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2,999,305
- SPIRAL HEAT EXCHANGER
William G. Reynolds, Anchorage, Ky., assignor to Reyn-

oids Metals Company, Louisvilie, Ky., a corporation of
Delaware

Filed Dec. 27, 1955, Ser. Neo. 555,547
7 Claims. (CL 29—157.3)

‘The present invention relates to a roll-bonded heat
exchanger.

It is an object of the present invention to provide a
heat exchanger in the form of a spirally wrapped roll-
bonded metal passageway panel incorporating one sys-
tem of interior longitudinal channels or passages, which
accommodate the longitudinal flow of one fluid along
the panel and spirally through the heat exchanger, and
another system of interior transverse channels or pas-
sages, which accommodate the transverse flow of another
fluid across the panel and axially through the heat ex-
changer, these fluids being in heat transfer relationship
with each other.

Another object is the provision of a heat exchanger,
having spiral and axial fluid flows in heat exchange rela-
tion, which can be produced inexpensively.

Another object is the provision of a methed of mak-
ing a spiral heat exchanger in which the passageways and
fins are integrally bonded together in a single cperation.

According to the present invention, I provide a flat
blank or panel by roll bonding together three sheets of
metal, such as aluminum, in face-to-face relation, with
a resist pattern between each pair of adjacent faces on
opposite sides of the central sheet, each pattern defin-
ing a potential system of channels or passageways. The
composite roll-bonded panel is expanded or dilated by
internal pressure to form one system of longitudinally
extending passageways and a second system of frans-
versely extending channels connected togeiher at one or
both ends. By severing the end connections of the trans-
verse channels, they may be converted into separate
iransverse passageways. When the flat panel is wrapped
inio a spiral, bonded portions of the panel, between pas-

sageways, act as fins joining the spiral passageways, and

the walls forming the expanded transverse passageways
may serve as spacers to hold the convolutions in proper
relation. As the transverse passageways are open at the
ends, they provide passageways or fins for guiding the
transverse flow of fluid past the spirally directed tem-
pering fluid.

If desired, these transverse passageways may have
their outer walls split longitudinally and straightened to
form fins extending axially and generally normal to the
surface of the panel.

Either two panels may be spirally wrapped in inter-
nesting relationship or, as preferred, one panel may be
bent upon itself and wrapped double from the center
outwardly, thus bringing the two outer ends into adja-
cent or proximate relationship. The inlet and outlet
connections to the spiral passages can be made at the
ends and the middle in any suitable manner. This dou-
ble wrapped arrangement is specially suitable for a heat
exchanger intended to carry volatile refrigerant.

The invention is illustrated in the accompanying draw-
ings wherein:

FIGURE 1 is a plan view of a roll-bonded panel hav-
ing two systems of expanded passageways;

FIGURES 2-7 are sectional views taken through FIG-
URE 1 along lines ranging from 2—2 to 7—7 respsc-
tively;

FIGURE 8 is a top plan view of a radiator incorporat-
ing a spirally wrapped panel in accordance with my in-
vention;

FIGURES 9-10 are elevational views of the front face
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2

and a side face of the heat exchanger shown in FIG-
URE 8;-

FIGURE 11 is a detail showing one modification;

FIGURE 12 is a detail showing another modification;

FIGURES 13-15 are plan views, similar to FIG, 1,
of three expanded panels which are to be joined in end-
to-end relationship and which are modified to facilitate

~such joinder; and

FIGURE 16 is a detail showing a method of joining
the ends of two panels together.

FIGURE 1 is a plan view of an intermediate product
made in the form of an expanded roll-bonded sheet
metal passageway panel composed of at least three elon-
gate roll-bonded metal sheets 1, 2 and 3.

The unbonded areas in FIGURE 1 have been ex-
panded to form a longitudinal system of chanmnels be-
tween sheets 4 and 2, and a transverse system of chan-
nels between sheets 2 and 3. This intermediate panel,
in its expanded form, was made by performing the fol-
lowing steps: assembling the original blank by super-
posing three foreshortened sheets, corresponding to the
elongated sheets 1, 2 and 3, with foreshortened weld-
resist patterns of appropriate design interposed between
each pair of adjacent faces; roll-bonding this assemably
not only to elongate the sheets and resist patterns, but
also, at the same time, to weld the sheets together at all
arcas except those containing the resist material and
thereby form a composite but unexpanded sheet metal
panel; positioning the pressure-welded panel between
flat expansion-limiting and flattening dies; adjusting the
spacing of the dies pursuant to the Long Patent No.
2,662,273; introducing an expansion fluid under pressure
(3000 p.si.) into the between-sheet space, extending
along the unbonded areas of sheets 1 and 2, to stretch-
expand said unbonded areas outwardly into flattening
contact with the dies so as to form a longitudinal system
of channels between sheets 1 and 2; locking the expan-
sion fluid in the longitudinal system; adjusting the spac-
ing of the flat dies to the wider spacing required by the

‘next expansion operation; and introducing an expansion

fluid under pressure into the between-sheet space, ex-
tending along the unbonded areas of sheets 2 and 3, to
stretch-expand said unbonded areas outwardly into flat-
tening contact with the dies so as to form a transverse
system of channels between sheets 2 and 3.

- The longitudinal system of channels, illustrated in
FIGURE 1, comprises: a transverse end header 8; several

‘parallel elongate passageways 6 extending longitudinally
from one side of end header 5 to the adjacent side of the

next adjacent transverse or central header 7; and several
elongate passageways 8, extending longitudinally from the
other side of central header 7 to the adjacent side of an-
other transverse end header 9. The central header has
a laterally directed protuberance 1§, while the end head-
ers 5 and 9, each have a longitudinaily directed pro-
tuberance, one designated 11 and the other 12. The pro-
tuberances 10 and 12 stop short of the margin of the
The resist pat-
tern for the protuberance 11 was extended to the rim
of the blank to facilitate access to the unbonded areas
for fluid expansion purposes; hence the expanded pro-
tuberance 11 openly extends to the rim of the blank.
The transverse system of channels, illustrated in FIG.
1, comprises: an expansion fluid inlet 14 formed in the
same manner and at the same (left) end of the blank
as the open protuberance 1, which provides an expan-
sion fluid inlet 11 for longitudinal systems; a side mar-
ginal header 15 extending from the expansion fluid inlet
14 longitudinally along one side margin of the blank
up to a point short of the opposite end of the blank; and
a series of longitudinally spaced, laterally extending

.cross channels 16 which, at one end, openly communi-



2,999,305

3

cate with the marginal header 15 at regular intervals
along its length and which are closed by dead ends ad-
jacent the opposite side margin of blank, these lateral or
transverse channels 16: being individually designated by
successive letters of a series running from: “A” to “N.”

The blank of FIG. 1 is processed to form the composite
panel used in the radiator of FIGS, 8-10 by severing its
marginal end portions along marginal end lines £7 and 18
and its marginal side portions along marginal side lines
19 and 28. The longitudinal system is thus frimmed at
protuberance 11 by severing along end line 17 and pro-

vided with a side cenftral opening 10 and an end opening"

12 at side and end protuberances 1§ and 12 by severing
along the side and end of lines 1% and 18 respectively.
The transverse system is simultaneously converted, from
a comb-like sysitem of interconnecting channels into a
series of separate open-ended longitudinally-spaced, trans-
versely-extending channels 16, by the severance oper-
ations along the marginal side lines 19 and 290.

The sheet 3 which forms the outer wall of the trans-
verse channels, may, if desired, be made relatively thin
since it does not have to confine any great pressure ex-
cept for the expansion. Because it is thin, the expansion
pressure may be lower. Also, it may be duplicated on
the other side cof the blank to provide cross channels on
that side also. We have omitted any disclosure of
cross channels on the opposite side but this has been
done solely for the sake of clarity.

The trimmed panels may now be wound from end to
end to form a spiral heat exchanger., If desired, a pair
of panels (not shown) may be placed one upon the
other and wound end-to-end into a spiral heat exchanger.
Preferably, however, a single panel is doubled back
upon itself at a point adjacent its side marginal connec-
tion 16 and then spirally wound to form the desired ex-
changer. This heat exchanger will have one fluid con-
nection 10 at its center and two fluid connections 11
and 12 at its periphery. The connections 1¢, 11 and 12
are provided with terminal tubes 30, 31 and 32 respec-

tively, the tubes 31 and 32 connecting into a single header

33 having an outlet terminal tube 34. While the center
terminal tube 38 may function as an outlet and the periph-
eral terminal tube 34 as an inlet, I prefer the reverse ar-
rangement; hence, shall hereinafter refer to tube 38 as
the inlet tube and 34 as the outlet tube.

The spiral heat exchange panel is now inserted within
the perimeter of a shroud 35 and is held therein by the
endless marginal flange 36 at the front face of the shroud
and the brace bar 37 across the rear face of the shroud.
The central opening of the spiral may be obstructed or
closed in any suitable way. This will complete the con-
struction of the radiator.

FIG. 11 illustrates a change in which the outer walls
of the transverse channels 16 are split centrally, in a
direction extending across the panel, and then bent out-
wardly to form straight fins 26. The walls forming the
transverse passages 16 or the fins 26 may serve as spacers
when spirally winding the panel. However, other spacers
may be provided wherever desirable or necessary.

FIGURE 12 shows a modification in which the trans-
verse passageways 16, located on one side of inlet tube
39, are along one outer face of the panel, say between
sheets 2 and 3, while on the other side of inlet tube
30, these transverse passageways are along the other
outer face of the panel between sheets 1 and:2. The
Iocation' of the longitudinal system on one side of inlet
tube 39 is likewise the reverse of that which occurs on
the other side of inlet tube 39. The passageways of one
half of the longitudinal system are preferably connected
to the passageways of the other half thereof through
suitable openings (not shown) in the center sheet. Of
course; there is no such reversal’ where two systems: of
transverse channels are  employed, one along each outer
face' of the panel. . ) )

The spira] heat exchanger may,; where-desired; be made
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of a series of separate panels suitably joined together.
For example, I illustrate in FIGURES 13-15, a center
panel 40, an intermediate panel 45 and an end panel 50.
Each of these panels is made in the same general way
as FIGURE.1. Bach, when trimmed along lines cor-
responding to lines 17-20 of FIGURE 1, has a longi-
tudinal system of passageways.and a series of open ended
passages. These trimmed panels are general similarly
to the panel of FIGURE 1, except that: the center panel
49 has its longitudinal passageways 41 cross-sectionally
enlarged at opposite ends to provide terminals 42 and
43; the intermediate panel 45 similarly has its longi-
itudinal passageway 46 terminate, at the opposite ends,
in enlarged terminals 47 and 48; while the end panel 50
has its longitudinal passageways 51 terminate at one
end in a series of enlarged terminals 52 and, at its op-
posite end, in an enlarged outlet terminal 53. The en-
larged terminals are not enlarged cutwardly at right
angles to the major plane of the sheet but they are en-
larged in the direction of the major plane thereof. In
other words, they are made wider in the plane of the
panel.

Tt will be understood that these panels are assembled
by connecting center panel terminals 43 to intermediate
panel terminals 47 and intermediate panel terminals 48
to end panel terminals 52. These connections may be
made in the manner indicated in FIG. 16 wherein the
ends to be connected are brought into aligned abutting
end-to-end relationship and each terminal on one panel
is. connected to the corresponding terminal of the next
panel by an inner tube 55 which is welded or ctherwise
suitably secured to both panels. '

Naturally, any desired number of intermediate sections
can be interposed in end-tc-end relationship between the
center panel and the end panel while each panel may be
of desired length. Ordinarily the length of the panel
will be so chosen that the joints between panels do not
coincide with any sharp bends which may be required
in the panels of the ultimate product. By making the
product in panel sections, the manufacturing procedures
and equipment can be standardized whereby substan-
tial reductions can be made in manufacturing costs.

Having described my invention, I claim:

1. A method of making a heat exchanger comprising:
forge welding at least three sheets of metal into a com-
posite panel with one resist pattern between one pair of
adjacent faces to prevent welding along areas forming one
potential system of passageways for the flow of fluid longi-
tudinally along said panel and with another resist pattern
between another pair of adjacent faces to prevent welding
along areas forming another potential system of passage-
ways for the flow of fluid transversely of said panel and
across said one potential system .of passageways; expand-
ing one of said potential systems of passageways to one
height; thereafter, expanding the cther system of poten-
tial passageways to a relatively greater height; and spiral-
ly wrapping said panel about a tranverse axis.

2. The method of claim 1 including: performing the
second expansion operation while maintaining enough
liquid in the earlier expanded system to prevent collapse
under outside pressure while expanding the other system
of passageways.

3. A method of making a heat exchanger comprising:
forge welding at Jeast three sheets of metal into a com-
posite panel with one resist pattern between one pair of
adjacent faces to prevent welding along areas forming one
potential system of passageways for the flow of fluid longi-
tudinally along said panel and with another resist pat-
tern between another pair of adjacent faces to prevent
welding along areas forming another potential system of
passageways for the flow of fluid transversely of said panel
and across said one potential system of passageways, said
second resist pattern being designed to include a longi-
tudinally extending marginal header section having, for
said second system, transverse passageway-forming sec-
tions projecting transversely from it at intervals along its
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length; expanding one of said potential systems of pas-
sageways to ome height; thereafter, expanding the other
system of potential passageways to a relatively greater
height; after expansion, trimming said panel to remove
said header section; and spirally wrapping said panel
about a transverse axis.

4. The method of claim 3 wherein: after expansion,
the transverse passageways are slit along their lengths
to form fins.

5. The method of claim 1 wherein: after expansion,
the walls of the transverse passageways are slit along their
lengths to form fins.

6. In a method of making a heat exchanger: assembling
at least three superposed foreshortened sheets with fore.
shortened weld resist patterns interposed between each
pair of adjacent faces; roll bonding this assembly to elon-
gate the sheets and resist patterns and simultaneously
weld the sheets together at all areas except those con-
taining the resist material; introducing a liquid under pres-
sure into the between-sheet space extending along the un-
welded portions corresponding to one resist pattern to ex-
pand such unwelded portions into passageways; locking
the expansion liquid therein; and introducing an expansion
finid vader pressure into the between-sheet space extend-
ing along the unwelded portions corresponding to the
other resist pattern to expand such portions into passage-
ways.
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7. The method of claim 6 wherein: the liquid intro-
duction step is performed with said sheets supported be-
tween expansion limiting dies having one spacing; and
the expansion fluid introduction step is performed with said
sheets supported between expansion limiting dies having
a greater spacing.
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