Feb. 9, 1960 J. D. WILKINS 2,924,437
HEAT EXCHANGER
Filed March 21, 1955 . 2 Sheets-Sheet 1

%\‘-—.
M-/u — 4 . i
/a/“‘:..;;;',.,:\-+3
4 7
\ 16
/’r:ﬁ'
/] /’
T THEE T Y
ol ~ | b | [P r\l f ?
w‘ \
| o
i 187
L1
e‘ =i | B R |r‘ 3 /-4/—:' % /4/ INVENTOR
: \ :} n LI )} Y7
. hiigllg | k liglig! SOHN D WiLKINS
V 37 4““7‘ d"/ BRTTORNVE)S,



2,924,437

J. D. WILKINS
HEAT EXCHANGER

Feb. 9, 1960

2 Sheets-Sheet 2

Filed March 21, 1955

DD

N33

IR

!/
INYENTOR }

JOUND. Nie kivs
Zae
RITORNEYS .

By ﬂ’““““i“ 4“'/

C




United States Patent O

2,924,437
Patented Feb. 9, 17960

Ccc

e 2924437
 HEAT EXCHANGER

Yohn D. Wilkins, St. Louis, Mo., assignor to Olin Mathie-
son Chemical Corporatlon, East Alton, 111, a corpora-
tion of Virginia :

Application March 21, 1955, Serial No. 495,542
1 Claim, (CL 257—130)

" 'This invention felates to a heat exchanger construction
and more particularly to a multiple parallel tube type
radiator of the type exemplified by automobile radiators.
.. A commonly used and effective type of radiator com-
struction for cooling internal engines or for space "heat-
ing, and the like, is formed of sheet metal and includes
a ‘number of conduits -generally in a parallel spaced

‘arrangement extending from a first or intake header to a

second or outlet header. The conduits or tubes serve to
carfy’ within them. a confined heat exchange medium

* such as water, steam, or. the like, in conductive relation-

ship “with another medium such as air or other gas
passing between the tubes.
fabricated from sheet metal is typical of automobile
radiators, for example, where the heated water, issuing
from the cooling block of the engine with the aid of
a pump, first enters one of two headers, passes through
a great number of thin walled relatively flat closely

“spaced tubes, between ‘which cooling air is blown and

which ‘extend usually vertically from one to the other of

“the headers, and then, after undergoing cooling in the
. tubes, is collected in the second header from whence the
‘cvoolant is returned to the engine block and the pump.

... As manufactured presently, this type of heat exchange
unit .is rather expensive inasmuch as the methods which
heretofore achieved any commercial importance usually

‘involved a great multiplicity of brazing or soldering

operations, and also involved handling and aligning of
numerous parts and’ joining them together. Tt will be
appreciated that such radiator constructions are not en-
tirely .suited . for mass production methods, and conse-
quently are quite costly. In radiators of such construc-
tion, it is not uncommon for a considerable number of
the tubes to have leaks at the joints immediately after
fabrication, which requires extensive inspection and test-
ing facilities, together with repair facilities, all of which
add to the cost of manufacture. Moreover, during
service such units tend to develop leaks at the joints
all 'too soon, and then usually require such intricate
and: expensive repairing as to. make costly replacement
of the entire unit often more economical than repair
of the joints. Furthermore, the heat exchange units of
this type are usually assembled with sheet metal fin
stock of one type or another of relatively thin gage as
compared to the gage of the tube walls. A well-known
type of fin stock conmsists of thin metal stock such as
copper alloy having a thickness of about 0.003 of an
inch. Assembly of the tubes and the fins itself involves
a rathér complicated, additional procedure of stacking
a considerable number of separate tubes with a con-
siderable number of separate strips of fin stock. As a
result, the core section of heretofore known radiator con-
structions ‘of this type constitutes the part of the radiator
most difficult to manufacture, and the part responsible for
the high cost of the completed heat exchange unit.

A principal object of the invention is to provide a
novel and improved heat  exchange core unit free from

“the aforementioned disadvantages .of construction, and a

This type of construction

10

15

20

25

30

35

40

45

50

60

65

2
new and improved method of constructing the same. A
further object of this invention is to provide a heat ex-
change unit core structure in which a great mmultiplicity
of fluid conduits are integrated into a single structural
member, and hence is admirably sulted to mass produc-
tion methods.

Another object of the invention is the provision of a
heat exchanger core structure having closely spaced
sheet metal elements integral with each other, and so
formed as to improve the rigidity of the core and to
eliminate a considerable number of seams and sepa-
rate fins. Other objects and advantages will be apparent
and the invention will be better understood, from the
following description when read with reference to the
accompanying drawings, in which:

Figure 1 is a perspective view of a typical automobile
radiator having a core constructed in accordance with
the present invention, part being broken away to reveal
the internal relationship of the integral parts;

Figure 2 is a view in front elevation of a section
of the radiator shown in Figure 1;

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
Figure 2;

Figure 5 is a plan view of a flat unified sheet struc-
ture of which the core shown in Figures 1-4 is made,
the upper half of the thickness of said unified sheet
structure being in part torn away to reveal the location
of bonded and unbonded areas between the upper and
lower halves (thickness wise) of the unified sheet; and

Figure 6 is a sectional view at greatly enlarged scale
taken along line 6—6 of Figure 5.

The present invention contemplates the manufacture
of a self-sustaining core member containing a great
multiplicity of integral, but individually distinct, liquid
conduits of small cross-section from a pair of flat sheets
which, with intervening stop-weld material in a pattern
of parallel spaced strips, have been unified by pressure
and then distended, as taught'in United States Patent
No. 2,690,002 to L. H. Grenell; and zig-zag folding
the unified sheets so as to provide an aligned series of
Iaps or conduit panels  (each containing one or more
conduits) with each panel integrally connected to its
neighbors on either side thereof. The invention con-
templates -that the pattern of stop-weld material be so
coordinated with the pressure unifying operation, and
with the folding to be done, that an air circulation space
can be provided on both sides of each conduit panel
without servering the integral connection between panels.

More specifically, the invention contemplates that the
stop-weld material, which determines the location and
magnitude of the fluid conduits, be laid out in a pattern
such that the fiat unified sheet can be folded at the de-
sired lines after distention of the fluid conduit pattern
without interrupting the continuity of the passageway
through the conduits, or distended after folding without
danger that some passageway, or some part thereof, will
not distend because of the stresses due to a fold close-by.
In the embodiment to be described in detail, the pattérn of
stopweld material is such that the welded area between
the conduits, or cavitated portions in a given panel is
minimized in the interest of providing the greater number
of conduits in the panel or laps, but between the endmost
conduits of adjacent panels or laps, a welded web of
greatér extent is provided whereat the fold may be made,
but it will be understood that the welded web between
all conduits may be made wide enough to permit the folds
to be made at any of them, or that the fold may be made
part in the web on one side, and part in the web on the
other side of a given conduit without interfering with the
continuity of passage through the conduits, :
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In order to provide for the circulation of air between,
and transverse to, the diréction ‘of the conduit panels,
perforations may be prov1ded intermediate the condurts, or
cavitated portions, permitting the passage of air between
the panels or laps. For ex mple as illustrated in the suc-
ceeding example the connecting web, at the front and rear,
between panels may be cut away to a large extent; and if
the metal cut out be left integral at one edge to form ears
of metal cut out of the panels adapted to contact the ex-
terior of the tube walls of adjacent panels, for example, it
may be bent in between the panels to act as-a spacer and
air baffle.

The pattern of stop-weld material contemplated by the
present inventjon is such that the pressure unification and
subsequent distending technique, taught by the aforesaid
Grenell patent, can be utilized practically without limita-
tion as to size of the integral core being produced. Where
the component sheets are to be pressure unified by rolling,
as is usual, and the rolling is in the direction of the length
of the stop-weld strips which défine the respective con-
duits, the size of the integral core to be produced is limited
only by the width of the rolling mill. On the other hand,
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where the component sheets are relled in the direction -

transverse to the length of said stop-weld strips, the magni-
tude of the integral core to be produced is limited only
by the length of the facilities for handling a strip as it is
fed into and emerges from the rolling mill.

The pressure unification of the initially separated sheets
(with the pattern of stop-weld material intervening) by
rolling to a reduction of at least 35% in thickness, with
corresponding elongation, produces a single phase weld
between the component sheets (at all areas thereof not
protected by stop-weld material) without reducing the
metal toa fluid body, and consequently the physical char-
acteristics and micro structure of the unified sheet are uni-
form throughout its thrckness and area, as all components
thereof have received the same degree of mechanical work
and have been subjected to the same degree of heat treat-
ment. Upon the completion of such a pressure: unifica-
tion, no interface between the initial component strips
is discernible, and consequently, the resultant sheet may
be manipulated in the same manner as a single sheet
initially rolled to the same thickness. Copper. alloys,
aluminum alloys, and steel respond readily to pressure
unification about a pattern of stop-weld material as above
described. The initial sheets may, for example, be of an
alloy composed of 92 to 94% copper, 2.05% to. 2.60%
iron, phosphorous in an amount up to 0.025%, lead in an
amount up to 0.05%;, and the balance zinc. Such sheets
may initially have a thickness on the order of 0.070 inch
so.that, after the usual degreasing and cleaning operations,
the chosen pattern of stop-weld material- (which may con-
sist of a mixture of graphite-in water-glass) is applied to
one such sheet; and another such sheet then superimposed
upon the first sheet so as to produce a pile having a thick-
ness on the order of 0.140 inch. This pile is then sub-
jected to hot rolling to reduce the thickness of the pile,
unify the component sheets, and elongate the same. In
any such operation, it will be understood that the pattern
of stop-weld material elongates to the same extent that the
metal elongates, and consequently, -allowance must be
made for such elongation in the direction of rolling, as
the unwelded area, defined by a strip of stop-weld material
one unit long (in the direction of rolling), will have grown
in length as an incident to the rolling operation.

"The accompanying drawings illustrate an embodiment
‘of the invention as exemplified by the core for an auto-
‘mobile radiator. The core, with the great multiplicity of
tubes therein, is an integral structure produced from a
flat plate resulting from the pressure unification of two
sheets of metal (with intervening pattern of 'stop-weld
material) as above described, and which, after being sub-
jected to the necessary reduction and elongation in a roll-
.ing mill, is shown in Figure:5. As indicated. in Figure 5,
a single such:.unified sheet: may. provide .the stock: for the
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manufacture of a plurality of cores, and the sheet may be
cut up ‘into sections” suchas™the section ‘embraced be-
tween the lines A—A and B—B, to provide the stock for
a single integral core. The particular sheet shown in Fig-
ure 5 has been pressure unified by rolling in the direction
indicated by the arrow at the left of the figure. Prior to
rolling, there were two component sheets, 1 and 2. On
the former, a pattern .of stop-weld material was applied
such that, after the elongation thereof in rolling, the pat-
tern shown by the stippled section of Figure 5 resuited.
In the embodiment shown, the stop-weld material defines
a series of three longitudinally extending strips 3 separated
by intervening strips 4, which are unprotected by the stop-
weld material. The three strips 3, with intervening strips
4, are repeated a number of times:transversely of the sheet
1, and each repetition thereof is separated by an unpro-
tected strip 5 of greater width than the unprotected strips
4. Along the outer margins of the sheet, there is an un-
protected str1p 6, and- between the patterns for successive
cores, there is an unprotected strip 7. EX tendmg trans-
versely of the sheet, and’ connectirig one end of all stop-
weld strips 3, there is a strip.of stop-weld.materlal 8 which
extends to one margin of the sheet.- D ng the rollmg
operatlon the two sheets 1 and’ 2 become pressure “unified
in all of the areas unprotected by stop-weld materlal to
wit: 4, 5, 6, and 7, while at the areas 3 and 8, whrch are
protected by stop-weld material, ‘there i is uo weldmg or
unification between the sheets land2.

Given the portron of the umﬁed flat sheet defined be-
tween lines A—A and B——B of Figure 5 he locatron of
the terminus of stop-weld strip 8 e i
sheet is ascertained, and an mﬂatron tool mserted thereat
By the introduction of fluid under pressure, “the port1ons
of sheets 1 and.2; which overhe and underlle the strips
of stop-weld mater1a1 3 and 8, are drstended into tubes.
The distended structure is ‘then cut off along lines X—X
and Y—Y. Either before or after such dlstentron ‘while
still in the flat, such’ openmgs as may be _esrred are
punched, shéared,” or extruded in areas 5 between ‘the

erlghtmost stnp 3 of ome serles, and the leftmost strip 3 of

the next series, it bemg understood that the edges of such
openings are adequately spaced from the ad'acent strlps
3 to maintain a secure weld bet
the sides of such strips 3. y

The sheet may then-be zrﬂ-zag folded, as shown in
Figures 3 and 4, to provrde an. alrgned series of tube
panels ¢, 10, 11 and 12, until the entire w1dth of the sheet
of stock shown in Figure.5 is. folded In other words,
the metal which surrounds the tubes result ,from infla-
tion of each series of three strrps 3 constrtutes a smgle
panel, such as 9, 10, 11, or 12, and there’ are as many
such panels in the zrg—zag folded structure as there -are
series.of three strips 3.in the flat sheet’ shown in Frgure 5.

Upon inflation of the umﬁed sheet, a tibe 13 is .pro-
duced at each of the areas, dehneated by the strips of stop-
weld material 3, and between § _ch tubes 13, at the un-
protected areas 4, there is produced interconnecting
web 14. erewrse, at the unprotected are ‘5 (between
the .outmost strips 3 of each series), there s produced
a wrder web 15. 1In the, zrg—zag foldmg of the sheet into
the series of aligned panels just "described; the ‘fold is

‘made at webs 15; which are-.of width sulﬁcrent not ‘only

to accommodate the fold without collapsmg the adjacent
tubes, but also sufficient to prov1de an air c1rcu1atlon Space
between each tube panel and its nelghbors

As previously mentioned, the Webs 15 may be perfo-
rated or otherwise largely cut away JIn the embodiment
shown in the drawmgs, a series of openings 16 is pro-
vided in each.of the webs 15 both at the front and at the
back of the alrgned series. of, tube panels As shown in
the - drawings, these openlngs 16 .are. formed by three-
sided cuts so that the cut-out’ metal represented by tabs
17, may be -folded mwardly between -successive tube
panels,-and there serve :as a. spacer,; and air bafﬂe

-As clearly shown: m ;Figures -1 and 2, .the openings 16
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may be of such longitudinal extent as to provide almost
complete ventilation height-wise of the. core, said open-
ings being separated .only by relatively narrow bridge
piece 18 of dimensions sufficient only to retain the several
tube panels 9, 10, 11, 12, and others like them, in integral
connection and in proper alignment. As the principal
direction of air travel through the core is transverse to
the length of tubes 13 (as indicated by the arrow in
Figure 3), the relatively large openings 16 in webs 15,
at the front and rear of the zig-zag folded structure,
provide for the ingress and egress of air into and from
the space between successive tube panels 9, 10, etc.  As
previously stated, the edges of the openings 16 must be
spaced from the tubes 13 to leave sufficient residual metal
in web 15 that a secure weld is maintained between sheets
1 and 2 at the sides of the tubes (or at the sides of the
strips 3, if the holes 16 be formed before the tubes are
distended).  This residual part of web 15, when bent as
shown in Figures 3 and 4, adds stiffness to the panels
adjacent the openings 16 at both the leading and trailing
edges thereof.

For the sake of clarity in the drawings, the space be-
tween adjacent panels 9, 10, etc., as well as the size of the
tubes 13, is shown larger than need be in practice. In
fact, in actual practice, it is preferred that each tube
panel have as many tubes as can be accommodated within
the dimensional limits of the panel. Of course, the great-
er the external area of the panel in proportion to the vol-
umetric content of the tubes, the more efficient will be
the heat dissipation, as not only the portion of the panel
which forms the exterior walls of the tubes, but also the
portion thereof which forms the intervening webs 14, and
the webs 15 serve as fins to dissipate heat from the water
passing through tubes 13.

The core as thus constructed is appropriately mounted
between top and bottom headers 20 of any suitable con-
struction with a fluid-tight connection t6 the several tubes
13, and is confined sidewise within appropriate members
21. As previously pointed out in connection with Figure
5, the completed core does not include the area of the
pressure unified plate which is delineated by the transverse
strip 8 of stop-weld material. The strip 8 serves only to
delineate a channel through which all of the unwelded
areas 3’ may be simultaneously inflated and distended;
and consequently, where it is more economical to indi-
vidually inflate the several areas 3 than to waste the metal
which is involved in providing such a cross channel, the
strip 8 may be eliminated and the metal overlying and un-
derlying the same conserved. Such would be the case in
situations where it is desired to assemble the core within
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headers 20 before the unwelded areas are distended into
tubes.

From the foregoing description, those skilled in the art
should readily understand the construction and operation
of the radiator core and realize that it accomplishes the
objects of the invention. While the invention has been
described in detail with respect to its use as the core of
an automobile radiator, it will be readily 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 tubes 13, and to the transverse passage of
air through openings 16 and between the tube panels, it
will be readily understood that other coolant fluids will,
under various circumstances, be utilized instead of air or
water, or both.

While a complete disclosure of one embodiment of the
invention has been given to illustrate the construction
and operation of the same, it is not to be understood that
the invention is limited to the details of the foregoing
disclosure. On the other hand, those skilled in the art
will readilv understand that the essential features of the
present invention may be adapted and applied in other
forms, and hence such adaptation and application as does
not depart from the spirit of the invention is contem-
plated by and within the scope of the appended claim.

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

A heat exchange core comprising a metal sheet having
a series of zig-zag folds constituted of a plurality of tube
panels in spaced substantially parallel relationship and
panel interconnecting bends alternating with said panels,
said panels each containing therewithin at least one elon-
gated hollow passageway extending parallel with said
bends, the metal at the bends being perforated to permit
fluid passageway transversely across the exterior surfaces
of the hollow passageways of each of said panels, and
fins integral with the bends projecting between said panels.
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