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This invention relates tc heat exchange units,
and is particularly directed to an improved finned
tube heat exchanger and method of manufactur-
ing the same.

The heat exchange unit which forms the sub-
ject of the present invention represents a modi-
fication of and improvement on the heat ex-
changer which is described in the copending joint
U. 8. patent application of EKenneth McCreary
and Ottc Hoheisel, Serial No. 743,296, filed April
23, 1947, for Heat Exchanger. The heat ex-
changer which is disclosed in said joint applica-
tion consists essentially of two fluid flow cham-
bers of substentialiy .rectangular cross section,
said chambers being separated by a metal parti-
tion which constitutes the primary heat transfer
element for indirect heat exchange hetween the
two fluids. A mesns for extending the surfaces
of the partition consists essentially of closely
nested assemblies of substantially rigid shailow
channel shaped fin members disposed in each
fiuld chamber in contact with the metal parti-~
. tion. Each channel shaped fin comprises a base
fin portion disposed at substantially right angles
to the partition surface, and two narrow offset
flanges, one of which parallels the partition sur-
face and is bonded thereto with solder, while the
other flange is bonded to the opposite wall of the
fluid chamber. The base fin portion of the chan-

nel section consists of two parallel rocws of spaced 4

straight pins, adjacent pins being joined at their
ends to each other and to the channel flanges.
The channel flanges are shaped for close nesting,
with the channels extending longitudinally within
the fluid flow chambers in the direction of fluid
flow. The bkonding of the channel sections to
opposite chamber walls provides a strongly rein-
forced heat exchanger unit.

A primary cobject of the present invention is
to provide a simple and economical design of
finned tubular heat exchanger.

Another object is to provide an improved flex~
ible sheet metal fin of extended surface area suit-
able for easy assembly to form a finned tubular
hesat exchange unit.

A further object is tc provide an improved
method of making an extended surface tubular
form of heat exchanger unit.

With the above objects in view the invention
consists in the improved extended surface heat
exchanger unit and method of manufacture
which is hereinafter described and more particu-
larly defined by the accompanying claim.

In the following description, reference will be
made to the attached drawings, in which:
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Fig. 1 is a diagrammatic view in side elevation
of an extended surface coaxial tube heat exchange
unit representing an illustrative embodiment of
the present invention, a portion of the outer tube
being broken away to show multiple spaced radial
pins disposed in helical series in the outer cham-
ber of the heat exchange unit.

Fig. 2 is an enlarged cross section taken on the
plane 2—2 of Fig. 1.

Fig. 3 is a view in side elevation illustrating
one method of assembling a flexible spaced pin
type flanged strip in helical series on the tubular
primary heat transfer diaphragm.

Fig. 4 is a view in end elevation of toothed
press rolls for initially shaping and indenting the
base portion of a strip of heat conductant sheet
metal for producing channel shaped heat ex-
tender fin elements.

Iig. & illustrates somewhat diagrammatically
in Iongitudinal section toothed press rolls for
shearing the indented channel shaped strip and
offsetting in two directions, to form two rows of
staggered pin type fins between the end flanges.

PFig. 6 is an enlarged fragmentary view in lon-
gitudinal section of an indented flanged strip
such as operated on by the rolls of Fig. 5.

Fig. 7 is an end elevation of one of the channel
shaped fins turned out by the cperation portrayed
in Fig. 5.

Fig. 8 is an enlarged fragmentary view in longi-
tudinal section, with parts in elevation, showing
close helical nesting of pin type extender fins
on the outer and inner walls of a tubular heat
transfer diaphragm.

Referring to the drawings, Figs. 1 and 2 portray
a finned coaxial tube heat exchanger constructed
in aceordance with the present invention. Essen-
tially such heat exchange unit consists of coaxi-
ally arranged tubular fuid flow chambers {8 and
{2. The wall {4 of the inner tube 10 forms the
rrimary heat transfer diaphragm between the
chambers. In the heat exchanger unit shown,,
end walls {8 serve to support the tubes in coaxial
alignment. Pluid supply and removal pipes 18
and 18 develop flow of one heat transfer fluid
through the inner tube i8, while pipes 20 and 21
develop flow of a second heat transfer fAuid
through the outer chamber 12 of the heat ex-
change unit.

The heat transfer surface of diaphragm 14
which is presented to the fluid flowing through
the outer chamber {2 is extended by a flexibie fin
strip 22 which is wrapped helically in close ther-
mal conductive contact about the tube i0, and
preferably bonded thereto by means of solder or
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equivalent heat conductant bonding medium 24
(Fig. 8). The bonding material may be applied
as o liquid coating to the tube wall 14 at the time
that the fin strip is being wound on the pipe, or
the bonding material may be wrapped arcund the
walls of the pipe as a thin foil, which is later fused
by heat after wrapping with the flanged fin strip:

Fin strip 22 has a narrow offset flange 23 along
the full length of one longitudinal edge thereof,
while the strip is slit transversely inwardly at
clesely spaced points along its opposite edge to
form parallel rows of staggered spaced pins 26.
In the assembled unit the strip is wound in a cir-
cular ring or helical coil, with its offset flange
against the tube and with its pins 26 extending
radially to the main axis of the tube, so that
adiacent rings or coils of the strip may lie in
closely spaced relation around the outer surface
of tube {4 throughout the length of chamber 12.
As illustrated in Fig. 8, the heat extender unit
may also include a second set of rings or helically
wound radial pin strips inserted within the tube
§0, with the flanged edge 25 of the strip in good
heat conductant abutting relation to the inner
surface of the tube wall {8. The heat extender
strips may be mounted within the inner and
outer chambers {8 and 12 in such closely nested
relation as to provide pin type fin elements hav-
ing a compined cross sectional area which may
oceupy a large part of the total void space within
the fluid flow chambpers. As shown in Fig. 8, the
free ends of some of the pins 26 may be offset
from true radial relation with the axis of tube 10
to avoid interference when strips 22 are mounted
inside the tubes.

One suitable way of manufacturing the flexible
extender strips 22 has been illustrated in its
various stages, and will now be described by refer-
ence first to Fig. 4.

A flexible sheet metal strip 28 of copper or
other easily worked metal of good heat conduc-
tivity, is first passed between pressure shaping
and scoring rolls 80 and 32. The upper roll 30
is provided with flanges 34 at either side which
are spaced a distance somewhat less than the
width of the metal strip 28. The lower roll 32
is mounted between the flanges 34 of the upper
roll, and each end of the lower roll is spaced from
the inner face of the adjacent flange a distance
equal to the thickness of the strip 28, so that in
passing between the rolls the edges of the strip
are turned down to shape the strip into a shallow
channel 3§ having narrow side flanges 25 and a
Pase fin portion 88. The rolls 30 and 32 have
identically spaced and shaped milled scoring
teeth at their peripheral surfaces, and the rolls
are closely spaced during the initial forming op-
eration on the strip 28, so as to deeply indent or
score the inner and outer surfaces transversely
of the base or fin portion. of the channel, as
portrayed in Figs. 5 and 6. The teeth of the
oppositely disposed shaping and scoring rolls 39
and 32 should be in register or only slightly cut
of register, so that the indentations 24 at the
inner face of the channel are directly opposite
or slightly offset with respect to the indentations
42 on the outer face of the channel. In this
manner, evenly spaced staggered sections 45 of
roughly hexagonal cross section are formed in
the channel 35 along the entire length of the
channel. Adjacent sections 45 are joined by
connecting joints 8 of reduced cross section.
The longitudinal spacing of adjacent indenta-
tions is preferably substantially equal to the
thickness of the original metal strip.
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After shaping and scoring the sheet metal strip
to form the indented channel 36, this channel
is subjected to a shearing and offsetting opera-
tion between another pair of toothed shearing
rolls 56 and 52 (Fig. 5). The shearing teeth 33
and 54, respectively, of rolls 58 and §2, have the
general shape of spur gear teeth, with the teeth
at the bite of the rolls partially meshing. Teeth
53 and 54 are circumferentially spaced so that in
contacting the channel strip each tooth of a roll
engages alternate strip sections 46 between the
indentations 42 and 44. Since the teeth are par-
tially in mesh the channel strip is sheared at
joints 46, and the sheared sections 45 are spread
in opposite directions away from the original
plane of the channel base, by alternate contact
with opposite staggered teeth of the two rolis 58
and 52. This shearing operation produces two
paralle]l rows 55 and 56 of staggered pins 26 alter-
nately displaced outwardly and inwardly from
the original plane of the channel base. At the
completion of this operation the individual pins
are roughly square, circular or hexagonal in cross
section.

Fach comparatively rigid channel fin 38 (Fig.
7) which results from the foregoing operations
is split longitudinally by transversely shearing
the pins forming the channel base along a line
approximately paralleling and equally spaced
from each of the side flanges, to thereby form
from each channel two approximately equally
dimensioned flexible strips 22 (Fig. 8). Owing to
the initial offsetting operation whereby adjacent
pins 26 are displaced inwardly and outwardly
from the plane of the original channel base to
form two parallel rows of pins, the offset shoulder
bases 57 of the pins, where their ends join the
integral offset flange 25, naturally hold the pins
in spaced staggered relation, and the pins have
sufficient resilience so that they naturally spring
back to this offset spaced position after the chan-
nels have been subjected to the longitudinal
shearing operation.

In assembling the flexible flanged strips 22 into
a tubular heat exchange element, a continuous
straight strip 22 may be shaped either manual-
ly, or by wrapping about a shaping mandre]l of
suitable dimension, into the form of a helical coil.
The spacing between adjacent helical series of
spaced pin members can be adjusted by varying
the width of the flanges 25, or the spacing be-
tween flanges, The flexible fin strips may be
assembled directly on the primary heat . ex-
changer tube to which they are joined by solder-
ing, or they may be assembled separately into a
helical coil and then slipped over or inside the
tube and joined thereto by soldering. The in-
dividual coil strips are sufficiently flexible so that
a helical series can be readily adjusted as to di-
ameter to fit pipes of different sizes.

From the foregoing description it wiil be evi-
dent that the present invention provides a simple
and highly efficient finned tube heat exchanger,
and an advantageously flexible flanged radiating
pin type extender fin strip adapted ior helical
wrapping to form a tubular heat exchanger of
extended heat transfer surface. The method
described provides a way of converting a thin flat
metallic strip of heat conductive metal into two
identical and fiexible heat exchanger fin strips 22
each having a narrow flange 25 along one longi-
tudinal edge and having its main fin portion 48§
slit transversely and offset into parallel rows of
spaced staggered straight pins 2% having & total
cross sectional area equal to that of the original
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sheet, and having a total heat transfer contact
area much greater than that of the original
sheet. Fin strips 22 may be produced by any
method whereby a flat strip of sheet metal is de-
formed to produce a narrow offset flange along
one longitudinal edge thereof, while the main
body of the strip is slit transversely inwardly at
closely spaced points along the opposite edge and
adjacent slit pin portions are offset to form two
parallel rows of staggered straight pins all joined
to the flange at their base ends.

The invention which has been thus described
by detailed exampie is not limited as to such de-
tails and it is to be understood that variations,
changes and modifications are contemplated
within the scope of the invention as defined by
the following claim.

What Iclaim is:

In manufacturing extended surface heat ex-
change elements the steps comprising, deform-
ing a strip of flexible sheet metal to produce an
elongated channel having a relatively broad
main body and a narrow upturned flange at each
lengitudinal edge thereof extending at substan-
tially right angles to the main body of the strip,
deeply scoring the inner and outer surfaces of
said main body transversely at uniformly spaced
intervals approximating the thickness of the
body to form closely spaced oppositely disposed
transverse grooves providing zones of reduced
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cross section between opposite grooves, slitting
the main body of the strip along each of said
zones and offsetting adjacent slit portions to
form two parallel rows of straight spaced pin
type fins integrally attached to the flanges, and
transversely shearing the pins forming the
channel base along the approximate center line
thereof to forim two flexible pin strips.
KENNETH McCREARY.
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