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This is a division of application Serial No. 259,547, ?led 
February 19, 1963, now US. Patent 3,214,954. This 
invention relates to heat exchange devices and to methods 
for the manufacture of the same. In particular, this in 
vention relates to a novel heat exchange ?n structure or 
spacer strip for use in a device wherein heat exchange is 
effected between a liquid and a gas, as, for example, in 
automobile radiators and heaters. Although the use of 
the ?n structure here involved is not restricted to any 
particular ?eld, it is especially adapted for use as a part 
of the main cooling system of an engine and will be so 
referred to for the purpose of disclosing the novel features 
embodied therein. 

' Although details of construction may vary, an engine 
cooling radiator ordinarily includes an inlet tank and 
an outlet tank for suitable connection with the water 
jacket of the engine, and a core or heat dissipating unit 
interposed between the two tanks for the travel of water 
in thin streams from one tank to the other through a 
number of spaced passageways or water tubes of suitable 
heat exchange material. Between each pair of these 
water conduits ?ows an air stream to take up or absorb 
heat carried by the water. A heat exchange ?n structure 
and spacer element comprising a thin strip of a suitable 
metal or alloy, e.g. copper, brass, etc., is generally folded 
back and forth and interposed between the water tubes 
for cooperation therewith to divide the intervening space 
into a number of small air cells. 

In this type of spacer strip the portion extending be 
tween folds or major corrugations will herein be referred 
to as the heat exchange ?n, the ?n proper or merely 
the ?n. 

It was early recognized that more ei?cient use could 
be made of the air flow between the water tubes if a 
greater proportion of the air stream is brought into direct 
contact with the metal of the spacer ‘strip and/or the 
walls of the water tubes. This led to the incorporation 
of transverse serpentine corrugations to provide an un 
dulating ?ow in the air passage through the individual 
cells. In other designs, openings have been provided in 
the fin proper to allow air to flow from one cell into an 
other in its passage through the core. In modi?cations 
of this design louvers have been employed adjacent to 
such openings to divert air through such openings. 
The louvered ?ns heretofore employed exhibit certain 

undesirable characteristics. Some of these are inade 
quacies of the basic design while others result from the 
methods and tools employed to form the intended design. 

Design weaknesses include improper positioning, align 
ment and shaping of the louvers employed. This can 
reduce the efficiency of the entire cooling system by mis 
directing or failing to direct the air ?ow. Maximizing 
the cooling ef?ciency of the core results from maximizing 
the wiping contact of the air on metal without undue 
impedance or resistance to flow. Too often in the past 
the value of laminar flow either has been overlooked or 
rejected in a misguided search for designs adapted to 
maximize turbulence. Furthermore, methods heretofore 
employed to form the design on the ?n strip have resulted 
in uneven ?n surfaces which impair the ef?ciency of the 
soldering process whereby the ?n'is made fast to the ad 
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jacent water tubes. This results in both inadequate con 
nections and the plugging of the air passages. 

It is one object of this invention to provide an improved 
?n structure for use in a heat exchange device as herein 
before described which will increase the heat absorption 
of an air stream passing through such device while re 
ducing obstructions to such ?ow which do not contribute 
to heat exchange ei?ciency. . 

It is another object of this invention to provide an im 
proved ?n structure that will reduce losses in heat ex 
change e?‘iciency that result from prolonged contact 
between air and the metal of such devices after a practical 
level of heat absorption has been reached. 
Many other objects and advantages of this invention 

will be obvious to those skilled in the art from the dis 
closure herein given: > 

In the drawings, wherein like reference characters indi 
cate like or corresponding parts: 
FIGURE 1 is a partially completed front view of an 

automobile radiator illustrating one use of the spacer 
strips or ?n structures of this invention; 
FIGURE 2 is a perspective view of a ?n strip of this 

invention with portions thereof shown in the folded and 
unfolded state to illustrate the relationship of adjacent 
?ns in the spacer strips of this invention; and 
FIGURE 3 is a schematic view of two ?ns’ positioned 

on either side of an air cell and illustrating both the novel 
alignment and positioning of the ?n louvers and represen 
tative paths of air particles passing therethrough. 

Referring to FIGURES 1 to 3, the radiator assembly, 
as will be readily understood, includes a heat dissipating 
unit or core 11, having at opposite ends a top tank or 
inlet header 12, and a bottom tank or outlet header 13, 
adapted for connection, respectively, with the discharge 
and intake conduits of a cylinder block cooling jacket. 
For the ?ow of cooling medium from one tank to the 
other the core'is made up of a number of ?uid passage 
ways or water tubes 14, spaced apart‘by ?n strips 15. The 
?n strip shown in the drawing is of folded or corrugated 
outline providing a series of ?ns 16 between folds or 
connecting members 17. The strips 15 therefore extend 
between adjacent walls to the adjoining tubes to divide 
the space into a number of relatively small air cells or 
conduits l3. Ordinarily, the opposite edges or front and 
rear faces of the core assembly are dipped ?rst in a ?ux 
and then in molten solder to seal the margins of the 
walls of the water tubes where necessary and to join the 
?n strips to the walls. It the passageways and tin strips 
are evenly formed so as to make possible continuous 
contact from edge to edge, there will be an inward 
capillary flow of solder toward the center of the core, 
and a positive bond will result throughout substantially 
the entire depth of the core to insure the free ?ow of heat 
into the ?ns. 

Attention is now directed to the novel design of the 
?n proper and speci?cally to FIGURES 2 and 3 of the 
drawings. Pin 16 is planar, i.e. a single plane and be 
passed. simultaneously through the entire length of both 
the longitudinal and transverse axes. For purposes of 
convenience such plane is hereinafter referred to as the 
central plane or base plane. 

Provided in the planar ?n 16 are groups of parallel 
transverse slots 19, 24 and 26 through which air can 
pass from cell to cell. The slots 19 and the adjacent 
louvers are formed by slitting the planar ?n and turning 
the interpositioned strips out of the central plane. Thus, 
in the embodiment shown the ?n may be viewed as pro 
viding a pair of spaced apart louvered windows each of 
which provide ‘a plurality of transverse openings ‘between 
louvers which are aligned in parallel relationship with 
respect to the other louvers of the same window but in 
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clined from the central plane of the ?n at an equal and 
opposite angle from those of the next adjacent window. 
Although the ?n of this embodiment provides only two 
of such windows it is to be understood that one or more 
additional windows may be provided in other embodi 
ments with the same order of louver reversal with respect 
to adjacent Windows. 
The portion of the end supports adjacent the terminal 

slots 24 form outer diversion louvers 25 which are pivoted 
from their base so as to project outward from one side 
of the central or ?n plane. The edges of central support 
21 adjacent the central terminal slots 26 form inner or 
central diversion louvers 27. The term “terminal” here 
in is used with respect to a given window, i.e. grouping 
of louvers and hence may or may not mean terminal with 
respect to the entire ?n. Louvers 27 are also pivoted 
from their base so as to project from the central plane 
on the side opposite louvers 25. It will be noted that each 
of the outer diversion louvers 25 is aligned in parallel 
relationship with the nearest inner or central diversion 
louver 27 and vthat louvers 25 and 27 extend from opposite 
sides of the central or ?n plane. While the projecting 
edge of each of the outer diversion louvers 25 is inclined 
toward the nearest central support and in a two window 
?n toward the center thereof, the projecting edge of each 
of the inner or central diversion louvers 27 is inclined 
toward the nearest outer diversion louver or away from 
the center of the ?n. The remainder of the ?n provides 
a central support 21, positioned between such windows, 
side supports 22 and end supports 23. 
The strips between slots 19 and terminal slots 24 and 

26 form intermediate louvers 28 each of which is turned 
out of the central plane by pivoting about its longitudinal 
axis so that louvers 28 extend out of the central plane in 
two opposing directions. However, it will be noted that 
louvers 28 extend from the central plane for a lesser 
distance on each side of the central plane than do’ the 
diversion louvers extending from the corresponding side. 
In addition to being aligned in parallel relationship with 
each other within each set, louvers 28 are also in parallel 
relationship with the diversion louvers 25 and 27 with 
which they are grouped. 

Louvers 25, 27 and 28, except for the edges thereof 
where they are pivoted or twisted in relation to the sup 
porting ?n, are planar providing a smooth, ?at surface 

' along essentially their entire length and breadth. In this 
embodiment central support member 21 between inner 
diversion louvers 27 supported thereby is substantially 
equal in width to each of the louvers 27. The major 
transverse measurement of such louvers is preferably 
as small as the method of manufacture and requirements 
of structural strength will permit. Such louvers en masse 
therefore present to an air stream the largest practical 
wiping surface coupled with the minimum of impedance 
to air ?ow commensurate with maximum heat exchange 
efficiency. 
The diversion louvers 25 and 27 as aforementioned ex 

tend farther from the central plane than intermediate 
louvers 28. Terminal slots 24 are also somewhat larger 
than intermediate slots 19. Slots 24, louvers 25, and 
louvers 27 being located in terminal and central positions 
are thus properly shaped, sized and positioned to pro 
vide a primary diversion effect upon an air stream enter 
ing one of the cells 18, escaping into an adjoining cell and 
eventually passing out of the radiator on the side 0p 
posite from whence it entered. In cooperation with slots 
19 and louvers 28 the wiping air is passed along the 
louver faces from cell to cell until the path of a representa 
tive particle of air is directed into contact with central 
support 21 from whence it is diverted by the inner diver 
sion louver 27 that obstructs its original directional move 
ment from cell to cell. This louver is aligned to divert 
the movement of the air particle toward a window of the 
adjoining ?n opposite the window through which it passed 
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before being diverted by louver 27 as illustrated in FIG 
URE 3. 
The number, size, alignment and positioning of the 

louvers as herein disclosed provides an unexpected advance 
in the art making possible an important reduction in 
the metal requirements of a given unit as hereinafter 
demonstrated. In the embodiment shown each ?n is 
about 1.27 inches in its longest measure and has a dis 
tance of about 1.17 inches between the bend lines of the 
outer louvers 25. This embodiment therefore provides 
a center support, two inner or central diversion louvers, 
fourteen intermediate louvers and two outer diversion 
louvers Within a distance of 1.17 inches. In this type of 
?n there should be at least 12, and preferably 14 or more, 
louvers per inch of ?n, measured along the longitudinal 
axis of the ?n proper. It will be understood that such 
measurement is along a line transverse to the longitudinal 
measurement of the ?n strip of which the individual ?ns 
form a Bart. \ 

This ?n is thus designed to increase laminar ?ow and 
permits the contact of a greater amount of unheated 
and lightly heated air to a greater area of unclogged heat 
exchange surface per unit‘ of time or per air unit pass. 
The term “clogging” here relates to the phenomenon 
whereby a heat exchange surface is blanketed by a cling 
ing ?lm of air. ' 
A device suitable for use in manufacturing the heat 

exchange ?n structures or spacer strips of this invention 
and the method of its operation are disclosed in detail in 
the aforementioned patent application of which this ap 
plication is a division. These disclosures are incorporated 
herein by reference. 

In the cutting and forming ‘of the heat exchange ?n 
structures or spacer strips hereinbefore and hereinafter 
described transverse line contact upon the sheet material 
is continuously maintained from initiation of such contact 
with opposing parts of a cutting and forming device until 
termination of the same. The resulting ironing effect 
not only produces smooth regular surfaces on the ?nished 
product in general but also makes possible the formation 
of straight or planar louvers, i.e., louvers which except 
for their twisted ends are ?at sheets. 
The advantages of the heat exchange ?n structures 

of this invention will be more fully understood from the 
following operative examples which should be considered 
as illustrative and not as limitations upon the true scope of 
the invention as set forth in_the claims. 

Example I 
Fin strips of the con?guration illustrated in FIGURE 

2 and having the louvers thereof turned out of the 
planar base of the ?n so as to'form an angle of 35° with 
such ‘base were tested for cooling efficiency in an auto 
mobile radiator under operating conditions hereinafter 
described' 

The performance of the structure was compared with 
a. commercially used slit ?n structure of equal external 
dimensions and total surface area. The comparison ?n 
provided two terminal louvers, six intermediate louvers, 
and a central support bearing two central louvers. The: 
?ns of the comparison ?n strip prepared ‘on conventional 
roll dies bearing essentially straight faced essentially 
triangular teeth were somewhat curved in general out 
line and of generally uneven surface. All louvers of the 
comparison ?n extended from the main body of the ?n 
for essentially the same distance in contrast to the con 
?guration of the planar ?ns of this invention. 

Tests were conducted usingthe ?n strips of this inven 
tion and the comparison ?n strips in automobile radiators 
otherwise constructed alike. The tests were conducted 
on a S-mile circular track with an automobile having an 
S-cylinder, 221 cubic inch displacement, gasoline engine. 
Tests were made at road speeds of 60, 75 and 90 miles 
per hour. Both ?n strips were tested using a 14 ?n per 
inch ratio and the cooling et?ciency of each recorded. 
The cooling efficiency of the planar ?n of this invention 
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‘proved to be higher than that of the control at each 
speed tested as measured ‘by air-to-boil temperature. Air 
to-boil temperature, a conventional measure of cooling 
systems, measures the ambient air temperature at which 
the liquid medium, in this example Water, will boil. 

These results were con?rmed by other tests in which 
the vehicle was connected to a suitable dynamometer to 
simulate de?ned road grades by pulling a measured load. 
Tests were made at 30 miles per hour with a 7_% grade, 
at 45 miles per hour with a 5% grade and at 60 miles 
per hour with a 4% grade. The ?n of this invention again 
demonstrated signi?cantly higher cooling ei?ciency than 
the comparison ?n. 

In ‘both series of tests the degree of superiority demon 
strated by the ?n of this invention was most pronounced 
at the higher speeds, i.e. at the more severe conditions. 

Example 11 

The testing procedure of Example I was repeated but 
with the following di?erences: 

(1) The vehicle employed for the tests was equipped 
with an 8-cylinder, 260 cubic inch displacement, gasoline 
engine. 

(2) The ?n of this invention was tested using a 14 ?n 
per inch ratio while 15 ?n per inch ratio was used for 
the comparison ?n. 
The ?n of this invention demonstrated a higher cooling 

e?iciency than the comparison ?n in the simulated grade 
tests. 

Example III 

In standard Wind tunnel tests simulating the condi 
tions of Example I and using an S-cylinder, 260 cubic 
inch displacement gasoline engine, the cooling e?iciency 
of the ?n of the invention was found to be essentially 
equal to that of the comparison ?n when a 15 ?n per 
inch ratio was employed for the comparison ?n and only 
a 13 ?n per inch ratio for the ?n of this invention. 

Example IV 

The testing procedure of Example I was repeated but 
with the following differences: 

(1) The vehicle employed was equipped with an 8 
cylinder, 352 cubic inch displacement, gasoline engine. 

(2) The ?n strip of this invention here used was a 
1.27 inch copper strip of the design shown in FIGURE 
2 and was employed at the rate of 13 ?ns per running 
inch. 
(3) The comparison ?n was a‘ copper strip 1.95 inches 

wide and of the design used in Example II except that 
each ?n included three louvered windows separated by 
two internal supports similar to the central support in 
the two window ?ns. The results of these tests are set 
forth in the following table: 

TABLE I 
[Comparative cooling tests as measured by air-to-boil temperatures] 

Test 1.27‘ Planar 1.95” Com 
Fiu, degrees parison Fin, 

degrees 

30 mph-7% grade“ 119 116 
45 m.p.h.—5% grade__ 124 121 
60 m.p.h.—-4% grade“ 128 126 

Thus, even with a surface area smaller than that of 
the comparison ?n by a ratio of about 16.5 to 23.4 the 
planar ?n displayed a cooling et?ciency substantially 
equal to the larger ?n strip. 
Having thus described the invention with particularity, 

it is obvious that modi?cations can be made in the same 
without departing from the spirit and scope of the inven 
tion as set forth in the appended claims. 
We claim: ' _ 

1. In a heat exchange device having inlet means, out 
let means, a core including at least two conduits admit 
ting of ?uid flow therethrough and spaced apart to form 
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6 
an air passageway therebetween and a spacer element posi 
tioned between and in heat exchange relationship with 
said conduits which strip includes a plurality of ?n ele 
rnents and connecting members which together divide said 
passageway into a plurality of communicating air cells, 
the improvement in said spacer element which comprises 
a ?n element between each pair of said connecting mem 
bers comprising a planar base member; a plurality of 
spaced apart louvers integral with said base member, 
arranged in spaced apart groups, and turned out of the 
plane of said planar base member leaving at least one 
opening in said base member adjacent each of said louvers; 
and between each pair of said spaced groups a transverse 
member integral with said base member, each of said 
spaced groups including a ?rst diversion louver supported 
by the next adjacent transverse member and extending out 
of said plane'on a ?rst side of said base member, a second 
diversion louver extending out of said plane on a second 
side of said base member opposite said ?rst side, and a 
plurality of intermediate louvers between said ?rst di 
version louver and said second diversion louver, said 
intermediate louvers extending through said plane and 
from said base member on said ?rst side for a distance 
less than said ?rst diversion louver and on said second 
side for a distance less than said second diversion louver. 

2. In a heat exchange device having inlet means, out 
let means, a core comprising a plurality of conduits com 
municating with said inlet means and said outlet means, 
admitting of ?uid ?ow therethrough and spaced apart so 
that each adjacent pair thereof forms an air passageway 
therebetween and a spacer element positioned within 
each such passageway and in heat exchange relationship 
with the conduits forming the same, said element including 
a plurality of ?n elements integral with and positioned 
between connecting members and dividing the passage 
way within which the spacer element is positioned into a 
plurality of communicating air cells, the improvement in 
said spacer element which comprises a ?n element between 
each pair of said connecting members comprising a slitted 
planar base member; a plurality of spaced apart louvers 
integral with said base member, arranged in spaced apart 
groups and pivoted out of the plane of said planar base 
member leaving at least one opening in said base mem 
ber adjacent each of said louvers; and between each pair 
of said spaced groups a transverse planar member integral 
with said base member, each of said spaced groups in 
cluding a ?rst diversion louver supported by the next 
adjacent transverse planar member and extending out of 
said plane on a ?rst side of said base member, a second 
diversion louver extending out of said plane on a second 
side of said base member opposite said ?rst side, and a 
plurality of intermediate louvers between said ?rst di 
version louver and said second diversion louver, pivoted 
at two ends thereof from said base member so as to ex 
tend from said base member on said ?rst side for a dis 
tance less than said ?rst diversion louver and on said 
second side for a distance less than said second diversion 
louver, the major and central portions of said inter 
mediate louvers being planar and parallel to the said ?rst 
diversion louver and said second diversion louver. 

3. In a vheat exchange device having inlet means, out 
let means, a core including at least two conduits admitting 
of ?uid ?ow therethrough and spaced apart to form an 
air passageway therebetween and a spacer element posi 
tioned between and in heat ‘exchange relationship with 
said conduits which strip includes a plurality of ?n ele 
ments and connecting members which together divide 
said passageway into a plurality of communicating air 
cells, the improvement in said spacer element which com 
prises a ?n element between each pair of said connecting 
members comprising a ?at base ‘member the longitudinal 
and major transverse axes of which extend through a base 
plane; a plurality of spaced louvers integral with said 
base member, pivoted from said base member to extend 
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out of said base plane and leave at least one opening in 
said base member adjacent each of said louvers, said 
louvers being arranged in a ?rst group of louvers and a 
second group of louvers spaced apart therefrom; and posi 
tioned between the louver groups a transverse planar mem 
ber integral with said base member, each group of said 
louvers including a ?rst diversion louver pivoted along 
one side thereof from said transverse planar member and 
extending out of said plane on a ?rst side of said base 
member, a second diversion louver pivoted along one 
side thereof from said base member and extending out of 
said plane on a second side of said base member opposite 
said ?rst side, and a plurality of intermediate louvers 
between said ?rst diversion louver and said second di 
version louver and pivoted at two ends thereof from said 
base member so as to extend from said base member on 
said ?rst side for a distance less than said ?rst diversion 
louver and on said second vside for a distance less than 
said second diversion louver, said ?rst group of louvers 
bein'g aligned for the major part of their respective lengths 
in parallel relationship with each other and forming a 
constant acute angle with said base member on the side of 
their respective extensions, said second group of louvers 
being aligned for the major part of their respective lengths 
in parallel relationship with each other and forming a 
constant acute angle with said base member on the side 
of their respective extensions which is equal and opposite 
to the angle formed by louvers of said ?rst group. 

4. In a heat exchange device having inlet means, out 
let means, a core including at least two conduits admit 
ting of ?uid ?ow therethrough and spaced apart to form 
an air passageway therebetween and a spacer element 
positioned between and in heat exchange relationship with 
‘said conduits which strip includes a plurality of ?n ele 
ments and connecting members which together divide said 
passageway into a plurality of communicating air cells, 
the improvement in said spacer element which comprises 
a ?n element between each pair of said connecting mem 
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bers comprising a planar base member; a plurality of 
spaced apart louvers integral with said base member, ar 
ranged in spaced apart groups, and turned out of the plane 
of said planar base member leaving at least one opening 
in said base member adjacent each of said louvers; and 
between each pair of said spaced groups a transverse 
planar member integral with said‘ base member, each of 
said spaced groups including a ?rst diversion louver sup 
ported by the next adjacent transverse member and ex 
tending out of said plane on a ?rst side of said base mem 
ber, a second diversion louver extending out of said 
plane on a second side of said base member opposite said 
?rst side, and a plurality of intermediate louvers be 
tween said ?rst diversion louver and said second diversion 
louver, said intermediate louvers extending through said 
plane and from said base member on‘ said ?rst side for a 
distance less than said ?rst diversion louver and on said 
second side for a distance less than said second diversion 
louver, said ?n element having a minimum of 12 louvers 
per running inch as measured along the longitudinal axis 
thereof, said louvers each forming with said base mem 
ber an angle of about 25° to about 35°. 
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