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This invention relates to methods for utilizing 
the expansion forces which occur when liquids or 
molten materials solidify in response to a lower 
ing of the temperature thereof, and more par 
ticularly to methods for employing said forces to 
expand or alter the shape of tubular containers 
or the like. ~ 

The above mentioned expansion forces may be 
employed for a wide variety of industrial pur 
poses in connection with the ‘expanding of con 
tainers. For example, in manufacturing ?nned 
tubing such as that employed for radiation pur 
poses or otherwise, a problem has arisen in pro 
viding adequate - methods and apparatus for 
?rmly and permanently securing the ?ns in place 
on the tubing in a manner which will insure such 

10 

- tubes which are 

uniformly good contact between the ?ns and the . 
tubing as will make 
of heat. ‘ 

This invention constitutes an improvement 
upon the method and apparatus for expanding 
containers as set forth in my copending applica 
tion Serial No. 605,698, ?led July 18, 1945, now 
Patent No. 2,458,189, issued January 4, 1949. 
The methods and apparatus heretofore avail 

able prior to the invention set forth in said ap— 
plication and that disclosed herein have involved 
serious difficulties. For example, one method has 
been to apply the ?ns one after the other with a 
forced ?t onto the tubing. This has the difficulty 
of requiring a multitude of successive operations 
individual to each ?n. Also if a succession of the 
?ns are forced along one end of the tube, it be 
comes increasingly smaller, resulting in lack of a 
uniform diameter of the tube. 
Other methods have involved placing the ?ns 

on the tubing and then mechanically expanding 
same by drawing or projecting a mechanical ex~ 
panding device through the tubing so that the 
walls thereof are expanded into contact with the 
?ns. Such operations are expensive, di?icult, and 
generally impossible with respect to tubing which 
has been bent or substantially curved or 
assembled in a radiator structure. 
The invention set forth in the above identi?ed 

application, in general, involves con?ning a liquid 
within a container and freezing same, the liquid 
expanding upon solidi?cation, thus expanding 
the tubing or the container. Means for control 

possible the e?icient transfer 

NG CONTAINERS BY 
UID THEREIN 

Philadelphia, Pa., assignor to - 
& Company, Camden, N. 1., a > 

By 

ling the quantity of expansible ?uid within a con 
tainer or tubing have been proposed in said ap 
plication which included the introduction of a 
rod or some solid object within the container, 
thereby to govern vwith accuracy the amount of 
expansible ?uid which may occupy the space re 
maining therein. By accurately controlling said 
volume of expansible liquid, the total amount of 
expansion thereof upon solidi?cation may be con 
trolled with an accuracy heretofore unattained. 
Such a method and means may be employed with 

bent or substantially curved or 
which may be of serpentine shape, by the use, for 
example, of a ?exible rod therein. However, the 
use of the ?exible rod may be inconvenient and 
may be impractical with respect to certain types 
of curved tubing. This is especially true where 
the tube diameters are very small and where very 
small containers of irregular con?guration are to g 

20 be expanded. 

25 

.4 II 

It has also been determined that for certain 
types of tubing, it is di?lcult to control expansion 
because of an uneven distribution of mass from 
which heat must be removed and a consequent 
tendency for uneven freezing with the possibility 
of non-uniform expansion. 
According to the present invention, methods 

and apparatus are provided which will eliminate 
the above noted di?iculties. 
Various further and more speci?c features and 

advantages of the invention will clearly appear 
from'the detailed description given below taken 
in connection with the accompanying drawings 
which form a part of this speci?cation and illus 
trate, by way of example, preferred arrangements 
of apparatus for carrying out the invention. The 
invention consists in such novel combinations of 
features, method steps and apparatus as may be 

_ shown and described in connection with the 
' equipment herein disclosed. . 

In the drawings: 
Figure 1 is a view partly in‘section and with 

parts broken away illustrating one form of ap 
paratus employed for carrying out the present 
invention; 

Fig. 1a is a detail view of one of the parts which 
may be used in the assembly of Fig. 1; 

Fig. 2 is a view of a portion of the tubing illus 
l. with the ?lling device removed. 
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said tubing containing an expansible liquid to 
gether with a freeze control liquid; 

Fig. 3 is a sectional view with parts broken 
away of a tube having one type of end closure at 
tached thereto; 

Fig. 4 is a sectional view of a tube having a 
second type of end closure therefor; 

Fig. 5 is an enlarged detailed view showing por 
tions of one form of tube structure with sur 
rounding ?ns secured thereon in accordance with 
the invention; 

Fig. 6 diagrammatically indicates the manner 
in which tubing may be expanded to form annular 
corrugations thereon in accordance with the in 
vention; 

Fig. 7 illustrates a section of bent or serpentine 
tubing with ?ns secured thereon in accordance 
with the invention; 

Fig. 8 illustrates one form of radiator structure 
which may be made according to the invention; 

and 
Fig. 9 is a graph illustrating certain factors in 

volved in practising the invention. - 
By means of the present invention, a container 

may be expanded by a predetermined accurate 
amount by con?ning therewithin a primary liquid 
medium which is expansible upon solidi?cation 
and also con?ning therein, in the presence of 
the primary liquid, a secondary liquid which has 
the function of assisting in controlling the expan 
sion of the primary liquid. For a desired expan 
sion, a predetermined ratio of the primary and 
the secondary liquids exists. For example, in 
securing ?ns to tubing, a plurality of the ?ns 
may be placed along the tubing in a desired 
spaced relation and then the tubing may be ?lled 
with the expansible and the freeze control liquids, 
and then under controlled conditions the assem 
bly is subjected to a temperature which is low 
enough to cause freezing or solidifying of at least 
the primary or expansible liquid. The tubing 
thus may be expanded into firm and secure con 
tact with the inner edges of all of the ?ns. 
In prior methods and apparatus for expanding 

containers, such as tubing, the above mentioned 
uneven distribution of mass which exists in many 
types of containers may interfere severely with 
the uniformity of the freezing action and the 
uniformity of the pressures which result from 
solidi?cation. This produces uneven exertion of 
this pressure which may produce bulges and un 
desirable distortion. In subjecting certain types 
of large tubes to this freezing action, an appre 
ciable percentage of the uneven expansion effect 
may be‘ absorbed because of the size thereof. 
However, with respect to small tubes or small 
containers it is di?lcult to overcome these effects 
of uneven expansion without the novel control 
method and means herein disclosed. 
With respect to the time of completing the 

novel process herein set forth, it has been found 
that when employing a solid control member 
which is inserted into the container in accord 
ance with said application, Serial No. 605,698, a 
desirable freezing temperature range for many 
types of containers and tubing, is approximately 
between 0° F. and —20° F. In the present inven 
tion, it has been determined that a considerably 
lower temperature conveniently may be used in 
freezing and that desirable results may be ob 
tained thereby. For example, freezing may occur 
at -40° F. which effects a substantial saving in 
time of freezing, thus substantially reducing the 
cost of employing the process and apparatus 
which accomplishes the invention. 
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As above mentioned, the novel method com 

prises, in general, the introduction of an expansi 
ble or primary liquid into a container together 
with the predetermined volume of a secondary or 
control liquid which is of a different type from 
the primary one, thereafter subjecting the con 
tainer to a temperature sufficient to cause solidi? 
cation of at least the primary liquid, to effect 
the desired expansion of the container, and there 
after thawing the liquid. 
The control liquid may be designated as a sec 

ondary liquid medium or as a foreign liquid rela 
tive to the primary liquid. In order to achieve 
the most beneficial results, it has been found de 
sirable and preferable for the control liquid to 
meet the following speci?cations: (1) it should 
have a low freezing point, for example, -40° F. 
or below; (2) the speci?c gravity thereof should 
be different from that of the primary liquid in 
order to maintain the two liquids separate from 
one another, as for example water and oil; (3) 
it should be insoluble in the primary liquid. It 
may also be desirable that the control liquid: 
be of low volatility; not react adversely upon the 
substance which comprises the container or the 
tubing; and have a different coe?icient of expan 
sion relative to the primary liquid. 
An example of the control liquid which meets 

the above requirements is kerosene employed 
jointly with water, the latter comprising the 
primary liquid. 

I In the use of a control fluid or secondary liquid 
it is important to determine the proper amount 
of the secondary liquid, that is, the exact volume 
of control liquid which is to be employed to ac 
complish a given expansion. Novel means for 
this purpose are set forth below. ‘ 
This combination of liquids such as water and 

kerosene, may be employed for expanding a wide 
variety of containers for example the expanding 
of a tube in order to secure fins thereupon, and in 
order to produce desired con?gurations such as 
corrugations. 
In order to determine the exact amount of 

kerosene which should be employed with water 
for the expansion of tubing, a standard or basic 
tube size may be employed which, in the example 
herein set forth, constitutes a 1-foot length of 
tubing having an outer diameter of 1.125" with 
a wall thickness of .035". The amount of kero 
sene or the kerosene percentages for control of 
expansion have been determined to vary sub 
stantially directly as the length of the tube. A 
graphic representation of the proper kerosene 
percentages is illustrated in Fig. 9. This graphic 
representation has been derived from the 
formula: 

V1=initial volume of tube 
V2=the ?nal volume of tube 
Va=the volume of kerosene 
C=.0855 (expansion factor). 

The expansion factor "0” above mentioned 
represents the percentage which water will ex 
pand when solidi?ed. For example, if the pri 
mary liquid medium is water, its volume will ex 
pand by approximately 8.55% upon passing from 
the ?uid to the solid state, and the coefficient of 
expansion of ice is 0.0000507 per degree C., which 

have to be 



_ V:=-11.00 cubic inches 
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taken into consideration especially if low range 
freezing temperatures are used. 
The above kerosene percentages 

V. . 

have been determined in accordance with the following: 

Vi=10.49 cubic inches (based on said standard 
tube size, 1. e., 12" length of tube having outer 
diameter of 1.125", wall thickness .035") 

V:=11.31 cubic inches for a .diametric expansion 
oi’ .040" . 

V:=11.13 cubic inches for a diametric expansion 
of .030" ' '_ , 

fora diametric expansion 
of .025" ' 

V:=10.90 cubic inches for a diametric expansion 
of .020" - 

V2=10.80 cubic inches 
of .015" , 

V:=-10.70 cubic inches for a diametric expansion 
of .010" ' 

V-.~=10.49 cubic inches for a diametric expansion 

for a diametric expansion 

.Of .000" 
C=.0855 

Applying the above values to the formula 
(Vi——Va)C+Vi=-Vz the following values of 

. I,' 
V; and W 

are obtained: 

(1) I . V 

For expansion of .040, V;=.902 cu. in., Vial-.086 

v (2) V‘. 
For expansion of .030, V,=3.01' cu. in., 7;-’==.287 

<3) ' ' _ V p . 

For expansion of .025, V;=4.53 cu. in., T.—:==.434 

(4) v > V' 

For expansion of .020, V;=5.7 cu. in., Vie-x544 

(5) V 
For expansion of .015, V,=6.87 cu. in., -V—:=.656 

(5) I V 

For expansion of .010, V,= 8.05 cu. in., V:=.767 

(7) _ _ V 

For expansion or .000, V,= 10.49 cu. in., Vf=r000 
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For purposes of simplicity as to the above _ 
computations, it has been assumed that the kero 
sene is at the freezing temperature of the pri 
mary liquid at the time it is introduced into the 
tube. ' 

Referring to the drawings in detail, a. novel 
charging device is indicated in Fig. 1 which is 
designed automatically to displace a su?icient 

which ‘is slightly less than 
a tube 2| into which it 

may be introduced. The tube 2| which is to be 
expanded has mounted thereupon 'a plurality of 
fins 22 which preferably are provided with suit 

75 of which will communicate a 

able flanges 23. The latter act as a means‘ for 
spacing the fins by a predetermined desired 
amount. 

It is desirable for the outer diameter of the 
nozzle 20 to be slightly less than said inner 
diameter in order to permit said primary liquid 
to flow around said nozzle and tube to the upper 
lip of the tube 2|, thereby to indicate that the 
primary liquid has reached a desired level within 

e tube. 
A suitable collar 

nozzle 20 and may 
the axis thereof in 
which the nozzle 
tube. 
A suitable conduit 25 may be connected to the 

nozzle 20 through which said liquid may be fed. 
The conduit 25 may threadedly engage the bore 
20a of the nozzle. A valve 26 may be interposed 
in the conduit 25 to control the flow of liquid 
therethrough. , - 

As shown in Fig. 1a, the collar 24 may consist 
of two portions 24:: and 24b which are hinged 
at 21 and which may be urged together, for ex~ 
ample, by a threaded butter?y nut 28 which is 
mounted on a screw engaging both of said por 
tions ‘24a and 24b. The outer surface of nozzle 
20 may be calibrated, for example, in accord 

percentages shown graphically 
to indicate the position of the 

collar 24 upon the nozzle, thereby controlling the 
extent to whichisaid nozzle may be introduced 
into the tube. 
The primary liquid may be introduced through 

the charging device described above until the 
tube is ?lled excepting that portion occupied by 
said nozzle. Thereafter, the nozzle is withdrawn 
and the remaining unoccupied volume within the 
tubing may be ?lled with the secondary liquid 
such as kerosene. 
When the requisite amount of primary liquid 

has been introduced into the tubing, the valve 
20 may be closed and the charging device may 
be thereafter withdrawn. As this withdrawal 

24 may be mounted upon the 
be adjustably positioned along 
order to govern the extent to 
may be introduced into the 

: occurs, a relatively small amount of liquid which 
occupies the bore 20a and a portion of the conduit 
20 flows into the tubing. The size and shape 
of the charging device may be of such dimensions 
as to compensate for this slight addition to the 
amount of primary liquid to avoid inaccuracies in 
the amount of control liquid to be introduced. 
As indicated in Fig. 2, the volume above 

primary liquid "L” is ?lled with a secondary 
liquid “0" preferably up to the upper level of 
the tubing whereby it is completely-?lled. . 
Thereafter the liquid may be con?ned within 

the tubing by suitable end closure means such 
as that indicated in Figs. 3 and 4. 
The novel end‘ closure illustrated in ‘Fig. 3 is 

referred to as an elastic freeze header which 

The outer 
be threaded and may 
nut 33 the rotation 
thrust to the washer 

be provided with a suitable 
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33 and thus squeeze the 
sides thereof outwardly. 

expand the plug and 
elastic Thus when the 

‘freeze header is in position as shown in Fig. 3, 
the plug 30 may be pressedlby means of the nut 
33 acting through shaft 3| and washer 32 whereby 
the sides of plug 30 are distended to urge the 
sides of the tube 2| against the ?ange of the 
cap 29. 
The sides of the elastic plug 30 may be dis 

tended not only as a result of compression by 
means of the nut 33, the rod 3i and washer 32, 
but also by the force of expansion exerted by the 
primary liquid L and/or of the control liquid 
“C." There thus is provided an extremely tight 
?tting end closure which becomes tighter as the 
forces of expansion increase. 

Fig. 4 illustrates a second 
which may be employed comprising a sleeve mem 
ber 33 having an internal surface 33a thereof 
adapted to be secured to the tubing by, for ex 
ample, soldering or brazing. A plug 34 may be 
secured to the sleeve 33, for example, by a suit 
able threaded engagement as indicated at 35. 
With reference to Fig. 5 if the walls of a tube 

such as shown at 36 are relatively thin and if 
?ns 31 are provided with ?anges 31a which also 
are relatively thin, as is usually the case, then 
the expansion of the tube according to this in 
vention, will result in the formation of slight 
annular corrugations as shown in said Fig. 5. 
That is, along circumferential lines of the tubing 
which are engaged by the surrounding ?ns per se, 
the tubing will be restrained somewhat against 
expansion as compared with the tube portions 
which are surrounded only by the ?anges. Ac 
cordingly, a slight outward bulge or corrugation 
will form beneath each of said ?anges, and this 
bulge will be of a shape such as to tend ?rmly 
to lock the ?n and its ?ange in position on the 
tube. This offers a substantial advantage, par 
ticularly where the ?nned tubing is to be used 
for radiation purposes and where the temperature 
of the tube may vary within considerable limits 
from time to time, thereby causing contraction 
and expansion difficulties which tend to loosen 
the ?ns in the absence of such locking effect. 
The corrugations also aid in preventing di?iculties 
due to elongation of the ?nned tubing by reason 
of thermal expansion when the tubing is used 
in radiator structures. 
tend to impart a certain degree of longitudinal 
?exibility, and at the same time reduce thermal 
expansion longitudinally. Furthermore, the 
corrugation effect facilitates the ?rm securing of 
fins formed of exceptionally thin ?exible mate 
rial. For example, ?ns of thin aluminum may 
be applied to copper tubes with a considerable 
saving as compared with what has been obtain 
able with prior art structures of equivalent radia 
tion capacity. 

Certain of the features of the invention may be 
employed for the purpose of forming annular 
corrugations or other desired con?gurations on 
tubing which is not to be provided with ?ns. 

That is, the corrugations ' 
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form of end closure ‘ 
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For example, as shown in Fig. 6, a tube 38, ?lled . 
with the liquids above set forth and equipped with 
suitable end closure means such as shown in Figs. 
3 and 4, may be inserted within an aperture of 
a die member 39 which has therein an internal 
aperture formed with corrugations or other de 
sired con?gurations so that when the tube is 
expanded ‘therein, its wall surfaces will be corre 
spondingly formed or shaped. The die, of course, 
may be formed of parts separable as along a 

70 

75 
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:enter line 40, to enable removal of the expanded 
ube. 
Certain metal bellows-like shapes or similar de 

vices, may be made in accordance with this em 
bodiment of the invention by ?rst expanding an 
annealed tube within a suitable die as shown in 
Fig. 6, then annealing the tube, and again ex 
panding the same within a die having deeper 
corrugations, and repeating this process until a 
desired form is achieved. 
In prior art mechanical methods, for applying 

and securing ?ns as herelnbefore referred to ex 
cepting the method set forth in said application, 
it has been necessary for the tubing to remain 
substantially straight, at least until after the 
?ns are secured in place. Thereafter, it is sub 
stantially impossible tolcend the assembly to form 
loops or turns in the tubing without loosening 
or displacing the ?ns. 
With the present invention, as shown in Fig. '7, 

tubing 4| may be bent initially to conform to 
various desired curved shapes, such as a grid or 
serpentine shape. The ?ns 42 then may be 
slipped onto the desired positions and thereafter 
?rmly secured in place by the freezing and ex 
pansion method of this invention. If desired, 
long grids of radiation structure may be made in 
the form shown in Fig. 7 and kept in stock. 
Then these may be cut into sections of any de 
sired heating capacity as needed, as by cutting 
the tube along a line such as indicated by the 
broken line 43. 

This embodiment of the invention makes it 
possible to provide ?nned U-shaped tubes with 
any desired number of “turns” without resorting 
to soldered or brazed connections as has here 
tofore been the necessary practice for such tubes. 
As indicated in Fig. 8, a plurality of tubes as 

at 44-48 inclusive may all be treated as a group, 
according to this invention, thereby securing the 
?ns 49 thereupon. Said ?ns may extend con 
tinuously from tube to tube. After the tubes 
have been expanded to secure ?rmly these ?ns 

, thereupon, the assembly of tubes may be provided 
with headers or end enclosures, for example, as 
shown at 50 and 5|, into which the tubes may be 
brazed or otherwise sealed. Such an assembly 
may be made with any number of tubes to pro 
duce a radiator of desired capacity. If a small 
radiator is required, the assembly may be cut 
as for example along a broken line indicated 
at 52, thereby cutting through the end closures 
as well as the ?ns. 

r - While the invention as above described re 
quires a refrigerant to be applied to the exterior 
of the container or tube, it is also possible to 
apply the refrigerant internally by methods such 
as disclosed in the above mentioned application. 

Also while the invention has been described 
with particular reference to tubing, it will be 
understood that the principles of the invention 
also are applicable to the expansion of containers 
of other shapes. 

It will be further understood that instead of 
using water and kerosene as the primary and 
the control liquids respectilvely, variousv other 
liquids may be used which have desired degrees 
of expansion of solidi?cation. In the place of 
kerosene, various other hydrocarbon liquids, min 
eral or vegetable oils, etc., may be used. Further 
more, the expansion may be accomplished by 
using chemicals which will react with increased 
volume to cause expansion of the container. Fur 
thermore. metal-alloys may be used which will 
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expand when cooled, such as in the case of certain 
alloys of antimony or “type metal.” The latter, 
for example, may be poured into a tube when hot 
and will expand the tube when it solidi?es. 
Thereafter, the alloy may be remelted in order 
to remove it from the expanded tube. 
Uneven expansion together with the accom 

panying undesirable distortions and bulges can 
be entirely eliminated by this invention. More 
over, the speed with which this method may be 
carried out is considerably in excess of that of 
prior methods. ' 

While the invention has been described with 
respect to certain preferred embodiments, it will 
be understood by those skilled in the art after 
understanding the'invention that various changes 
and modi?cations may bemade without depart 
ing from the spirit and scope of the invention, 
and it is intended therefore in the appended 
claims to cover all such changes and. modi?ca 
tions. 
What is claimed as new and is desired to be 

secured by Letters Patent is: 
1. Method for securing ?ns in position sur 

rounding a metal tube, which comprises con?ning 
within the tube a predetermined volume of a 
?rst liquid partially ?lling the tube, said liquid 
being capable of expanding upon solidifying, 
limiting the amount of said liquid by substantially 
?lling the remainder of the space within the tube 
with a second liquid which is immiscible with the 
?rst and which is not subject to a change in state 
at the temperature ‘of solidi?cation of said ?rst 
liquid, then while supporting the tube in generally 
horizontal position whereby each cross-sectional 
portion thereof is ?lled partly by the ?rst liquid 
and partly by the second, subjecting the tube 
and contents to a temperature causing solidi? 
cation of said ?rst liquid, the volume of said ?rst 
liquid being made su?icient to cause upon such 
solidi?cation permanent expansive deformation 
of the tube into ?rm contact with the surrounding 
?ns, and the .volume of said second liquid being 
su?cient to so limit the volume of said ?rst liquid 
upon solidifying that no rupture of the tube oc 
curs, 

2. Method for forming corrugations in the 
walls of metal tubing which comprises surround 
ing the tube with means which will tend to re 
tain the tube relatively rigidly against substan 
tial expansion along portions corresponding to 
the valleys of the desired corrugations, as com 
pared with portions on the tube corresponding to 
the ridges of the desired corrugations. con?ning 
within the tube a predetermined volume of a 
first liquid partially ?lling the tube, said liquid 
being capable of expanding on solidifying, limit 
ing the amount of said liquid by substantially 
?llingv the re der of the space within the 
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10 
with the ?rst and is not subject to a change of 
state at the temperature of solidi?cation of said 
?rst liquid, then while supporting the tube in 
gene-raily horizontal position whereby each cross 
sectional portion thereof is partially ?lled by the 
?rst liquid and partially by the second, subjecting 
the tube and contents to a temperature causing 
solidi?cation of said ?rst liquid, the volume of 
said ?rst liquid being made su?icient as compared 
with that of the second liquid to cause, upon 
such solidi?cation, the formation of said corru 
gations, but being so limited by‘ the presence of 
the second liquid that no rupture of the tube . 
occurs. 

3. Method for causing tubing to be perma 
nently expanded to a predetermined degree, which 
comprises con?ning within the tube a predeter 
mined volume of a ?rst liquid partially ?lling 
the tube, said liquid being 

liquid by substantially ?lling the remainder of 
the space within the tube with a second liquid 
which is immiscible with the ?rst and which is 

to a change in state at the tempera 
ture of solidi?cation of said ?rst liquid, then 
while supporting the tube in generally horizontal 
position whereby each cross-sectional portion 
thereof is ?lled partly by the ?rst liquid and 
partly by the second, subjecting the tube and 
contents to a temperature causing solidi?cation 

cation the said permanent predetermined degree 
of expansion of the tube, but without rupture 
of same. 
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