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Our invention relates to finned tubing and more specifi 
cally to constructions of and means for securing embedded 
footed fins to tubing for use in heat exchanger assemblies. 
Even more specifically, our invention relates to a footed 
fin construction which covers the entire outer eXposed Sur 
face of the tubing to form a physical metal-to-metal inter 
lock between the focted fin construction and tubing. 

In certain uses of finned tubing in heat eXchanger as 
semblies, it is necessary to form the tubing of steel in 
order to provide high strength for high pressure and high 
temperature work, while at the same time, if the outer Sur 
face of this steel tubing is exposed, it may be subject to 
corrosion and deterioraticn. For this reason, conven 
tional steel finned tubing is not satisfactory under these 
circumstances in view of the outer surface of the steel tub 
ing being exposed, and it is desirable to provide a sheath 
or cladding for the steel tubing of a relatively corrosion 
resistant material, such as aluminum, and to form the fins 
from this aluminim to thereby gain the high strength of 
the steel tubing and the corrosion-resistant characteristics 
of the aluminum sheath or cladding forming the fins. 

Certain prior constructions of finned tubing have been 
provided which satisfy this need, but unfortunately these 
constructions are limited only to certain very Specific ap 
plications. in cine such prier construction, the tubing is 
formed of steel and is telescoped by aluminum tubing, 
upon which aluminum tubing the fins are later formed. 

in this prior construction, the only bond between the 
steel tubing and its covering aluminum tubing is produced 
either by extruding one of the two tubing layers over or 
within the other preferably the aluminum tubing over the 
steel tubing, or by sonie neans producing a so-called “in 
terference fit' of the aluminunn tubing onto the steel tub 
ing so that the two lengths of tubing of different materials 
will tightly abut one another in proper heat transfer con 
tact. It is then possible to form radially outwardly ex 
tending fins on the outer aluminum tubing while still main 
taining the aluminuinn tubing as a sheath completely cov 
ering the steel tubing. 
Another form of prior construction is provided by posi 

tioning a series of axially adjacent generally L-shaped 
cross-section collars or by spirally or helically winding 
generally t-shaped cross-section fin material formed of a 
relatively corrosion-resistant matcrial on the outer surface 
of the steel tubing. - 

Thus, in all of these prior constructions, some form of 
footed fins is provided of aluminuin or other relatively 
corrosion-resistaint materials in which the foot or axially 
extending portions of the fins form a sheath which com 
pietely covers the inner tubing. Further, if this construc 
tion is properly formed, the inner tubing is protected fluid 
tight by this sheath. 
The principal difficulty with all of these prior construc 

tions is, however, that although under certain low tem 
perature conditions proper heat transfer contact between 
the steel tubing and the covering aluminum may be pro 
vided, in the case of high temperature use, the variation 
between tha coefficients of thermal expansion of steel and 
aluminum causes the aluminum to expand away from the 
steel, thereby destroying the heat transfer contact there 
between. Furthermore, this difficulty is encountered 
despite the close contact of these inembers initially at the 
lower temperatures. 
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It is, therefore, desirable to provide a construction of 

footed finned tubing in which some form of permanent 
bond between the steel tubing and its covering aluminum 
or other material is used which will not permit separation 
between the steel and aluminum despite the differences of 
coefficients of thermal expansion between these two 
metals, and despite the subjection of such a construction 
to extreme temperature gradients. Furthermore, in many 
cases, footed fins having such a permanent bond with an 
underlying tube, may be used to advantage even though 
these focted fins may not form a complete fluid-tight 
sheath or covering for the underlying tube. 

For this reason, it is a general object of the present 
invention to provide a footed finned tubing which Solves 
the foregoing difficulties of the prior constructions and 
provides the foregoing desirable features. 

It is a primary object of the present invention to pro 
vide a footed finned tubing in which a metal-to-metal in 
terlock and heat transfer bond is formed between the 
footed fins and the outer surface of the tubing upon which 
these fins are mounted and which they cover, thereby pre 
venting separation between the footed fins and the tubing 
despite subjection to extreme temperature gradients. 

it is a further object of the present invention to pro 
vide a focted finned tubing in which the foot or axially 
extending portions of the fins which cover the outer sur 
face of the tubing is partially embedded in this tubing 
outer surface. 

It is still a further object of the present invention to 
provide a footed finned tubing in which the footed fins 
may be applied to the tubing in any known manner and 
a part of the foot portions thereof is then embedded in 
the outer surface of the inner tubing to form a metal-to 
metal interlock batween the fins and inner tubing. 

It is another object of the present invention to provide 
a footed finned tubing construction in which a seal, inte 
gral or otherwise, may be provided between axially adja 
cent footed fins despite the method by which these fins 
are applied, to provide a fluid-tight sheath for the inner 
tubing when such is desired. 

it is still another object of the present invention to 
provide a footed finned tubing construction in which the 
footed fins may be helically or spirally wound on the 
outer Surface of the inner tubing and may then be em 
bedded in the tubing outer surface by rolling, thereby pro 
viding a continuous mass-production method. 

Finally, it is an object of the present invention to pro 
vide a footed finned tubing which satisfies all of the 
above objects in an efficient manner and at a minimum of 
expense. 
These and other objects are accomplished by the parts, 

constructions, combinations, and subcombinations, com 
prising the present invention, the nature of which is set 
forth in the following general statement, preferred em 
bodiments of which-illustrative of the best mode of 
which applicants have contemplated applying the prin 
ciples-are set forth in the following description and ii 
lustrated in the accompanying drawings, and which are 
particularly and distinctly pointed out and set forth in 
the appended claims forming a parthereof. 

In general terms, the construction of footed finned tub 
ing comprising the present invention may be stated as 
including an inner tubing, preferably formed of steel, and 
having groove means, preferably of dove-tail cross sec 
tion, formed on the outer surface thereof, with footed fins 
having foot portions telescoped over the inner tubing and 
a part of the foot portions embedded in the tubing grooves. 
The footed fins are preferably formed of a softer material 
than the steel and preferably of a material which is rela 
tively corrosion resistant, such as for instance aluminum. 

Still further, the footed fins may be helically wound 
on the tubing outer Surface in proper relationship to heli 
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cally formed dove-tail grooves in the inner tubing outer 
surface, with a part of the fin foot portions being embed 
ded in the inner tubing grooves to form a metal-to-metal 
interlock and heat transfer bond between the inner tubing 
and the footed fins. Finally, with spirally wound footed 
fins positioned on the inner tubing outer surface and 
embedded in said tubing outer surface, a compressive abut 
ment seal may be provided between the adjacent axially 
extending fin foot portions to thereby provide a fluid-fight 
seal of the footed fins over the inner tubing. 
By way of example, an embodiment of the embedded 

footed fin construction of the present invention is illus 
trated in the accompanying drawings forming a part here 
of, wherein like numerals indicate similar parts through 
out the several views, and in which: 

FIG. 1 is fragmentary vertical sectional view, part in 
elevation, of tubing illustrating the first step of the pre 
ferred method of the present invention; 

FIG. 2, a view similar to FIG. 1, illustrating the sec 
ond step of the preferred method of the present inven 
tion; 

FIG. 3, a fragmentary vertical sectional view, part in 
elevation, showing the tubing of FIG. 2 having helically 
wound footed fins applied thereto and illustrating the third 
step of the preferred method of the present invention; 

FIG. 4, a view similar to FIG. 3 illustrating the fourth 
step of the preferred method of the present invention; 

FIG. 5, a fragmentary vertical sectional view of tub 
ing and the groove cutting tool in the process of per 
forming the first step of the preferred method of the pres 
ent invention; 

FIG. 6, a fragmentary vertical sectional view, part in 
elevation, showing a forming roll working on tubing and 
performing the second operation of the preferred method 
of the present invention; 

FIG. 7, a fragmentary top plan view illustrating appa 
ratus performing the third operation of the preferred 
method of the present invention; 
FiG. 8, a fragmentary side elevation of the apparatus 

of FIG. 7; 
FIG. 9, a fragmentary sectional view, part in elevation, 

looking in the direction of the arrows 9-9 in FIG. 8; 
FIG. 10, a fragmentary sectional view, part in eleva 

tion, looking in the direction of the arrows it-it in 
FIG. 9; 
FIG. 11, a fragmentary sectional view, part in eleva 

tion, looking in the direction of the arrows ii-1 in 
FIG. 8; FIG. 12, a fragmentary end view, part in section, illus 
trating the apparatus performing the fourth operation of 
the preferred method of the present inventon; 

FIG. 13, a fragmentary sectional view, part in eleva 
tion, looking in the direction of the arrows i3-53 in 
FIG. 12; FIG. 14, a fragmentary sectional view, part in eleva 
tion, looking in the direction of the arrows 4-14 in 
FIG. 2; FIG. 15, an enlarged fragmentary view taken from 
FIG. 14; FIG. 16, an enlarged fragmentary sectional view, part 
in elevation, looking in the direction of the arrows 6 
16 in F.G. 12; and 

FIG. 17, an enlarged fragmentary sectional view, part 
in elevation, looking in the direction of the arrows 7 

in FG. 12. 
The finished finned heat exchanger tube product is best 

shown in fragmentary vertical section in FIG. 4 and in 
cludes an inner tube generally indicated at 20 preferably 
formed from steel and being provided with a covering 
sheath formed by the footed fins generally indicated at 21. 
The footed fins 21 are preferably formed from a relative 
ly corrosion-resistant metal, softer than the steel of the 
inner tube 29, such as aluminum, with these footed fins 
including generally hollow-cylindrical or tubular foot por 
tions 22 and generally radially extending fin portions 23. 
The sheath-like footed fins 21 are positioned tele 
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4. 
scoped over the inner tube 20, with the inner cylindrical 
Surfaces 24 of the fin foot portions 22 tightly abutting 
the cuter cylindrical surface 25 of the inner tube 20. 
Finally, the preferably dovetail grooves 26 are formed in 
the tube outer cylindrical surface 25 preferably in proper 
registry underlying the fin foot portions 22, with a part 
of these foot portions 22a being embedded in the grooves 
25 to form an actual physical metal-to-metal interlock and 
heat transfer bond between the inner tube 20 and footed 
fins 2:. 
As shown in FEG, 4 and as will be hereinafter more 

clearly shown and described with reference to the pre 
ferred method of the present invention, this preferred 
form of footed fin tube product has these generally -- 
shaped cross-section footed fins 2: helically wound on 
the inner tube 26, with the tube grooves 26 likewise pref 
erably being helical to provide proper predetermined reg 
istry between these grooves and fin foot portions 22. 
Furthermore, in this preferred product, a tight compres 
sive abutment, preferably formed by rolling, is provided 
between the free ends 27 of the fin foot portions 22 and 
the adjacent connected ends 28 of the next adjacent foot 
portions 22, which connected ends 28 are connected to the 
fin portions 23. In this manner a fluid-tight seal may 
be provided between the helical foot portion 22 to form 
the fluid-tight sheath-like covering for the inner tube 20. 

For maximum results with the product of the present 
invention, it is also preferred to provide certain propor 
tional dimension limitations on certain portions of the 
footed fins 21 for providing the optimum heat flow path 
between the fin portions 23 of the footed fins 21 and the 
inner tube 20. These proportional dimension limitations 
are also desirable from the strength standpoint. 
As shown in FiG. 4, it is preferred to form the groove 

26 having an axial width at the outer cylindrical Surface 
25 of the tube 29 at least as great or greater than the 
axiai width of the fin portions 23 at their points of junc 
ture with the foot portion connected ends 28, so that the 
axial widths of the portions 22a of the foot portions 22 at 
the point where these portions 22a connect to the re 
mainder of the foot portions 22 will be as great as the 
axial width of fin portions 23 at their points of juncture 
with the foot portion connected ends 23. Furthermore, 
the radial thicknesses of the parts of foot portions 22 ex 
tending between these portions 22a and the fin portions 23 
must likewise be as great as the axial widths of the fin 
portions 23 at their points of juncture with the foot por 
tion connected ends 28. 

Still further, the length of surface of the portions 22a 
of the foot portions 22 in contact with the surfaces of 
the grooves 26 should be at least as great as the axial 
width of the fin portions 23 at their points of juncture 
with the foot portion connected ends 23. In the present 
construction, this length of surface contact between the 
portions 22a of the foot portions 22 and the surfaces of 
the grooves 26 will be determined in most cases by the 
addition of the generally radial lengths of contact of the 
portions 22a with the side walls 32 of grooves 26. 

In other words, to provide the optimum heat flow path 
between the fin portions 23 and the inner tube 28, the 
axial lengths of the portions 22a at the mouths of the dove 
tail grooves 25 or the tube outer cylindrical surface 25, 
the combined lengths of the surfaces of portions 22a in 
contact with the surfaces of grooves 26, and the radial 
thicknesses of the parts of foot portions 22 extending 
between portions 22a and the fin portions 23, must each 
be at least as great as the axial widths of the fin portions 
23 at their points of juncture with the foot portion con 
nected ends 28. With this particularly dimensioned 
footed fin construction, there is no constriction in heat 
flow path between the fin portions 23 and the inner 
tube 20. 

Also, from the strength standpoint, it is again preferred 
that the axial widths of portions 22a of the foot portions 
22 at the tube outer cylindrical surface 25 or footed fin 
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inner cylindrical surface 24 be at least as great or greater 
than the axial widths of fin portions 23 at the points of 
juncture of these fin portio;23 with the foot portion con 
nected ends 28. Thus, if yielding occurs in the footed 
fins 21 as a result of the differences in the coefficients of 
thermal expansion tending to cause the footed fins to pull 
away from the inner tube 28, this yielding will occur at a 
location where it will not impair the heat transfer capabili 
ties of the construction. 
The preferred method of the present invention for form 

ing the preferred product described above includes four 
basic steps resulting in the three semi-finished parts of 
FIGS. 1, 2 and 3 and the final product of Fig. 4. As 
shown in F.G. 1, the first step includes the forming of 
preferably the helical grooves 29 in the outer cylindrical 
surface 25 of the inner tube 26, with grooves 29 being 
actually cut, that is, removing the metal to form the same, 
and with these grooves being generally U-shaped and 
having generally right-angle corners forming the radially 
extending side walls 39 and axially extending botton 
was 3. 

Next, the grooves 29 are formed into the dove-tail 
grooves 26 by compressively rolling the outer cylindrical 
surface 25 of the inner tube 29, thereby resulting in the 
part shown in FIG. 2. In this case, the grooves 26 are 
formed of generally dove-tail cross section having the in 
wardly angiing side walls 32 anging toward each other 
from the bottom walls 32 to the inner tube outer cy 
lindrical surface 25. 

Next, the footed fins 21 are preferably helically wound 
on the outer cylindrical surface 25 of the inner tube 29, 
with the fin foot portion 22 overlying the grooves 29 of the 
inner tube 29 and with the fin portions 23 extending gen 
erally radially from the outer cylindrical surface 25 of 
the inner tube 23, as shown in FIG. 3. Furthermore, at 
this point, the ends 27 of the fin foot portions 22 pref 
erably abut the axially adjacent foot portion connected 
ends 23, as shown, and the fin foot portions 22 are merely 
overlying and bridge the greoves 26 of tube 23. 

iFinally, in the fourth operation, which preferably in 
cludes a series of rolling operations, parts of the fin foot 
portions 22 are rolled down into the grooves 26 forming 
the portions 22a, and rolling also causes the previously 
described tight compressive abutment between the free 
ends 27 of the fin foot portions 22 and the connected ends 
28 of the adjacent fish foot portions, thereby resulting in 
in the finished product of FIG. 4. In the latter phase of 
this fourth operation, any angular misalignment between 
the fin foot portions 22 and fin portions 23 is removed 
by this rolling so that the proper spacing is maintained 
between adjacent in portions 23. 
As shown in FIGS. 5 through 17, the various opera 

tions of the preferred method of the present invention are 
forined in sequence preferably by mounting the various 
tools for performing these steps on a single machine, with 
the various tools being nou inted in stationary positions 
relative to each other while the tube 23 is rotated and 
at the same time is being fed axially through the machine 
by usual apparatus, not showin, thereby providing a helical 
notica to the tubing relative to these tools. It sheld be 
understood, however, that these various cperations ceuld 
be performed by other forms of tools and apparatus with 
out departing from the scope of the present invention, 
for instance, by merely rotating the tube and moving the 
tools axially. 
As shown in FIG. 5, the first operation is performed 

with a stationary three-stage cutting tool 33, with the 
tube 39 moving axially and at the same time rotating. 
The first cutter 34 of the cutting tool 33 extends radialiy 
approximately a third of the full depth of the final grooves 
29 and Cutter 34 begins the forming of these grooves. 
The second cutter 35 extends radially approximately 

two-thirds of the depth of the final grooves 29 and is the 
second cutter to engage tube 20, while the third cutter 
35 extends radially the full depth of the grooves 29 an 

0 

20 

25 

30 

40 

45 

50 

5 5 

O 

65 

5 

6 
is the final cutter to engage the tube 26 to finally form 
the finished groove 29 of the first operation. Thus, the 
grooves 29 are helically formed in approximately three 
equal depth stages by the cutters 34, 35 and 36 resulting 
in the first operation finished grooves 29. 

In the second operation, as shown in FIG. 6, the 
grooves 29 are changed to the form of the grooves 26 by 
means of the roll 37 positioned axially straddling or bridg 
ing the grooves 29 and applying radial pressure to deforn 
the grooves 259 into the generally dove-tail cross-section 
grooves 26. Again, in this second operation, the roll 37 
is rotatably mounted but is in a fixed position relative to 
the remainder of the tools, with the tube 20 moving heli 
cally by the roll 37 and with the roll being aligned to 
follow the helical groove 29 and form the helical groove 
26. 
The third operation is performed by the apparatus 

shown in FGS. 7 through 11 and includes a stationary 
die 38, a rotatably mounted guide roll 39, a fin strip feed 
guide 40 and a fin strip feed roll 4. As shown, the 
stationary die 38 is positioned on a suitable mounting 43 
and telescopically receives the tube 29 having the grooves 
26 formed in the outer cylindrical surface 25 thereof, 
with tube 29 moving axially through the central opening 
43 in die 38 while at the same time rotating. 

utwardly of the epening 43, die 38 is provided with 
the generally conical guide surface 44 which extends radi 
ally from opening 43 a radial distance greater than the 
radial height of the fin portions 23 of the footed fins 2. 
Finally, the opening 43 in die 38 is only slightly larger 
in diameter than the outer cylindrical surface 25 of tube 
29, so that the conical guide surface 44 terminates radi 
ally inwardly adjacent the axially and spirally moving tube 
surface 25. 
The guide roll 39 is rotatably mounted on a suitable 

mounting 45 and is likewise provided with an outer coni 
cal guide surface 46 which, when the guide roll 39 is 
positioned adjacent the guide surface 44 of die 38, as 
shown, is generally a matching guide surface maintained 
generally uniformly spaced from the die guide surface 44. 
Further, when the guide roll 39 is positioned, as shown, 
the inner end 47 thereof is spaced slightly outwardly from 
the die opening 43 and thereby radially outwardly from 
the tube outer surface 25. 
The material forming the footed fins 21 is initially pref 

erably in the form of strip fin material and is drawn from 
a source of supply, not shown, over the fin strip feed roll 
4 to the fin strip feed guide 40. Guide 4 is positioned 
on a suitable mounting 48 and preferably extends verti 
cally upwardly underlying the tube 20 and guide roll 
39, as shown in FGS. 8 and 11. 

Further, guide 40 is preferably provided with an axial 
ly extending opening 49 at the lower portion thereof 
and a generally vertically extending opening 50 extend 
ing from opening 49 vertically upwardly and opening 
beneath tube 29 and guide roll 39 axially adjacent the 
guide surface 44 of the stationary die 38. Thus, the 
fin strip materiai is fed into the fin strip feed guide 45 
through the opening 49 and then vertically upwardly 
through the opening 58. Also, this feed guide 40 is posi 
tioned so that the fin strip approaches the outer surface 
25 of tube 269 at a position radially inwardly from tangent 
to surface 25, and between the conical guide surface 44 
gf die 33 and the conical guide surface 46 of the guide 
rol 39. 
As shown in F.G. 11, due to this off-tangent approach 

of the fin strip material to the tube 28, a portion thereof 
is folded over axially to form the fin foot portions 22, 
with the remainder thereof passing between the die and 
guide roll conical guide surfaces 44 and 46 to form the 
fin portions 23. Further, in view of the inner end 47 
of guide roll 39 being spaced radially from the tube outer 
Surface 25, this folding of the fin strip material to form 
the footed fins 24 causes the fin foot portions 22 to pass 
beneath or radially inwardly from the guide roll inner 
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end. 47, while this guide roli inner end aids in forming 
the footed fins to their generally --shaped cross section, 
thereby resulting in the previously described third opera 
tion part, shown in FIG. 3. 
One important feature of the preferred method made 

possible due to the preferred product shown in the draw 
ings and hereinafter described, is a savings in fin strip 
material so that the amount of fin strip material neces 
sary for forming this preferred product of the present 
invention is approximately the same as the amount of 
fin strip material that would be required for forming 
conventional finned tubing having merely radially ex 
tending fins mounted thereon without the sheath or clad 
ding for the tubing. 

in such conventional finned tubing in which the inner 
radial edge of the fin is seated in a groove formed in the 
tubing outer circumferential Surface, it is necessary to 
maintain sufficient thickness of the fin at the extreme out 
er radial end so that pressure can be applied to this ex 
treme outer radial end to seat the fin material in the 
groove of the tubing. For this reason, fin strip material 
for conventional, merely radially extending fins is ap 
plied to the outer circumferential surface of the tubing 
with this strip material being bent around a radius at 
the fin outer extremity, in order to maintain a fin thick 
ness sufficient throughout the entire radial extent of the 
fin to withstand the necessary radial pressures for seating 
the fin strip material in the grooves of the tubing. The 
length of fin strip material required for this conventional 
form of construction is, therefore, determined by the 
length at the extreme outer radius of the fins, with this 
material during application being compressed through 
out its entire radial length, from this extreme outer 
radius inwardly to its minimum radius. 

In the preferred product of the present invention, how 
ever, since it is unnecessary to apply radial pressure to 
the fin portions 23, but rather all such radial pressure is 
applied against the foot portions 22 for forming these 
foot portions into the grooves 26 of tube 26, the fin strip 
material is applied by bending it around a radius approxi 
mately one-third the radial distance along the fin portions 
23 from the foct portions 22. Thus, in this case the 
outer two-thirds of the fin portions 23 are stretched dur 
ing application of the fin strip material, whereas the in 
ner one-third portions of the fin portions 23 and also 
the foot portions 22 are compressed. For this reason, 
less fin strip material is required for the fin portions 23 
and this savings in fin strip material is used for forming 
the foot portions 22, so that the amount of fin strip mate 
rial required for the preferred product of the present 
invention may be approximately the same as the amount 
of fin strip material required for conventional, merely 
radially extending fins. 
The apparatus for performing the fourth operation is 

illustrated in FIGS 12 through 17 and includes a sta 
tionary frame member 5i, upon which are pivotally 
mounted the upper and lower arcuate arms 52 and 53. 
Frame member 5 is preferably mounted Spaced from one 
side of the tube 29, with the arms S2 and 53 passing over 
and under tube 2 to substantially surround this tube. 
The opposite ends of the arms 52 and 53 from the 

frame member 5 are provided with the pressure men 
bers 54 and 55, respectively, with members 54 and 55 
being attached to a fluid-pressure cylinder 56. Finally, 
four roll assemblies 57, 58, 59 and 60 are rotatably 
mounted equally spaced around the tube outer surface 
25, with roll assemblies 57 and 68 being mounted on the 
upper arm 52 and the roll assemblies 58 and 59 being 
mounted on the lower arm: 53. 

Further, as shown in FIG. 14, which is a section 
through the roll assembly 57, these roll assemblies are 
positioned so that the main forming roll 61 pressure en 
gages the fin foot portions 22 virtually the entire axial 
length of these foot portions between the finportion 23 
integrally connected to this particular foot portion and 
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the next adjacent fin portion 23. The auxiliary straight 
ening rolls 62 and 63 are spaced axially at either side of 
the main forming rolls a distance substantially equal to 
the axial thickness of the fin portions 23, but these rolls 
62 and 63 do not extend entirely radially inwardly to 
the fin foot portions 22 and rather are Spaced slightly 
radially therefrom. 

Thus, the roll assemblies 57 through 69, through the 
main forming rolls 61 perform the rolling operations on 
the fin foot portions 22 while the auxiliary straightening 
rolls 62 and 63 maintain the various fin portions 23 in 
proper axially spaced relationship. Also, the various roll 
assemblies 57 through 6) are positioned in their respec 
tive arms 52 and 53 so that the roll assembly 57 first el 
gages the tube and footed fin assembly from the third 
operation, as shown in FIG. 3, and the remaining roll 
assemblies 58, 59 and 68 engage this tube and footed fin 
assembly in sequence thereafter. 

Thus, in this fourth operation, the roll assembly 57 
first engages the tube and footed fin assembly, as shown 
in FIG. 15, with the main forming roll 63 thereof be 
ginning to roll the fin foot portions 22 into the tube 
grooves 26 and also beginning to roll the free ends 27 of 
the fin foot portions 22 against the connected ends 28 of 
the adjacent fin foot portions. Next, as shown in FIG. 
16, the roll assembly 58 engages this tub and footed fin 
assembly, with the main forming roll 61 further forming 
the fin foot portions 22 into the tube grooves 26 and at 
the same time further forming the free ends 27 of the fin 
foot portions 22 against the connected ends 28 of the 
adjacent fin foot portions. 

Still further, as shown in FIG. 17, the roll assembly 
59 next engages this tube and footed fin assembly, finally 
forming the fin foot portions 22 into the tube grooves 26 
and also finally compressively abutting the free ends 27 
of the fin foot portions 22 with the connected ends 28 
of the adjacent fin foot portions. The roll assembly 69 
merely serves for further forming, if necessary, to insure 
completion thereof and also as a final straightening oper 
ation for the fin portions 23 of the footed fins 2. 
Although in this fourth operation the actual forming 

of the fin foot portions 22 has been shown as being 
performed by the first three roll assemblies 57, 58 and 
59, it should be understood that whether this form 
ing takes place fully with the first roll assembly or with 
the addition of succeeding roll assemblies is entirely de 
pendent on the particular material, both as to hardness 
and composition from which the footed fins 2 are 
formed, and these various roll assemblies may be con 
structed as required, fully within the scope of the present 
invention. Furthermore, it is preferable to provide the 
four roll assemblies equally spaced around the outer 
cylindrical surface 25 of the tube 28 in order to exert 
substantially equal pressures from alli directions on tube 
20, to thereby prevent the collapse thereof under the 
necessary Iolling pressures required for performing this 
fourth operation. 
An important feature of this fourth operation is that 

the fin foot portions 22 are formed into the tube grooves 
26 solely by the radial pressure exerted from the main 
forning rolls 65 of one or more of the roll assemblies 57 
through 66, to thereby provide a metal-to-metal interlock 
and heat transfer bond between the tube 26 and the footed 
fins 2. A further important feature of this fourth opera 
tion is the compressive abutment also produced by the 
main forming rollis 61 between the free ends 27 of the fin 
foot portions 22 and the connected ends 28 of the ad 
jacent fin foot portions 22. 

Thus, according to the principles of the present inven 
tion a footed finned tubing construction is provided, 
whether by helically winding footed fins on tubing or 
otherwise applying a sheath over the tubing having fins 
formed thereon to form footed fins, in which the footed 
fins are embedded in the tubing outer surface to provide 
a metal-to-metal interlock and heat transfer bond between 
the tubing and the covering footed fins which will main 
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tain the tubing and its covering sheath and fins in proper 
heat transfer contact, despite the assembly being Sub 
jected to high-temperature ievels or gradients. Further 
more, in the case where the continuous strip-like footed 
fins are helically wound on the tubing and embedded in 
grooves formed in the tubing outer surface, a tight com 
pressive abutment forming a seal or bond may be pro 
vided between the free ends of foot portions of the -- 
shaped fins and the connected ends of adjacent foot por 
tions of adjacent L-shaped fins, which seal or bond is 
fiuid-tight so that the footed fins may provide a corn 
plete corrosion-resistant sheath for the tubing. 
As hereinbefore pointed cut, it is preferred to provide 

the metal-to-metal interlock and heat transfer bond be 
tween the tube 20 and the sheathing or finned foot por 
tions 22 by means of the dove-tail cross section grooves 
26 in tubing 25 receiving the dove-tail cross section em 
bedded portions 22a of the fin foot portions 22, for in 
stance, as clearly shown in FIG. 4. The purpose of this 
form of metal-to-metal interlock, again as clearly shown 
in FIG.4, is to provide within the grooves 26 of the tubes 
a portion of the tube metal radially outwardly overlying 
portions of the metal of the fin foot portions 22, that is, 
outwardly overlying portions of the metal of the em 
bedded portions 22a, in order to prevent the fin foot por 
tions 22 from pulling radially away from the tube 29 
and destroying heat transfer contact therebetween when 
the assembly is subjected to high temperature gradients 
or variations. Thus, the prime requirement of the metal 
to-metal interlock is that portions of the tube metal will 
outwardly overlie portions of the underlying fin metal 
within the grooves 25 to prevent the fins from pulling 
radially away from the tube during repeated expansion 
and contracticn of the various parts, and this is best ac 
complished by the dove-tail cross section grooves 26 re 
ceiving dove-tail cross section embedded portions 22a 
of the fin foot portions 22, thereby providing tube metal 
outwardly overlying fin metal at both sides of the 
grooves 26. 

Finally, it should be understood that although the pre 
ferred form of product of the present invention is shown 
as having footed fins 2i formed with foot portions 22 
cornpletely covering the outer circumferential surface 25 
of tube 25, advantages from the present invention can 
be gained by the use of footed fins 2: having foot por 
tions 22 which only partially cover the outer circumfer 
ential surface 25 of tube 28, where corrosition resistance 
is not a problem. Footed fins having foot portions of re 
duced axial iength but still having the metal-to-metal 
interiock and heat transfer bond with the tube are there 
fore fully contemplated within the scope of the present 
invention as well as any sight modifications in the meth 
ods of the present invention necessary for producing such 
a product. Also, continuous generally strip-like fins 
whether helically wound or otherwise positioned on the 
inner tubing are likewise contemplated within the scope 
of the products and methads of the present invention. 

in the foregoing description, certain terms have been 
used for brevity, ciearness and understanding, but no un 
necessary limitations are to be implied therefrom, be 
cause such words are used for descriptive purposes here 
in, and are intended to be broadly construed. 

Moreover, the embodiments of the improved coin 
structions and methods illustrated and described herein 
are by way of example, and the scope of the present in 
vention is not limited to the exact details of the construc 
tion shown. 

Having now described the invention, the constructions, 
nethods, operation and use of preferred embodiments 

thereof, and the advantageous new aid useful results ob 
tained thereby; the new and useful constructions and 
methcd and reasonable mechanical equivalents thereof 
obvious to those skilled in the art are set forth in the ap 
pended claims. 
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We claim: 
1. Finned tubing construction including a metal tube 

having an outer surface, generally ill-shaped cross-sec 
tion strip-like metal fin means having substantially coll 
tinuous fin portions and connected foot portions, the fin 
means foot portions having connected ends at the fin 
portions and free ends spaced from the fin portions, the 
fin means being positioned lengthwise of the fin portions 
on the tube outer surface with the foot portions extend 
ing over at least a part of said tube outer Surface and 
the fin portions extending from said tube outer Surface, 
he tube having groove means extending inwardly from 
said tube outer surface and opening outwardly at Said 
tube outer surface, said groove means being formed so 
that certain portions of the tube metal outwardly overlie 
parts of said groove means substantially throughout the 
extent of said groove means, the groove means being 
located underlying a part of said fin means foot portions 
intermediate said fin portions and said foot portion free 
ends and extending substantially throughout the length 
of said fin means fin portions, and parts of the fin means 
foot portions being embedded in the tube groove means 
at least partially inwardly underlying said tube metal 
certain portions so that said fin means foot portions are 
interlocked with the tube within said tube groove means 
substantially throughout the length of the fin portions 
forming a metal-to-metai interlock and heat transfer bond 
between the tube metal and fin means metal resisting 
separation despite subjection to severe temperature gradi 
etS. 

2. Finned tubing construction as defined in claim 1 
in which the groove means is formed of generally dove 
tail cross-section, and in which the parts of the fin means 
foot portions embedded in the tube groove means have 
generally dove-tail cross-sections. 

3. Finned tubing construction as defined in claim 1 
in which the fin means is a continuous ...-shaped cross 
section strip-like metal fin member continuously helically 
wound along the tube outer surface; and in which the 
groove means is a continuous groove extending con 
tinuously helically of the tube outer surface. 

4. Finned tubing construction as defined in claim 1 in 
which the fin means metal is softer than the tube metal. 

5. Finned tubing construction as defined in claim 1 
in which the fin means foot portions extend adjacent 
abutting one another and substantially cover the tube 
outer surface. 

6. Finned tubing construction as defined in claim 1 
in which the fin means foot portions extend adjacent 
abutting one another and substantially cover the tube 
outer surface; in which the free ends of the fin means 
foot portions are formed tightly compressively abutting 
adjacent connected ends of adjacent fin means foot por 
tions forming a substantially fluid-tight joint between ad 
jacent fin means; and in which the fin neans metal is cor 
rosion-resistant. 

7. Finned tubing construction as defined in claim 1 
in which the fin means is a continuous L-shaped cross 
Section strip-like metal fin member continuously helically 
wound along the tube outer surface; in which the groove 
means is a continuous groove extending continuously 
helically of the tube outer surface; in which the fin means 
foot portions extend adjacent abutting one another and 
Substantially cover the tube outer surface; in which the 
free ends of the fin means foot portions are formed tightly 
compressively abutting adjacent connected ends of ad 
jacent fin means foot portions forming a substantially 
fluid-tight joint between adjacent fin means; and in which 
the fin aeans metal is corrosion-resistant. 

8. Finned tubing coilstruction as defined in claim 1 in 
which the fin means fin portions have thicknesses ad 
jacent said fin means foot portions; in which the parts 
f the fin means foot portions embedded in the tube 

groove reans have cross-sectional widths at the tube 
outer surface; and in which said widths of said foot por 
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tion parts are at least as great as said thickness of said 
in portions. 

9. Finned tubing construction as defined in claim 
in which the fin means fin portions have the thicknesses 
adjacent said fin means foot portions; in which the parts 
of the fin means foot portions embedded in the tube 
groove means have cross-sectional widths at the tube 
outer surface; in which said widths of said foot, portion 
parts are at least as great as said thickness of said fin 
portions; in which the tube groove means have spaced 
side surfaces; in which the foot portion parts of the fin 
means foot portions have surfaces contacting the groove 
means side surfaces; in which the sum of the cross-sec 
tional lengths of the foot portion part surfaces contacting 
the grooves means side surfaces are at least as great as 
said thickness of the fin means fin portions; in which 
the fin means foot portions have cross-sectional thick 
ness; and in which the thickness of the fin means foot 
portions in the sections of said foot portions extending 
between the foot portion parts and the fin portions are at 
least as great as said thickness of the fin means fin por 
tions. 

10. Heat exchanger tubing construction including a 
metal tube having an outer surface, a netal sheath posi 
tioned substantially enclosing the tube od er surface, sub 
stantially continuous strip-like metal fin means positioned 
axially spaced on the metal sheath extending radially out 
Wardly from said sheath, the tube having groove means 
formed therein extending inwardly from said tube outer 
surface and opening outwardly at said tube outer surface, 
Said groove means being formed so that certain portions 
of the tube metal outwardly overlie parts of said groove 
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means substantially throughout the extent of said groove 
means, the groove means being located underlying parts 
of the sheath intermediate the spaced fin means and ex 
tending substantially throughout the length of said fin 
means, and parts of the sheath being embedded in the 
tube groove means at least partially inwardly underlying 
said tube metal certain portions so that said sheath is 
interlocked with the tube within said groove means sub 
stantially throughout the length of the fin means form 
ing a metal-to-metal interlock and heat transfer bond be 
tween the tube metal and sheath metal resisting separation 
despite subjection to severe temperature gradients. 

11. Heat exchanger tubing construction as defined in 
claim i0 in which the fin means is continuous and is 
wound continuously helically of the metal sheath; and in 
which the groove means is a continuous groove extend. 
ing continuously helically of the tube outer surface. 
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