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United States Patent Office 

2,998,639 
METHOD OF MAKNG HEAT EXCHANGERS 

John J. Forst, Yonkers, and Huntiy M. Campbell, White 
Plains, N.Y., assignors to Olin Mathieson Chemical 
Corporation, East Aion, I., a corporation of Virginia 

Filed Mar. 3, 1959, Ser. No. 796,952 
1 Claims. (CE. 29-157.3) 

This invention relates generally to heat exchangers and 
more particularly to a method of making heat exchangers 
for automobile radiators and the like, 

Heretofore the making of such articles has been time 
consuming and expensive and involves the assembly of a 
great number of separate tubes together with heat dissipat 
ing fin stock inserted between adjacent tubes. The as 
sembly was then suitably joined together with the ends of 
the tube inserted in suitable headers. Although various 
attempts have been made to simplify fabrication of such 
structures, these attempts have served only to accentuate 
the various coinplex problems involved in the construc 
tion of these structures. 
The general object of this invention is to provide an 

improved process for simplifying the making of tubular 
heat exchanger cores for automobile heaters, radiator 
cores and the like. 

Another object is to provide a method for fabricating 
a multi-tube heat exchanger core from a single substan 
tially flat tube. 

Another object is to provide an economical method 
adapted for rapid mass production of heat exchanger 
cores complete with alternate layers of fin stock and tube 
stock. 
A further object of this invention is to simplify the here 

tofore complex operations presently employed in the fabri 
cation of heat exchangers for radiators and the like. 

Other objects and advantages will become apparent 
from the description of a specific embodiment of the 
invention which follows. 

According to this invention the entire radiator core 
section can be made in an economical and simple man 
ner from a continuous length of thin metal tube stock, 
such as aluminum, copper and the like, containing em 
bryonic or collapsed passageways. This tube stock is 
folded or bent back and forth in a serpentine or zig-zag 
fashion within a suitable strip handling and forming ap 
paratus with a connecting, or supporting, webbing mount 
ed transverse the tube stock across the terminals of the 
straight portions between the formed return bends. The 
tube stock of the assembly is then subjected to internal 
pressure to develop the desired tube form and to establish 
intimate contact of the tube stock with the webbing. 
The assembly is then sheared to remove the interconnect 
ing bent portions. The supporting or connecting webbing 
can be formed from any sheet metal which may be similar 
or different from that employed in the tube stock in which 
suitable shaped openings are formed for insertion of the 
desired tube form. The openings are shaped to the gen 
eral configuration of the desired distended tubes, and to 
encompass and intimately contact the subsequently dis 
tended tubular walls as well as the web of the sheet. 

If desired, secondary heat dissipating fins may be in 
serted between adjacent portions of the bent tube stock 
and fastened thereto simultaneously with the expansion of 
the tube stock. Various types of secondary heat dissipat 
ing heat stock may be employed, such as a plurality of 
the above mentioned connecting webbing spaced across 
the straight portions between the return bends, or, pref 
erably, a closely corrugated or pleated fin strip inserted 
between adjacent portions of the tube stock. These 
strips of corrugated fin stock may be stacked up or in 
serted so as to have parts fitting between adjacent sections 
of the bent tube stock. 
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The tube stock may contain a single continuous pas 

Sage or preferably a number of parallel passages from end 
to end of the strip for continuous and interrupted flow of 
fluid. Alternately, these passages may take any shape 
through the length of the strip, for example, they may be 
present as a plurality of interconnected passages in paral 
lel alignment, or they may extend longitudinally in 
Serpentine fashion through the tube stock. Although the 
portions between the return bends need not be parallel to 
each other, the tube stock preferably takes the form of a 
plurality of substantially straight parallel hollow portions 
with hollow 180° bent-end portions connecting the ad 
jacent straight portions. To facilitate an even admission 
and maintenance of a fluid pressure throughout the entire 
length of the tube stock, particularly around the bent por 
tions, the tube passageway in the tube stock is subdivided 
into a greater number of smaller passages at the portions 
disposed at the bends. 
Upon assembly, uniting material, such as solder, braz 

ing alloy and the like, is interposed between the tube 
stock, fin stock and connecting webbing by coating or in 
the form of an insert, or both. If solder or a brazing alloy 
is employed, the inflating structure is heated at a tempera 
ture at which the solder or a brazing alloy melts to join 
the assembly together. 
Any suitable apparatus may be employed for forming 

the zig-zag or serpentine folds of the tube stock. After 
bending of the tube stock and assembly of the compo 
nents as discussed above, the tube stock is inflated and 
the resultant assembly in the apparatus is heated to ac 
complish the desired union of the various components. 
The apparatus may be adapted to permit shearing of the 
return bends from the resultant core while retained in the 
apparatus, or the joined assembled structure may be re 
moved from the core whereafter the removal of the re 
turn bends may then be accomplished by shearing and 
the like. 
The resultant core is comparable in configuration to 

heretofore conventional types of radiators or heater core 
sections, and thus, is interchangable therewith necessitat 
ing substantially no designed changes for replacement 
therefor. By this invention a properly dimensioned heat 
exchanger radiator core can be made having a plurality 
of tubes in parallel relationship to each other with inter 
vening fin stock between adjacent tubes. It will be ap 
preciated that by this invention the steps of tube shaping 
and fastening of the connecting webbing and/or fins are 
done in a single operation. - 
The invention will be better understood from a detailed 

description and drawings in which: 
FIGURE 1 is a plan view of an embodiment of this 

invention illustrating one pattern of stop-weld that may 
be employed in fabricating tube stock for pressure weld 
ing this embodiment; 
FIGURE 2 is a plan view illustrating an apparatus that 

may be employed in the bending of the tube stock of 
FIGURE 1 in zig-zag fashion and with connecting web 
bing and secondary heat dissipating fin stock assemble 
therein; 
FIGURE 3 is a plan view illustrating one embodiment 

of connecting webbing that may be employed in this in 
vention; 
FIGURE 4 is a perspective view illustrating one 

method of assembling the connecting webbing of FIG. 
URE 3 to tubular stock; 
FIGURE 5 is a plan view illustrating one form of in 

timate contact established between the inflated tube stock 
and fin stock of FIGURE 2; 
FIGURE 6 is a plan view illustrating another form 

of intimate contact established between the inflated tube 
stock and fin stock of FIGURE 2; 
FIGURE 7 is a plan view of a heat exchanger re 
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moved from the confining and forming structure of FIG 
URE 2 subsequent to the shearing of the return bends 
for: in zig-zag folding the tube stock; 
FIGURE 8 is a view taken along line VIII-VIII of 

FIGURE 7; 9. O 
FIGURE 9 is a perspective view of another embodi 

ment of this invention illustrating a method of fabricat 
ing clad tube stock; and 
FIGURE 10 is an end view of the welded embodiment 

of FIGURE 9 with a coating or brazing alloy provided 
thereon. - 

Referring to the drawings, FIGURE 1 shows a sheet 
of metal 1, such as aluminum or aluminum alloys, cop 
per or copper base alloys, or ferrous alloys and more 
Specifically an alloy having the following composition, 
93% copper, 2.33% iron, balance zinc having applied 
to its clean surface a pattern of weld inhibiting material 
defining the desired pattern of passages in the tube stock. 
A portion of the weld inhibiting material in the instant 
example defines the tubular passageways 2 to be obtained 
in the straight portion in a subsequent zig-zag folding of 
the tube stock into a serpentine configuration. These 
;Portions merge at their ends into sections 3 and 4 which 
subsequently form a single relatively large hollow in 
the final Structure. Section 4 extending from the desired 
straight portions of the serpentine folded tube stock de 
fines the hollow desired in the return bends. Section 4 
is further Subdivided into a plurality of smaller size 
rpassages 5 to prevent obstruction to fluid pressure during 
the folding of the tube stock and a subsequent inflation 
operation. One end of sheet 1 is provided with a strip 

1 of Weld inhibiting material 6 extending from the pat 
...tern of Weld inhibiting material described to the edge 
of the sheet . This pattern of weld inhibiting mate 
trial will ultimately form the passageways of the in 
flated stock. 
The portion of sheet 1 to which strips 2 of weld in 

hibiting material have been applied form the straight por 
tions of a Subsequently bent serpentine tube stock. 
These portions extend generally between points 7 and 8 
:at which points connecting webbing 9 is mounted in a 
tSubsequent operation. Although in the instant embodi 
ment the pattern or strips of weld inhibiting material 
2 have been longitudinally duplicated twice, it will be 
understood that the portion of strips 2 between their 
respective points 7 and 8, together with strips of weld 

-inhibiting material 5, may be repeated as often as re 
quired depending on the amount of pleats desired in tube 
stock after folding of it into the serpentine configuration. 
As shown in FIGURE 1, the pattern of passages de 
scribed may terminate at its ends into communicating 
relationship with areas of weld inhibiting material 3 and 
10, respectively. In addition, to facilitate the inflation 

t of the tube stock, the area 3 may also be extended to 
: the edge of sheet 1 by a strip of weld inhibiting material 
-6. It is to be understood as noted above, that if the 
tube stock is fabricated by pressure welding a plurality 
of Superimposed strips of metal having a weld inhibiting 
material interposed therebetween, the pattern applied 
may be varied as desired according to the demands of 
the application intended for the final structure obtained 
by this invention. For example, strips 2 of weld inhibit 
ing material may be either a single or plurality of strips 
extending in sinuous form longitudinally on sheet 1, or 
the configuration of weld inhibiting material may take the 
from of interconnected passageways and be fabricated in 
accordance with the method fully disclosed in a patent 
to Grenell, U.S. No. 2,690,002 granted on September 28, 
1954. 
A surface of a second sheet is superimposed on the sur 

face of sheet , to which the weld inhibiting material 
has been applied. The two sheets are then tacked to 
gether as by spot-welding, or any appropriate manner, as 
by heli-arc welding the edges of the sheet, to prevent rela 
tive slippage of adjacent surfaces of the superimposed 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

75 

4. s 
sheets during a subsequent welding operation. Any suit 
able weld inhibiting material may be employed to pre 
vent welding of the coating surfaces during the welding 
operation. An example of such weld inhibiting material 
is graphite in water glass. 
The assembled structure is then heated to welding 

temperatures, for the specific composition set forth above, 
to 925 F. for about 20 minutes as per the teachings of the 
aforementioned patent, and then passed through mill rolls 
wherein the sheets are joined or welded together at the 
adjacent surfaces not separated by weld inhibiting mate 
rial. During rolling, the assembled structure is reduced 
in thickness and elongated in the direction of rolling. 
The weided structure may then be further cold rolled to 
the final gauge desired and further annealed to remove 
the cold working to increase the ductility of the metal for 
inflation. The resultant welded structure forms the tube 
stock for fabrication of the radiator core in accordance 
with this invention. 

it is to be understood that the invention is not limited 
to tube stock fabricated by the process specifically de 
scribed above. This invention is equally applicable to 
tube stock fabricated in other manner, for example, the 
tube stock may be formed from a metal strip by folding 
it along the longitudinal center which brings the lateral 
edges adjacent each other where they are fastened to 
gether by any well known process, such as by welding, 
brazing and the like. Also, the folded strip may be fur 
ther spot-welded or seam welded in portions intermediate 
the lateral edges of the folded strip to define a pattern 
of passageways desired in a subsequent inflated article. 
From a separate sheet of metal similar or different 

from that employed for the tube stock, a supporting and 
connecting webbing 9 is formed by providing therein a 
plurality of suitably shaped openings 11 for mounting 
upon the serpentine form of the tube stock. These open 
ings are shaped so as to encompass and intimate con 
tact subsequently distended tubular walls preferably at 
points indicated by numerals 7 and 8, as well as the 
web at the referred-to points. Generally two such webs 
or combs are utilized at each terminal portion 7 and 8 
of the spaced portion, between the return bends, of a zig 
-zag folded tube stock. This will be better explained by 
reference to FIGURE 1 by considering the central por 
tion of the drawing. With reference thereto, the webbing 
9 will be mounted on and across the spaced pleats at the 
terminals of the tube defined by stop-weld tube at each 

- pair of adjacent points 7 and 8 separated by strips 5. 
The connecting webbing 9 is then mounted in spaced 

relationship by any appropriate manner, such as a slot, in 
a forming jig 12 with the openings 13 of the web extend 
ing upwardly. The tube stock is then threaded through 
the forming jig 12, with the pleats inserted into the open 
ings 11 of webbing 9, in zig-zag fashion to a serpentine 
configuration. The jig has a base plate 14 having a 
plurality of upwardly extending pegs 15 arranged in 
staggered parallel relationship across which the tube stock 
is threaded in the aforesaid serpentine manner. A pair of 
restraining plates 16 are also fastened upwardly from the 
base plate 14 to engage the outermost pleats of the bent 
tube stock in order to restrain and limit the displacement 
of the outermost pleats during expansion. It is to be 
understood that although, with respect to FIGURE 2, the 
pleats are shown to be straight and in parallel relationship 
to each other, additional pegs may be employed to cor 
rugate the pleats of the serpentine tube stock 17 if desired. 

After threading the tube stock 17 in the forming jig 12, 
a second connecting and supporting webbing 9 is mounted 
upon tube stock 17 adjacent each web 9 in which the 
tube stock 17 was previously inserted. FIGURE 4 depicts 
broadly a method of mounting a pair of webbing 9 on a 
pleat, of tube stock 17, which may be assumed to be the 
outermost pleat. A pair of webbing 9 in spaced and 
parallel relationship to each other with the portion 13 of 
openings 11 facing each other, are moved toward each 
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other to engage the tube stock 17 into openings 11 to the 
portion. 13. After mounting, the webbings 9 are prefer 
ably moved into adjacent and contiguous relationship to 
each other. 

Although not required, in the preferred form of this 
invention a plurality of corrugated secondary heat dis 
sipating fins 18 are inserted between adjacent straight por 
tions, or pleats, of the serpentine tube stock i7. This 
tube stock may be a relatively thin sheet metal of sub 
stantially the same width as the tube stock and of the 
same or different alloy, from which the tube stock was 
fabricated. The tube stock may be formed by bending 
strips of metal into a serpentine form followed by inser 
tion between adjacent straight sections of the tube stock 
17. It is to be understood that if desired, the fin stock 
may be perforated in the pleat or appropriately shaped, 
in the pleat, by stamping in the straight portions to pro 
vide additional deflecting means for passage of air through 
the radiator core. 

After the assembly of various components in forming 
jig 12, a suitable pressure is injected by means of nozzle 
19 into the tube stock 17 of sufficient magnitude to per 
manently distend the area within the tube stock defined 
by the weld inhibiting material into intimate contact with 
the fin stock 18 and with the walls of the distended pass 
ages fitting snugly in openings 11 of webbing 9. The 
resultant cross-sectional area of the distended tube stock 
will depend not only upon the magnitude of the applied 
fluid pressure but also upon the pattern of weld inhibiting 
material employed and upon the strength of the fin stock. 
For example, if the fin stock is of sufficient strength to 
resist deformation by the applied fluid pressure, the crest 
(of the fins will cause indentations 20 in the wall of the dis 
tended tubes. However, where the fin stock is deformed 
in that it does not possess sufficient strength to resist de 
formation by the applied fluid pressure, the fins assume 
an arcuate shape at the portion in contact with the dis 
tended area and assume a bowed or bent configuration 
21 at the straight portions of the fin stock. These two 
configurations of fin stock are illustrated in FIGURES 5 
and 6. 

After inflation of the assembled tube stock, fins and 
connecting webbing, the resultant structure may be ap 
propriately coated with a solder or a brazing alloy of any 
Suitable type, such as copper, silver, or nickel-chrominum 
alloy. However, the solder or brazing alloy is preferably 
applied to the exterior surface of the tube stock, and/or 
the fin stock and webbing at any time prior to threading 
in forming jig 12. The assembled components inflated 
into intimate contact with each other are placed in any 
appropriate heating furnace and heated to soften the 
solder. The furnace temperature is high enough to melt 
the uniting material, solder or brazing alloy, on the out 
side of the components to which it was applied, causing it 
to flow and braze or unite the fins and connecting webbing 
to the tube stock. The united assembly is then removed 
from the furnace and allowed to cool. 
Although the applied fluid pressure, for distending the 

tube stock, may be removed prior to uniting the various 
components by heating, the fluid pressure is preferably 
sealed within the tube stock by means of valve 22 during 
the uniting operation. The fluid pressure may then be 
relieved after the united unit is cooled. It is also to be 
understood that the assembled unit may be heated to the 
temperature necessary to melt the uniting material 
simultaneously with the inflation of the tube stock. It 
will be apparent that the uniting material in addition to 
its forms as solder or brazing alloy may take the form of 
appropriately placed inserts between the various com 
ponents where they contact each other. 

Subsequent to the distending and uniting operation, the 
inflated structure with the fluid pressure relieved therein 
is subjected to a shearing operation to remove the return 
bends 23 of the inflated tube stock 24 as indicated in 
FIGURE 7. The shearing operation may be accomplished 
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6 
either while the inflated structure is still mounted in form 
ing jig 12 or after its removal therefrom. The return 
bends 23 of the inflated structure may be sheared even 
with the connecting webbing 9, but are preferably sheared 
with a small portion 25, about 0.010 inch, of the parallel 
sections 26 extending beyond the connecting webbing.9. 
The resultant structure, comparable to the cores of con 
ventional type radiators, has an opening 27 defined by the 
portion of weld inhibiting material 3 and subdivided into 
a plurality of smaller passages 28 defined by the area 2. 
of weld inhibiting material. 

After the shearing operation, appropriate header con 
nections may be built at the top and bottom of the result 
ant radiator core about connecting webbing 9. 

It is to be understood that when the tube stock is 
formed by welding strips of metal, containing weld 
inhibiting material together, various combinations of 
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metals may be employed depending on the application 
desired for the resultant fabricated core structure of this 
invention. For example, the weld inhibiting material 32 
may be interposed between two adjacent sheets of like 
materia; 33, such as 72S aluminum, which after super 
imposition upon each other are clad by an additional 
pair of sheets 34, such as 2S and 3S aluminum. After 
assembly of the various components they are appropri 
ately tacked, as by spot-welding, heated to welding 
temperatures and welded according to the procedure 
defined above with respect to FIGURE 1. The resultant 
tube stock 35 may then be coated with an appropriate 
brazing alloy 36 and then bent into a serpentine con 
figuration, as described above, assembled with the various 
components and distended according to the procedure 
described with respect to FIGURES 1 to 8. 

Although the invention has been described with refer 
ence to specific embodiments, materials and details, vari 
ous modifications and changes will be apparent to one 
skilled in the art and are contemplated to be embraced 
within the invention. 
What is claimed is: 
1. A method for manufacturing a heat exchanger core 

which comprises providing a single length of elongated 
flat tube sheet containing an internally extending collapsed 
area of separation, bending said tube sheet in zig-zag 
fashion to form a plurality of spaced portions intercon 
nected by bent-end portions, inserting secondary fin stock 
between the spaced tube portions of said tube stock, ex 
panding said tube sheet to distend said tube sheet along 
said area of separation to effect intimate contact of said 
tube sheet with said fin stock, joining said tube sheet to 
said fin stock, and removing said bent-end portions. 

2. The method of claim 1 wherein said spaced portions 
are substantially straight and in parallel relationship to 
each other. 

3. A method of manufacturing a heat exchanger core 
comprising providing a single length of elongated flat tube 
sheet containing an internally extending and inflatable 
collapsed area of separation, bending said tube back and 
forth in zig-zag fashion to form a plurality of spaced 
portions interconnected by bent-end portions, providing 
an opening in a metal web-like member wherein a first 
portion of said opening has a configuration and size de 
sired for the tube at the terminal of said spaced portions 
and a second portion of said opening communicating with 
first said portion corresponding to the shape and size of 
said tube sheet, placing said tube sheet in said web-like 
member at said terminals, expanding said tube sheet to 
distend it along said area of separation to effect intimate 
contact of said tube sheet with said web-like member, 
and removing said bent-end portions. 

4. The method of claim 3 wherein said spaced portions 
are substantially straight and in parallel relationship to 
each other. 

5. The method of claim 4 wherein said tube sheet is 
joined to said member prior to removal of said bent-end 
portions. 
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*6. A method of manufacturing aheat exchanger core 
s comprising providing a single length of elongated fiat tube 
: sheet containing an internally extending ... and inflatable 
' collapsed area of separation, bending said tube back and 
'forth in zig-zag fashion to form a plurality, of spaced 
portions interconnected by bent-end portions, providing 
openings in a metal web-like member wherein a first por 
tion of said opening has a configuration and size desired 
for the tube, at the terminal of said spaced portions and 

i.a. Second portion communicating with first said portion 
corresponding to the shape and size of said tube sheet, 
-placing said tube sheet in said web-like member at said 
terminals, inserting secondary fin stock between the spaced 
portions of said tube sheet, expanding said sheet to distend 
it along said area of separation to effect intimate contact 

... of said tube sheet with said fin stock and said member, and 
: removing, said bent-end portions. 

7. The method of claim 6 wherein said spaced portions 
are substantially straight. and in parallel relationship to 
each other. 

8. A method of manufacturing a heat exchanger core 
- comprising providing: a single length of elongated flat 
: tube sheet containing an internally extending and inflat 
cable collapsed area of separation, bending said tube back 
and forth in Zig-Zag fashion to form a plurality of spaced 
portions interconnected by bent-end portions, providing 

... an opening in metal, web-like member wherein a first 
sportion of said opening has a configuration and size de 
sired for the tube at the terminal of said spaced portions 
and a second portion communicating with first said por 
tion corresponding to the shape and size of said tube 
sheet, placing said tube sheet in said web-like member 
at said terminals, inserting secondary fin stock-between 
the spaced portions of said tube sheet, expanding said 
sheet to distend it along said area of separation to effect 
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intimate contact of said tube: sheet with said, fins stock 
- and said member, joining said tube sheet to said members 
and said fin stock, and removing said bent-end, portions. 

9. The method of claim 8 wherein said spaced por 
tions" are substantially straight, and in parallel relation 
ship to each other. 

10. A method of manufacturing aheat exchanger core 
comprising providing a single-length of elongated flattube 
sheet containing an internally extending and inflatable col 
lapsed area of separation, bending said tube back...and 
forth in zig-zag fashion; to form - a plurality of spaced 
portions interconnected by bent-end portions, providing 
openings in metal web-like members wherein portions of 
Said openings have a configuration and size desired for 
the tube at the terminal of said spaced portions: and por 
tions communicating with first said portions correspond 
ing to the shape and size of said tube sheet, placing said 
tube sheet in said web-like members at said terminals, in 
serting secondary fin stock between the-spaced portions 
of said tube sheet, interposing uniting material between 
said tube sheet and said fin stock and members, expand 
ing said tube sheet to distend it along said area of separa 
tion to effect intimate contact of said tube sheet with 
said members and said fin stock, and removing said bent 
end portions. 

11. The method of claim 10 wherein said spaced por 
tions are substantially straight and in parallel relationship 
to each other. 
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