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[57] ABSTRACT

A heat exchange apparatus comprising a tube and
plate and a method of manufacture for the heat cx-
change apparatus. The method includes the steps of
forming the tube, such as by extrusion, to provide an
external attachment appendage which, in the illustra-
tive embodiment, is T-shaped in cross section, forming
spaced parallel slots in a thin plate, offsetting the ma-
terial of the plate along and adjacent the slots to ac-
commodate the T-shaped attachment appendage in
sliding relationship therewith and, finally, compressing
the tube against the plate to lock the two elements to-
gether and to provide a flush surface on the side of the
plate which is opposite the tube. The offsetting need
not be carried out as a separate step but may take
place simultaneously with the final compression. In a
specific embodiment, the mechanical bond is en-
hanced by forming spaced parallel flanges on the inte-
rior surface of the attachment appendage.

8 Claims, 6 Drawing Figures
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HEAT EXCHANGER AND METHOD OF
MANUFACTURE THEREFOR

This is a Continuation-In-Part application of U.S,
Ser. No. 344,245, filed Mar. 23, 1973, now U.S. Pat.
No. 3,827,485, entitled “Heat Exchanger And Method
of Manufacture Therefor”.

This invention relates to heat exchanger apparatus
and to a method of manufacture for heat exchanger ap-
paratus which involves the assembly of a tube and plate
for thermal transfer therebetween.

BACKGROUND OF THE INVENTION

Heat exchanger apparatus for use as condensers,
evaporators, radiatiors, and the like typically comprise
the combination of a fluid conduit of serpentine config-
uration and one or more fins or plates which enlarge
the effective surface area of the conduit for efficient
thermal exchange. The manufacture of such heat ex-
change apparatus typically comprises the steps of form-
ing a tube or other conduit means and joining it to the
plate by an operation such as brazing, epoxy bonding,
or “‘roll-bonding”.

The brazing, epoxy bonding, and/or “roll-bonding”
processes are relatively expensive in themselves as
compared to mechanical bonding techniques and,
moreover, typically require the use of capital equip-
ment which adds still further expense to this process.
Therefore, although the products which result from the
brazing, epoxy bonding, and/or “roll-bonding” opera-
tions are satisfactory, there exists a need for a simple
and economical method of heat exchanger fabrication
which involves a purely mechanical bonding process.

BRIEF SUMMARY OF THE INVENTION

This invention provdes a simple and economical
method of fabricating heat exchanger apparatus
through the mechanical bonding of a tube and a plate
for efficient thermal transfer therebetwen. Briefly
stated, the method involves the fabrication of a tube
having an external attachment appendage and the for-
mation of one or more slots in a plate so as to receive
the attachment appendage. Either before or after the
slot and attachment appendage are interconnected, the
material of the plate is offset along and adjacent the
slot by at least the thickness of the attachment append-
age such that when the appendage is disposed in the
slot and in the offset portion, a substantially flush sur-
face is provided on the side of the plate which is oppo-
site the tube. In the preferred embodiment of the pres-
ent invention, the final bond is achieved by compress-
ing the tube against the plate thereby to partially flatten
the tube into good thermal transfer configuration while
at the same time tightening the mechanical bond and
smoothing the flush side of the plate.

In the ilustrative embodiment of the invention here-
inafter described in detail, the tube is preferably of ex-
truded aluminum and has an integral, T-shaped (in
cross section) attachment appendage. The manufactur-
ing operation as illustratively described involves the
formation of a plurality of spaced, parallel slots in the
plate and the prior bending of the tubes so as to form
straight portions which register with the slots in the
plate. The attachment appendage is trimmed from the
tube along the curved portions between the straight
portions whereupon the tube may be simply inserted by
sliding the attachment appendages into the offsets and
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slots. As stated above, this joining operation is followed
by a compression step which results in an inexpensively
fabricated yet highly durable and efficient heat ex-
change device.

The mechanical bond may be enhanced if desired by
forming sharp, parallel flanges on the surface of the at-
tachment appendage nearest the tube; i.e., the interior
surface of the appendage. This enhances the integrity
of the mechanical bond by preventing lateral separa-
tion of the plate portions on opposite sides of a slot dur-
ing any later forming operations which might take
place.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view with parts broken away of
an illustrative tube and plate apparatus for carrying out
the invention;

FIG. 2 is an end view of .a portion of the tube and
plate illustrated in FIG. 1 and showing the result of the
compression step;

FIG. 3 is a plan view of a representative portion of a
finalized product manufactured inaccordance with the
invention; .

FIG. 4 is a side view or sectional view along the sec-
tion line 4—4 of FIG. 3;

FIG. 5 is a perpsective drawing of an oval heat ex-
changer unit embodying the invention; and,

FIG. 6 is a partial view of the unit of FIG. 5 taken
along a section line 6-6.

DETAILED DESCRIPTION OF THE SEPCIFIC
EMBODIMENT

Referring now to the drawings and particularly to
FIG. 1, there is shown an apparatus for the assembly of
a heat exchange device which, in accordance with the
present invention, comprises an extruded aluminum
tube 10 suitable for the conveyance of various fluids
and having an external attachment appendage 12
which is integral with the tube and T-shaped in cross
section, FIG. 1 also illustrates a plate 14 of aluminum
or other suitable thermally conductive material, the
plate 14 being subjected to a number of industrial pro-

" cessing steps so as to receive the tube 10 into a cooper-
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ative relationship therewith as hereinafter described. In
that cooperative relationship an efficient thermal trans-
fer relationship between the tube 10 and the plate 14
exists.

As shown in FIG. 1, tube 10 is formed with the inte-
gral T-shaped attachment appendage 12 and is then
bent to define a curved portion 16 separating two par-
allel straight portion A and B. The external attachment
appendage 12 is then trimmed from the tube 10 along
the entire length of the curved portion 16, but is left in-
tact along the straight portions A and B.

The tube 10 shown in FIGS. 1 and 2 is extruded alu-
minum having an outer diameter of 0.312 inch and a
wall thickness of approximately 0.035 inch and a spac-
ing between the straight portions A and B of from 1
inch to several inches. These dimensions are, of course,
given by way of illustration only as they bear no critical
relationship to the invention whatsoever. The curved
portion 16 may be formed in accordance with the con-
figuration shown in the drawings or, alternatively, may
be formed as a continuous radius.

Looking now to the plate 14, this member is also
preferably formed of aluminum in a suitable thickness
so as to be susceptible of the forming operations de-
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scribed herein. Slots 18 and 20 are formed within the
interior boundaries of the plate in parallel relationship
and spaced apart so as to register with and be of equiva-
lent length to the lengths of the attachment appendage
12 along the straight portions A and B of tube 10. The
material of the plate 14 along and adjacent the slots 18
and 20 is then offset, as shown in FIG. 1, by an amount
at least equal to and preferably twice the thickness of
the top of the T-shaped appendage 12. The greater off-
set distance is generally required where the slots 18 and
20 do not open to a border or edge of the plate 14
whereas a lesser offset distance is satisfactory where
the slots do open to an edge of the plate for obvious
reasons. It will be noted that the device of FIG. 3 illus-
trates the case where the slots have terminal ends
spaced from the boundaries of the plate 14.

Tube 10 and plate 14 are then interconnected by lin-
ing up the attachment appendage lengths with the slots
and sliding the appendage lengths into the slots so as to
fill the slots and offset areas of the plate 14. At this
state in the assembly process, the tube 10 is relatively
losely connected to the plate 14 but is essentially in the
final position.

Looking to FIG. 2, the assembly of the tube 10 and
plate 14 is then subjected to a compression step
wherein opposite platens 22 and 24 of an hydraulic
press or the like are brought to bear against the top of
the plate 14 and the bottom of the tube 10 so as to com-
press the tube against the plate within the boundaries
of spacer blocks 26 thereby locking the assembly to-
gether and bringing all abutting surfaces into close
contact to improve the thermal conductivity. In addi-
tion, the offset area is compressed along with the T-
shaped appendage 12 so as to form a substantially flush
surface on the side of the plate 14 which is opposite the
tube 10. Obviously, a compression roller arrangement
may be substituted for the platens 22 and 24 shown in
FIG. 2. Also a die may be substituted for the platen 24
and blocks 26 in a production machine.

As best shown in FIGS. 3 and 4, the tube 10 is typi-
cally formed in a serpentine configuration so as to be
characterized by a plurality of parallel, spaced, straight
portions joined by a plurality of curved portions, the
T-shaped atachment appendage 12 being trimmed
from the tube 10 throughout the length of the curved
portions, but left intact throughout the paraliel spaced
straight portions. The terminal ends of the tube 10 may,
of course, occur at variouss points along the length
thereof in accordance with the specific application of
the heat exchange device manufactured hereunder.

It will be understood that the attachment appendage
may be of various configurations including not only the
T-shaped configuration shown in the drawings but also
for example, an L-shape. The appendage is not neces-
sarily extruded in its final form, but may be bent or
folded during the compression step according to the
specific shape thereof. The flush surface evident in
FIGS. 2 through 4 may be accomplished by forming the
offset after assembly of the tube 10 and plate 14 rather
than before assembly as described above. In accor-
dance with this alternative, the slots 18 and 20 may be
cut into the plate 14 so as to extend fully to the edge
of the sheet. The appendage 12 is then disposed in the
slot and the combination is compressed in a platen and
die combination similar to that of FIG. 2 wherein the
upper platen 22 is flat and the lower platen or die main-
tains the assembly shape by confinement. The com-
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pression step displaces the appendage 12 downwardly
so as to cold-form the offset during the compression
and shaping of the assembly. The result is a flush upper
surface of the assembly and a secure bond between
tube and plate.

It is to be understood that the flush surface of the
combined plate 14 and tube 10 is desirable inasmuch
as the heat exchange device is often left exposed on the
flush side in the final assembly, such as in a refrigerator,
cooler, freezer, or the like. However, the major advan-
tages of the invention arise from the economical and
effective securement of parts together and these advan-
tages obtain even where the resulting surface is not per-
fectly flat. Accordingly, the full offset of the appendage
area of the plate is not essential to the inventiori. The
heat exchange apparatus is typically coated by spraying
or dipping with a suitable preservative material, such as
an acrylic plastic, to meet Underwriters Laboratory
and other requirements. Such dipping or spray coating
tends to fill the small cracks or voids which exist be-
tween the top of the T-shaped appendage 12 and the
adjacent plate areas, as best shown in FIG. 2, thus, to
make the final assembly easy to clean as well as attrac-
tive in appearance.

FIG. 5 illustrates an oval or rectangular heat exh-
canger unit 28 such as one might find used in a refriger-
ator or freezer. The unit 28 comprises a large flat plate
14a slotted as described above the receive a tube 10a
which is bent into a serpentine configuration and which
includes an attachment appendage 12a. The tube 10a
and plate 144 are joined in the fashion described above
with reference to FIG. 2 and, thereafter, the combined
unit is bent into the closed oval or rectangular form
shown. An overlapped and bonded seam 30 holds the
unit in the proper shape.

It can be seen in FIG. 5 that the flat surface of the at-
tachment appendage 12a is flush with the interior sur-
face of the plate 14a to provide a smoooth and attrac-
tive unit for the receipt of goods to be refrigerated.

To counteract any tendency for the slots to widen
and separate laterally from the tube 10a when the plate
14a is bent into the oval shape, the appendage 12a may
be formed as shown in FIG. 6 to include the spaced par-
allel flanges or ribs 32. The flanges 32 are formed dur-
ing extrusion of the tube 10a and exhibit a relatively
sharp point facing the tube. Accordingly, the final com-
pression step previously described tends to deform the
plate 14a around the points of the flanges 30 to firmly
anchor the plate portions against lateral movement rel-
ative to the tube 10a.

The invention has, of course, been described by ref-
erence to an illustrative embodiment and, accordingly,
the foregoing specification is not to be construed in a
limiting sense.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:

1. A heat exchanger apparatus comprising: a tube
having a substantially T-shaped integral attachment ap-
pendage, the interior surface of the top of said append-
age having substantially pointed flanges formed
therein, a plate having a through slot formed therein,
and an offset along and adjacent said slot, said attach-
ment appendage being disposed in said slot and offset
and of such configuration as to provide a substantially
flush surface on the side of the plate opposite the tube,
the tube being compressed against the plate, said plate
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being mechanically deformed around said flanges to
enhance the strength of the mechanical bond between
the tube and the plate transversely of the tube, the
combined unit being bent into a closed compartmental
form with the seam bonded to hold the unit in shape.

2. A method for assembling a tube having an external
attachment appendage and a plate for thermal transfer
between the tube and plate comprising the steps of ex-
truding a metal tube having an integral attachment ap-
pendage along one side thereof with at least one sub-
stantially pointed flange formed in a surface thereof op-
posite the tube, forming at least one slot in and through
the plate, sliding the appendage into the slot, and com-
pressing the tube against the plate to mechanibond the
plate and the tube, whereby the step of compressing
tends to deform the plate locally around the flange to
enhance the mechanical bond transversely of the tube.

3. A method for assembling a tube having an external
attachment appendage and a plate for thermal transfer
between the tube and plate comprising the steps of ex-
truding a metal tube having an integral attachment ap-
pendage along one side thereof with at least one sub-
stantially pointed flange formed in a surface thereof op-
posite the tube, forming at least one slot in and through
the plate sliding the appendage into the slot, and com-
pressing the tube against the plate to mechanically
bond the plate and the tube and to form an offset in
said plate along and adjacent said slot which receives
said appendage so that a substantially flush surface is
provided on the side of the plate opposite the tube,
whereby the step of compressing tends to deform the
plate locally around the flange to enhance the mechani-
cal bond transversely of the tube.

4. The method defined in claim 3 including the fur-
ther step of bending the tube to form a curved tube por-
tion and a straight tube portion and trimming the at-
tachment appendage from the tube along the curved
portion, the straight portion corresponding in length to
the length of the slot.

5. The method defined in claim 3 wherein the com-
pression step results in an offset in said plate along and
adjacent said slot.
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6. The method defined in claim 3 wherein the slot has
a pair of terminal ends which are spaced from and
within the boundaries of the plate.

7. A method for assembling a tube having an external
attachment appendage and a plate for thermal transfer
between the tube and plate comprising the steps of: ex-
truding a metallic tube having a T-shaped attachment
appendage with at least one substantially pointed
flange formed in a surface thereof opposite the tube,
bending the tube having a T-shaped attachment ap-
pendage, bending the tube into a serpentine configura-
tion having a plurality of curved portions and a plural-
ity of parallel straight portions, trimming the external
attachment appendage from the curved portions, form-
ing a plurality of parallel slots in and through a metallic
plate of such length and spacing as to correspond to the
length and spacing of the straight portions of the tube,
offsetting the plate along and adjacent to the slots by
at least the thickness of the T-shaped attachment ap-
pendage, sliding the atachment appendage segments
into the spaced slots and offset portions and compress-
ing the tube against the plate with the plate between the
tube and appendage top to provide a mechanical con-
nection between the tube and plate and to further pro-
vide a substantially flush surface on the side of the plate
opposite the tube whereby the step of compressing
tends to deform the plate locally around the flange to
enhance the mechanical bond transversely of the tube.

8. A method for assembling a tube and a plate for
thermal transfer therebetween wherein the tube has
formed therewith an external attachment appendage
having at least one substantially pointed flange formed
in a surface thereof opposite the tube, the method com-
prising the steps of: forming at least one slot in and
through the plate, forming an offset in the plate along
and adjacent to the slot, joining the appendage and slot,
and compressing the tube against the plate to provide
a mechanical bond between the tube and plate,
whereby the step of compressing tends to deform the
plate locally around the flange to enhance the mechani-

cal bond transversely of the tube.
* * * & *



