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My invention relates to a method of forming 
metal tubes for heat radiators. The invention 
provides a tube particularly adapted for use in 
a heat radiator for cooling the insulating liquid 

5 in which electrical apparatus such as transform 
ers are immersed. Heat-radiating tubes of round 
cross-section are often used in heat radiators. 
By corrugating the tube, however, the amount of 
liquid in the tube is substantially reduced with 
little corresponding reduction in the rate at which 
heat is dissipated. The corrugated tube is there 
fore substantially as efiicient in dissipating heat 
as is the round tube and a considerably smaller 
quantity of expensive insulating liquid is required. 
The general object of the invention is to provide 
an improved method of forming a heat-dissipat 
ing metal tube. > 
The invention will be better understood from 

the following description taken in connection with 
the accompanying drawings in which Fig. 1 is a 
sectional view of part of a liquid-immersed trans 
former provided with a heat radiator including 
heat-radiating tubes formed in accordance with 
the invention; Fig. 2 is an explanatory detail view, 
partly in section; Figs. 3, 4, 5 and 6 are views in 
dicating steps in the preferred form of the process 
for forming a heat-insulating tube in accordance 
with the invention; Figs. 7, 8, 9 and 10 are views 
indicating steps in a modi?ed form of the process; 
Figs. 11 to 18 inclusive are views indicating steps 
in another form of the process; Fig. 19 is a per 
spective view of a portion of a partly-formed tube 
and parts of a die used in the process. 
Like reference characters indicate similar parts 

in the different ?gures of the drawings. 
The heat-radiating tubes ill, formed in accord 

ance with the invention, are shown in Fig. 1 as 
being assembled between an upper header l l and 
a lower header l2 to form a radiator for cooling 
the insulating liquid l3 in which a transformer it 
is immersed. The ends of a round tube are re 
duced in diameter by any desired method, such 
as the swaging method disclosed in my Patent 
No. 1,895,947, issuedv January 31. 1933, and as 
signed to the General Electric Company. The 
round tube with its reduced ends is then placed 
between two die members l5, as indicated in Figs. 
3 and 19. The preferred form of die is shown in 
Figs. 3, 4, 5, 6 and 19. The two die members l5 
are alike and are approximately as long as the 
tube ill. The face of each die member 15 is 
formed with a groove or channel IS with sym 
metrical convex sides. The round tube lll with 
its reduced ends is placed between the die mem 
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as indicated in Figs. 3 and 19. The die members 
are then forced toward each other as indicated in 
Fig. 4. Two convex sides of each die member 
apply pressure in parallel directions to two spaced 
longitudinal portions of the tube with which they @. 
are in contact. This-presses the two sides of the 
tube next to the die members it toward each 
other and produces two sharp, longitudinal con 
vex bends ll along the sides of the tube, the 
diameter of the tube in the direction of the pres- to 
sure being reduced and its diameter at right 
angles thereto being increased. The die mem 
bers are now separated and the tube it turned 
ninety degrees with its sharp bends ii in the 
bottoms of the grooves l6 of the die members, still in 
with no internal support for the tube, as shown in 
Fig. 5. The increased diameter of the tube is‘ 
then reduced until the two diameters are substan 
tially equal by pressing the die members it to 
gether, as indicated in Fig. 6. to form two more an 
longitudinal, sharp convex bends it in the tube 
it, the longitudinal bends I1 and I8 being of 
course uniformly spaced and the convex bends 
being joined by concave tube portions l9 formed 
by the convex sides of the grooves it of the die g5 
members. The grooves l6 and their convex side 
faces are preferably so spaced and proportioned 
that when the die members I5 are pressed to 
gether, as indicated in Figs. 4 and 6, the convex 
side faces of the grooves it will just meet ‘the so 
outer surfaces of the reduced end portions of the 
tube ill. The convex side faces of the grooves 
it thus serve to assure proper alignment of the 
tube ill along the axis of the die and consequent 
symmetrical formation of the tube when the die pg 
members are pressed together. 
A modi?ed form of the process of forming the 

tube It is indicated in Figs. '7. 8, 9 and 10, Where 
the round tube Ill is first pressed between two die 
members 20 with their faces having grooves M 
with plane side faces. The die members 20 are 
then separated, the tube It] turned through ninety 
degrees and the die members 20 again pressed to 
gether to give the tube ill a square cross-section 
except that the corners are slightly rounded. The M 
tube If! is next pressed between two die mem 
bers 22 having faces with grooves 23 with convex 
side faces, as shown in Fig. 9. In this step of 
the process the die members 22 are not pressed 
quite together but only until the two longitudinal, m 
sharp bends 24 are produced. The die members 
22 are then separated, the tube turned through 
ninety degrees and the die members 22 again 
pressed together, as shown in Fig. 10;, to give the 
tube I9 its ?nal symmetrical configuration with 55 
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the longitudinal, sharp bends 2| similar to the 
longitudinal bends 24. . 
Another modi?ed form of the process. of form 

ing the tube in accordance with the invention is 
indicated in Figs. 11 to 18 inclusive. The steps 
of the process indicated in these ?gures is similar 
to the steps of the preferred form of the process 
indicated in Figs. 3, 4, 5 and 6 in that a single 
die of two members 26 similar to the die mem 
bers i5 is used. The round tube with its re 
duced ends is ?rst placed between the die mem 
bers 26, as indicated in Fig. 11, and the die mem- , 
bers pressed toward each other, as indicated in 
Fig. 12, until the two longitudinal bends 21 are 
formed in the tube. These longitudinal bends 21, 
however, are not as sharp as is ?nally desired. 
The die members 26 are then separated, the tube 
turned through ninety degrees, as indicated in 
Fig. 13, and the die members 26 again pressed 
partly together, as indicated in Fig. 14, until two‘ 
more longitudinal bends 28 are formed but not 
with the ?nally desired degree of sharpness. , The 
die members are then separated, the tube l0 
turned through ninety degrees, as indicated in 
Fig. 15, and the die members then pressed to 
gether, as shown in Fig. 16, to give the longi 
tudinal bends 28 their ?nally desired sharpness. 
The die members 26 are then again separated, 
the tube l0 turned through ninety degrees, as 
indicated in Fig. 17, and the die members 26 
again pressed together to give the longitudinal 
bends 2'! their ?nal degree of sharpness as shown 
in Fig. 18 and the tube l0 its final symmetrical 
con?guration. In this form of the method, in 
dicated in Figs. 11 to 18 inclusive, the longitudi 
nal sharp bends in the tube are produced more 
gradually with less tendency to crack the tube 
than in the preferred form indicated in'Figs. 3 
and 6 and the greater number of steps involved 
may be adopted if found desirable. 
The invention provides a very rapid and ef? 

cient but simple method for producing a corru- ,_ 
gated heat-radiating tube by pressing corruga 
tions into the outer surface of the tube but with 
out the necessity of providing any internal sup 
port for the inner surface of the tube. The in 

9,205,898 
vention has been explained by describing and 
illustrating a corrugated heat-radiating tube and 
steps for producing it but it will .be apparent 
that changes may be made without departing 
from the spirit of the invention and the scope 
of the appended claims. 7 ‘ ' ' 

What I claim as new and desire to obtain by 
Letters Patent 01' the United States is: 

1. The method of corrugating a heat-radiating 
' tube of round cross section, said method includ 
ing the steps of applying pressure 'in parallel 
directions to two spaced longitudinal portions of 
each of the opposite sides of the tube andwith 
no internal support-for the inner surface of the 
tube to collapse the tube and form a ?rst pair 
of relatively sharp convex bends in diametrically 
opposite portions of the tube between said two 
sides, rotating said tube through a right angle - 
and then applying pressure to two spaced longi 
tudinal portions of the tube at the two convex 
bends to collapse the tube and form asecond pair 
of relatively sharp convex bends in diametrically 
opposite portions of the tube at right angles with . 
respect to said ?rst pair of bends. 

2. The method of corrugating a heat-radiating 
tube of round cross section, said method includ 
ing the steps of applying a ?rst pressure in 
parallel directions to two spaced longitudinal 
portions of each of the opposite sides of the tube 
and with no internal support for the inner sur 
face of the tube to collapse the tube and form 
two longitudinal concave portions in each of the 

I opposite sides of said tube and forming a ?rst 
pair of relatively sharp longitudinal convex bends 
in diametrically opposite portions of the tube ; 
between said two opposite sides, applying a 
second pressure in parallel directions at right 
angles to said ?rst pressure at said concave por 
tions on opposite sides of said ?rst pair of bends 
to further collapse the tube and form a second 
pair of relatively sharp convex bends in dia 
metrically opposite portions of the tube at right 
angles with respect to said ?rst pair of convex 
bends. ' - 
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