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ABSTRACT OF THE DISCLOSURE 
A heat exchanger having integral spine-type fins hav 

ing base portions aligned to afford elongated ribs, and 
having outer end portions disposed transversely to said 
ribs. 

This application relates to heat exchanger elements and 
the method of making same. 

It is a primary object of the present invention to afford 
a novel heat exchanger element. 
Yet another object of the present invention is to en 

able novel heat exchanger elements in the form of con 
duits having heat transfer fins thereon to be afforded 
in a novel and expeditious manner. 
A further object is to enable novel heat exchanger ele 

ments in the form of conduits having outwardly projecting 
heat transfer spines thereon to be afforded in a novel and 
expeditious manner. 

Heat exchanger elements in the form of tubular con 
duits having heat transfer fins and spines projecting there 
from have been heretofore known in the art. However, 
heat exchanger elements of this general type which have 
been heretofore known in the art have commonly had 
several inherent disadvantages, such as, for example, be 
ing difficult to manufacture commercially; requiring such 
fins or spines to be soldered or otherwise adhered to the 
tubular portion; affording poor heat flow or heat transfer 
between the fins or spines and the side wall of the tubular 
conduit; or not affording a good air flow pattern there 
over, and the like. It is an important object of the present 
invention to overcome such disadvantages. 
Another object of the present invention is to afford 

a novel heat eXchanger element of the aforementioned 
type embodying spines projecting outwardly from the side 
wall of the conduit portion thereof, wherein the spines 
are connected to the side wall along a substantial base 
affording a highly effective path for the flow of heat be 
tween the spines and the side wall. 
Another object is to afford a novel heat exchanger 

element of the aforementioned type wherein the spines 
and side wall portion thereof may be constructed of a 
single, unitary tubular member in a novel expeditious 
manner. 
Yet another object of the present invention is to en 

able spines of novel heat exchanger elements of the afore 
mentioned type to be constituted and arranged relative 
to each other in a novel and expeditious manner. 
An object ancillary to the foregoing is to enable such 

spines to be constituted and arranged in such a manner 
as to be effective to afford novel heat transfer fin con 
struction on the side walls of such tubular members. 
A further object is to enable a novel heat exchanger 

element of the aforementioned type, embodying spines 
projecting from the side walls of a conduit, to be con 
structed in a novel manner wherein the spines thereof may 
be arranged to afford effective air flow longitudinally or 
transversely of the conduit. 

Another object of the present invention is to increase 
the turbulence of the air flowing acros heat exchanger 
elements. - 

Another object is to afford a novel heat eXchanger 
element of the aforementioned type which is practical and 
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efficient in operation, and which may be readily and eco 
nomically produced commercially. 

Other and further objects of the present invention will 
be apparent from the following description and claims 
and are illustrated in the accompanying drawings which, 
by way of illustration, show the preferred embodiments 
of the present invention and the principles thereof and 
what I now consider to be the best mode in which I have 
contemplated applying these principles. Other embodi 
ments of the invention embodying the same or equivalent 
principles may be used and structural changes may be 
made as desired by those skilled in the art without de 
parting from the present invention and the purview of 
the appended claims. 

In the drawings: 
FIG. 1 is a fragmentary, perspective view of a heat 

transfer element embodying the principles of the present 
invention; 

FIG. 2 is a fragmentary perspective view of a tubular 
member from which the heat transfer element shown in 
FIG. 1 may be manufactured in accordance with my 
novel method of manufacture, and illustrates an early step 
in the making of the heat transfer element shown in 
FIG. 1; 

FIG. 3 is a fragmentary, top plan view of the tubular 
member shown in FIG. 2, illustrating an intermediate 
step in the manufacture of the heat transfer element 
shown in FIG. 1; - 

FIG. 4 is an end view of the heat transfer element 
shown in FIG. 1; 

FIG. 5 is an enlarged, fragmentary end view of a por 
tion of the heat transfer element shown in FIG. 4; 

FIG. 6 is a detail sectional view taken substantially 
along the line 6-6 in FIG. 5; 

FIG. 7 is a detail sectional view taken substantially 
along the line 7-7 in FIG. 5; 

FIG. 8 is a detail sectional view taken substantially 
along the line 8-8 in FIG. 5; 

FIG. 9 is a fragmentary, perspective view, similar to 
FIG. 1 but showing a modified form of the present inven 
tion; 

FIG. 10 is a fragmentary, top plan view, similar to 
FIG. 3, but showing the form of the invention illustrated 
in FIG. 9; 

FIG. 11 is a fragmentary, front elevational view of a 
portion of the member shown in FIG. 9; 

FIG. 12 is a fragmentary perspective view of another 
modified form of the present invention; 

FIG. 13 is a fragmentary, top plan view, similar to 
FIG. 3, but showing the modified form of the invention 
shown in F.G. 12; and 

FIG. 14 is a fragmentary, front elevational view of a 
portion of the member shown in F.G. 12. 
A heat transfer element in the form of a tubular heat 

exchanger unit 1, embodying the principles of the present 
invention, as shown in FIGS. 1-8 of the drawings to ill 
lustrate the presently preferred embodiment of the present 
invention. 
The heat transfer element 1 embodies, in general, an 

elongated tubular body member 2, from the outer pe 
riphery of which project a plurality of identical pairs of 
fins 3 and 4, FIGS. 1 and 4. Each of the fins 3 and 4 em 
bodies a plurality of spines 5 and 6, respectively, spaced 
from each other longitudinally of the tubular body mem 
ber 2. The heat transfer element 1 shown in the draw 
ings embodies four of the aforementioned pairs of fins 
3 and 4 equally spaced from each other around the pe 
riphery of the tubular body member 2, FIG. 4. However, 
as will be appreciated by those skilled in the art, this is 
merely by way of illustration and not by way of limitation, 
and a greater or lesser number of such pairs of fins may 
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be afforded without departing from the purview of the 
present invention. 

Each of the spines 5 and 6 embodies a substantially 
flat base portion 7, which extends longitudinally of the 
tubular body member 2, FIGS. 5 and 8; a substantially 
flat free, outer end portion 8 disposed transversely to the 
base portion 7 thereof and to the length of the tubular 
body member 2; and a curved or twisted intermediate 
portion 9 interconnecting the base portion 7 and the outer 
end portion 8 of the respective spines 5 or 6. In the pre 
ferred form of heat transfer element shown in FIGS. 
1-8, the base portions 7 of all of the spines 5 and 6 in 
each respective pair of fins 3 and 4 are disposed in lon 
gitudinal alignment with each other, FIGS. 3 and 5, with 
the free end portions 8 and the intermediate portions 9 
of the spines 5 and 6, respectively, projecting outwardly 
at acute angles, and in opposite directions, from the lon 
gitudinally aligned base portions 7, FIG. 4. 

Preferably, in the manufacture of the novel heat trans 
fer element 1 shown in FIGS. 1-8, inclusive, an elon 
gated extrusion, such as the extrusion i9 shown in FIG. 
2, is first made. The extrusion 10 embodies the elongated 
tubular body member 2 of the heat transfer element 1 
and four equally spaced ribs 11 projecting outwardly 
therefrom, FIG. 2. The ribs 1 extend longitudinally of 
the body portion 2 throughout the full length thereof, and 
are of a width which is equal to the length of the spines 
5 and 6 of the heat transfer element 1. In the manufac 
ture of the heat transfer element 1 from the extrusion 10 
in the preferred manner of carrying out the novel method 
of manufacture, which constitutes a part of the present 
invention, each rib 11 is progressively sliced or cut from 
the outer edge thereof to the outer periphery of the tu 
bular member 2 to alternately form a spine 5 and a spine 
6 throughout the length thereof. Each of the spines 5 and 
6 embodies what will be referred to herein as its leading 
edge 12 and 13, FIGS. 4 and 5, which is the edge por 
tion thereof which is remote from the edge thereof along 
which it is severed from the remainder of the respective 
rib iii during the aforementioned manufacture of the heat 
transfer element 1. 

In the preferred practice of the novel method of manu 
facture constituting a part of the present invention, as 
each spine 5 is severed from a rib 1, in the aforemen 
tioned manner, the leading edge 12 thereof is simultane 
ously and progressively twisted from right to left, as 
viewed in FIG. 5, and the outer end portion 8 and the 
intermediate portion 9 is simultaneously and progres 
sively offset to the left, as viewed in FIG. 5, so that upon 
completion of the severing of the spine 5 from the rib 
11 the outer end portion 8 and the intermediate portion 
9 thereof is disposed in the previously described posi 
tion relative to the base portion 7 thereof, as illustrated 
in FIGS. 4 and 5, wherein the portions 8 and 9 of the 
rib 5 project outwardly to the left, as viewed in FIG. 5, 
at an acute angle to the base portion 7 thereof with the 
free edge portion 12 at the free end portion 8 facing out 
wardly to the left. 

In the preferred manner of practicing the aforemen 
tioned novel method of manufacture, the spines 6 are 
formed from the ribs 11 in the same manner as that pre 
viously described with respect to the spines 5, except that 
the spines 6 are twisted, and bodily offset relative to the 
base portion 7 thereof to the right, as viewed in FIG. 5, 
so that in the completed heat transfer element 1, the 
free end portion 8 and the intermediate portions 9 of the 
spines 6 project outwardly at an acute angle to the right, 
relative to the base portions 7 thereof, with the free edge 
portions 13 of the free end portions 8 thereof facing 
outwardly to the right, as in FIG. 5. 

In the preferred form of the heat transfer element 1 
as shown in FIGS. 1-8, the spines 5 are disposed in par 
allel rows around the periphery of the tubular body mem 
ber 2, with the spines 5 in each row equally spaced from 
each other, and with the spines 5 in each respective fin 

4. 
3 disposed in equally spaced alignment with each other 
longitudinally of the body member 2. Similarly, the spines 
6 are disposed in parallel rows around the tubular body 
portion 2, between respective pairs of the rows of spines 

5 5, with the spines 6 in each row equally spaced from each 
other, and with the spines 6 in each respective fin 3 dis 
posed in equally spaced alignment with each other lon 
gitudinally of the body member 2. 
With the heat transfer element constructed in the 

aforementioned preferred manner, paths for the passage 
of air longitudinally of the heat transfer element 1 are 
afforded between the adjacent fins 3 and 4, and paths for 
the passage of air transversely to the heat transfer ele 
ment 1 are afforded between the adjacent rows of spines 
5 and 6. The curved or twisted formation of the spines 
5 and 6 imparts a turbulence to the air passing there 
across, which is effective to promote the transfer of heat 
between the air and the heat transfer element 1. 

Also, it is to be noted that with the fins 3 and 4 made 
up of a plurality of individual spines 5 and 6, rather than 
solid ribs or fins of the type exemplified by the ribs 11 
alone, in FIG. 2, an increased heat-transfer surface is 
afforded on the heat transfer element 1. For example, in 
the heat transfer element 1 wherein the width of each 
of the spines 5 and 6 is .125 inch and the spines are .027 
inch thick, the exposed surface area is increased more 
than 20%. However, it has been observed that a greater 
efficiency in the heat transfer, than would be indicated 
by the mere increase in heat transfer surface, is afforded 
by so constructing the heat transfer element 1 that item 
bodies the spines 5 and 6 shown in FIGS. 1 and 4, rather 
than embodying fins of the type exemplified by the ribs 
11 in FIG. 2. 

Also, it will be seen that with the heat transfer ele 
ment 1 constructed in the manner illustrated in FIGS. 
1-8, the spines 5 and 6 are integrally connected to the 
outer peripheral surface of the tubular body member 2 
by substantial base portions, which are of the same width 
and thickness as the spines 5 and 6, so that good heat 
transfer paths between the tubular body member 2 and 
the spines 5 and 6 are afforded. 

Although the heat transfer element 1, shown in FIGS. 
1-8, is shown as being straight, it will be appreciated by 
those skilled in the art that this is merely by way of il 
lustration, and not by way of limitation, and that after 
the spines 5 and 6 have been formed on the body mem 
ber 2, the heat transfer element 1 may be bent into any 
practical, desired shape, such as, for example, a serpen 
tine path, a rectangular shape, or a circular shape, or the 
like. Also, it will be observed that, if desired, a plural 
ity of passes of heat transfer elements constructed in the 
manner of the heat transfer element 1 shown in FIGS. 
1-8 of the drawings may be nested together, laterally, 
with adjacent spines 5 and 6 of adjacent ones of the passes 

55 disposed in interfitting, spaced relation to each other. 
In FIGS. 9 to 11, inclusive, of the drawings, a modi 

fied form of the present invention is shown. In the modi 
fied form of the invention shown in FIGS. 9-11, parts 
which are the same as parts shown in FIGS. 1-8 are in 

60 dicated by the same reference numerals, and parts which 
are similar to, but which have been substituted for parts 
shown in FIGS. 1-8 are indicated by the same reference 
numerals with the suffix a added thereto. 
The heat transfer element 1a, FIGS. 9 and 11, em 

65 bodies an elongated tubular body member 2 having a plu 
rality of fins 3a equally spaced from each other around 
the periphery of the body member 2 and extending the 
length thereof. Each of the fins 3a is made up of a plu 
rality of Spines 5a equally spaced from each other longi 

70 tudinally of the tubular body member 2, FIG. 9. Like 
the Spines 5, FIGS. 1-8, the spines Sa embody base por 
tions projecting from the outer periphery of the body 
member 2 of the heat transfer element 1a, and extending 
longitudinally relative thereto; a substantially flat outer 

75 end portion 8 disposed transversely to base portions 7 
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and to the length of the tubular body member 2; and a 
curved or twisted intermediate portion 9 connecting the 
outer end portions and the base portions 7. However, un 
like the spines 5, the end portion 8 and the intermediate 
portion 9 of each of the spines Sa project substantially 
straight out from the base portion 7 thereof, rather than 
at an acute angle thereto, FIG. 11. 

In the heat transfer element 1a shown in the drawings, 
eight fins 3a are shown, rather than the four fins 3, shown 
in FIGS. 1-8. However, this is merely by way of illus 
tration, and not by way of limitation, and a greater or 
lesser number of fins 3a may be afforded without depart 
ing from the purview of the present invention. 
The extrusion 10a, from which the heat transfer ele 

ment 1a is constructed in accordance with the preferred 
practice of the present invention, embodies eight longi 
tudinally extending fins 11, FIG. 10, projecting radially 
outwardly from the tubular body member 2 in equally 
spaced relation therearound, and the spines 5a for each 
of the fins 3a are formed from a respective one of the 
fins 11, FIG. 10. In forming each of the spines 5a, it is 
cut from a respective one of the ribs 11, and the leading 
edge 12 thereof is progressively turned or twisted to the 
left, as viewed in FIG. 11, in the same manner as here 
tofore discussed with respect to the spines 5 shown in 
FIGS. 1-8. However, in forming the heat transfer ele 
ment 1a, the spines Sa are preferably not bodily displaced 
from their radially outwardly projected relation to the 
body member 2, in alignment with the base portion 7 
thereof. The spines 5a are preferably disposed in equally 
spaced, parallel rows around the tubular body member 2, 
FIG. 10. 
With this construction of the heat transfer element 1a 

passageways for the passage of air longitudinally thereof 
are afforded between adjacent pairs of fins 3a, and pas 
sageways for the passage of air transversely to the length 
of the body member 2a are afforded between the adjacent 
rows of spines 5a, FIGS. 9 and 11. In the modified form 
of the invention shown in FIGS. 9-11, the passageways, 
transverse to the length of the heat transfer element a, 
are not interrupted by splines in alternate fins, as they 
are in the heat transfer element 1 shown in FIG. 1, so 
that the paths for the air are somewhat more unobstructed. 
However, the twisted form of the spines. 5a are effective 
to impart a turbulence to the air passing between the 
adjacent spines. 5a to thereby insure effective heat trans 
fer between the air and the heat transfer element a. 
The heat transfer element ia, like the heat transfer 

element 1, may be bent into any practical, desired shape 
after the ribs 3a have been formed thereon. 

In FIGS. 12 to 14, inclusive, another modified form 
of the present invention is shown. In FIGS. 12-14, parts 
which are the same as parts shown in FIGS. 1-8 are indi 
cated by the same reference numerals, and parts which 
are similar to, but which have been substituted for parts 
shown in FIGS. 1-8 are indicated by the same reference 
numerals with the suffix b added thereto. 

Like the heat transfer element shown in FIGS. 1-8, 
the heat transfer element 1b embodies a plurality of pairs 
of fins 3b and 4b projecting outwardly from an elongated, 
tubular body member 2, in equally spaced relation to 
each other therearound, with each of the fins 3b and 4b. 
composed of a plurality of spines 5b and 6b, respectively, 
spaced from each other longitudinally of the body mem 
ber 2. 
The heat transfer element 1b shown in the drawings, 

embodies eight pairs of such fins, but this is merely by 
way of illustration, and not by way of limitation, and a 
greater or lesser number of such pairs of fins may be 
embodied therein without departing from the purview of 
the present invention. 

In the preferred method of forming the heat transfer 
element 1b, it is formed from an extrusion 10b, FIG. 
13, embodying the elongated tubular body member 2, 
from which radially project eight of the elongated ribs 
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6 
11. Each pair of fins 3b and 4b is formed from a respec 
tive one of the ribs 11. In forming each of the pairs of 
fins 3b and 4b, the spines 5b and 6b thereof are alter 
nately sliced or cut from the respective rib 11 as herein 
before described with respect to the spines 5 and 6 shown 
in FIGS. 1-8. However, the spines 5b and 6b are not 
twisted or turned, as they are in the form of the invention 
shown in FIGS. 1 to 11, inclusive, but are merely bodily 
offset to the left and right, respectively, as shown in 
F.G. 14. 
With this construction, the base portions 7 of the spines 

5b and 6b in each pair of fins 3b and 4b are disposed 
in longitudinal alignment with each other, longitudinally 
of the outer periphery of the body member 2 with the 
end portion 8b and the intermediate portion 9b of each 
of the spines 5b thereof disposed in uniplanar relation to 
each other, at an outwardly opening acute angle to the 
left relative to the base portion 7 thereof, and with the 
end portions 8b and the intermediate portions 9b of the 
spines 6b disposed in uniplanar relation to each other at 
an outwardly opening acute angle to the base portion 7 
thereof in a right-hand direction, as used in FIG. 14. 
With the heat exchanger element 1b constructed in the 

manner shown in FIGS. 12-14, substantially unrestricted 
passageways, longitudinally of the body member 2 are 
accorded between adjacent ones of the fins 3b and 4b, 
FIG. 14, and relatively tortious passageways, which wind 
around adjacent ones of the fins 5b and 6b, are afforded 
transverse to the length of the tubular body member 2, 
FIG. 13. 
The heat transfer element ib, like the heat transfer 

elements 1 and 1a, after it has been formed from the 
extrusion 10b, may be bent into any practical, desired 
shape. Also, if desired, like the heat transfer elements 1 
and 1a, the heat transfer element 1b may be divided into 
a plurality of passes which are disposed in transversely 
nested relation to each other. 
From the foregoing, it will be seen that the present 

invention affords a novel heat transfer element which 
affords good heat transfer between the main body por 
tion and the fins thereof. 

Also, it will be seen that the present invention affords 
a novel heat transfer element wherein outwardly project 
ing fins on the body portion thereof are constituted and 
arranged in a novel and expeditious manner. 

In addition, it will be seen that the present invention 
affords a novel heat transfer element which may be man 
ufactured in a novel and expeditious manner. 

Also, it will be seen that the present invention affords 
a novel method of manufacturing heat transfer elements 
having spines projecting from a tubular body portion. 

Further, it will be seen that the present invention 
affords a novel heat transfer element which is practical 
and efficient in construction and operation, and which 
may be readily and economically produced commercially. 

Thus, while I have illustrated and described the pre 
ferred embodiments of my invention, it is to be under 
stood that these are capable of variation and modifica 
tion, and I therefore do not wish to be limited to the 
precise details set forth, but desire to avail myself of such 
changes and alterations as fall within the purview of the 
following claims. 

I claim: 
1. A heat transfer element comprising 
(a) an elongated tubular member, and 
(b) a plurality of fins projecting outwardly from said 
tubular member and extending longitudinally there 
of, 

(c) each of said fins comprising 
(1) a base portion projecting radially outwardly 
from said tubular member, and 

(2) a plurality of pairs of elongated spines pro 
jecting longitudinally outwardly from said base 
portion, with the fins in each pair projecting 
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at an oppositely opening acute angle to the 
radius along which said base portion projects, 

(d) adjacent ones of said spines in each of said fins 
being disposed alternately at said oppositely opening 
angles, and 

(e) adjacent spines in adjacent ones of said fins pro 
jecting from the respective base portions thereof in 
the same general direction around said tubular mem 
ber. 

2. A heat transfer element as defined in claim 1, and 
in which each of said spines in each of said fins has a 
substantially flat free end face disposed transversely to 
the length of said tubular member. 

3. A heat transfer element as defined in claim , and 
in which each of said spines in each of said fins has a 
laterally twisted intermediate portion connecting said free 
end face of said spine to said base portion of said fin. 
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