURE 1. Stock of this 
type may be produced by extrusion or otherwise. This 
tubular stock is first collapsed to produce the flat stock 
shown at 14 in FIGURE 2 where it will be observed that 
the central cylindrical opening 12 of the stock, 10 now 
appears as a closed slit 16. The flat stock 14 of FIG 
URE 2 is now further processed by passing it through 
pairs of reducing rolls (not shown) which has the effect 
of reducing the wall thickness of the stock and corre 
spondingly elongating the stock to the relatively... thin 
closed tube in the form of a ribbon. By "ribbon' is 
meant a strip having a width greater than the thick 
ness indicated at 18 in FIGURE 3. It will be observed 
that the initial wall thickness of the tubular stock or 
ribbon of FIGURE 1 determines the height of fin por- - 
tions 20 of the rolled strip tubing shown in FIGURE 3. 

Finally, the rolled strip tubing 18. is reformed into 
tubing by opening up the closed slit 16 by suitable pro 
cesses which form no part of the present invention. 
However, it will be noted that the tubing may be re 
formed by internal fluid pressure, mandrels, or the like. 
A comparison of FIGURES3 and 4 makes it ap 

parent that the fin portions 20 of the flattened strip 
tubing shown in FIGURE 3 will appear as radially out 
wardly projecting axially extending fins 22 on the re 
formed or expanded tube 24. . . . . 
The foregoing process and product is at present known 

and the improvement.herein involves an improvement 
in the finished reformed tube residing in the provision 
of additional radially projecting axially extending in 
tegral fins, at least two of which project radially out 
wardly and one or more of which project radially in 
wardly. : 

Reference is now made to FIGURES 5-7 illustrating 
the present invention. In this case tubular stock is 
flattened and folded to produce relatively thick walled 
stock 26 having a closed slot 28. The stock 26 is elon 
gated by rolling to produce the relatively thin walled 
stock. 36 having fin forming portions 32, 34, 36 and 
38. When the stock 39 of FIGURE 6 is expanded to 
form the tube 40 the fins 32, 34, and 36 are radially 
outwardly projecting axially extending fins and the fin 
33 is a radially inwardly projecting axially extending fin. 

Referring now to FIGURES 8-10 the tubular stock 
is flattened and provided with a double fold to produce 
the substantially S shape stock 42 of FIGURE.8. This 
stock is reduced in thickness and is elongated by rolling 
to form the relatively, thin walled stock 44 of FIGURE 9. 
When this rolled stock is reformed into generally tubul 

lar shape some of the fin forming portions provided by 
the folding operation will appear at the inside of the tube 
and some of the fin forming portions will appear at the 
outside of the tube. Specifically, relatively thick fin form 
ing portions 46 and 48 will appear at the outside of the 
reformed tube 50. Relatively thinner fin forming por 
tions.52 and 54 will also appear at diametrically opposite 
portions on the outside of the tube. 50. The relatively 
thinner fin forming portions 56 and 58 appear at dia 
metrically opposite portions at the inner surface of the 
tube 50. . . . . . - - - - - - - . 

Referring now to FIGURES11-13 there is illustrated 
a variation of the foregoing. In this case relatively thick 
tubular stock is simultaneously folded and flattened to 
produce the stock illustrated at 60 in FIGURE 11. It 
will be appreciated that stock of this shape may be pro 
duced by forming diametrically opposite lateral portions 
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of tubular stock inwardly to produce the folds or creases 
62 while the stock is simultaneously flattened. 

After the stock is flattened and folded to the shape 
shown in FIGURE 11, it is rolled to reduce the wall thick 
ness and to elongate the stock. After rolling the flattened 
and folded material is in the condition illustrated at 64 
where it will be observed that it includes fin forming por 
tions 65, 66, 67, 68, 69 and 70. In this case it will be 
observed that all of the fin forming portions 65, 66, 67, 
68, 69 and 70 are of substantially equal thickness. When 
the material 64 is reformed into the tube illustrated at 
72 it will be apparent that the fin forming portions 67 
and 68 appear at the inside of the tube, whereas the fin 
forming portions 65, 66, 69 and 70 appear at the out 
side of the tube. 
A review of the FIGURES 3-13 indicates that in 

general, where the rolling operation is carried out in 
such a way as to produce elongation without increas 
ing the width of the stock, the thickness of the fins is 
usually twice the thickness of the tube wall after the 
material has been reshaped in tubular form. In some 
cases, as for example the fins 32 of FIGURE 7 and the 
fins 46 and 48 of FIGURE 10, the fin thickness is equal 
to approximately four times the wall thickness of the 
finished tube. 

Similarly, the height of the tube is approximately equal 
to the original wall thickness of the tubular stock prior 
to the rolling operation. 

While the production of round tubes is illustrated here 
in, it will of course be appreciated that the tubes may 
be opened up to square, oval, or other non-circular shape. 

It will also be understood that the flattened tubes may 
be partially rolled, then folded, and thereafter rolled to 
final form in folded condition. 

Referring now to FIGURES 14 and 15 there is illus 
trated a modified construction made possible by the use 
of internally and externally finned tubes produced in ac 
cordance with the foregoing description. 

In FIGURE 14 there is shown a compound tube struc 
ture comprising an inner tube S0 and an outer tube 81 
in which the inner tube is nested. The inner tube 80 is 
provided with a single radially inwardly projecting axially 
extending fin 82 and three radially outwardly projecting 
axially extending fins 84, 85 and 86. The outer tube S1 
is provided with a single radially inwardly projecting 
axially extending fin 87 and three equally spaced radially 
outwardly projecting axially extending fins 88, 89 and 
90. It will be recognized that the inner and outer tubes 
80 and 81 are essentially of the form shown in FIG 
URE 7. 
The inner and outer tubes are assembled together in 

such a way that the inwardly projecting fin 87 of the tube 
81 is adjacent the inwardly projecting fin 82 of the tube 
80. Thus, the fins 84, 85, 86 and 87 constitute struts 
interconnecting the inner and outer tubes 80 and 81, 
maintaining the inner tube in properly centered relation 
in the outer tube, and also constituting both heat conduct 
ing elements extending between the inner and outer tubes 
as well as means defining four circumferentially sepa 
rated axially extending passages 9, 92, 93 and 94. 

In FIGURE 15 there is shown a similar arrangement 
which differs only in that the inner and outer tubes 95 
and 96 are each provided with two radially inwardly 
projecting fins 97 and 98 respectively and four radially 
outwardly projecting fins 99 and 100 respectively. 
While FIGURES 14 and 15 show both the inner and 

outer tubes provided with fins, it will of course be appar 
ent that either of the tubes may be plain, and only one 
provided with fins. 
The double wall tubing may be constructed by first 

shaping the outer tube to its tubular form, thereafter in 
serting the inner tube in folded and flattened form, and 
subsequently expanding the inner tube by fluid pressure 
or otherwise into the final position. 

Alternatively, both inner and outer tubes may be 
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4. 
brought to tubular condition after which they may be 
assembled together in approximately concentric relation. 
Thereafter, force may be applied to the inner Surface 
of the inner tube by fluid pressure or otherwise, expand 
ing the inner tube so as to bring about positive firm metal 
to metal contact between the free edges of the fins ex 
tending between the inner and outer tubes. 
The drawings and foregoing specification constitute a 

description of the improved tubing having a plurality 
of inwardly and/or outwardly extending axial fins and 
the method of producing the same 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 double walled tube struc 

ture which comprises flattening and folding a first tubular 
stock, rolling the flattened and folded stock to reduce 
Wall thickness and to elongate the stock, and thereafter 
opening the rolled stock to form a first thin Walled tube 
having at least one longitudinally and radially inwardly 
extending integral fin; flattening a second tubular stock of 
slightly smaller transverse dimensions than said first 
tubular stock, rolling the second tubular stock to reduce 
Wall thickness and to elongate the stock; inserting the 
rolled second tubular stock into the first thin walled tube, 
and thereafter opening the second rolled tubular stock to 
form a second thin walled tube disposed within said first 
tube and having at least a pair of longitudinally and radial 
ly outwardly extending fins, the fins of both of said tube 
cooperating to space the second inner tube from the first 
Outer tube. 

2. The method of making double walled tubing which 
comprises flattening and folding tubular stock in such a 
Way as to provide at least three outwardly folded creases, 
rolling the stock to reduce its wall thickness and to elon 
gate stock, inserting the rolled stock in a tubular member, 
and opening the rolled stock to form an inner tube having 
at least three longitudinally and radially outwardly ex 
tending positioning fins, spacing the inner tube from said 
tubular member. 

3. The method of making double walled tubing which 
comprises flattening and folding tubular stock in such a 
Way as to provide at least three outwardly folded creases, 
rolling the stock to reduce its wall thickness and to elon 
gate the stock, inserting the rolled stock in a tubular 
member of predetermined size, and opening the rolled 
stock to form an inner tube having at least three longitu 
dinally and radially outwardly extending positioning fins 
dimensioned to engage the inner surface of said tubular 
member, spacing the inner tube from said tubular mem. 
ber. 

4. The method of making double walled tubing which 
comprises flattening and folding tubular stock in such a 
Way as to provide at least three outwardly folded creases 
rolling the stock to reduce its wall thickness and to elon 
gate the stock, inserting the rolled stock in a tubular 
member of predetermined size, opening the rolled stock 
to form an inner tube having at least three longitudinally 
and radially outwardly extending positioning fins dimen 
sioned to engage the inner surface of said tubular member, 
Spacing the inner tube from said tubular member, and 
applying internal pressure to said inner tube to eXpand 
the same to provide firm metal to metal contact between 
the fins of said inner tube and said tubular member. 

5. The method of making double walled tubing which 
comprises folding and flattening a metal inner tube to 
cause it to have a cross-sectional shape such that in folded 
and flattened condition it can be inserted within an outer 
tube having an internal diameter no greater than the ex 
ternal diameter of the opened up inner tube, rolling the 
inner tube in a direction to increase its length without 
appreciably increasing its internal diameter thereby re 
ducing the wall thickness of the inner tube and producing 
both internal and external rib-forming portions, inserting 
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the elongated flattened folded inner tube into the outer 
tube, opening up the inner tube into contact with the 
inner surface of the outer tube by the application of in 
ternal pressure therein, and selecting the dimensions of 
the tubes such that when the inner tube is fully opened up 
the contact between the inner and outer tubes is limited 
to the outer edges of the outer ribs on said inner tube. 

6. The method of making double-walled tube struc 
ture which comprises providing an outer tube, inserting 
a collapsed inner tube within said outer tube, both of said 
tubes having integral radial fin-forming projections ex 
tending toward the other of said tubes, and opening up 
said inner tube by the application of internal pressure to 
produce firm contact between the free edges of the fins 
formed on one tube with the adjacent surfaces of the 
other tube, and to thereby radially separate the tubes in 
the regions of said fins. 

7. The method of making double-walled tube structure 
which comprises providing an outer tube, inserting a col 
lapsed inner tube within said outer tube, at least one of 
said tubes having integral radial fin-forming projections 
extending towards the other of said tubes, and opening 
up said inner tube by the application of internal pressure 
to produce firm contact between the free edges of the fins 
formed on one tube with the adjacent surface of the other 
tube, and to thereby radially separate the tubes in the 
regions of said fins. 

8. The method as described in claim 7, wherein the 
collapsed inner tube has integral therewith said fin-form 
ing projections. 

9. A method of making a double-walled tube compris 
ing the steps of producing a combination consisting of an 
outer tube, and a ribbon in the form of a collapsed inner 
tube inside the outer tube and having an opening defining 
the inner periphery of the inner tube when said ribbon 
is inflated, and having also side marginal sections integral 
therewith and extending laterally of the ribbon beyond 
said opening, the lateral width of said marginal sections 
being greater than the thickness of the tube walls in the 
ribbon between said marginal sections, whereby said mar 
ginal sections form outer fins when said ribbon is in 
flated, and shaping said double-walled tube from said 
combination into a form in which said outer tube is wide 
open and including the step of inflating said ribbon while 
in said combination to form the inner tube with said mar 
ginal sections in the form of fins extending between said 
tubes from the outer periphery of said inner tube to the 
inner periphery of said outer tube to space said tubes 
Substantially radially in the regions of said fins, the 
inner diameter of the outer tube being so related to the 
outer diameter of the inner tube and to the height of 
said fins as to cause said fins to extend to the inner surface 
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of said outer tube in firm contact therewith in shaped con 
dition of said double-walled tube. 

10. The method as described in claim 9, wherein said 
ribbon has folds defining internal fins when said ribbon 
is inflated. 
1. A method of making a double-walled tube com 

prising flattening and folding a metal inner tube with suf 
ficient folds to form a ribbon having a width substantially 
less than the width said inner tube would have if said 
inner tube were merely flattened to bring the two opposite 
halves of the inner tube in face to face contact, said rib 
bon also having an opening defining the inner periphery 
of the inner tube when inflated and two fin-forming side 
marginal sections extending laterally of the ribbon beyond 
said opening, rolling the flattened, folded ribbon in a di 
rection to reduce the thickness of the walls of the inner 
tube while maintaining the lateral widths of said fin-form 
ing sections greater than the thickness of said walls, said 
fin-forming sections being located to define diametrically 
opposite fins upon inflation of said inner tube, inserting 
the rolled, flattened, folded inner tube into an outer tube, 
and inflating the inner tube inside said outer tube by the 
application of internal pressure therein to form an opened 
up inner tube with diametrically opposite fins extending 
radially outwardly therefrom, and spacing said tubes in the 
regions of said fins, the internal diameter of the outer 
tube being so related to the transverse dimensions of the 
rolled, flattened, folded inner tube as to permit said rolled, 
flattened, folded inner tube to be inserted into said outer 
tube and being so related to the external diameter of the 
inner tube and to the height of said fins when inflated as 
to cause said fins to firmly contact the inner surface of the 
outer tube. 
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