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This invention relates to heat exchange devices, par 
ticularly those of the type which are produced from a 
plate composed of a pair of metallic sheets pressure welded 
together about an intervening pattern of stop-weld ma 
terial, and wherein the pattern of stop-weld material is 
distended by inflation to provide tubular passageways for 
heat exchange media. 

In the copending application of John D. Wilkins, Serial 
No. 495.542, filed March 21, 1955, there is disclosed a 
heat exchange device of the general character aforesaid 
wherein the plate containing the tubular passageways is 
zig-zag folded in order to crowd a great multiplicity of 
such tubular passageways into a compact structure having 
a relatively small frontal area, but nevertheless providing 
access for the circulation of heat transfer media about 
the exteriors of the several tubes. V 

Other efforts have been made to design a heat exchange 
device utilizing a plate of the character aforesaid, but dif 
ficulties have been encountered in providing such a struc 
ture wherein a header interconnecting the several tubes 
was provided as an integral part of the pressure unified 
plate. While the interconnecting header may be readily 
incorporated in the pattern of stop-weld material, and 
produced in the same manner in the same flat plate as the 
individual tubes, the difficulties arise when the plate is 
bent or folded so as to expose the minimum area of the 
tubes athwart the stream of external heat transfer medium, 
and to present the maximum area of such tubes parallel 
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with the flow of such medium. The bending or folding . 
of such a plate, in order to present the tubes in the op 
timum relationship of the flow of external heat transfer 
medium, has heretofore involved concomitant folding of 
any integral interconnecting header, and it is the object 
of the present invention, generally stated, to provide such 
a heat exchange device and a method of making the same 
whereby the tubes themselves may be bent and folded 
to secure the optimum relationship of their exterior sur 
faces in the stream of external heat exchange medium 
without distorting or obstructing the integral interconnect 
ing header. - 

Other objects will become apparent to those skilled in 
the art when the following description is read in con 
nection with the accompanying drawings, in which: 

Figure 1 is a plan view of a flat plate composed of a 
pair of metallic sheets pressure unified about a pattern 
of stop-weld material, the upper half of the thickness of 
said plate being in part torn away to reveal the location 
of the bonded and unbonded areas between the upper 
and lower halves (thickness-wise) of the plate; 

- Figure. 2 is a partial plan view of the plate shown in 
Figure 1 after the unbonded areas thereof have been dis 
tended by inflation; 

Figure 3 is a sectional view taken along line 3-3 of 
Figure 2; 

Figure 4 is a sectional view taken along line 4-4 of 
Figure2; 

Figure 5 is a plan view of the heat exchange element 
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produced in accordance with the present invention from 
the plate shown in Figure 1; 

Figure 6 is a sectional view taken along line 6-6 of 
Figure 5; and 

Figure 7 is a sectional view taken along line 7-7 of 
Figure 5. 
The present invention makes use of a pressure unified 

plate composed of two metallic sheets pressure welded 
together about an intervening pattern of stop-weld ma 
terial, which pattern defines the location of unbonded 
areas within the plate, and which unbonded areas may 
be distended by inflation to produce tubular passageways. 
The manner of producing such a plate is fully disclosed 
in the aforesaid application of John D. Wilkins. In said 
Wilkins application, the pressure unified plate, as orig 
inally produced and inflated, includes both unbonded areas 
which define the tubes, and unbonded areas which define 
interconnecting headers between the tubes. In accord 
ance with the Wilkins application, however, the inter 
connecting headers are utilized only for the purpose of 
inflating the several tubes, and are thereafter cut away so 
that, in the resultant heat exchange element, the ends of 
the tubes are open at the edges of the inflated and folded 
plate; hence it is necessary to provide a separate header 
device, which interconnects the several tubes at the tops 
and bottoms thereof. 

In accordance with the present invention, however, the 
unbonded area which defines the header within the pres 
sure unified plate remains as a part of the completed de 
vice, and preferably remains flat during the deformation 
of the portions of the plate which embrace the several 
tubes. In order to accomplish this, the present invention 
contemplates that the portions of the plate which embrace 
the tubes be twisted so that the parts thereof intermediate 
their junction with the headers extend in a direction sub 
stantially perpendicular to the plane of the plate and the 
plane in which the headers extend. In order to twist 
the several tubes in the manner just described, the bonded 
area of the plate between the several tubes is discon 
tinuously slit in the direction of the tubes so as to leave 
relatively short interconnecting tabs between neighboring 
tubes. Such tabs are determined by the discontinuities 
in the slits above mentioned, and in order to accomplish 
the preferred result, the discontinuities in adjacent slits 
are staggered. This enables the intermediate portions of 
the respective tubes to be twisted and zig-zag folded so 
that the tabs between one tube and its neighbor on one 
side are not only disaligned with the interconnecting tabs 
between the first tube and its neighbor on the other side, 
but that the two sets of tabs extending from a given tube 
are at the front thereof on one side, and at the rear there 
of on the other side. The twisting and folding of the 
tubes as aforesaid results in a generally sinuous bending 
of each individual tube, and provides between each tube 
and its neighbors a series of substantially diamond-shaped 
openings (where the slits originally existed) for the ac 
cess of external heat transfer medium. 

Referring now to the drawings for an illustrative em 
bodiment of the invention, it will be observed that the 
plate 1, shown in Figure 1, consists of sheets 2 and 3 
which are pressure welded together about a pattern of 
stop-weld material consisting, in the embodiment shown, 
of a series of vertically elongated tube defining areas 
such as 4, 5, 6, 7, 8, and 9, as well as transversely 
elongated interconnecting header defining areas 10, 11, 
and 12. Between the elongated areas 4 and 5, there 
exists an area 14 wherein the sheets 2 and 3 are bonded 
together. Similar bonded areas exist between 5 and 6, 
between 6 and 7, between 7 and 8, and between 8 and 9, 
and are designated, respectively, 15, 16, 17, and 18. 
As is the usual practice in the production of such roll 
bonded plates, the component sheets 2 and 3 are bonded 
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together throughout their entire area, except where th 
pattern of stop-weld material exists, and hence the bond 
extends about the entire periphery of the plate save at 
one or two positions such as 13, where the pattern of 
stop-weld material extends to the edge of the plate for 
the purpose of facilitating access of an inflation tool. 
After the plate has been produced by pressure weld 

ing the sheets 2 and 3 about the pattern of stop-weld 
material, discontinuous slits are formed in the areas 
i4, 5, 6, 7, and 18. For example, in area 4, the 
discontinuous slit consists of four longitudinally aligned 
slits 4, 142, 143, and 144, between the adjacent ends 
of which there remain webs 145, 146, and 147. The 
even numbered bonded areas 16 and 8 are correspond 
ingly slit. Similarly, the bonded area 15, and the other 
odd numbered bonded areas 17 and 9 are provided with 
but three slits 152, 152, and 153, between adjacent ends 
of which tabs 154 and 155 remain. Thus, the discon 
tinuities of the slits in the even numbered bonded areas 
are in staggered relationship with the discontinuities of 
the slits in the odd numbered areas. 

After the plate has been produced and slit as above 
described, appropriate inflation tools are inserted between 
the sheets 2 and 3 at 13, and fluid pressure applied to 
the interior of the plate so as to distend the several areas 
delineated by the pattern of stop-weld material, and to 
produce tubes 40, 50, 60, 70, 80, and 90, where the elon 
gated strips of stop-weld material 4, 5, 6, 7, 8, and 9 
existed, as well as to produce tubes 100, 410, and 126) 
where the strips of stop-weld material 10, 11, and 12 
existed. 
As clearly shown in Figure 3, the several tubes are 

of oval cross-section, with the major axes extending 
parallel to the plane of plate 1. In order to accomplish 
efficient heat transfer, it is most desirable that the tubes 
present their minor axes athwart the flow of external heat 
transfer medium, and present their major axes parallel 
to the direction of that flow. Consequently, the inven 
tion contemplates that the several tubes 40, 50, 60, etc., 
be twisted so that the major axes thereof extend in a 
direction perpendicular to the plane of plate 1. The dis 
continuous slitting above described enables this to be 
accomplished with simultaneous sinuous bending of the 
several tubes, as shown clearly in Figure 5. The opera 
tion of twisting and bending the several tubes may 
be accomplished by forcing the plate upon an appropriate 
jig having portions which enter the centers of the several 
slits to stretch them transversely as they are foreshortened 
longitudinally and concurrently to turn the tubes about 
their longitudinal axes so that the intermediate portions 
thereof are twisted substantially 90° from their original 
positions, as clearly shown by the contrast between Fig 
ure 3 and Figure 7. In this operation, the tab 145 and 
its counterparts 65 and 85 in the even numbered bond 
ed areas 14, 16, and 18, remain at the front while the 
tab 154 and its counterpart 74 and 194 in the odd 
numbered bonded areas 15, 17, and 19, go to the rear. 
Similarly, the tabs 46, 66, and 86 come to the front, 
while the tabs 155, 175, and 195 go to the rear so 
that a zig-zag folded structure is produced concurrently 
with the enlargement of the several slits in the production 
of the series of diamond-shaped openings 20 for the 
access of heat exchange medium traveling in a direction 
parallel to the major axes of the tubes; and all without 
bending or distorting the header tubes 100, 110, and 
120 out of the plane of plate 1. 
While the invention has been described in connection 

with an embodiment wherein a fold is made between 
each tube and its neighbor, it will be understood that 
the several tubes 40, 50, 60, etc., may be subdivided 
into smaller tubes which present a panel of aligned tubes 
in the location shown for the tubes 40, 50, 60, etc., 
in the drawings. 

From the foregoing description, those skilled in the 
art should readily understand the invention and realize 
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4 
that it accomplishes its objects, and that the resultant 
structure achieves not only the desideratum of providing 
an integral unobstructed header within the pressure unified 
plate, but also the desideratum of positioning the several 
tubes so as to present the minimum obstruction to the 
flow of external heat exchange medium across the same, 
and to present the maximum area for dissipation of heat 
through the walls of the tubes. 

While one embodiment of the invention has been de 
Scribed in detail, it is to be understood that the invention 
is not limited to the details of such description. On the 
contrary, it is realized that numerous modifications and 
variations will present themselves to those skilled in 
the art in the adaptation of the invention to various 
conditions of use, and consequently, it is to be under 
stood that such variations and modifications as do not 
depart from the spirit of the invention are, although not 
specifically described herein, contemplated by and within 
the scope of the appended claims. 

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

1. A heat exchange unit of the character described 
comprising a pressure unified support plate having a 
Series of interconnected tubes extending therein ingen 
erally parallel relation with the plane of said plate and 
including a series of tube portions in rows separated 
from each other angularly in side-to-side relationship, 
portions of said plate which embrace said tubes inter 
mediate the ends thereof being twisted into substantially 
perpendicular relation with the plane of said plate, the 
tubes in the twisted portion being interconnected at said 
ends to the tubes in the untwisted portion of the plate 
but at least partially separated from each other inter 
mediate said ends. 

2. A heat exchange unit of the character described 
comprising a pressure unified plate having a series of 
tubes extending therein in generally parallel relation, por 
tions of said plate which embrace said tubes intermediate 
the ends thereof being twisted into substantially perpen 
dicular relation with the plane of said plate, and inte 
grally connected alternately front and back in spaced 
relationship lengthwise of said tubes. 

3. A heat exchange unit of the character described 
comprising a pressure unified plate having a series of 
tubes extending therein in generally parallel relation, por. 
tions of said plate which embrace said tubes intermediate 
the ends thereof being twisted into substantially perpen 
dicular relation with the plane of said plate, each tube 
approaching toward and receding from its neighbor alter 
nately throughout the length thereof and integrally con 
nected alternately to its neighbors on opposite sides there 
of at the points where such tubes most closely approach 
each other. 

4. The method of making a heat exchange unit of 
the character described comprising, providing a plate 
consisting of two sheets pressure unified together about 
a pattern of stop-weld material delineating a series of 
Spaced substantially parallel tube portions intervened by 
areas at which the sheets are unified, forming a series of 
Spaced slits in said intervening areas, and spreading the 
slits by bending the tube portions at an angle to th 
plate to enlarge the open area thereof. 

5. The method of making a heat exchange unit of the 
character described comprising, providing a plate con 
sisting of two sheets pressure unified together about a 
pattern of stop-weld material delineating a series of 
spaced substantially parallel tube portions intervened by 
areas at which the sheets are unified, forming a series of 
spaced slits in said intervening areas, and bending the 
tube portions substantially at right angles to the plane 
of the plate. 

6. The method of making a heat exchange unit of the 
character described comprising, providing a plate con 
sisting of two sheets pressure unified together about a 
pattern of stop-weld material delineating a series of spaced 
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substantially parallel tube portions intervened by areas 
at which the sheets are unified, forming a series of spaced 
slits in said intervening areas, twisting said tube portions 
into a plane substantially perpendicular to the plane of 
said plate, and bending said tube portions in a plane 
Substantially parallel to said plate. 

7. In a heat exchange core having a plurality of spaced 
generally parallel tubes and an interconnecting header 
all embraced within a plate composed of a pair of sheets 
pressure unified about a pattern of stop-weld material 
delineating the position of the tubes and interconnecting 
header, the improvement which comprises, said sheet 
being cut between the tubes and lengthwise thereof, and 
said sheet being zig-zag folded at the pressure unified 
areas which intervene the tubes and the tubes being 
sinuously bent. 

8. In a heat exchange core having a plurality of spaced 
generally parallel tubes and an interconnecting header 
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all embraced within a plate composed of a pair of sheets 
pressure unified about a pattern of stop-weld material 
delineating the position of the tubes and interconnecting 
header, the improvement which comprises, said sheet 
being cut between the tubes and lengthwise thereof, part 
of the tubes being twisted out of the plane of the plate 
and bent in the direction generally perpendicular to said 
plane while said header remains in the plane of the plate. 
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