April 23, 1957 C. S. SIMPELAAR 2,789,797

HEAT EXCHANGER FIN STRUCTURE
Filed Aug. 20, 1953

’77‘;2
(27N M .
FPRANDTL BOCNOARY I LY (3

LAyER | -

TRANSITION __ -
Y -
e ,>\ — TURBULENT
— -
[}
{

™ : TRANSITION LAVER EDOYING e

27’, \_\J N e mm T zz__ e TURBULENT

———
——

p '/——};:l——’::— U S e AV LU "&: ——— e m M T
1. o A \ U S A 4 e ke kbl

y”4 X / s b4 / 7 |

-—lap— \ Lo | a__;q N\ \rranstrion
‘ AR R LAMINAR SUBLAYER J
s b _-\LAM//VIR e \ LAVER

e e e

QI ) - , LAMINAR SUBLAYER
ZEGr S i

LAMINAR SUBLAYER . LAMINAR SUBLAYER

| A

=

AN

G & 5 TGO ge 1 JGO

gd'gé ac ad ga 75

LAMINAR SUBLAVER

BT OO o |' . - ! lml'_ m = ‘—" i “" o

g UG T 2 'um‘ f P Z f T [
_; _ — — - - -~—V - S . i E[;I!;I1
= ] T T 40 4 = - j

|||I C 6d 60— = A__g::_ ’} e

f;l




United States Patent Of

2,789,797
Patented Apr. 23, 1957

1CC

2,789,797
HEAT EXCHANGER FIN STRUCTURE

Clyde S. Simpelaar, Racine, Wis., assignor to Modine
Manufacturing Company, Racine, Wis., a corporation
of Wiscousin

Application August 20, 1953, Serial No. 375,394
17 Claims, (Cl. 257—245)

The invention relates generally to heat exchange struc-
tures and more particularly to 2 fin construction for use
therewith.

The present invention is of particular value in con-
nection with high efficiency heat exchangers, as for ex-
ample, where the final temperature of fluid being acted
upon, either ccoled or heated, is within ninety-five to
ninety-nine percent of the inlet temperature of the heat-
ing or cooling fluid, and where the density of heat ex-
change surface is in the approximate range of three hun-
dred or more square feet per cubic foot of volume. Ex-
pressed in another way, the invention is of particular use
in' exchangers wherein the accomplished temperature
change in one fluid divided by the difference in inlet
temperatures of the two fluids exceeds .95. In certain
heat exchange applications, exchangers which cannot
meet these requirements are commercially impractical,
as for example, in low temperature oxygen plant ex-
changers wherein it is essential that the exchanger volume
be at 2 minimum to reduce exterior heat losses, and where
the entire process is commercially. feasible only by vir-
tue of the availability ‘of high efficiency heat exchangers.

The advantage of utilizing interrupted heat transfer
surfaces such as thin strips or pins has been heretofore
recognized and considerable work has been done in con-
nection with the utilization of so-called strip or pin fins.
However, past research work has indicated that while
generally it is desirable to reduce the width ‘of the fin
in the direction of flow, reduction in the width of the
fins apparently approached a. limiting value  beyond
which further reduction failed to produce a cor-
responding improvement in efficiency. Experiments con-
ducted along the above lines have appeared to support
such analysis as actual tests of heat exchange surfaces
disclosed a gain in efficiency as the fin width was reduced
down to what appeared to be a critical or limiting factor,
beyond which, additional reduction failed to show a cor-
responding improvement in efficiency. Normally fin de-
signs applicable to. strip or pin fins are of necessity repe-
titious. in pattern, wherein the fins are in line in the di-
rection of flow with other fins, and it has heretofore been
expressed that it would appear that all that was neces-
sary with respect to in-line surfaces was that they be
separated a few. thousandths of an inch.

The present invention is directed to a means of utilizing
fins of the strip or pin type which may be constructedin
widths in the direction of flow of considerably less than
those heretofore. deemed practical to achieve extremely
high efficiency.

Another object of the mventwn is the production of heat
exchange surface having the desired high efficiency which
is capable of being commercially: produced with present
production techniques and available materials.

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

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

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

Fig. 1 is a diagramimatic figure illustrating the present
theory in cennection with sharp edged fin surfaces;

Fig. 2 is a similar diagrammatic figure illustrating ap-
phcants theory as applied to fin surfaces having a lead-
ing edge of finite thickness;

Fig. 3 is a semi-diagrammatic figure illustrating a cross
section of a fin of finite thickness and applicant’s theory
with respect thereto; :

Fig. 4 is a diagrammatic figure illustrating applicant’s
theory with respect fo laminar layer carry-over between
in-line fin surfaces;

Fig. 5is a dlagrammatic figure similar to Fig. 4 illus-
trating the application of the present invéntion' thereto;

Fig. 6 is a cross section through a fin structure em-
bodying the present invention taken on a line extendmg
substantially in the direction of flow along such struc-
ture;

Fig. 7 is an end elevational view of the fin structure il-
lustrated in Fig. 6;

Fig. 8 is a semi-diagrammatic figure 1llustrat1ng a modi-
fied fin pattern similar to that embodied in the construc—
tion illustrated in Figs. 6 and 7;

Fig. 9 is a sectional figure similar to Fig. 6 1llustrat1ng'
a modified form of construction; and

Fig. 10 is an end elevational view of a pair of the ﬁn
structures illustrated in Fig. 9.

The boundary layer theory with respect to lmmersed
bodies, first formulated by Prandtl, briefly is that the ﬁmd
surrounding a body may be divided into two portions:

(1) a thin layer close to. the surface of the body in
which the velocity gradient is large enough to produce
viscous forces of apprec1able macmtude and

(2) the remammg portions of the fluid outside this
boundary layer in which the viscous forces may be neg-
lected in comparison with the inertia forces, or in other
words where the Reynolds’ number may be assumed to
be infinitely large.

The characteristics of “laminar flow” and “turbulént
flow” were demonstrated by Reynolds and the “Reynolds
number” of course is a dimensionless term involving flow
area, and the veloc1ty, density and viscosity of the fluid,
which defines the limits of laminar and turbulent flow.
It, in effect, thus involves the characteristics of the fluid
and the operating conditions under which it is employed

The present theory with respect to the boundary layer
formed by the flow of a fluid over an immersed surface
is generally illustrated in Fig. 1, wherein a thin lammar
sub-layer adjacent the surface of the object such as the
plate P extends along the area of the object. The laminar
boundary layer is adjacent the leading edge of the plate
and a turbulent boundary layer may be produced follow-
ing a zone of transition from laminar to turbulent con-.
ditions.  The laminar sub-layer of the particular fluid
being of relatively low velocity compared with the normal
fluid ﬂow, offers a high resistance to heat flow or transfer,
and in effect acts as an insulating layer on the surface of
the fin element as does the laminar layer. The turbulent
boundary layer, likewise, offers similar resistance but, ‘of
course, not to as great an extent as the larnmar layer and
may be considered as having a transition or buffer layer
interposed between it and the laminar sub-layer, offering
intermediate resistance. It is believed that the general
theory involving laminar layers and the Prandtl boundary
is ‘of sufficiently general knowledge in the heat transfer
art that the above is sufficient for the purposes of the
present application. ‘It will be appreciated, however, that

- as the laminar layer acts as an insulating medium if the
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theoretical approximation of Fig. 1 is correct, a theoreti-
cal fin of the length a would have minimum resistance
to heat flow and thus, theoretically, would be the most
effective width, but its minute physical proportions would
substantially preclude its use in a practical commercial
structure. Likewise in such case a.theoretical fin of
length b would have an average maximum resistance and
thus would be the most ineffective width, Furthermore,
as there is a transiticn from the laminar layer to a zone
of turbulence or eddying, with proportionately greater
efficiency, a fin having a length greater than b would
have greater intermediate values of resistance and thus
efficiency.

It will be particularly noted that the above analysis
involves the utilization of a fin member wherein a leading
edge thereof tapers to a line edge and therefore theoreti-
cally has no thickness, whereas practical applications re-
quire a fin having a thickness of finite order, which from
a practical standpoint would approach, or probably be as
great as the thickness of the laminar sub-layer. Obvious-
ly, where a finite thickness is involved a considerably dif-
ferent action may be produced. Figure 2 illustrates a pos-
sible theoretical analysis with respect to the boundary
layers in connection with a fin of finite thickness, in which
case it is believed that as a result of the fin thickness,
strong eddying or turbulence would be produced ad-
jacent the leading edge of the fin member, thus delaying
somewhat the formation of the laminar sub-layer as il-
lustrated, and on such theoretical basis a fin having the
dimension a would have a minimum resistance and maxi-
mum efficiency. ' The eddying action adjacent the leading
edge of the fin probably would also delay the formation
of the laminar layer and may even eliminate the forma-
tion of such layer as indicated in Fig. 2, in which case
the distance, equivalent to the distance b of Fig. 1, would
be. for practical purposes eliminated, and the efficiency
theoretically would continuously increase as the fin width
is decreased.

. From the above theoretical discussion with respect to
the laminar layer it will be appreciated that in connec-
tion with fins having a finite thickness; a fin having a
width or dimension in the direction of flow which is less
than the dimension c illustrated in Fig. 2, theoretically,
should have exceptionally satisfactory performance, and
as a result of experimentation and tests it is believed that
the distance approximating dimension ¢, at normal flow-
ing rates would be equal to approximately one-tenth of
an inch to one-eighth of an inch, assuming a fin thickness
of -approximately three thousandths of an inch to .012
inch. In other words, on the basis of the above theoreti-
cal analysis it would appear that the heat transfer effi-
ciency of the fin would increase as the dimension of the
fin in the direction of flow, heretofore referred to as the
width, is successively decreased below one-eighth to one-
tenth of one inch.

_However, as previously mentioned, research on heat
exchange surfaces has indicated that the practical results
apparently do not conform to this theory, as correspond-
ing reductions in the fin width have apparently not
achieved a corresponding increase in efficiency of the
heat exchange structure. ) ‘

Strip fins have normally been formed from sheet ma-
terial by severing the sheet material along spaced parallel
lines equal to the fin width, with alternate portions be-
tween the lines of severance being offset out of the original
plane of the sheet, thus forming two series of fins each
of which are connected at their ends to the sheet, the fins
of each series lying in a common plane with the trailing
edges of a preceding fin spaced from the leading edge of
the next in-line fin by approximately the same distance as
the width of the respective fins. Consequently, as the
width of the fin is reduced the spacing between in-line
fins is correspondingly reduced: Studies and considera-
tions have apparently not evaluated the in-line spacing as
a factor to be considered in connection with the qver-
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all efficiency of the heat exchange structure and, as previ-
ously mentioned, the conclusions of some people in this
field have been that such spacing is of relatively little
importance and even a few thousandths of an inch would
be sufficient to achieve satisfactory results. However, I
am of the belief that the in-line spacing of the fins is an
important factor which must be considered and that by
properly spacing the in-line fins highly efficient results
may be obtained and the full advantages of the use of
narrow fins more fully realized. This theoretical con-
clusion has been supported by actual tests on heat ex-
change structures constructed in accordance with the pres-
ent invention and compared with tests on structures em-
bodying prior concepts on the subject. For example, in
one test a considerable increase in efficiency was ob-
tained merely by removing certain in-line fins to increase
the spacing between the remaining in-line fins, the in-
crease showing a gain of from six to fourteen percent.

Figs. 3, 4, and 5 roughly illustrate the concept involved
in connection with the spacing of in-line fins. Fig, .3
generally illustrates the boundary layer flow of fluid
along the fin surface which, for the purposes of explana-
tion may be compared with a generally sticky or viscous
material which is frictionally retarded at the fin surface
and thus has a tendency to build up into a low velocity
“mass” which is increasing in thickness toward the trail-
ing edge of the fin. However, as illustrated in Fig. 4,
it is believed that the flow following the trailing edge
would tend to revert into its original state prior to en-
gagement with the first fin surface, so that the “mass”
tends to taper off as illustrated in Fig. 3, which will
hereafter be termed the boundary layer carryover. If,
however, before the same can be completely dissipated
the next in-line fin is reached, the result is an additional
build-up of a relatively low velocity, high resistance
“mass,” the latter probably increasing in thickness over
that formed on the first fin. - This action is continued
with each succeeding in-line fin, and as a comsequence
thereof the fins are in effect enveloped in a high resistance
boundary layer or “mass,” resulting in a reduction in the
heat transfer efficiency of the structure.

I am therefore of the belief that if the distance between
the trailing edge of a preceding fin and the leading edge
of the next following in-line fin is suitably spaced as
illustrated in Fig. 5, substantially complete dissipation of
the high resistance fluid “mass” may be achieved before
the following in-line fin is reached, eliminating a carry-
over and possible additional build-up on such following
fin and resulting in substantially uniform heat transfer
between the fluid and each fin of the exchanger structure.
It is my conclusion that by properly correlating the spac-
ing between in-line fins with the fin width, the width of
the fins may be réduced to any desired practical value and
at the samé time fully utilize the increase in efficiency
resulting from the decrease in fin width, whereby an ex-
changer of high efficiency and large heat transfer surface
area per cubic foot of volume may be produced.

Figs. 6 to 10 illustrate typical fin structures employing
the present invention, and while I have shown fin struc-
tures of the nested channel type, these structures are mere-
ly by way of example and it is believed that the present
invention may be readily applied by those skilled in the
art to other forms of fin structures, as for example, ser-
pentine structures and the like.

Referring to Figs. 6 and 7; the reference numeral 1 in-
dicates generally a channel shaped fin structure, two of
which are illustrated in the drawings, which are con-
structed to be positioned in nested relation with a suffi-
cient number of channel members being employed to ex-
tend across the fluid pass in which they are assembled,
the channels extending parallel to the direction of flow
through' the pass. Each channel member 1 comprises
a pair of side walls or portions:2, each of which are off-
set outwardly as indicated 'at 3. The walls 2 are con-
nected adjacent their upper edges as viewed in Fig, 7

JRNERN
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, 4b, 4c and 44, - In normal
ention ‘the ‘thickness of matenal
ng the member 1isof foxl-hke thickness, ranging
approx1mately 003 to 012 inch, the metal employed
rably ‘being copper, alummum or other suitable ma-
terjal having’ sansfactory heat transfer characteristics.
As clearly illustrated in Fig. 7, the offset 3 is substan-
trally equal fo the thzckness of the metal employed where-
by the dlstance between the inner faces of the offset por-
tlons 5 s substantlally equal to the outer dimension be-
) en the portlons above the offset, so that the channel
m mhers may be nested or 1nterlocked as illustrated in
Frg 7. The strip fins 4 are formed by severirg the metal
along spaced parallel lines which extend from one side

wall to the opposite side wall and deforming or oﬁsettmg-

the ‘matérial intermediate the respectwe slits to form the
strip fins 4.

In the embodrment illustrated in Figs. 6 and 7, the
ﬁrst strip. fin 4a is at the h1ghest elevation as viewed in
Fxgs 6 and'7, the fin 4c at the next elevation, the fin 4b
at the next elevanon and the fin 44 at the lowest eleva-
tton " This staogered pattern then repeats itself, the next
firi 4a being positioned at the highest élevation and suc-
cessively followed by fins 4b, 4c and 4d, so that all the
fins 4a are aligned in the direction of flow and in like
manner all corrésponding fins 4b, 4c and 4d are respec-
tlvely in alignment. Thus in the embodiment illustrated
each inline fin is separated from the preceding or fol-
lowmg in-line fin by a distance equivalent to the width of
three ﬁns It will be appreciated that when a relanvely
large numbet of channel members 1 are nested together
the  resulting structure contains a plurality of series of
ﬁns posmoned in sequential arrangement with respect to,
the diréction of flow. Thus the first row of fins 44 ex-
tendlng across the fluid pass transversely to the direction
of flow forms the first series, the fins 45 the second series,
the fins 4c the third and the fins 4d the fourth. As the
pattern repeats the second transversely extend'ng row
of fins 4¢ form the fourth series and so on throughout the
length of thé channel member, so that the structure may
be considered as comprrsmg a plurality of groups of series,
th fins in each series being similarly arranged and ‘the
respectlve series bemg similarly’ arranged in their respec-
tive groups.

‘ The transverse spacing between the planes of the fins 4q,
4b, 4c and 4d, correspondmg to the spacmg between
the respective fins illustrated 'in Fig. 7, is substantially
umform and the oflset 3 in the side walls is so posmoned
that the fin 4a of the adjacent channel member is spaced
a hke dlstance from the fins 44 of the ﬁrst or ‘upper
parallel planes whlch are substantlally uniformly spaced
The spacing of 1n-11ne ﬁns ‘and the transverse spacing be-
tween " the respectrve planes above referred to are de-
termined in accordance with the theorctxcal explanation
heretofore set forth, whereby the spacing between in-line
ﬁns is greater than the so-called boundary layer carry-
over ‘from the precedmg in-line fins, and the transverse

spacing is greater than the combmed thicknesses of the

boundary layers of adjacent fins along any point in the
direction of flow, so that each fin functions substantxally
mdependently of the other fins and without interference
beétween the boundary layers and boundary layer carry-
over of the respective fins.

Tn the bulk of applications of the present invention
the fin spacing will normally range from ten to sixteen
per inch, such dimension taken from the center line
distance between strips normal to the direction of flow.
L-kewrse in the bulk of the applications of the present
invention the transverse dlstance between the trailing
edges ‘and leadmt7 edges of ad]acent fins or the distance
between the pl'mes of respective in-line ﬁns w1ll range
from aporommately 015 to’ 104, " The w1dth of each
dividual fin'in ‘the directior of ﬂow w1ll normally s
I approxxmat y three ‘ ]
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of -an.inch and the distance from the trailing edge. of
qne fin tg the leading edge of the next in-line fin will
run from approximately three-srxteenths to three—quarters
of an inch. ~ As previously mentioned, normal fin thick-
ness correspending to the thickness of the material form-
ing the channel member w111 range from approxtmately
003 to .012'inch. ~

It wrll be apprec1ated that in formlng the fin struc-
tures in the manner 1llustrated in Figs. 6 and 7 from thin
stock and oﬁsettmg the respective fins 4a, 4b, 4c and 44
different amounts, the transverse lengths of the fins be-
tween the walls 2 will vary, the fins 4z and 4d bemg
slightly longer than the fins 45 and 4c. -In this type of
fin’structure the fisis preferably may be formed in a suit-
able die or the lll\e, the fins bemg ‘offset above and
below & center line ¢ which ‘may be ‘considered : ag pass-
ing through the junctures of the respective fins with the.
side walls 2. Thus thé ﬁns 4a and 4d° may. be equally
offset abeve and below the center line, 'and ‘in like man-
ner the fins 4c and 4b may be respectively offset equal
distances above and below such center line, The metal
forming the channel members 1 usnally is of copper,
aluminum or ‘other comparatlvely soft metal which is
capable of ﬁowmg a sufficient amount to compensate
for the difference in lengths of the respectlve fins. Thus
in formmo the fins, the metal comprising the fins 4a and
4d would flow outwaldly, thereby effecting a stretchmg
action and increasing the effective length’ of the fin to
compensate for the difference in length thereof. Like-
wise, some compressive action may be produced in the
other fins, depending on the parncular method of produc-
tion employed.

Fig. 8 illustrates dragrammancally a fin pattern gen-
erally similar to that illustrated in- Fig. 6 involving a

‘ corresponding spacing between in-line surfaces of three

times the width of the individual fin so that the fin pat-.
tern repeats in series of fours. In the pattern 1llustrated
in Fig. 8 fins 64 extend parallel to the direction of ﬂow
as do the fins 6c, while the fins 65 and 6d. are shghtly
t11ted or twisted angularly with respect to the direction
of flow to increase the transverse distance between- the.
trailing edges of the fins of one series and the leadlng
edges of the fins of the immediate following serres A
small twist to the fins as illustrated serves to increase
such transverse spacing without materially affecting the
efficienicy of the structure and thereby enables the trans-
verse center lines of the fins to be positioned closer than
in the construction illustrated in Figs. 6 and 7, whereby.
a greater area of heat transfer surface per cubic foot
of heat exchanger volume may be obtained. The con-
struction illustrated in Fig. 8 also lllustrates the use of
a fin pattern wherein each successive fin is at a lower
elevation than the preceding fin before the pattern repeats
1tself whereas Fig. 6 illustrates a staggered arrangement.

Flf' 9 illustrates the utilization of a fin pattern wherein
the spacing between in-line fins is twice the fin width,
whereby the pattern repeats itself in groups of three.

Referrmg to Figs. 9 and 10, this structure also i is illus-
trated in a channel type of fin structure similar to that
illustrated in Figs. 6 and 7, the channel member 1’ hav-
ing side walls 2 provided with offset portions 3 whereby
the lower offset portions § of the side walls are adapted
to receive a similar channel member nested therein. In
this construction the fins 7a of the first series are posi-
tioned parallel to the direction of flow similar to the

* construction illustrated in Fig. 6, while the second and

third fins 7b and 7c are angled in substantlally the same
manner as the fins 65 and 6d illustrated in Fig. 8. Like--
wise as in the case of the construction 1llustrated in Fig,

8, the fins 7a, 7b and 7c are arranged in symmetncal
order on the channei member with successive fins having
less elevatlon than the precedmg fin of the’ partlcular
pattern group This construction may be fabncated in:

substantially the same manner as descrlbed in Figs. 6

76 and 7, the fins 7b approxxmately fallmg on the eenter;
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line-connecting the junctures of the fins at the opposite .

side walls of the channe! member, so that in forming
the. respective fins ‘the fin 75 is either merely twisted

slightly or may have the metal thereof slightly com-

pressed, while the metal forming the fins 7a and 7¢ flows
or is slightly stretched to accommodate the difference in
lengths.

Fig. 11 illustrates one application of the present inven-
tion to a heat exchange structure illustrated in the pres-
ent instance as including a pair of fluid passes 8 formed
by outer plates 9 and an intermediate separated plate
10, the side edges of the passes being bounded by side
wall members 11, the channel members of each respec-
tive pass being nested together to form in effect a fin
slab with: the respective elements being suitably bonded
together to form a unitary structure. Suitable means
may be provided at the respective ends of the structure
for providing inlet and outlet means for the fluids into
their respective fluid passes. This construction is similar
to that illustrated in my prior Patent No. 2,606,007
issued August 5, 1952.

It will be appreciated that the present invention is
adapted for use in any heat transfer structure utilizing
strip fins, pin fins and the like, irrespective of the par-
ticular physical construction of the fluid passes, etc.,
and could readily be employed in structures where the
entire heat transfer fin surface is constructed from a
single sheet of material which is of corrugated or ser-
pentine shape and from which the individual fins are
struck up or otherwise formed.

It will be appreciated from the above description that
I have provided a novel heat transfer structure and
method of arranging the fins thereof to achieve maxi-
mum efficiency together with a high heat transfer sur-
face area per cubic foot of heat exchanger volume and
which permits the utilization of narrow fins of high effi-
ciency without interference between in-line fin surfaces.

It might be mentioned that where I have referred to
the boundary layer, this term is intended to mean the
layer of relatively low velocity fluid adjacent the fin
surface, a carryover of which from one fin to another
will produce a material decrease in heat transfer effi-
ciency.

Having thus described my invention, it is obvious that
various immaterial modifications may be made in the
same without departing from the spirit of my inven-
tion; hence, I do not wish to be understood as limiting
myself to the exact form, construction, arrangement and
combination of parts herein shown and described, or
uses mentioned.

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

1. In a fluid pass for heat exchangers, the combina-
tion of an elongated relatively thin fluid pass structure,

and a plurality of elongated strip fins having their ends :

operatively connected to the opposite sides of the fluid
pass structure in heat transfer relation therewith, the
thickness of the respective fins being less than the width
thereof in the direction of fluid flow through the pass
structure, said fins being of substantially uniform width
and arranged in a plurality of series, each of which
extends across the fluid pass transversely to the direction
of flow therethrough, and to the individual fins, said
series being positioned in repeated sequential arrange-
ment with respect to such direction of flow, the fins of
cach series being positioned out of line in relation to the
direction of flow with respect to the fins of the next fol-
lowing series, the spacing transverse to the direction of
flow between the trailing edges of the fins of one series
and the leading edges of the next series adjacent thereto
being approximately from three to five times the thick-
ness of said fins, and the spacing in the direction of flow
between any fins of corresponding series in line in such di-

rection being at least twice the width of said fins in the

flowdirection:-
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2. In a fluid pass for heat exchangers, the combina:
tion of ‘an elongated relatively thin fluid pass structure,
and a plurality of relatively narrow fins having their
ends operatively connected to the opposite sides of the
fluid pass structure in heat transfer relation therewith;
the respective fins extending transversely in thin longi-
tudinal direction with respect to the direction of fluid
flow through the pass structure, said fins being arranged
in a plurality of series, each of which extends across
the fluid pass transversely to the direction of flow there-
through, and to the individual fins, said series being
positioned in repeating sequential arrangement with re-
spect to such direction of flow, the fins of each series
being positioned out of line in relation to the direction of
flow with respect to the fins of the next following series,
the spacing transverse to the direction of flow between
the fins of one series and the fins of series adjacent there-
to being greater than the thickness of the boundary
layers along <aid fins, and the spacing in the direction of

flow between any fins of different series which are in line .

in such direction being greater than the fin width and
the boundary layer carryover in the flow direction from
the adjacent preceding in line fin, under the particular
operation conditions and fluid characteristics involved.

3. A fin structure for heat exchange fluid passes com-
prising a sheet of thin metal of a thickness of approxi-
mately .003” to .012” formed to provide a pair of body
portions connected by an intermediate portion, the body.
portions providing means for securing the fin structure to
opposite side walls of a heat exchange fluid pass, the.
intermediate portion of said fin structure being cut along
parallel lines uniformly spaced in the direction of flow
to form a plurality of individual substantially flat strip
fins which extend transversely between the two body
portions and have their ends operatively connected to
the respective body portions, the width of said fins in
the direction of flow being substantially uniform and
from approximately 342" to %", the fin structure being
adapted to be positioned in a fluid pass with such inter-
mediate portion extending in the same direction as the
fluid flow through such a pass, each of said strip fins
being laterally offset with respect to. the adjacent strip
fins, said strip fins being offset in a predetérmined pat-
tern and sequence which repeats itself whereby each strip
fin is substantially aligned in the direction of flow with
other strip fins, the pattern being such that the strip
fins substantially in line are spaced apart in the direc-
tion of flow a distance of from approximately 8g" to
%", the offset distance between trailing and leading
edges of adjacent strip fins being from approximately
015" to .040”, with alternate fins being positioned in
planes extending substantially parallel to the direction of
flow and intermediate fins being positioned in parallel
planes extending angularly with respect to the direction
of flow.

4. A fin stracture for heat exchange fluid passes com-
prising a sheet of thin metal of a thickness of approxi-
mately .003" to .012"" formed to provide a pair of body
portions connected to an intermediate portion, the body
portions providing means for securing the fin structure
to opposite side walls of a heat exchange fluid pass, the
intermediate portion of said fin structure being cut along
parallel lines uniformly spaced in the direction of flow
to form a plurality of individual substantially flat strip
fins which extend transversely between the two body por-
tions and have their ends operatively connected to the
respective body portions, the width of said fins in the
direction of flow being substantially uniform and from
approximately 345" to %4 ’’, the fin structure being adapt~
ed to be positioned in a fluid pass with such intermediate
portion extending in the same direction as the fluid flow
through such a pass, each of said strip fins. being laterally.
offset, with respect to the. adjacent strip fins, said . strip:
fins being offset in a predetermined pattern. and sequence:
which repeats itself whereby each strip fin is substan-
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tially -aligned in the direction of flow; with, other strip

fins, the, pattern being such that the strip, fins substantially.
in line are spaced apart in the direction of flow a
distance of from approximately %¢", to %", the offset
distance between trailing and leading edges of adjacent
strip fins being from approximately: .015” ‘to .040”, with
certain corresponding fins extending substantially parallel
to the direction of flow and cther corresponding fins ex-
tending angularly to the direction of flow.

5. A fin structure for heat exchange fluid passes com-
priging a sheet of thin metal of a thickness of approxi-
mately .003” to..012"* formed to provide a pair of body.
portions connected to an intermedjate portion, the body
portions providing means for securing the fin structure
to, opposite side walls of a heat exchange fluid pass, the
intermediate, portion of said fin structure being cut along
parallel lines uniformly spaced in the direction of flow
to form a plurality of individual substantially flat strip
fins which extend transversely between the two body
portions and have their ends operatively connected to
the respective body portions, the width of said fins in
the direction of flow being substantially uniform and
from approximately 342" to ¥4”, the fin structure being
adapted to be positioned in a fluid pass with such inter-
mediate portion extending in the same direction as the
fluid flow through such pass, each of said strip fins being
laterally offset with respect to-the adjacent strip fins,
said strip fins being offset in a predetermined pattern and
sequence which repeats itself whereby each strip fin is

substantially aligned in the direction of flow with other ©

strip fins, the pattern being such that the strip fins sub-
staptially in line are spaced apart in the direction of
flow a distance of from approximately 3¢’ to %.”, the
offset distance between trailing and leading edges of ad-
jacent strip fins being from approximately .015" to 040",
with each fin of the structure being similarly positioned
with respect to the third fin therefrom in the direction of
flow.

6. A fin structure for heat exchange fluid passes com-
prising a sheet of metal formed to provide a pair of body
portions connected by an intermediate portion, the body
portions providing means for securing the fin structure
to opposite side walls of a heat exchange fluid pass, the
intermediate portion of said .fin structure being cut to
form a plurality of individual fins which extend trans-
versely between the two body portions and have their
ends operatively connected to the respective bedy por-
tions, the fin structure being adapted to be positioned
in a fluid pass with such intermediate portion extending
generally in the same direction as the fluid flow through
such a pass, each of said fins being laterally offset with
respect to the adjacent fins, -said fins ‘being offset in a
predetermined pattern and sequence which repeats itself
whereby each fin is substantially aligned:in‘the direc-
tion of flow with other fins, the pattern being such that
the fins substantially in line are spaced apart in' the di-
rection of flow a distance at least twice the width of the
fins in such direction, the offset distance between adja-
cent fins being greater than the corresponding dimen-
sions of the boundary layers along said fins, and ‘the
distance between in-line fins being greater than the bound-
ary carryover from a preceding fin in the direction of
flow, under the particular operating conditions and fluid
characteristics involved in the particular fluid pass, with
alternate fins being positioned in planes extending sub-
stantially parallel to the direction of flow and inter-
mediate fins being positioned in parallel planes extend-
ing angularly with respect to the direction of flow.

7. A fin structure for heat exchange fluid passes com-
prising a sheet of metal formed to provide a pair of body
portions connected by an intermediate portion, the body
portions providing means for securing the fin structure
to opposite side walls of a heat exchange fluid pass, the
intermediate portion of said fin structure being cut to
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form a plurality of individual fins which, extend; trans-
versely between the two body portiops. and have. their
ends, operatively. connected to the respective body. por-
tions, the fin structure being adapted to be positior
in a fluid pass with such intermediate portion extending
generally in the same direction as the fluid fiow. through
such a pass, each of said fins being laterally offse ;
respect to the adjacent fins, said fins being offset in a
predetermined pattern and sequence which repeats. itself
whereby each fin is substantially aligned in the direction
of flow with other fins, the pattern being such that the.
fing substantiaily in line are spaced apart in the direc-
tion of flow 2 distance at least twice the width of the,
fins in such direction, the offset distance between ad-
jacent fins being greater than the corresponding dimen-
sions of the boundary layers along said fins, and the dis-
tance between in-line fing being greater than the bound-.
ary carryover from a preceding fin in the direction
flow, under the particular operating conditions and fluid
characteristics involved in the particular fluid pass, with
certain corresponding ‘fins extending substantially par-
allel to the direction of flow and other corresponding
fins extending angularly to the direction of flow,

8. A fin structure for heat exchange fluid passes com-

 prising a sheet of metal formed to provide a pair of body,

portions connected by an intermediate portion, the body
portions providing means for securing the fin structure
to opposite side walls of a heat exchange flujd pass, the
intermediate portion of said fin structure being cut to
form a plurality of individual fins which extend trans-
versely beiween the two body portions and have their
ends operatively connected to the respective  body: per-
tions, the fin structure being adapted to be positioned
in g flnid pass with such intermediate portion extending:
generally in the same direction as the fluid flow through:
such a pass, each of said fins being laterally offset with
respect to the adjacent fins, said fins being offset in a
predetermined pattern and sequence which repeats itself
whereby each fin is substantially aligned in the direction
of flow with other fins, the pattern being such that the
fins substantially in line are spaced apart in the direcs
tion of flow -a distance at least twice the width of ‘the
fins in such direction, the offset distance between adja-.
cent fing being greater than the corresponding dimen-
sions - of the boundary layers along said fins, and ‘the
distance between in-line fins being greater than the bound-
ary carryover from a preceding fin in the direction of
flow, under the particular operating conditions and fluid
characteristics involved in the particular fluid pass, with
each fin of the structure being similarly positioned with
respect to the third fin therefrom in the direction of flow.

9. In a fluid pass for heat exchangers, the combina-
tion of an elongated relatively thin fluid pass structure,
of a plurality of relatively narrow fins each having at
least one end thereof operatively connected to the fluid
pass siructure in heat transfer relation therewith, the
respective fins extending transversely in their longitudi-
nal direction with respect to the direction of fluid flow
through the pass structure, said fins being arranged in a
plurality of series, each of which extends across the fluid
pass tramsversely to the direction of flow therethrough,
and to the individual fins, said series being positioned
in repeating sequential arrangement with respect to such
direction of flow, the fins of each series being positioned
out of line in relation to the direction of flow with re-
spect to the fins of the next following series, the spacing
transverse to the direction of flow between the fins of
one series and the fins of series adjacent thereto being
greater than the thickness of the boundary layers along
said fins, and the spacing in the direction of flow between
any fins of different series which are in line in such
direction being greater than the fin width and the bound-
ary layer carryover in the flow direction from the adja-
cent preceding in line fin, under the particular operation
conditions and fluid characteristics involved,
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10, In a fluid pass for heat exchangers, the combina-
tion of an elongated relatively thin fluid pass structure,
of -a plurality of relatively narrow fins having their ends
operatively connected to the opposite sides of the fluid
pass structure in heat transfer relation therewith, the
respective fins extending in their longitudinal direction
transversely with respect to the direction of fluid flow
through the pass structure, said fins being arranged in
a plurality of series, each of which extends across the
fluid pass transversely to the direction of flow there-
through, and to the individual fins, said series being posi-
tioned in groups sequentially arranged with respect to
such direction of flow, corresponding series of the re-
spective groups being similarly arranged and the fins of
each series of a group being positioned out of line in
the - direction of flow relative to the fins of the other
series of such group and in line with respect to the fins
of the corresponding series of the next following group,
the spacing transverse to the direction of flow between
the trailing edges of fins of each series and leading edges
of fins of the following adjacent series being greater than
the thickness of the boundary layers along said fins, and
the spacing in the direction of flow between consecutive
in line fins of corresponding series of adjacent groups
being greater than the fin width and the boundary layer
carryover in the flow direction from the adjacent pre-
ceding in line fin, under the particular operation con-
ditions and fluid characteristics involved.

11. A fin structure for heat exchange fluid passes com-
prising a sheet of thin metal formed to provide a pair
of body portions connected by an intermediate portion,
the body portions providing means for securing the fin
structure to opposite side walls of a heat exchange fluid
pass,- the intermediate portion of said fin structure being
cut along parallel lines spaced in the direction of flow
to form a plurality of individual substantially flat strip
fins which extend transversely between the two body por-
tions and have their ends operatively connected to the
respective body portions, the fin structure being adapted
to be positioned in a fluid pass with such intermediate
portion extending generally in the samé direction as the
fluid flow. through such a pass, each of said strip fins
being laterally offset with respect to the adjacent strip
fins, said strip fins being offset in a predetermined pattern
and sequence which repeats itself whereby each strip fin
is substantially aligned in the direction of flow with other
strip fins, the pattern being such that the strip fins sub-
stantially in line are spaced apart in the direction of
flow a distance at least twice the width of the strip fins
in such direction, the offset distance between adjacent
strip fins, transverse to the direction of flow being greater
than the corresponding dimensions of the boundary layers
along said fins, and the distance between immediately
adjacent in-line fins being greater than the boundary layer

-carryover from a preceding fin in the direction of flow
under the particular operating conditions and fluid char-
acteristics involved in the particular fluid pass.

12. A fin structure for heat exchange fluid passes com-
prising a sheet of thin metal of a thickness of approxi-
mately .003” to .012" formed to provide a pair of body
portions connected by an intermediate portion, the body
portions providing means for securing the fin structure
to opposite side walls of a heat exchange fluid pass, the
intermediate portion of said fin structure being cut along
parallel lines uniformly spaced in the direction of flow
to form a plurality of individual substantially flat strip
fins which extend transversely between the two body por-
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tions and have their ends operatively connected to the
respective body portions, the width of said fins in the
direction of flow being substantially uniform and from
approximately 34"’ to 4", the fin structure being adapted
to be positioned in a fluid pass with such intermediate
portion extending in the same direction as the fluid flow
through such a pass, each of said strip fins being later-
ally offset with respect to the adjacent strip fins, said
strip fins being offset in a predetermined pattern and
sequence which repeats itself whereby each strip fin is
substantially aligned in the direction of flow with other
strip fins, the pattern being such that immediately adja-
cent strip fins substantially in line are spaced apart in
the direction of flow a distance of from approximately
%¢" to 34", the offset distance between trailing and lead-
ing edges of adjacent strip fins being from approximately
015" to .040".

13. A fin structure as defined in claim 12 wherein the
fins are positioned in planes extending substantially par-
allel to the direction of flow.

14. A fin structure as defined in claim 12 wherein each
fin of the structure is similarly positioned with respect
to the fourth fin therefrom in the direction of flow.

15. A fin structure for heat exchange fluid passes com-
prising a sheet of metal formed to provide a pair of
body portions connected by an intermediate portion, the
body portions. providing means for securing the fin struc-
ture to opposite side walls of a heat exchange fluid pass,
the intermediate portion of said fin structure being cut
to form a plurality of individual fins which extend trans-
versely between the two body portions and have their
ends operatively connected to the respective body por-
tions, the fin structure being adapted to be positioned in
a fluid pass with such intermediate portion extending
generally in. the same direction as the fluid flow through
such a pass, each. of said fins being laterally offset with
respect to the adjacent fins, said fins being offset in a
predetermined pattern and sequence which repeats itself
whereby each fin is substantially aligned in the direction
of flow with other fins, the pattern being such that the
fins substantially in. line are spaced apart in the direction
of flow a distance at least twice the width of the fins in
such direction, the offset distance between adjacent fins
being greater than. the corresponding dimensions of the
boundary layers along said fins, and the distance between
immediately adjacent in-line fins being greater than the
boundary carryover from the immediately preceding fin
in the direction of flow, under the particular operating
conditions and fluid characteristics involved in the par-
ticular fluid pass.

16. A fin structure as defined in claim 15 wherein the
fins are positioned .in planes extending substantially par-
allel to the direction of flow.

17.. A fin structure as defined in claim 15 wherein each
fin of the structure is similarly positioned with respect
to the fourth fin therefrom in the direction of flow.
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