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5 Claims. (CI. 257—262)

This invention relates to heat exchanging ap-
paratus, and more particularly to tubing having
fins projecting from the surface thereof for the
burpoge of increasing the surface area and there-

5 by facilitating the rapid transfer of heat between
mediums on the interior and exterior of the
. tube respectively.

The invention is concerned especially with the

provision of such finned tubing in which the fins
0 are arranged longitudinally of the tube. Finned
tubing has heretofore been made with the fins
arranged either in helical or circular form
around the tube and also with the fins running
lengthwise of the tube, in' which the fins have
been cast or formed integrally with the tube
walls. Such tubing is, however, undesirable for
one reason or another, such for example as high
cost of manufacture, excessive weight, ete.

Accordingly the most practical method of mak-
ing finned tubing is to make it in composite form,
that is, to secure strips or ribbon of solid con-
ducting material to the surface of g pre-formed
tube. In the manufacture of finned tubing hav-
ing helical or circular fins, this has heretofore
25 peen done successfully by winding the strip of fin

material edgewise on the surface of the tube and

then securing it in position by soldering so as to

make a joint of high heat conductivity between
. the fin material and the tube, This method of
making the tubing has proved successful where
the fin strip surrounds the tube, since the fin
strip is held in place largely by its own tensile
strength, and there is no stress placed unon the
soldered connection,

When, however, the fin strips are arranged
longitudinally on the tube, the soldered connec-
tion has to be relied upon as the sole means of
maintaining the fin in position and the strength
£0 of this connection is not sufficient to withstand
the stresses to which the fins are subjected, and
the use of wedges and wedge-shaped slots has
been resorted to. 'This sort of connection is also
undesirable because of high cost of manufacture
and the fact that it is impossible to use it in mak-
ing finned tubing of small diameter or having
thin walls, ’

It is the object of the present invention to
provide a composite finned tube on which the
-50 fins are arranged longitudinally in good heat

conducting relation with the walls of the tube

without the use of solder or brazing;
It is also the object of the invention to pro-
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duce a tube having longitudinal fins which are -
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mechanically united to the walls of the tube

without the use of solder or brazing, and in such
manner as to firmly fix them upon the tube.

A further object of the invention is %o con-
struct a finned tubing in which the fins are un-
usually wide in comparison to the diameter of 60
the tubing.

The invention also aims to provide & novel
apparatus for securing the fins to the tubing in
a practical manner so as to enable the tubing to
be produced rapidly and at reasonable cost of 65
manufacture.

The invention will be described in connection
with the accompanying drawings, in which

Fig. 1 is a side elevation of a machine for
making the longitudinal finned tubing. 70

Fig. 2 is a transverse section on a reduced scale
on line 2—2 of Fig. 1 showing the manner of
feeding into proximity to the tube fin strip for
the first four fins to be applied to the tube.

Fig. 3 is a transverse section on an enlarged 75
scale on line 3—3 of Fig. 1. This view is some-
what similar to Fig. 2, but shows the feeding of
all of the fin strips into proximity to the tube.

Fig. 4 is a longitudinal section through the
cutter mounting showing one mechanism for
cutting the longitudinal grooves in the tube.

Fig. 5 is an enlarged longitudinal section show-
ing the mechanism for inserting and securing
the fin strip in two diametrically opposite
grooves. 8

Fig. 6 is a transverse section taken on line
6—6 of Fig. 1 showing the guide rolls operating
upon the fins being applied to one quadrant.

Fig. 7 is a similar view on line 7—T7 showing
the pressure rolls of the same quadrant. 90

Fig. 8 is also a similar view on line 8—8 show-
ing the crimping rolls of the same quadrant.

Fig. 9 is an end view of a completed finned tube
produced by the apparatus shown in the figures
previously described.

Fig. 10 is an enlarged transverse section of a
fragment of the tube showing the anchoring
of a single fin in one of the grooves.

Fig. 11 is a transverse section taken on line 100
11—11 of Fig. 1 showing a detail of construction.

Figs. 12 and 13 are transverse sectional views
of modified forms of finned tubing. .

Fig. 14 is a transverse section showing a plu-
rality of the finned tubes of Fig, 12 arranged in a 105
heat exchanger. )

Fig. 15 is a view showing a modified form of
groove-forming device in which the grooves are
formed by rolls instead of by cutters, and

Fig. 16 is a vertical section of Fig. 15 show- 110
ing two of the rolls in side elevation and the
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internal ribs formed on the interior surface of
the tube.

Referring now to the accompanying drawings,
the improved longitudinal finned tube of my
present’ invention is illustrated in end view in
Fig. 9, and the portion of the tubing indicated
by reference numeral 20 in Fig. 1 illustrates the
product in side elevation. From Fig. 9 it will
be seen that the fins 21 project radially from the
exterior surface of the tube 22 in which they
are embedded for a short distance at their bases,
and in Fig. 10 it will be seen that the tube 22
is provided with longitudinal grooves 23 for the
reception of the fins.

The bottom edges of the fins are inserted in
these grooves and the metal of the tube is forced
against the sides of the fin as indicated by way
of example at 25. The fins are thus secured to
the tube by a joint in which the contiguous sur-
faces of the foot of the fins and the walls of the
grooves are held in close contact. This insures a
rapid conduction of heat from the walls of the
tubes to the fins, and at the same time the metal
of the tube is interlocked with the metal of the
fins and affords a rugged means of securing the
fins to the tube so that the fins will withstand
severe mechanical stresses without being loos-
ened or pulled away from the tube. The bases
or feet 24 of the fins may be slightly upset or
enlarged laterally against the side walls of the
grooves, and even though the size of these en-
largements is almost imperceptible as indicated
in Fig. 10, when the metal of the tube is forced
against the sides of the fin above these enlarged
bases 24, the dovetailed joint thus formed in-
creases the strength of the connection between
the fins and the tubing to a marked degree.

The apparatus for applying the fins to the
tube comprises generally a head 26 through
which the bare tube to which the fins are to be
applied passes, a guide 27 near the opposite end

* of the machine, a tube-pulling mechanism indi-
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cated generally by reference numeral 28 at the
extreme right end of the machine, and a plu-
rality of fin-supplying, feeding, and applying de-
vices disposed between the head 26 and the guide
27 and operating to apply the fin strip to the
tube as it is pulled forward, that is, toward the
right, by the tube-pulling mechanism 28.

The head 26 contains a sleeve 29 closely fitting
the outside diameter of the tube and serving to
smooth out any ridges that may be on the outside
of the tube, and to firmly support the tube and
maintain it in alisnment with the guide 27. At
the right hand side of head 26 there is mounted
a removable collar 30 which forms the mounting
for a plurality of cutters two of which are illus-
trated in the sectional view of Fig. 4. These cut-
ters 31 are adjustably mounted by means of set
serews 32 in converging channels in the collar 30
so that their cutting points may be properly ad-
justed to cut the grooves 23 to a uniform depth
as the tube 22 is advanced through the head 26
under the action of the tube-pulling mechanism
28. There are as many cutters 31 as there are
grooves to be cut and fins to be applied. In the
example illustrated in the drawings, the finned
tube is provided with twenty-four fins so that
there are twenty-four cutters. mounted in the

fY collar 30.

The fin strip in the form of metal ribbon is sup-
plied to the tubing from twenty-four magazine
reels 33 arranged in groups of four each, the four
reels of each group being arranged in pairs to feed
the ribbon with one edge approximately tangent

1,921,927

to the surface of the tube. The first group of
supply reels designated A is illustrated in Fig. 2.
The other five groups of four supply reels each
are arranged at positions B, C, D, E and F, shown
in Fig. 1. The ribbon 36 passes from the reels
toward the tube in a general radial direction as
shown in Fig. 1, and then over rotary guides 34
which are mounted on arms 35. These arms
are arranged to maintain the trailing surface of
each rotary guide approximately in alignment
with one of the grooves 23 in the tube, and the ro-
tary guides are arranged in groups of four each
to correspond with the grouping of the magazine
reels 33.

The four strips or ribbons 36 of fin material are
simultaneously inserted and secured in their re-
spective grooves by the mechanism illustrated in
Fig. 5 This mechanism consists of a guide roll
X, a pressure roll Y, and a crimping roll Z.
These three rolls are of similar construction al-
though they are of different dimensions depend-
ing upon the function each is to perform. They
are each provided with two disc-like sides sepa-
rated by a distance slightly greater than the
thickness of the fin strip and maintained in this
relation by means of a hub. The rolls are pref-
erably made of hardened steel both to withstand
wear and to provide sufficient stiffness. The re-
spective rolls X, Y and Z, are mounted to rotate
freely upon the supporting bearings 37, 38 and 39.

The ribbon 36 passes between the two sides 40
of the guide roll X and beneath its hub 41, this
roll serving to guide the strip accurately in lateral
alignment with the groove into which the strip
is about to be inserted by the pressure roll ¥, and
the sides of the roll also serving to assist pressure
roll Y in maintaining the fin strip in flat upright
condition. Pressure roll Y is so mounted that its
hub 42 bears firmly upon the outer edge of the
fin strip 36 and exerts a considerable pressure
thereagainst. This pressure is sufficient to force
the base or foot of the fin hard against the bottom
of the groove 23. To assist in this action, the
sides 43 of the pressure roll Y extend substantially
throughout the entire width of the fin strip and
almost touch the surface of the tube 22. They
therefore support the relatively thin fin strip and
prevent its buckling.

The pressure roll Y also serves to bend the fin
strip 36 edgewise a slight amount as shown in
Tig. 5. In this connection it is pointed out that
the particular set of fin-applying rolls X, Y and Z
illustrated in Fig. 5 operates upon fin ribbon 36
supplied at one of the positions other than posi-
tion A since at the left of Fig. 5 can be seen two
fins 21 which have been previously completely
affixed to the tube.
all of the positions except position A have to be
mounted slightly more than the width of the fins
from the surface of the tube, while rotary guides
34 for position A can be arranged close to the sur-
face of the tubes. In this way each of the twenty-
four ribbons 36 is fed with one edge in proximity
to the surface of the tube without interference be-
tween the respective ribbons coming from the
magazine reels. 'This is shown in the drawings
in Fig. 3.

The roll Z is a crimping or knurling roll and ac-

cordingly the edges of both sides of the roll are
preferably provided with teeth as shown in Fig.
8 so as to act upon the metal of the tube on both
sides of the fins. 'The depth of this roll between
the periphery and its hub is such that the periph-
ery may engage the surface of the tube without
having the hub touch the outer edge of the fin
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- strip. The pressure of the roll against the sur-

face of the tube forces the metal of the tube
against both sides of the fin and firmly secures
the fin material in position.

The crimping or knurling roll displaces the
metal of the tube laterally and causes the sides
of each groove to exert a tremendous biting power
upon the sides of the fin strip which effectively
retains the strip in the groove. The metal of the
sides of the fin itself may be slightly displaced
by the lateral pressure of the metal of the tube so
as to cause an interlocking of the metal of the
tube with the metal of the fin. This is particu-
larly true when the crimping or knurling rolls
are provided with teeth. The teeth are forced
into the metal of the tube and cause it to be dis-
placed to a greater extent at the points where the
teeth contact with the tube than at the points
beween the teeth. The metal opposite the teeth,
which is displaced fo the greater extent, is forced
laterally into the sides of the fin causing the
metal of the tube to project into or interlock with
the metal of the fin in rows of closely spaced
points upon each side of the fin,

After the fin ribbon or strip 36 passes the
crimping roll Z it is completely secured to the
tube 22, and has become the fins 21 indicated by
this numeral at the right hand end of Fig. 5.

The form of the joint between the fins and the
tubing may be varied by varying the pressure ex-
erted by the pressure roll Y, and alsq by varying
the width of the grooves 23 with respect to the
thickness of the fin strip. In the procedure as
above described, it will be understood that the
width of the grooves is substantially the same as
the thickness of the fin strip so that the fin strip
will fit snugly in the grooves. It will also be un-
derstood that the grooves can be narrowed slight-
ly so as to somewhat increase the pressure re-
quired to be exerted by pressure roll ¥ so that the
fins will make a force fit with the grooves.

As an indication of the great pressure which
can be exerted by the pressure roll Y, it may be
stated that this roll can be made to urge the base
24 of the fin against the bottom of the groove 23
with such pressure as to both deepen and widen
the bottom of the groove. Then, when the metal
of the tube is displaced by the crimping roll Z
against the sides of the fin above the base, a dove-
tailed joint connection is formed. Also, instead
of forming the grooves 23 of substantially the
same width as the thickness of .the fin strip, or
narrower, the grooves may be made somewhat
wider than the thickness of the fin strip, and
the pressure of the pressure roll Y made sufficient

to cause an upsetting or lateral expansion of the

base of the fin to an extent which will cause it to
fill the groove and engage the side walls of the
groove with considerable force. After this the
crimping roll Z displaces the metal of the tube
against the sides of the fin above the base 24 as
before and produces a dovetailed joint connec-
tion,

By employing a fin material which is sllghtly
harder than the metal of the tube 22, the separate

formation of the grooves 23 by means of a cutter’

as previously described, or by a roll, can be dis-
pensed with, and the fin strip can be pressed di-
rectly into the surface of the tube. The metal of
the tube is then displaced against the sides of
the fin as previously described, to complete the
attachment of the fin strip to the tube.

The tube-pulling mechanism 28 comprises a.

chain 44 which passes over a pair of sprockets,
one of which is illustrated at 45 and which is

3

driven by a suitable source of power at a speed
suitable to the proper operation of the grooving
and fin applying devices.. Directly above the up-
per pass of the chain is a pair of longitudinal
bars 46 which have finished upper and inner

80

surfaces so as to permit a block 47 to slide thereon

as illustrated in Fig. 11. Block 47 slides with a
dovetailed connection with bars 46 so that the
block is held rigidly against lateral movement or
oscillation as it moves longitudinally of the bars.

Block 47 is provided at its forward end with a
gripping device which may be engaged and dis-
engaged from the end of the tube 22 by rotation
of the knurled nut 48. The details of this grip-
ping device are not illustrated, but it is construct-
ed to firmly attach the tube to the block 47 so
that block 47 and the bars 46 may serve to pre-
vent the tube from rotating in either direction
during the application of the fins since such ro-
tation would tend to apply the fins to the tube in
a wavy formation, or pos51bly even in a helix
of steep pitch.

A rod 49 is pivoted at the front end of block
47 and provided with a device to be engaged
by the chain 44 so as to positively impart the
movement of the chain to the block and the
tube attached thereto. This device preferably
consists of a collar 50 loosely mounted on the
rod, and provided with a downwardly projecting
tongue 51 for insertion between the links of
the chain. Collar 50 is slidable on the rod
between fixed collars thereon so that the pro-
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jection 51 can be shifted slightly when necessary -

to make it enter between the links of the chain.

Referring now to Figs. 12 to 14 inclusive, in
Fig. 12 there is illustrated a circular tube 52 to
the surface of which fins 53 suitably varied in
width to make the periphery of the fins square in
outline, have been applied. Such an arrange-
ment of the fins is desirable because when the
fins are made of copper or other good heat con-
ducting material, the rate of heat conduction is
rapid so that the extra surface area of the wide
fins at the corners approximately makes up for
the additional length of these fins. A fin tubing
which is square in outline is very conveniently
nested into a tube bundle to form a heat ex-
changer as shown in Fig. 14, and produces a heat
exchanger providing a high ra.te of heat trans-
fer in a small compass.

In Fig. 13 a still further modlﬁed form of tube
has been illustrated. The tube 54 here shown
is rectangular in cross-section instead of round,
and the fins 55 are all of equal length as in the
case of the tube previously described and illus-
trated in PFig. 9.

A modified form of grooving devme isiiltustrated
in Figs. 15 and 16, together with the modified
form of finned tubing which may be produced
thereby. Instead of the cutters 31 illustrated in
Fig. 4, the longitudinal grooves in the tube are
formed by a plurality of grooving rolls 56 mount-
ed in spaced relation around the surface of the
tube on supporting arms 56°. These rolls may
all be mounted in a single plane transverse to
the axis of the tube as illustrated in Fig.
15, or they may be mounted in groups
corresponding to the fin ribbon feeding
positions A, B, C, D, E and ¥ of Fig. 1.
If so mounted, however, they should be arranged
so that approximately diagonally opposite por-
tions of the tube will be grooved simultaneously.
The cutters 31 may also be mounted in such

_groups if desired, instead of cutting all of the
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grooves for the entire circumference of the tube
at the same point.

The tubing 57 grooved by the devices shown in
Figs. 15 and 16 differs from the tube previously
described in that if the pressure exerted by the
grooving rolls is sufficiently high in proportion
to the thickness of the tube walls, longitudinal

‘ribs 58 will be formed on the interior surface of

the tube. These ribs have the advantages of in-
creasing the rigidity of the tube and also of in-
creasing to a certain extent the heat transfer
area of the interior surface of the tube.

It will be appreciated that the finned tubing
produced as described herein is of special utility
because of the fact that the fins are affixed to
the tubing in a manner to produce exceptionally

good heat conduction between the walls of the

tubing and the fins as well as a high degree of
mechanical strength. .
As explained above .it is common in the art
to provide finned tubing comprising a metal tube
having a helical groove of relatively short pitch
in the surface thereof and a metal ribbon mount-
ed in the groove. This ribbon is wrapped around
the tube in the helical groove, and is held in place
largely by its own tensile strength.- Tn some in-
stances, the metal of the tube adjacent the rib-
bon is displaced against the ribbon to prevent
accidental displacement of the same and to im-
prove the heat transfer from the tube to the rib-
bon. This form of joint between the tube and the
ribbon has been regarded as satisfactory where
the ribbon is wrapped around the tube in the
form of a helix of relatively short pitch, but so
far as we are aware it has never been considered
feasible heretofore to employ this form of joint
between the tubing and a metal ribbon extending
in a direction generally parallel to the axis of the
tube. Accordingly, our invention is based on the
discovery that this form of joint possesses suf-
ficient mechanical strength to serve as a satis-
factory means for securing to a. metal tube a plu-
rality of fins or strips of metal ribbon extending
along the tube in a direction generally paraliel
to the axis of the same as distinguished from
around the tube in the form of a short pitch
helix. In a finned tube embodying our invention
the surface of the tube between adjacent fins is
convex, whereas the tube surface between adja-
cent convolutions of a short pitch helical fin ex-
tends at right angles to these convolutions. The
fins extending along the tube must be held in
place mainly if not entirely by the metal of the
tube displaced against the fins, and since this
metal must be displaced from a convex surface
it would seem that this mode of anchoring the
fins would be impracticable. Nevertheless it has
been discovered that this form of joint provides
an adequate mechanical connection between the
substantially longitudinal fins and the tube.
Moreover in the winding of fins helically upon
the surface of tubing, there are certain limita-
tions as to the width of fin which it is practicable
to apply because of the fact that the fin ribbon
has to be wound edgewise to completely encircle
the tube.  When applying the fins longitudinally
however, this difficulty is avoided almost entire-
ly since the.fin only has to be bent edgewise a
sufficient amount to allow the ribbon to be fed
toward the tubing and clear the fins which have
already been applied. The small degree of this
edgewise bending can be seen in Fig. 5, and
even this can be avoided where space conditions

1,921,927

permit a length of machine which will allow a
greater distance between the rotary guides 34 and
the pressure roll Y so as to enable the fin strip
36 to be twisted slightly as it passes between these
two elements of the machine. This slight twist-
ing does away with the necessity of any edgewise
bending whatever.

By applying the fin material simultaneously at
boints of the tube which are approximately diag-
onally opposite each other, even tubing which has

80

85

comparatively thin walls may be finned without

distortion.

The apparatus for making the finned tubing is
not elaborate, is simple in operation, and of mod-
erate cost. - .

The process and apparatus herein disclosed are
claimed in our co-pending application, Serial No.
506,612 filed January 5, 1931, and it is to be
understood that the product claimed in this ap-
plication is independent of the particular process
and apparatus described above.

It is fo be understood that the above is merely
an exemplifying disclosure and that the scope
of the invention is defined by the appended
claims.

We claim:— :

1. A heat exchanger element comprising a tube
having a plurality of parallel longitudinal grooves
in the surface thereof, and metal ribbon disposed
edgewise in said grooves and forming heat ex-
changing -fins projecting from the surface of
the tube, the metal of the tube adjacent tke edge-
wise placed ribbon being displaced against the
surface of the ribbon. )

2. A heat exchanger element comprising & tube
having a plurality of parallel longitudinal grooves
in the surface thereof, and metal ribbon disposed
edgewise in said grooves and forming heat ex-
changing fins projecting from the surface of the
tube, the metal of the tube adjacent the edge-
wise' placed ribbon being displaced into inter-
locking relation with the metal of the ribbon.

3. A heat exchanger element comprising a tube
having a plurality of parallel longitudinal grooves
in the surface thereof, and metal ribbon disposed
edgewise in said grooves, the inner edges of said
ribbon being in contact with the bottom and side
walls of said grooves, and the metal of the tub-
ing above said” inner’ edges being displaced

,against the sides of the.ribbon. :

4. A heat exchanger element comprising a tube
having a plurality of parallel longitudinal grooves
in the surface thereof, and flat metal ribbon
disposed edgewise in'said grooves forming a plu-
rality of fins projecting radially from the sur-
face of the tube and extending continuously
throughout the length thereof, said fins having
inner edges in contact with the bottom and side
walls of said grooves, and the metal of the tube
above said edges being displaced against the sides
of the fins. S .

5. A heat exchanger element comprising a
metal tube having a plurality of grooves in the
external surface thereof disposed in spaced rela-
tion around the periphery of the tube and ex-
tending in a direction generally parallel to the
axis of the tube, and a plurality of strips of metal
ribbon each disposed edgewise in one of said
grooves, the metal of the tube adjacent the strips

of ribbon being displaced against the same to

anchor the strips in the grooves. -
RUSSELL C. JONES.
ROBERT COLSTON.
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