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STAGGERED SERPENTINE STRUCTURE FOR
HEAT EXCHAMNGES AND METHOD AND MEANS
FOR MAKING THE SAME

Homer D. Huggins, James D. Morse, and Harold H.
Dolister, Racine, Wis., assignors to Modine Manufac-
turing Company, Racine, Wis., a corporation of Wis-
consin

Filed Bar. 7, 1956, Ser. No. 570,128
1 Claim. (ClL 257—130)

The invention relates generally to heat exchange struc-
tures, and more particularly to a novel fin member of
generally serpentine or corrugated shape, particularly
adapted for use as secondary heat exchange surface.

In the past, fins of serpentine type have been emplcyed
with the corrugations extending in continuous rows, form-
ing a generally rectangular-shaped fin member which; for
example, could be positioned between two parallel planes
such as the parallel walls of a pair of fluid conducting
tubes or elements, with the outermost loops or connecting
portions of the corrugations extending in contact with the
adjacent surfaces. Due to the continuocusly parallel ar-
rangement of such fins, fluid-conducting elements such as
flat sided tubes could not be positioned in staggered ar-
rangement so that successive tubes in the direction of
flow between any particular pair of fin elements were of
necessity pesitioned in an in-line arrangement. To avoid
an exact in-line arrangement, a very slight amount of
tube offset or stagger has been achieved by a drawing
of the metal of the fin member whereby a portion of the
fin element is slightly offset with respect to another por-
tion thereof, such a construction being illustrated in Patent
MNumber 2,592,950, issued on April 15, 1952 to Stanislaus
Przyborowski. However, as any drawing of metal in-

troduces definite limitations as to the amount of forming
that can be achieved without rupture of the metal and
particularly in the case of fin members of the type here-
involved which are normally fabricated from very light
gange metal, often having a thickness under .01 inch and
even less than .005 inch, obviously a drawn offset must
of necessity be very cl;ight.

The present invention has among its objects the pro-
duction of a novel fin structure of the serpentine or cor-
rugated type which may be so pLovided with offset por-
tions that a full or complete staggering of the fluid-con-
ducting tubes or elements may be achieved, resulting
in improved heat transfer characteristics of heat exchange
structures embodying the present inventio

Another object of the invention is t‘P productlon ef
such a fin structure wherein the amount of offset of one
portion of the fin member relative to another portion
thereof is limited only by the amount of material desired
to be employed in connecting the two such portions so
that an oiffset of well over cne-half the width of the fin
structure may be readily achieved, permitting the use of
various staggered arrangements.

Another object of the invention is the production of
such a fin structure and heat exchange structure employ-
ing the same wherein the fluid conducting tubes may be
joined along at least one: of their longitudinal edges to
the fin structure as distinguished from prior structures
wherein fubes were connected to the fin structures only
aleng their side faces, and in which portions of the fin
elements may be staggered with respect to other portions
thereof for producing turbulence at specific desired points,
ete.

Another object of the invention is the utilization of
a novel method of producing a fin structure of the type
described wherein the offset or staggering of the various
portions of the fin structure is achieved as a result of
the configuration produced in the forming coperation and

(=3

10

50

60

65

70

5 tions.

E&“)

not merely from the drawing of the material, also result-
ing in the elimination of limitations imposed by a draw-
ing of the material.

A further object of the invention is the production of
a novel apparatus for forming fin structures embodying
the present invention, which apparatus may be of a con-
tinuousty operated type, forming the fin member from a
roll of strip metal in a single continucus cperation.

Many other objects and advantages of the construc-
tion herein shown and described will be obvious to those
skilled in the art from the disclosure herein given.

To this end my invention consists in the novel con-
struction, arrangement and combination of parts herein
shown and described, and more particularly pointed out
in the claims.

In the drawings, wherein like reference characters in-
dicate like or corresponding parts:

FIG. 1 is a perspective view of a portion of a fin ele-
ment embodying the present invention;

FIG. 2 is a.top plan view of a portion cof a heat ex-
change structure embodying fin elements of the type illus-
trated in FIG. 1;

FIG. 3 is a front elevational view of the structure illus-
trated in FIG. 2, with porticns thereof broken away to
more clearly show the fin configuration and relationship;

FIG. 4 is a top plan view of a machine for forming the
fin structure illustrated in FIG. 1; and

FIG. 5is a sectional view of the machine illustrated in
FIG. 4 taken approximately on the line 5—5 thereof.

The present invention contemplates the fabrication and
use of a fin structure of the serpentine or corrugated type
constructed from a single piece of material and provided
with one or more offsets intermediate the edges of the
fin structure at opposite ends of the respzctive corruga-
As illustrated in FIG. 1, the fin member 1, com-
prises a pair of fin sections designated by the numerals
2 and 3, each section having a plurality of respective
serpentine folds or corrugations 4 and 4’ provided with
a fin loop, with the corrugations 4 and 4’ extending in
the same general direction. As illustrated in FIG. 1,
the sections 2 and 3 may be laterally offset or staggered
with respect to one another, providing an array of stag-
gered corrugated fin sections, the adjoining ends of the
respective sections lying substantially in a common plane
extending substantially parallel to the planes including
the outer edges of the fin sections. = Also another plane
within which the coéntiguous corrugations are affixed is
perpendicular to the planes including the outer edges of
the fin sections, and each of said first-mentioned other
planes including the portion of one side of each adjacent
fin loop is parallel to each other. The sections 2 and 3
are connected at their adjoining ends by relatively nar-
row connecting intermediate portions § contiguous to the
fin loop so that the two sections are rigidly connected
and may be formed from a single sheet of material.

A plurality of fin elements such as that illustrated in
FIG. 1 may be assembled with a plurality of fluid-con-
ducting tubes to form a heat exchange core, as for ex-
ample, such as that illusirated in FIGS. 2 and 3 wherein
a plurality of fluid conducting tubes § may be placed in
engagement with the corrugations of cooperable fin mem-
bers 1, the tubes being illustrated as of elongated cross-
sectional shape having parallel side walls 7 and relatively
narrow end walls 8, the inner end walls & of the respec-
tive tubes being positioned in engagement with the inner
end -edges 92 and 9b of the respective sections. The
array of staggered fin sections comprises a plurality of
the laterally offset sections of sheet metal fins which
may be formed from very thin sheet metal. The fin
sections which are corrugated are so formed that each
corrugation constitutes a fin loop with the offset arrange-
ment exposing the inner edges of said fin loops. The al-
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ternate loop surfaces of coiresponding fin loops of ad-
jacent sections lie in the same plane and are integrally
attached at overlapping portions of said sections. Fol-
lowing assembly of the fin members and fluid-conducting
tubes, the elements may be bonded or otherwise secured
in operative heat transfer relationship to form an integral
core structure wherein each of the tubes are operatively
engaged in heat transfer relation to the fin loops of the
corresponding sections on opposite parallel side walls of
the tube, and with one of the end walls of said tube be-
ing in contact with the edges of the fin loops of the ad-
jacent offset section, the offset arrangement of said fin
loops thereby providing a free passageway for air flow
through said fin structure at each fin loop.

It will be noted that with this type of assembly, the
tubes 6 of the front or lower row as viewed in FIG. 2
are laterally offset or staggered with respect to the rear
or upper row, and/or adjacent row providing high heat
transfer efficiency. The tubes of each row being stag-
gered with respect to the tubes of an adjacent row to
form uniformly spaced pairs of tubes in staggered rela-
tionship, and the ‘array of staggered corrugated fin sec-
tions extend between and are attached to the staggered
pairs of tubes. It will also be noted that the tubes 6 are
in intimate contact with the fin members along sub-
stantially the entire periphery of the tubes with the ex-
ception of the outermost end edges of the tubes, thus
contributing to the high efficiency of the structure. Re-
ferring to FIG. 3, it will be seen that the rear section 2
of each fin member is laterally staggered with respect to
the front section other than those portions in alignment
with the connecting portions 5 between the respective sec-
tions, so that the free body edges of each section are
respecively directly in the air path through the core,
which insures a break-up of heat transfer film along the
surface of the corrugations and further contributes to the
high efficiency of the structure. The aforesaid offset ar-
rangement of said fin loops also provides a free passage-
way for air flow through said fin structure at each fin
loop. - .

While we have illustrated the fin member 1 as com-
prising two sections, it is believed apparent that addition-
al sections could be utilized, the latter being integrally
connected in the same manner as that shown and the
staggered relation may be varied to meet specific applica-
tions, as for example, said array of staggered fin sections
to provide for effective offsetting or staggering of three
or more rows of tubes whereby no two tubes would be
in alignment. It will also be apparent to those skilled in
the art that in some cases it may be deemed desirable to
provide additional offsets adjacent the outer ends of the
tubes whereby the latter may be bonded to the fin mem-
bers completely around the periphery of the tube.

In fabricating fin members of the type illustrated in
FIG. 1 from a single sheet of metal, the material is slit
along a longitudinal line intermediate the side edges of
the strip, defining the juncture of the adjacent sections,
the respective slits being spaced by solid or unslit ma-
terial which will ultimately form the connecting portions
5 of the completed fin member. The material on oppo-
site sides of the line of slits comprising the respective
sections may be deformed to provide a serpentine form
with the corrugations of the one section generally ex-
tending at one side of the general plane of the unde-
formed strip and the corrugations of the other section
generally disposed at the opposite side of such plane,
thereby exposing the respective inner edges of the sec-
tions other than at the intermediate connecting portions
5. Inpractice as hereinafter described in connection with
applicants’ preferred apparatus, it may be desirable to
form the slits defining the inner edges of the respective
sections simultanecusly with the formation of the corru-
gations 4 and 4’ having fin loops.

Tlustrated in FIGS. 4 and 5 is an apparatus for form-
ing fin members such as that illustrated in FIG. 1 in
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a rolling operation which' thus may be performed as a
continuous operation on a roll of strip material.

Referring particularly to FIGS. 4 and 5, the refererice
numeral 101 indicates- generally the base of a machine
comprising a bottom member 102 and a pair of spaced
substantially parallel uprights or standards 163. Jour-
naled in the respective uprights 183 are pairs of forming
rollers or gears 104a and 1845, and 1054 and 1855, As
will be apparent from a reference to FIG. 5, the forming
rollers or gears are carried by respective shafts 186« and
106b, and 1874 and 1875, the shafts 167a and 1075 being
journaled in the upright 163", and the shafts 106z and
106b being journaled in the upright 183, so that the
respective pairs of gears and their associated shafts may
be independently rotated relative to the other pair, the
adjacent faces of the gears 164 and 185, however, being
positioned substantially in a common plane. The up-
rights 163 and 103’ may be operatively connected by suit-
able reinforcing members or bars 168 which may be se-
cured in operative relation by suitable cap bolts 169 or
the like. As fllustrated, the uprights 183 and 163’ each
may be made in two sections whereby an upper section
111 and 111, secured to their respective base sections
by cap screws 112, carry rollers 1944 and 1854, whereby
the latter rollers may be disassembled from the machine
without disengaging the respective rollers from their shafts,
ete.

The respective pairs of rollers may be operatively con-
nected to a common driving shaft 113 through respective
gear trains, the shaft 1066 carrying a gear 114 which
is operatively connected to a driving pinion 115 on the
shaft 113 through an idler pinion i16. In like manner
the shaft 1076 may be provided with a driving gear 117
connected to a driving pinion 118 on the shaft 113
through three idler pinions 119, 121, and 322

Collars 123 may be provided on the shafts £064 and
167a to maintain the structure in operative relation, and
to provide adjustment in the relationship of the meshed
teeth of ome pair of forming rollers with respect to the
other pair, at least one of the rojllers 1846 or 1856 may
be adjustably connected to its associated drive shaft 1065
or 1075, as the case may be, whereby the adjustable pair
of rollers may be rotated relative to the other pair and
locked in operative position. It will be apparent to those
skilled in the art that this adjustment will determine the
amount of offset produced in the finished fin member.

While the specific structure illustrated in FIGS. 4 and
5 utilizes the intermeshing of the forming rollers to trans-
mit motion from the lower roller to the upper roller of
each pair, depending upon the particular formation of
the forming teeth, it may be desirable in some instances
to positively drive the upper shafts and their associated
fo.rming rollers, which could easily be achieved by sub-
stituting a like gear 134 or 118, as the case may be, for
the collars 123, whereby the shafts 1864 and 187a will
be p_ositively driven through such gear trains. Likewise,
provision could be made for shifting the axes of one pair
of forming rollers with respect to the other pair to pro-
vide an adjustment between it and the other pair. In
the event additional offsets may be desired in the fin mem-
‘I.Jer, additional pairs of forming rollers may be provided,
in which case it might be desirable to support one or more
pairs of rollers on offset shafts, drive the intermediate, or
if desired all of the rollers in the same or similar manner
as the rollers 184a and 10Sa, are driven by the rollers
184b and 1075.

It will be apparent from the above description that the
machine illustrated will efficiently produce fin structures of
the type illustrated in FIG. 1, which if desired may be
fabricated from a continuous roll of strip material, and
following fabrication may be severed into any desired
lengths.

It will be noted that we have provided a novel fin struc-
ture whereby core structures may be produced having
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staggered tube arrangements, the structure being such that
maximum flexibility of design may be achieved. Like-
wise, we have provided a novel method and means for pro-
ducing fin members embodying the present invention.

Having thus described our invention, it is obvious thrt
various jmmaterial modifications may be made in the same
without departing from the spirit of our invention; hence,
we do not wish to be understood as limiting ourselves to
the exact form, construction, arrangement and combina-
tion of parts herein shown and described, or uses men-
tioned.

What we claim as new and desire to secure by Letters
Patent is:

In a heat exchange structure, the combination of a
plurality of fluid-conducting tubes arranged, from front
to rear, in transversely ‘extending rows, said tubes being
of elongated cross-sectionial shape having parallel side
walls and relatively narrow end walls, the tubes of each
Tow being staggered with respect to the tubes of an adja-
cent row thereby forming uniformly spaced pairs of tubes
in staggered relationship, an array of staggered corru-
gated fin sections extending between and attached to said
staggered pairs of tubes, said staggered array comprising
a plurality of laterally offset sections of sheet metal fins,
each of the corrugations constituting a fin loop, said off-
set arrangement thereby exposing the inner edges of said
fin loops, the alternate loop surfaces of corresponding fin
loops of adjacent sections lying in the same plane and be-
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ing integrally attached at overlapping portions of said sec-
tions, each of the tubes being operatively engaged in heat
transfer relation to the fin loops of the corresponding sec-
tions on cpposite parallel side walls of the tube, and with
one of the end walls of said tube being in contact with
the edges of the fin loops of the adjacent offset section,
the offset arrangement of said fin loops thereby providing
a free passageway for air flow through said fin structure
at each fin loop.
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