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1. 

2,957,679 
THEAT EXCHANGER 

Huntly M. Campbell, Alton, Ill assignor to Olin Mathie 
son Chemical Corporation, Alton, Ill., a corporation 
of Virginia 

Filed June 2, 1955, Ser. No. 512,655 
4 Claims. (CI. 257-130) 

This invention relates to a heat exchanger of the mul 
tiple parallel tube type as exemplified by automobile ra 
diators, and is an improvement upon the heat exchanger 
disclosed in the copending application of myself and 
Leland H. Grenell, Serial No. 175,226, filed July 21, 
1950, now U.S. Patent Number 2,759,247 granted August 
21, 1956 and the copending application of John D. Wil 
kins, Serial No. 495,542, filed March 21, 1955 and now 
U.S. Patent No. 2,924,437, granted February 9, 1960. 

In the aforesaid application of myself and Leland H. 
Grenell, there is disclosed a heat exchanger wherein a 
plurality of separate panels, each made from pressure 
unified sheets of metal so as to include integral tubes and 
intervening webs, are arranged together in aligned spaced 
series, and secured in such relationship by appropriate 
interconnecting parts. In the aforesaid Wilkins applica 
tion, it is contemplated to integrate a plurality of panels 
into one continuous plate, and then to zig-zag fold the 
plate so that each tube panel constitutes a lap of the fold, 
and the structure is held together in the appropriate 
spaced relationship by integral parts of the single plate. 
The structures disclosed in said applications, and all 
other such comparable constructions of which I am 
aware, require the provision of a separate header tank 
at each end of the tube panels, and connected to the 
various tubes by an appropriate fluid-tight connection, 
such as a soldered joint. While the structures disclosed 
in said applications represent a substantial diminution 
of the amount of soldering required for assembling a 
heat eXchanger of the character contemplated, it is ob 
viously desirable, and hence it is an object of the present 
invention, to further eliminate the necessity for such 
soldering, or other fluid-tight connections, between the 
tubes and the header tanks, or chambers, at either end 
thereof. 
The aforesaid objective is accomplished in accordance 

with the present invention by providing, as an integral 
part of the pressure unified sheet from which the several 
tube panels are formed, a transverse header chamber 
connected with the various tubes in the panels, and 
which is, like the integrally connected tube panels of 
the aforesaid Wilkins application, zig-zag folded to form 
a continuous serpentine header chamber at the opposite 
ends of the tube panels. 
Another object of the invention is to provide a heat 

exchanger of the character aforesaid, wherein the shape 
of the tubes is such as to be readily adaptable for the re 
ception and retention of corrugated fin stock between ad 
jacent panels of the folded structure. 

Other objects will become apparent from the following 
description when read in connection with the accom 
panying drawings, in which: 

Figure 1 is a plan view of a pressure unified plate con 
taining an internal pattern of unconnected areas suit 
able for the manufacture of the heat exchange member 
shown in the other figures of the drawings; 

Figure 2 is a view in front elevation of an automobile 
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2 
radiator embodying the heat exchange member of the 
present invention; 

Figure 3 is a top plan view of the radiator shown in 
Figure 2, part being broken away, and part shown in 
section to reveal the relationship of the parts; 

Figure 4 is a sectional view taken along line 4-4 of 
Figure 2; - 

Figure 5 is a sectional view taken along line 5-5 
of Figure 2; and 

Figure 6 is a perspective view of a portion of the plate 
shown in Figure 1 after the same has been distended, 
but before folding. 

In accordance with this invention, a heat exchange unit 
with an array of tubes arranged in spaced susbtantially 
parallel planes is fabricated from a plate of metal formed 
of two sheets pressure welded or single phase roll welded 
together with an intervening pattern of stop-weld mar 
terial delineating areas in which fluid passageways will 
be distended by pneumatic or hydraulic expansion. The 
plate includes not only a series of heat transfer fluid con 
veying tubes, but also an inlet header passageway and an 
outlet header passageway. The plate is folded back and 
forth to provide a series of panels containing the heat 
transfer tubes. The distended plate from which the unit 
is made includes two walled distended separation portions 
defining fluid passageways in the sheet, and also includes 
welded single walled portions, or unseparated areas, of 
double thickness as a unitary or monolithic portion of 
the sheet. The folds of the plate occur at certain of 
the relatively thick welded single walled portions between 
panels so as to provide a pleated structure made up of 
folded areas alternating with tubed panel portions be 
tween folds. Elongated unwelded portions in each panel 
form the heat transfer tubes and these elongated un 
welded portions of the panels are formed coextensively at 
their extremities with transversely extending unwelded 
portions which form the inlet and outlet header portions 
which extend across the entire zig-zag folded sheet. Be 
tween the heat transfer tubes, the plate is perforated at 
least at the regularly occurring bends so as to allow a 
cross stream of fluid, such as air, to pass along the out 
side of the heat transfer tubes disposed in the panels of 
the sheet between folds. Each panel may contain a 
single tube or a number of parallel spaced individual 
smaller tubes. The opposing walls at the distended tube 
and passageway portions may be internally welded to 
gether at intervals for the purpose of stiffening these por 
tions. While the heat exchange unit of this invention is 
adapted to constitute an entire heat exchanger, two or 
more of the units may be assembled to make up a heat 
exchanger. Since the tube panels are adapted to be set 
up in spaced substantially parallel relationship, it is de 
sirable that any suitable fin stock, preferably corrugated, 
be installed between the panels in contiguity with the heat 
transfer tubes. 
The heat exchanger structure of this invention is 

further characterized by the fact that the walls of the 
header passageways, or inlet and outlet channels, are 
distended out beyond the surfaces of the unseparated 
areas of the plate to a greater degree than the distended 
walls of tube passageways of the tube panels. As a re 
suit, the cross-sectional area of each of the header pas 
sageways is considerably larger than the cross-sectional 
area of a tube passageway. This enables the header por 
tions in adjacent panels of the zig-zag plate to be in abut 
ment, thus producing a more solid construction while the 
tubes of adjacent tube panels remain spaced to form an 
open passage for other fluids, such as air, between the 
spaced panels. 

It is preferred that the cross-sectional shape of at least 
the tube passageways in the panels be substantially flat 
and oblong. In the specific embodiment hereinafter de 
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scribed, both the tube passageways extending down each 
panel and the header passageways extending transversely 
across the opposite ends of the panels are of flat oblong 
shape, which adapts the unit for advantageous assembly 
with all its portions, including the header sections as well 
as the fin stock. A flat oblong passageway cross-section 
is made practical by the inclusion of the areas of internal 
reenforcement, and such oblong shape is peculiarly 
adapted for inclusion of fin stock. 
The heat exchange unit consists of elongated tube 

panels disposed between bent panel interconnecting por 
tions, or folds, formed integrally with the panels. Each 
panel comprises a portion of a header chamber at each 
end of the panel and also includes at least one tube 
passageway forming a fluid connection between the 
header portions. Each fold or panel interconnecting 
portion is of elongated configuration, too, and is disposed 
between the elongated edges of a pair of adjacent panels. 
Each fold comprises at each end a bent or arcuate por 
tion of a header passageway, and between the header 
portions each panel interconnecting fold of the zig-zag 
sheet is perforated with slots, preferably elongated to 
permit the free passage of a fluid, such as air, over the 
outside of the walls of the heat transfer tube passage 
ways of the panels. This leaves between each adjacent 
pair of slots in the fold a bent interconnecting strap be 
tween adjacent panels. Thus each header is of serpentine 
configuration, and consists of a series of the header pas 
sageway portions disposed at one end of each of the 
panels in alternation with a series of the arcuate header 
passageway portions disposed at the same end of each 
of the panel interconnecting folds. 
The heat exchange unit, especially when it is formed 

of very thin gage metal, is advantageously mounted in a 
confining frame, such as one of sheet metal of heavy 
gage. The frame may be provided with mounting 
brackets, or the like, by which the unit may be cradled 
or Supported in a desired heat exchanger installation. 
The plate shown in Figure 1 is produced from two 

sheets of metal and 2 which have been pressure uni 
fied by the technique disclosed in United States Patent 
No. 2,690,002 to L. H. Grenell, with a pattern of stop 
weld material between them. The pattern of stop-weld 
material is indicated by the stippling of Figure 1, and 
embraces a plurality of parallel elongated areas 3 in 
tervened by umprotected areas 4. The pattern of stop 
Weld material also includes transverse header regions 5 
and 6 across the tops and bottoms, respectively, of all 
of the elongated areas 3. The pattern of stop-weld 
material in one of the header regions extends completely 
to the margin of the plate as shown at 7, but otherwise, 
the pattern of stop-weld material is completely surrounded 
by a marginal area 8 unprotected by the stop-weld mate 
rial. Within the several elongated areas 3, there are 
islands 9 unprotected by the stop-weld material, and 
likewise within the header regions 5 and 6, there are 
islands 10 unprotected by the stop-weld material. The 
plate shown in Figure 1 is shown in the condition in 
which it exists after the two sheets 1 and 2 with the 
intervening pattern of stop-weld material has been sub 
jected to a rolling operation in which the sheets are 
reduced in thickness, elongated in length, and integrated 
at all of the areas 4, 8, 9, and 10, which are unprotected 
by the stop-weld material. 

It is preferred that the tube portions 13 be of oblong 
cross-section with the separation between opposite walls 
thereof Substantially less than the separation between 
opposite walls of the header chamber. In this way, the 
adjacent laps of the header chamber may be brought 
into contiguity without bringing the exterior walls of the 
tube portions into contiguity, so that an appropriate 
Space for the circulation of a heat exchange medium, 
such as air, between the tube portions of the respective 
panels is maintained. 
The provision of the islands 19 within the confines of 
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4 
the respective tube panels tends to induce the oblong 
overall cross-sectional shape of the tubes, as well as to 
stiffen and strengthen the tube portions of the respective 
panels, and to divide the stream of water or other coolant 
traversing such tubes into smaller streams. Similarly, 
the islands 20, at which the header portions are in 
tegrated, tend to eliminate non-uniformity in the degree 
of distention of the header chambers from one panel to 
the next, and to strengthen and stiffen the header cham 
bers of each panel. 

In Figure 4, a sectional view is shown through the 
portions of the serpentine header where the the islands 
20 are located, it being understood that the header cham 
ber is open both above and below the section shown. 
The section shown at the lefthand end of Figure 3 is, 
however, taken below the region of islands 29, so that 
the chamber 15 is there shown to be completely open. 

In the sectional view shown in Figure 5, which is taken 
at three different levels through the tube portion of the 
panels, the leftmost pair of panels are shown at a section 
through the islands 9; the middle pair of panels are shown 
at a section between the islands 9 and the residue of 
web 14 which is left upon forming the openings 21; and 
the rightmost pair of panels are shown at a section 
through the residual metal vertically between openings 
21. 

Suitably secured in one endmost lap of each header 
chamber 15 and 16, there is an appropriate fitting 23. 
The fittings 23 may be secured to the zig-zag folded plate 
structure in any suitable manner, as by soldering, it 
being preferred to attach the fitting to the upper header 
at the diagonally opposite corner of the structure from 
the point of attachment of the corresponding fitting to 
the lower header. 

While, in the foregoing description, reference has been 
made to, and the drawings specifically show, the header 
chamber 15, it will be understood that the header cham 
ber 16 is identical, except that it is upside down with 
respect to the tubes 3. 

Either before or after the plate is completely distend 
ed, but after it is at least partially zig-zag folded, suit 
able fin stock may be inserted between the respective 
tube panels, as shown at 24. Such fin stock may be cor 
rugated or zig-zag folded in a manner customary in the 
art, and disposed between the panels in such manner 
as to present edges athwart the direction of transverse 
air flow through the air space between the panels. 
Upon completion of the distention and zig-zag fold 

ing of the plate structure, the same may be enclosed 
within a suitable confining frame 25 which may have 
lugs 26 appropriately situated for connecting the same 
in the desired relationship upon the machine in connec 
tion with which the heat exchange member is to be used. 

From the foregoing description, those skilled in the 
art should readily understand the construction and op 
eration of the radiator core and realize that it accom 
plishes the objects of the invention. While the inven 
tion has been described in detail with respect to its use 
as the core of an automobile radiator, it will be read 
ily understood that as a heat exchanger it is adapted 
to diverse other uses; and while reference has been made 
to the circulation of liquid through the tubes, and to the 
transverse passage of air through the spaces between the 
tube panels, it will be readily understood that other 
coolant fluids will, under various circumstances, be uti 
lized instead of air or water, or both. 
While a complete disclosure of one embodiment of 

the invention has been given to illustrate the construc 
tion and operation of the same, it is not to be under 
stood that the invention is limited to the details of the 
foregoing disclosure. On the other hand, those skilled 
in the art will readily understand that the essential fea 
tures of the present invention may be adapted and ap 
plied in other forms, and hence such adaptation and ap 

75 plication as does not depart from the spirit of the inven 



2,957,679 
5 

tion is contemplated by and within the scope of the ap 
pended claims. 

Having thus described the invention, what is claimed 
and desired to be secured by Letters Patent is: 

1. In a heat exchanger formed from pressure-welded 
component sheets having disposed internally between ad 
jacent component sheets a plurality of spaced tubular 
passageways separated by substantially completely pres 
sure-unified areas, each of said passagesways extending 
internally across said welded sheets in substantially par 
allel relationship to each other and terminating short 
of a pair of opposite edges of said welded sheets, and 
wherein said welded sheets are zig-zag folded at said 
areas to provide an aligned series of internally hollow 
panels in spaced relationship to each other, at least 
some of said panels containing at least one of said pas 
sageways, the improvement which comprises an internal 
continuous header tube between said adjacent sheets dis 
posed along the marginal areas between one edge of Said 
edges and the terminal portions of said passageways ad 
jacent said one edge with said header tube intercon 
nected to each of said terminal portions, said zig-zag 
folded sheets having the header portion within each of 
said panels containing said header tube distended out of 
opposite faces of said panels to a greater distance away 
from said faces than the remaining portions of the pan 
els containing said passageways with said header por 
tion being in abutting relationship with a corresponding 
header portion of adjacent panels and said remaining 
portions of said panels being held in said spaced rela 
tionship by said abutting portions. 

2. In the heat exchanger formed from pressure welded 
component sheets having disposed internally between ad 
jacent component sheets a plurality of tubular spaced 
passageway systems separated by substantially com 
pletely pressure-unified areas, each of said systems ex 
tending internally across said welded sheets and termi 
nating short of a pair of opposite edges of said welded 
sheets, and wherein said welded sheets are zig-zag folded 
at said areas to provide an aligned series of internally 
hollow panels in spaced relationship to each other, at 
least some of said panels containing one of said systems, 
the improvement which comprises an internal continuous 
header system between said adjacent sheets disposed 
along the marginal areas between one edge of said edges 
and the terminal portions of said systems adjacent said 
one edge with said header system interconnected to each 
of said terminal portions, said zig-zag folded sheets hav 
ing the header portion within each of said panels con 
taining said header system distended out of opposite 
faces of said panels to a greater distance away from said 
faces than the remaining portions of the panels contain 
ing said passageway systems with said header portion 
being in abutting relationship with a corresponding head 
er portion of adjacent panels and with said remaining 
portions of said panel being held in said spaced rela 
tionship by said abutting portions. 
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3. The improvement of claim 2 wherein the folds at 

said areas include at least one slot therethrough. 
4. A heat exchanger comprising a pair of sheets su 

perimposed upon each other and having portions of 
their adjacent surfaces secured to each other and dis 
tended unsecured portions of said sheets defining be 
tween said secured portions a pattern of internal fluid 
passageways with said sheets being zig-zag folded to pro 
vide a series of spaced panels interconnected by bent 
portions of said sheets extending between zig-zag folded 
edges thereof, a first portion of said pattern forming a 
System of fluid passageways disposed within at least one 
of Said panels to extend internally across said one panel 
transversely of said edges and terminating short of said 
edges, a second portion of said pattern formed into a 
continuous header system provided between said sheets 
in said panels and said bent portions longitudinally of 
said edges, said header system being spaced from said 
edges in the marginal portions of said sheets between 
one of said edges and the terminal portion of said pas 
sageway system adjacent said one edge with said header 
Systern interconnected to said terminal portion, said 
sheets having the header portion within said panels dis 
tended out of opposite faces of said panel to a greater 
distance away from said faces than the remaining por 
tions of the panels containing said passageway system 
with said header portion being in abutting relationship 
with a corresponding header portion of adjacent panels 
and with the remaining portion of said panels being held 
in said spaced relationship by said abutting portions. 
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