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This invention relates to a sheet material tube struc-
ture and more-specifically to a tube connection for a sheet
metal article having a series of conduit tubes included
therein for conveying fluids through the article.

In the formation of hollow articles such as heat ex-
changers or the like it is advantagecus in many instances
to fabricate the article from a pair of sheet metal com-
ponents joined together in face-to-face relationship ex-
cept at spaced apart portions forming corrugations or
bulges of a suitable configuration following a serpentine,
grid, or looped path, for example, and various combina-
tions thereof. The embossed sheet metal components
may be stuck together by means of an interleaved solder-
~ing and brazing material as has been heretofore custom-
ary after the component shests have been embossed with
a desired tube corrugaticn. The hollow article may be
also formed by a method such as that disclosed in U. S.
Patent No. 2,690,002 which results in a single flat sheet
having potential passageways defined by a thin stratum of
separation material embraced within the body of the
single sheet and into which and along which fluid in-
flation pressure may be admitted thereby distending the
sheet to form the passageways of a hollow article. In
order that the article may be put to use and otherwise
subject to processing such as inflation or cleaning of the
interior, it stands to reason that such sheet material
articles must be provided with some form of inlet and
outlet to enmable flow of the fluid medinm through the
passageways. This often necessitates the provision of
two or more extensions of the passageways to the pe-
riphery of the sheet in order that circulatory commu-
nication may be had with the interior of the hollow arti-
cle. A multiplicity of such connections is disadvantage-
ous because it requires a separate assembly operation for
each, a complex and more expensive tube forming and
connecting die, or necessitates the extra operation of plug-
ging up certain of the connections during certain
phases of fabrication and opening of the connections aft-
er the conclusion of these operations. On the other

hand when only one connection is provided as is often ;
the case in the inflation method of forming of hollow

articles, there is the disadvantage of the necessity of
making a second connection by some suitable additional
operation such as perforating or the like.

Therefore, an object of this invention is to provide in
a sheet-like hollow article a form of single connection
passageway adapted for the making of both an inlet and
an outlet for the circulatory fluid to be carried in the
hollow article. Another object of this invention is to
provide a hollow article of sheet material in which con-
nection to the finid medium circulatory system may be
readily made at but one place. Anocther object is to
provide a connection for a sheet metal article adapted
to facilitate the circulation of a fluid therein as well as
the formation of a fluid conduit therein by inflation.
Another object is to provide a combined inlet and out-
let connection in a hollew article wherein both the arti-
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cle and the connection are formed by a pressure welding
or roll bonding process including interleaved weld pre-
venting material. Other objects and advantages wil] be
apparent from the following description of specific em-
bodiments of the invention and the accompanying draw-
ing of the same in which:

Figure 1 is a plan view of one embodiment of a sheet
metal article in accordance with this invention;

Figure 2 is an elevational view of the edge of the em-
bodiment of Figure 1;

Figure 3 is a fragmentary cross sectional enlarged view
taken on line III-—III of Figure 1;

Figure 4 is a fragmentary cross sectional enlarged view
taken on line IV—IV of Figure 1;

Figure 5 is a partial cross sectional enlarged view
taken at the median plane of the sheet metal article of
Figure 1 on line V—V at the combination inlet-outlet
portion thereof;

Figure 6 is a plan view of a second embodiment of this
invention with a portion broken away in the sheet metal
article to better illustrate the structure and showing var-
ious couplings obtainable by means of this invention; and

Figure 7 is a fragmentary side view partly in cross
section showing a device suitable for forming the hollow
articles illustrated in the foregoing figures by inflaticn.

In accordance with this inventicn there is provided a
single combined inlet-outlet form of comnection to the
passageways of a fluid circuit. The connection is dis-
posed between the conduit system of a hollow article and
only one part of the periphery of the article adapting
the hollow article to make communication with a fluid
circuit exterior to it by means of an injection nozzle or
a coaxial spaced tubular construction, or the like. Ac-
cordingly a terminal portion of the passageways of the
conduit system of a sheet-like hollow article is extended
to a peripheral edge of the article in such a manner as
to provide in seriatum adjacent passagewzy portions dif-
ferent in size and arranged so that the larger portion is
disposed between the periphery and the lesser portion
and includes a lateral junction such asa T or ¥ junction
or the like with another porticn of the passageways.
The lesser portion relative to the larger forms the con-
vergent part of the passageway and/or the extension
thereof to the periphery while the larger portion relative
to the convergent portion constitutes the extension which
in a sense may be considered a divergent continuation of
the passageway and/or its convergent part to the periph-
ery or edge of the article. According to one consiruc-
tion, one of the terminal portions of the fluid passage-
ways of the conduit system of the hollow sheet metal
article is provided with an enlarged extension to the
periphery of the article while the other terminal por-
tion of the passageways is caused to make a T-junction
with the enlarged portion. This permits the insertion
of a hollow needle or injection nozzle at the periphery
of the article through and beyend the extension ic ex-
tend into the unenlarged first terminal portion of the
passageways in sealing relationship with one part of this
terminal portion thereby forming one part of the connec-
tion such as the inlet and leaving a space about the body
of the needle or nozzle. By connection is meant the
means for making a fluid coupling bsth to and from the
fluid circuit of the hollow article. At and through this
space a second and coaxial part of the connection with
the periphery of the article may be made to seIve as au
outlet for the circulatory fluid. The connection includes
an arrangement of two tubes, cne substantially coaxially
within and spaced from the other. An alternate con-
struction is to provide a comstriction adjacent the first
terminal portion of the fluid passageways, from which
constriction an unrestricted extension is made to the pe-
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riphery of the sheet article and to provide a T-junction
between the other terminal porticn of the conduit system
passageways at such extension at a point between the
constriction and the periphery. It is preferred that in
further accordance with this invention the inlet-outlet
passageway constriction including the extension and the
T-junction with either the enlargement or the constric-
tion be delineated in the single sheet articles, formed by
roll pressure welding referred to hereinbefore, by the
configuration of the thin stratum of separation material
enveloped within the body of the single sheet of the
article.

In articles formed by this method, the extension is a
continuation of and defined by the separation or stop-
weld material which is sandwiched between the compo-
nent sheets which go to make up the finished single sheet
article, after the to-be-juxtaposed surfaces of these com-
ponent sheeis have been treated to substantially remove
foreign material which interfere with weldability. The

divergency and adjacent constriction, which are charac- -

teristic features of this invention, whether or not there
be an actual passageway enlargement at the extension
to the edge, are provided in the pattern of separation
material at the extension. Thereafter in accordance with

the method of forming articles by fluid pressure inflation 2

a fhuid pressure inflation nozzle is inserted at the exten-
sion to develop the conduit passageways in the article
aund subsequent steps of manufacture such as cleaning and
connection with other hollow units and a fluid pump or
compressor are conducted as is herein described.

The inlet-outlet extension structure of this invention is
advantageously formed in accordance with this invention
by being preformed in the stratum of separation material
which is enveloped within the sheetlike article. The
article itself is formed in accordance with the method
whereby a passageway pattern composed of the separa-
tion material is applied between the juxtaposed surfaces
cf component sheets at least two of which go to make
up the article. The pattern is designed so as to include
an extension of the separation material pattern preformed
with a constriction or with an enlargement as herein de-
scribed. Where the component sheets are metal and
joined by rolling, the pattern of separation material is
foreshortened suitably so that upon extension concomi-
tant to the rolling process a passageway pattern, including
the extension structure, results with predetermined con-
figuration.

The invention can be more clearly understood from a
description of the specific embodiments illustrated in the
accompanying drawing.

In the one embodiment shown in Figures 1, 2, 3, 4
and 5, the hollow article is made up of a single sheet
1 is formed from initially distinct component sheets by
a pressure welding process characterized by the presence
of an included pattern of separation material along which
fluid inflation pressure has been released after weld-
ing so as to develop the conduit system passageways 2
extending from the surface of the sheet as shown in Fig-
ure 1 and Figure 2. To make such a sheet, the to-be-
juxtaposed surfaces of component sheets are first treated
so as to clean them for the purpose of removing foreign
matter sufficiently to render the surfaces weldable, after
which the component sheets are placed in superposition
with a suitable pattern of separation material between the
adjacent components and the assembly is subjected to a
reduction to unify the components except in the areas
occupied by the separation material. One terminal por-
tion 3 of the passageways 2, which may be referred to
as the inlet terminal portion, is provided with a con-
striction 6 from which inlet terminal portion 3 is con-
tinued in unrestricted condition to extend to one periph-
eral edge 12 of the sheet 1 thereby forming an extension
5. This terminal extension 5 forms a communicating
passageway between conduit passageways 2 and the pe-
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4
ripheral edge 12 of sheet 1. The other or outlet termi-
nal portion 4 of the passageways 2 instead of being also
extended to the periphery of sheet 1, is disposed to form
a T-junction with the unrestricted extension 5. As in-
dicated in detail in Figure 5, the extension 5, the con-
striction 6 and passageways 2 are delineated prior to in-
flation by the presence of a stratum of weld-preventing or
separation material 31 which is a composition of a
carbonaceous or graphitic nature remaining as a residue,
unless cleaned out.

In order to erect the passageways and extension struc-
ture shown generally in Figures 1 and 2, including the
constriction 6, and to clean out the interior of the pas-
sageways fluld under pressure is first admitted into the
interior of the sheet 1 along the stratum of separation
material 11 and thereafter a cleaning fluid by means of
a nozzle suitable for the purpose and constructed as
shown in Figure 7. This fluid injection nozzle consists
of an end portion 23 of lesser diameter and an adja-
cent portion 24 of larger diameter. A fluid pressure
admitting bore 3¢ extends through both portions 23 and
24 of the nozzle. Erection of the passageways to the
conduit system is accomplished by driving end portion
23 of the nozzle into the edge of the uninflated sheet 1
at the extension 5 until the tip of end portion 23 which
is of a size adapted to the purpose, has made substantial
entry into and beyond the constriction part § of the weld-
preventing material 11 at which position the larger por-
tion 24 of the nozzle has entered into extension 5 of the
material 1I. With the sheet material at extension 5
held in adequate sealing relationship with the larger part
24 of the needle, fluid pressure is admitted through bore
30 along the rest of the separation material 11 thereby
erecting passageway by inflation. Next, with the nozzle
withdrawn only sufficiently to disengage the larger por-
tion 24 from the extension 5 to make a discharge open-
ing, cleaning fluid is admitted by way of bore 30 and
forced to enter into the passageway at section 3, through
passageways 2, and issue from the discharge opening.

Subsequently a drying gas or other suitable surface
treating fluid may be admitted through bore 38.

Following inflation and internal cleaning of the sheet
structure 1, the injection nozzle is withdrawn entirely
and inlet-outlet connections are made as shown in Fig-
ures 1-5. An infet tube 7 of minor exterior diameter.
suitable to the constriction 6 is inserted through the ex-
tension 5 into the constriction 6 where a seal is made-
with the end of inlet tube 7 as shown in Figures 3 and 5.
Aun outlet tube 9 of major diameter is assembled co-
axially about inlet tube 7 and is disposed so that the end
of outlet tube 9 extends into extension 5 in sealing rela-
tionship. As shown in Figures 4 and 5 this leaves a
coaxial space between the inside of outlet tube 9 and the
exterior of inlet tube 7 thereby providing another con-
nection 10 serving as an outlet. Thus the bore 8 of tube
7 provides an inlet connection to the first terminal por-
tion 3 of the passageways 2 while coaxial space 10 be-
tween tubes 7 and ¢ provides the outlet connection from
the other terminal 4 of the passageways via extension 5.

In the embodiment of Figure 6, a sheet metal structure
13 is provided with a zig-zag pattern of conduit passage-
ways 14 having a first or inlet terminal portion 15 and a
second or outlet terminal portion 16. The inlet-outlet
construction of this embodiment consists of an enlarged
extension 17 of the first terminal portion 15 and a return
conduit I8 making T-junction with extension 17 and ex-
tending between the second terminal portion 16 and the
enlarged extension 17. The enlarged extension struc-
ture 17 of this embodiment is an alternative construction
to the constricted structure of the previous embodiment
and is desirable where a greater capacity of flow without
reduction is needed to the inlet-outlet connection.

In the embodiment of Figure 6 primary sheet struc-
ture 13 is provided with a second inlet-outlet connection
in the form of an enlargement and extension 22 extending



2,882,151

5

between outlet terminal 16 of passageways 14, and a
peripheral portion of the sheet 13, At this second exten-
sion 22 a combined inlet-ouilet connection is completed
by the addition of an inner tube 24 and an outer tube
31 which constitutes a dual coupling between primary
hollow sheet structure 13 and the secondary hollow sheet
structure 25 which also embraces a series of passageways
26. In the secondary sheet 25 passageways 26 have an
inlet terminal 27 and an outlet terminal 28 at which junc-
tion is made with the enlarged extension 29 the form
of which is similar to the hereinbefore described exten-
sions 17 and 22. At extension 29 a combined inlet-
outlet connection is made by insertion of and joining with
the spaced coaxial tubes 24 and 31,

Inflation of the sheet structures 13 and 25 having the
connections of this embodiment may be accomplished
with the aid of the inflation nozzle of Figure 7 as in the
previous embodiment,

After inflation and removal of the infiation nozzle, an
inlet tube 19 of minor diameter having an inlet passage
21 is disposed in and through the enlarged extension 17
until the end of inlet tube 19 is positicned in terminal
portion 15 of the passageways 14 where a suitable seal
may be formed and an outlet tube 20 is coaxially assem-
bled about inlet tube 19 in spaced relationship therewith
and extended to make a sealing connection with the outer
end of the enlarged extension 17. This form of con-
struction leaves a coaxial space 32 through which fiuid
issuing from terminal portion 28 through return 18, iis
T-junction and extension 17 may be ejected. In like
manner inner tube 24 is coupled at one end at enlarge-
ment 22 to outlet terminal 16 of passageways 14 while
the other end of tube 24 is coupled at enmlargement 29
to inlet terminal 27 of passageways 26 of the secondary

hollow sheet structure 25. The entire assembly of Figure o

6 permits fiuid such as a refrigerant to be admitted at
inlet terminal 15 by way of tube 19, circulate through pas-
sageways 14 of sheet 13 to outlet terminal 16 from whence
the fluid is transferred by way of tube 24 to the inlet
terminal 27 of secondary sheet 25, to circulate from ter-
minal 27 through passageways 26 to outlet terminal 28
from which the fluid leaves the secondary sheet by way
of extension 29 and the outer coaxial tube 31 and reenters
sheet 13 at 22, to be bypassed through the return or cross
passageway 18 to extension 17 from which the fluid is
discharged by way of the outer coaxial tube 20. It will
be appreciated that by means of this structure only 3
connections with the use of conventional tubing are re-
quired instead of six.

It is obvious that by means of this invention there is
provided a single connection at which both an inlet and
an outlet is accomplished without the necessity of auxil-
iary parts such as perforated plugs or the use of special
flanged tubing or the like. With the connection of this
invention conventional tubing and coupling may be em-
ployed. Furthermore, while connection has been shown
onl for a single sheet and a two sheet arrangement it will
be appreciated that three or more sheets may be advan-
tageously coupled by means of the new and improved
connection herein described. For instance it will be
readily understood that where the conduit passageway 14
makes a bend adjacent the periphery, and particularly at
the corners of the article, more than one secondary sheet
may be connected directly to the primary sheet of Figure 6
and that tertiary sheets may be connected in series with
the secondary sheets. It will also be appreciated that this
invention has utility for variously formed hollow articles
containing fluid passageways but especially with respect to
sheet-like articles the conduit system of which is gener-
able by means of fluid inflation,
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Since many other embodiments of this invention may
occur to those skilled in the art, it is to be understood
the foregoing is intended by way of illustration of a pre-
ferred embodiment and not as a limitation of the scope
of ihe present invention except as set forth in the appended
claims,

What is claimed is:

1. In a sheet-like hollow article having passageways
embraced within the confines of the body of the article, a
combined inlet-outlet connection at an extension of said
passageways to the periphery of said sheet wherein the
connection is characterized by a divergent portion of said
passageways directly joined in series with one end of said
passageways and one end of said extension of which said
divergent portion forms an initial part, said extension mak-
ing a junction with the other end of said passageways
whereby an inlet is provided at said extension by a tube
inserted through said extension and divergent portion and
into said first end of said passageways and whereby an
outlet is provided by an outer tube spaced from said inner
tube and inserted into said extension between the periph-
ery of said sheet and the junction of said other end of
the passageways with said extension.

2. A hollow sheet metal article having a plurality of
internal passageways in which a passageway has a con-
striction and extends to the edge of the sheet and in which
a lateral passageway joins said constricted passageway
intermediate the constriction and the edge of said sheet,
said constriction being adapted to fit about a tube ex-
tending into said constricted passageway and being of
a cross section substantially that of the constriction but
smaller than the cross section of said passageway.

3. A hollow metal article adapted for heat exchange
flnid circulation and connection having a plurality of in-
ternal passageways in which a passageway extends to an
edge of the article and has adjacent but spaced from said
edge a variation in passageway cross section and in which
a lateral passageway intersects and communicates with
said first passageway along the portion intermediate said
variation and said edge, said intermediate portion of said
passageway being enlarged as compared to the portion of
the passageway adjacent the other side of said variation,
at which said passageway is adapted to fit in sealing rela-
tionship about a tube extending into said enlarged passage-
way and being of outer cross section substantially that of
the passageway at the variation but smaller than the cross
section of said passageway enlargement, which tube in
turn is coupled adjacent said edge and outwardly from
said passageway intersection to another tube coaxially ar-
ranged about said first tube in coaxially spaced relation-
ship to form a clearance space in communication with said
lateral passageway.

4. The article of claim 3 wherein the first passageway
is constricted at the passageway variation and on both
sides of the constriction is enlarged as compared to the
constriction, and wherein the outer of said tubes is fitted
in sealing relationship with the extension between the
intersection of said passageways and the edge of the
article.
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