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Expediente No. 7647-000025

REIVINDICACIONES
1. uUna aiewa universai para Uso en una aieta soore un Upo INtercam.= "

de calor, |a aleta universal que comprende:

una hoja de material conductor de calor, configurada para estar separada
de una o de més aletas usadas en la aleta sobre un tubo intercambiador de
calor, independientemente del nimero de pares horizontales y verticales de
segmentos de tubo en dicho intercambiador de calor, dicha hoja con un espesor
y una altura; y

una pluralidad de aperturas en dicha hoja, con cada una de dichas
aperturas configuradas para permitir generaimente el paso de segmentos de
tubos paralelos a traves del intercambiador de calor, con dichas aperiuras
chaflanadas en referencia al espesor y altura de dicha hoja, dichas aperturas
dispuestas en dicha ldmina en un arreglo de una pluralidad de filas y una
pluralidad de columnas cuyas filas adyacentes estdn igualmente espaciadas
una de otra y cuyas columnas adyacentes estan igualmente espaciadas una de
otra, y el espaciamiento entre filas y columnas se dimensiona para permitir que
dicha lamina esté separada entre por lo menos una de dichas filas adyacentes y
dichas columnas adyacentes para formar una o méas aletas, cada una de las
cuales contiene una pluralidad de aperturas por lo menos igual al nimero total

de pares de segmentos de tubo en el intercambiador de calor.

N

La aleta universal de la reivindicaciébn 1, donde dichas aperturas son

aperturas alargadas con cada una de las aperturas presentando porciones de
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extremos opuestos interconectados por una porcién central.

3. La aleta universal de la reivindicacion 2, donde dichas aperturas tiene
forma de hueso para perro.

4 La aleta universal de la reivindicacion 1, que ademas comprende
sefalizaciones que indican las localizaciones donde dicha hoja se puede
separar de dichas aletas, dichas sefializaciones extendiéndose a lo largo de
dicha hoja entre por lo menos una de dichas columnas y dichas filas.

5. La aleta universa! de la reivindicacion 4, donde dichas sefalizaciones son
perforaciones en dicha hoja.

6. La aleta universal de la reivindicacién 1, donde dichas columnas estén
espaciadas entre si en tal forma que una porcidn de dichas aperturas en una de
dichas columnas se traslapa con una porcion de dichas aperturas en una de las
columnas adyacentes.

7. La aleta universal de la reivindicacion 6, donde dichas columnas
adyacentes presentan un borde ondulado, al estar separadas.

8. La aleta universal de !a reivindicacién 1, donde dicho espaciamiento
entre filas adyacentes es generaimente igual a dicho espaciamienio entre

columnas adyacentes.

©

La aleta universal de la reivindicacion 1, donde cada una de dichas
aperturas son generalmente idénticas.
10. Una aleta en un tubo intercambiador de calor, con una aleta formada de

una hoja de aleta universal, el intercambiador de calor comprendiendo:

4
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una porcién tubular con una pluralidad de segmentos rectos de tubos
interconectados por una pluralidad de segmentos conectores de tuberia, con
cada segmento conector interconectando dos segmentos rectos de tuberia,
dichos segmentos conectores y segmentos rectos dentro de un arregio de
configuracion infrincada, con ducha porcién de tubo conteniendo una cantidad
conocida de pares horizontales y verticales de tubos pasando; y

por lo menos una aleta en dicha porcién tubular, con dicha aleta

separada de una hoja de aleta universal con un espesor y una altura, y una

- pluralidad de aperturas con cada apertura configurada para permitir el paso de

pares de tubos a través suyo, con dichas aperturas dispuestas en dicha ldmina
de aleta universal en un arregio de una pluralidad de filas y una pluralidad de
columnas cuyas filas adyacentes estdn generalmente igualmente espaciadas
entre si y cuyas columnas adyacentes estdn igualmente espaciadas entre sl, y
dicho espaciamiento entre filas y columnas adyacentes se dimensiona en tal
forma que dicha hoja de aleta universal se pueda separar entre por lo menos
una de dichas filas adyacentes y columnas adyacentes para formar dicha aleta
con una cantidad de aperturas por lo menos igual a dicho nimero de pares de
tubos que la atraviesan, independientemente del nimero de pares horizontales
y verticales de tubos que !a atraviesan en dicha porcién tubular,

donde dicha aleta tiene una cantidad de aperturas por io menos igual al

2]
=

gnﬁmaro de pares de tubos que atraviesan en dicha porcién tubular y dicha aleta
E.ea;té dispuesta sobre dicha porcion tubular con cada par de tubos que

g

s
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atraviesan dicha porcién tubular, a través de dichas aperturas de dicha aleta.

11. El intercambiador de calor de la reivindicacion 10, donde dicha porcion
tubular es un solo tubo continuo.

12. El intercambiador de calor de la reivindicacidén 10, donde por lo menos
una dicha aleta es una de las de la pluralidad de aletas y dicha pluralidad de
aletas estan alineadas generalmente en una configuracién paralela con dichas
aperturas en dichas aletas alineadas para formar un banco de aletas que se
encuentra en un arreglo en dicha porcion tubular.

13. El intercambiador de calor de la reivindicacidon 10, donde dicha porcién
tubular contiene més tubos atravesando verticaimente que los tubos
atravesando horizontaimente.

14. El intercambiador de calor de la reivindicacién 10, donde dicha porcion
tubular contiene mas tubos atravesando horizontaimente que los tubos
atravesando verticaimente.

15. El intercambiador de calor de la reivindicacion 10, donde dichas
aperturas en dicha hoja de aleta universal se encuentran chaflanadas respacto
de al espesor y a la altura de dicha hoja de aleta universal.

16. El intercambiador de calor de la reivindicacién 10, donde dicho
espaciamiento entre filas adyacentes es generaimente igual a dicho

espaciamiento entre columnas adyacentes.

-
~N

El intercambiador de calor de la reivindicacion 10, donde dichas

INJERIOR Y DE JUSTIOA

aperturas en dicha hoja de aleta universal son aperturas alargadas, con cada
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una de las aperturas incluyendo extremos opuestos interconectados por una

porcién cantral.
18. El intercambiador de calor de la reivindicacién 10, donde dichas

columnas de dicha hoja de aleta universal estdn espaciadas entre si en tal
forma que una porcion de dichas aperturas en una de dichas columnas se
traslapa con una porcion de dichas aperturas en una columna adyacente y tal
aleta tiene un borde ondulado.

19. Un meétodo para fabricar una aleta en un tubo intercambiador de calor, el

meétodo consiste en los siguientes pasos:
(a) separar por lo menos una aleta que contiene una cantidad

predeterminada de aperturas de una hoja de aleta universal pre-formada, que

estd configurada para ser separada para proveer una o més aletas para ser
usadas en el intercambiador de calor, independientemente del nimero de pares

de tubos atravesando horizontaimente y verticaimente en una porcién tubular
del intercambiador de caior en el cual por io menos se usard una aleta; y

(b) colocar dicha aleta en posicién sobre la porcién tubular de
dicho intercambiador de calor, con pares de tubos que pasan a través de dichas

aperturas.
20. El método de la reivindicacién 19, donde (a) incluye hacer dicha hoja de

g aleta universal de tal forma que dicha hoja de aleta universal tenga un espesor y

una altura, y una pluralidad de aperturas, con cada una de las aperturas

configurada en tal forma que permita el paso de un par de tubos a través del
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intercambiador de calor, dichas aperturas configuradas sobre dicha hoja de
aleta universal en un amreglo de una pluralidad de filas y una pluralidad de
columnas, con las filas adyacentes generaimente igualmente espaciadas entre
si, y con las columnas adyacentes generaimente igualmente espaciadas entre
si, y dicho espaciamiento entre filas adyacentes y columnas adyacentes
dimensionado en forma tal que dicha hoja de aleta universal pueda separarse
entre por lo menos una de las filas adyacentes y columnas adyacentes para
formar por lo menos ia dicha aleta unitaria, independientemente del nimero de
pares de tubos que atraviesan verticalmente y horizontalmente.

21. El método de ia reivindicacién 20, donde el hacer dicha hoja de aleta
universal incluye la colocacion de seializaciones sobre dicha hoja de aleta
universal entre por lo menos una de dichas columnas y dichas filas, con dichas
sefalizaciones indicando las localizaciones en las cuales dicha hoja de aleta
universal puede separarse para formar por 10 menos una sola aleta.

22. El método de la reivindicacion 21, donde dichas sefializaciones son
perforaciones en dicha hoja de aleta universal.

23. El método de la reivindicacion 20, donde (a) incluye marcacién con tinta
impresa sobre dicha hoja de aleta universal a partir de un material conductor de
calor.

24. El método de la reivindicacién 20, donde al pre-formar dicha hoja de aleta

universal incluye pre-formar dicha hoja de aleta universal con dicha pluralidad

de aperturas chaflanadas respecto de al espesor y a la altura de dicha hoja

63
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aleta universal.

25. El método de la reivindicacién 19, que ademés comprende la formacién
de una porcién tubular con un nimero predeterminado de pares de tubos
atravesando verticaimente y horizontalmente.

26. El método de la reivindicacién 25, donde la formacién de dicho tubo
incluye la formacién de la porcién tubular con un mayor nimero de pares de
tubos atravesando horizontalmente, que el numero de tubos atravesando
verticaimente.

27. El método de la reivindicacién 25, donde la formacién de dicho tubo
incluye la formacién de la porcién tubular con un mayor niumero de pares de
tubos atravesando verticaimente, que el nuimero de tubos atravesando
horizontaimente.

28. ElI'método de la reivindicacion 25, donde la formacién de dicho tubo
incluye el doblamiento de una longitud continua de tuberia en tal forma que
dicha tuberia forme dicha porcién tubular.

29. E| método de la reivindicacion 19, donde (a) incluye el corte de por lo
menos dicha aleta unitaria a partir de dicha hoja de aleta universal.

30. El método de la reivindicacion 19, donde las porciones de las aperturas
en una columna se traslapan con las porciones de aperturas en una columna

adyacente y donde dicha aleta tiene un borde ondulado.

confrontacién y a la cual me remito.

&
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Attoney Dacket No. 7647-000025

FLEXIBLE TUBE ARRANGEMENT-HEAT EXCHANGER DESIGN

FIELD OF THE INVENTION
[0001] The present invention relates to heat exchangers, and more
particularly to universal fins that can be used In fin on fube heat exchangers.

BACKGROUND OF THE INVENTION

[0002] Heat exchangers are used in a wide variety of applications and
come In a wide varlety of configurations to fit thess various applications. One
. particular application in which heat exchangers are used Is as condensers in
refrigeration cabinets. The condansers in the refrigeration cabinets can come in
a variety of configurations. When a condenser Is installed undemeath the
refrigeration cabinet, the heat exchanger is generally & wire-on-tube condenser.
These condensers undemeath the refrigeration cabinet have a much larger
horizontal dimension then vertical dimension, essuming 8 horizontal air flow.
When the condensers are installed in the machine compartment of the
refrigeration cabinet, the condensers will have a larger vertical dimension than
horizontal dimension, assuming a horizontal air flow. Because these condensers
have a larger vertical dimension then horizontal dimension, the configuration of
these condensers is typically that of a jelly-roll condenser or a multi-layer wire-
ontube configuration. Therefore, the configuration of the condenser in a
refrigeration cabinet can vary depending on whether the condenser is positioned

1
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undemeath the refrigeration cabinet or within a machine compariment of the
cabinet,

[0003] Because the configurations vary, @ manufacturer of refrigeration
cabinets must have available a variety of heat exchanger configurations
dependent on where the condenser is to be placed. in an effort to simplify the
manufacturing process and to reduce cost, it would be desirable to have a
common condenser configuration that can be used In either location. it would be
further desirable if the common condenser configuration can utilize a universal fin
that could be cut or separated to form one or more fins for either configuration
regardiess of the vertical or horizontal dimensions of the condenser
configuration.

[0004] In domestic refrigerators, heat exchangers are used to form
both evaporators and condensers. When the heat exchangers are configured to
be evaporators in domestic refrigerators, they have a relatively small inlet for air
and a comparably long air path through the evaporator. -That is, assuming a
vertical airflow, the evaporators are configured to have a much larger vertical
dimension than horizontal dimension.

[0005) The heat exchangers that are typically configured 1o perform as
either evaporators or condensers for domestic refrigerators vse a tube and fin
pattern that is different depending upon whether the heat exchangers are
configured as evaporators or condensers. The different conﬁgl.lrutlons do not
allow for the use of a common fin to make the heat exchangers. Therefore, a
manufacturer of these heat exchangers must maintain not only different
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configurations but also a variely of fin pattemns that can be used on the differing
configurations of the heat exchangers. It would be desirable if the configurations
of the heat ei&amers were similar enough that a universal or common fin
pattem could be used to provide fins for the heat exchanger regardiess of
. whether the heat exchangers are configured as condensers or as evaporators,
The use of a universal or common fin pattem will reduca the cost of

manufacturing the heat exchanger by reducing the varely of fins the

manufacturer of heat exchangers will be required to produce and/or stock and
reducing the capital investment required to purchase and maintain stamping dies
for each different fin paitern.

[0006] Therefore, it would be desirable to provide a heat exchanger
that can be configured with either a larger number of tube pusel parallel to the

alrﬂmort:hepnseea_parpendimlartoheairﬂowandhatﬂl utifize the same -

universal or common fin patten. The use of a common or universal fin pattem
theraby reduces the cost to manufacture and provide heat exchangers of varying
configurations. Aditicnall, It would be desirable if the fube patism were such
that the tube passes were oriented relative to the airflow for an optimal or highly
efficient heat transfer.

SUMMARY OF THE INVENTION
[0007] The present invention allows for the construction of heat
e:'dmngemﬂ\atmbaconﬁgumdaselﬂnrmpomﬂcondemmand
utiize a common or universal fin regardiess of the number of vertical and

3
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horizontal tube passes in the heat exchangers. A universal fin for use in a fin on
tube heat exchanger according to the principles of the present invention includes
a sheet of heat conducting material that is configured to be separated to form
one or more fins for use on the fin on tube heat exchanger regardiess of a
number of vertical and horizontal pairs of tubing segments in the heat exchanger.
The sheet has a width and a height There are a plurality of openings in the
sheet. Each of the openings is configured fo aliow a palr of generally paralle'l
tubing segments of the heet exchanger to pass therethrough. The openings are
canted relative to the width and height of the sheet. The openings are-aranged
on the sheet into a plurality of rows and a plurality of columns with adjacent rows
being generally equally spaced apart and adjacent columns being ‘generally
equally spaced apart. The spacing between adjacent rows and adjacent
columns is dimensioned to allow the sheet to be separated between at least one
of the adjacent rows and the adjacent columns to form one or more fins that each
contain a plurality of openings at least equal to a number of pairs of tubing
segments in the heat exchanger. .

[0008] A fin on fube heat exchanger having a fin formed from a
universal fin sheet is also disclosed. The heat exchanger Includes a tube portion
having a plurality of straight segments of tubing Interconnected by a ;:Iuraﬁly of
connecting segments of tubing with each connecting segment Intarconnecting
two straight segments. The straight and connecting segments are arranged in a
sinuous configuration. The tube portion has a known quantity of vertical and
horizontal pairs of tube passes. There is at least one fin on the tube portion. The

4
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fin is separatad from a universal fin sheet having a widih, a height and a plurality
of openings with each opening configured to allow a pair of tube passes to pass
therethrough. The openings are arranged on the universal fin sheet into a
plurality of rows and a pluraiily of columns with adjecent rows being genetally
equally spaced apart and adjacent columns being generally equally spaced
apait. The spacing betwesn adjacent rows and adjacent columns is
dimensioned so that the universal fin sheet can be separated between at least
one of the adjacent rows and adjacent columns to form the fin having a quantity
of openings at least equal to the number of pairs of tube passes regardless of a
number of vertical and horizontal pairs of tube passes in the tube portion. The fin
formed thereby has a quantity of openings at least squal to the number of pairs
of tube passas in the tube portion and Is arranged on the tube portion with each
palr of tube passes of the tube portion passing through one of the openings in the

fin.

[0008] The prasent invention also discioses a method of making a fin

- on tube heat exchanger. The method includes: (1) separating at least one fin
having a predetsrmined quantity of openings from a preformed universal fin
sheet that is configured to be separated to provide one or more fins for use on a
heat exchanger regardiess of a number of vertical and horizontal pairs of tube
passes in a tube portion of the heat exchanger on which the at least one fin Is o
be used; and (2) positioning the fin on the tube portion of the heat exchanger with
pairs of tube passes passing through the openings.
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[0010] Further areas of appficability of the present invention will
become apparent from the detailed description provided hereinafter. it should be
understood that the detalled description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of
ilustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully understood from
the detniled description and the accompanying drawings, wherein:

[0012] Figure 1A Is a front elevation view of a universal fin according to
the principles of the present invention;

[0013] Figures 1B and 1C are front elevation views of continuous fins
that can be formed from the universal fin In Figure 1A; |

[0014] Figure 2 is a perspective view of & tube portion of a heat
exchanger according to the principles of the present invention;

[0015] Flgumahapgnpecﬁwviawofaheatmharlgeramrdlmh
the principles of the present IMn havlr.lg more vertical tube passes than
horizontal tube passes;

[0016] Figure 4 Is a perspective view of a heat exchanger according to
the principles of the present invention having more horizonta! tube passes than
vertical tube passes;
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[0017] Figure 5 is a perspective view of a universal fin according to the
principles of the present Invention being stamped from a sheet of heat
conducting material;

[0018] Figure 68 is a perspective view of continuous fins made from the
universal fin of Figure 1 being arranged on the tube portion of Figure 2;

[0019] Figure 7 is a perspective view of the tube portion of Figure 2
being formed by bending a length of continuous tubing;

[0020] Figure 8A is a front elevation view of a second preferred
embodiment of a universal fin according to the principles of the present Invention;

[0021] Figures 8B-D are front elevation views of exemplary continuous
fins that can be formed from the universal fin of Figure 8A; and

- {0022] Figumohapempecﬁwwmofaheutexchmh;ﬁngﬁna
formed from the universal fin according to the second preferred embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses.
. [0024] Referring now to Figure 1A, thera is shown a universal fin 20
in accordance with the principles of the present invention. The universal fin 20
has a plurality of openings 22 that are each configured and adapted to allow tube
passes on a heat exchanger to pass therethrough when the universal fin 20 or a

7
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portion of the universal fin 20 is used as a fin on a fin on fube heat exchanger, as
will be explained in more detail below. The universal fin 20 has a height H and a
width W. The openings 22 are amanged into a plurality of eolumns 24 and a
plurality of rows 26. Theoolumns24andﬂlerom26areapacadapartsud1that
the universal fin 20 can be separated between the columns 24 or between the
rows 26 to form one or more fins 28, such as those shown in Figures 1B and 1C,
for use on a tube portion 30, such as that shown in Figure 2, of a fin on tube heat
exchanger 32, as will be discussed in more detall below.

[0025) Referring now to Figure 2, there is shown a tube portion 30
that can be used to make a fin on tube heat exchanger 32 according to the
principles of the present invention. The tube portion 30 is comprised of a plurality
of straight segments 34 and a plunality of connecling segments 36. Each
connecting segment 36 interconnects two straight segments 34 so that all of the
straight segments 34 are interconnected and form the tube portion 30 for use in
the heat axchanger 32. The tube portion 30, as is known in the art, has at least
one intemal passageway (not shown) that allows a fluid to flow through the tube
portion 30.

" [0026] The tube portion 30 has a plurality of horizontal and vertical
tube passes 36. A fube pass 38 s defined as the part of the tube portion 30 that
passes through a common opening 22 in a fin 28. The tube portion 30 will be
configured for the specific application in which the heat exchanger 32 is desired
to be used. That is, the number of vertical and horizontal tube passes 38 will
vary depending upon the application In which the heat exchanger 32 formed from

3%
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the tube portion 30 is to be used. For example, as shown in Figures 2 and 3, the
ube portion 30 can be configured to have two horizontal tube passes 38 and
eight vertical tube passes 38 (a 2x8 configuration) or, as shown in Figure 4, the
tube portion 30 can be configured to have eight horizontal tube passes 38 and
four vertical tube passes 38 (an 8x4 configuration). Preferably, the tube portion
30 is configured so that the tube passes 38 are canted so that the heat
exchanger 32 formed from tha tube portion 30 efficiently transfers heat.

[0027]  Each tube pass 38 is comprised of a peir 40 of straight
segments 34 which pass through all or a portion of the fins 28 on the heat
exchanger 32. The two straight segments 34 are interconnected by a connecting
segment 38. The straight segments 34 .and the connecting segments 38 are
" formed info a sinuous or serpentine tube portion 30, as is known in the art, to be
used In the heat exchanger 32. Preferably, each straight segment 34 that forms
a palr 40 of straight segments are paraliel to one anaother. Even more preferably,
. all the straight sagments 34 that comprise tube passes 38 are generally paraliel.
A single straight sagment 34 could also pass through all or a portion of each fin
28 on the heat exchanger 32.

- [0028) Preferably, the tube portion 30 is configured so that adjacent
horizontal tube passes 38 are uniformly spaced apart. Also preferably, adjacent
vertical tube passes 38 are uniformly spaced apart. Even more preferably, the
spacing between adjacent horizontal tube passes 38 is generally the same as the
spacing between adjacent vertical tube passes 38. The uniform spacing
between adjacent horizontal and vertical tube passes 38 enables the universal fin
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20 o provide one or more fins 28 to be used with the tube portion 30 to form heat
exchangers 32 regardiess of the number of horizontal and vertical tube passes
38, as will be described in more detail below.

[0028] The tube portion 30 can be made in a variety of manners.
For example, as shown in Figure 7, the tube portion 30 can be made by bending
a pleca of continuous tubing 42 into the desired configuration. While the piece of
continuous tubing 42 is shown in Figure 7 as being bent by a tube bender 44, it
should be understood that other methods of bending a piece of continuous tubing
42 into a tube portion 30 having a desired configuration, as will be apparent fo
those skilled In the art, can be employed and still be within the scops of the
invention as defined by the claims. Altematively, the tube portion 30 can be
formed by connecting independent straight segments 34 with independent
uonnedirlgsagmeans: That is, the tube portion 30, as is known in the art, can
be assembied from a plurality of discrest components. The connecting segments
38 can be connected fo the straight segments 34 by brazing, adhesives._or other
maanshmnhﬂnartwlﬂwutdepammmpswpaolﬂ\e.imenﬁmas
defined by the claims. The connecting segments 36, regardiess of being discrete
components or part of the tube is slightly flattened in a rectangular die (not
shown) to facilitate insertion through openings 22 in universal fin 20.

[0030] Refarring now to Figure 1A, it can be seen that the openings
22 in the universal fin 20 are configured to allow a fube pass 38 to pass
thersthrough. That is, the openings 22 are configured to allow a pair 40 of
straight segments and a slightly flattened connecting segment 38 to pass through

10
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the opening 22. The openings 22, are comprised of end portions 46 connected
by a central portion 48, The end portions 48 are rounded and substantially
complementary to the straight segments 34 that make up the tube portion 30.
End portions 34 have a collar or flange portion 48 (shown in Figure 6 only) that
contacts straight segments 34. End portions 46 have a radius that is slightly less
"than a radius of the straight cegments 34 to allow a press-fit connection with
good surface contact between straight segments 34 and fins 28. The central
portion 48 connects the end portions 46 and allows the slightly flattened
connecting segment 36 attached to the pair of straight segments 40 fo pass
therethrough so that a fin 28 having the openings 22 can be positioned on a tube
portion 30 with each tube pass 38 passing through different openings 22 to form
a heat exchanger 32. Praferably, the end portions 48 and the intermediate
portion 48 are configured to form a “dog-bone” shape, as is known in the art.
Even more preferably, each opening 22 in the universal fin 20 is generally
identical. The openings 22 are canted relative to the height H and width W. The
tube portion 30 is configured ao that the tube passes 38 are also canted and are
complementary to the canting of the openings 22.

[0031] As was stated above, the universal fin 20 is configured so
that one or more fins 28 can be separated from the universal fin 20 and used on
a heat exchanger 32 regardiess of the number of horizontal or vertical tube
passes 38 that comprise the heat axchanger 32. To enable the universal fin 20
to provide one or more fins 28 for use on a heat exchanger 32 regardiess of the
number of horizontal and vertical tube passes 38, the spacing between the

11
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openings 22 on the universal fin 20 generally need to be the same as the spacing
between the tube passes 38 on a tube portion 30. Preferably, adjacent columns
24 of openings 22 are generally equally spaced apart. Also preferably, adjacent
rows 26 of openings 22 are generally equally spaced apart. The tube portion 30
is configured so that the spacing between vertical tube passe

g 38 is genenally the
same as the spacing between adjacent mws 28 of openings 22 in the universal
fin 20 and the epacing between horizontal tube passes 38 is generally the same
as the spacing between adjacent columns 24 of openings 22 in the universal fin
20.

[0032] Because the tube portion 30 Is configured so that the
spacing between vertical and horizontal tube passes 38 are the same as the
spacing between the columns 24 and the rows 26, the universal fin 20 can be
separated between the rows 268 and/or columns 24 to form one or more
continuous fins 28 that can bs used on the tube portion 30 to form a heat
axchanger 32 regardiess of the number of horizontal and vertical tube passes 38.
For example, when the tube portion 30 is configured into the shape shown in
Figures 2 and 3, the tube portion 30 has two horizontal tube passes 38 and eight
vertical tube passes 38, a 2x8 configuration. To make a continuous fin 28 for use
on the 2x8 configuration, the universal fin 20 is separated between adjacent
columns 24 and adjacent rows 26 so that a continuous fin 28, as shown in Figure
1B, is formed that has two columns 24 of openings 22 and eight ows 26 of
openings 22. The fin 28, shown in Figure 1B, can then be used on the tube
portion 30 shown in Figure 2 to form the heat exchanger 32 shown in Figure 3.

12
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The universal fin 20 can also be used to provide one or more continuous fins 28
for use on a tube portion 30 having eight horizontal fube passas 38 and four
vertical tube passes 38, an 8x4 configuration, as shown in Figure 4. A fin 28 for
use on the tube portion 30 shown in Figure 4 can be separated from the
universal fin 20. That is, the universal fin 20 is separaled belween adjacent
columns 24 and adjacent rows 26 to form a continuous fin 28, as shown in Figure
1C, that has eight columns 24 of openings 22 and four rows 28 of openings 22.
The fin 28 shown in Figure 1C can then be used on a tube portion 30 shown in
Figure 4 to form the heat exchanger 32 shown in Figure 4.

[0033] Preferably, the universal fin 20 is separated 86 as to form a
pluraiity of continuous fins 28 having the same number of columns 24 and rows
26 s0 that the plurality of fins 28 can be aligned to form a fin bank 50 through
which the tube passes 33 of the tube portion 30 pass. That s, the plurailty of fins
28 formed from a universal fin 20 are positioned on the tube portion 30 and
spaced along the tube passes 38 to form an efficient heat exchanger 32. It
should be appreciated that the universal fin 20 can be separated so as to form
continuous fins 28 having more or less number of columns 24 and/or rows 26
than the number of horizontal and/or vertical tube passes 38 if desired and still
be within the scope of the present invention.

[0034) Optionally, to facilitate the separation of the universal fin 20
to form one or more continuous fins 28, the universal fin 20 can be provided with
indicia 51 that extends betwesn the adjacent columns 24 and/or between

adjacent rows 26. The indicia 51 indicates locations on the universal fin 20

13
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where the universal fin 20 can be separated to form the one or more fins 28. The
indicia 51 can be perforations in the universal fin 20, The perforations facilitate
the separating of the one or more fins 28 from the universal fin 20.

[0035] The one or more continuous fins 28 formed from the
universal fin 20 are assembled on the tube portion 30 by either sliding the tube
passes 38 through the openings 22 until the fins 28 are positioned in desired
locations on the tube portion 30, or by sliding the fins 28 along the fube passes
38 until the fins 28 are located at desired positions on the tube portion 30. The
fins 28 can then be secured o the tube portion 30, by @ variety of methods.
meomblymafmzamatlgehedbmamm;;uﬁonbylmchanimlor
interference fit. The openings 22 can be configured o that the end portions 48
deform slightly as a result of the tube passes 38 extending through the openings
22. The deformation of the end portions 48 mechanically retain the fins 28 at
desired locations on the tube portion 30 and provide good surface contact
between fins 28 and tube portion 30. Altematively, other methods of atiaching
the fins 28 to the desired locatlon of the tube portion 30, such as by brazing
and/or adhesives, may ba employed.

[0036] The one or more continuous fins 28 that are made from the
" universal fin 20 can be separated from the universal fin 20 In a variety of ways.
For axample, the universal fin 20 can be cut beiween adjacent rows 26 and/or
adjacent columns 24 to form the one or more fins 28 having a desired number of
columns 24 and rows 26 of openings 22. Other methods of separating the
universal fin 20 between the columns 24 and/or rows 26, as will be apparent to

14
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those skilled in the art, can also be employed without departing from the scope of
the invention as defined by the claims.

[0037] The universal fin 20 can be formed by a variety of methods,
as will be apparent to those skilled in the art. For example, as shown in Figure 5,
the universal fin 20 can be die stamped from a sheet 52 of heat conducting
material. The sheet 52 of heat conducting material is positioned within a die
stamp 54. The die stamp then stamps the sheet 52 of heat conducting material
into the form of a universal fin 20, as is known in the art.

[0038] As was mentioned above, the configuration of the tube
portion 30 in a heat exchanger 32 will vary depending upon the application In
which the heat exchanger 32 is desired to be used. For example, when the heat
exchanger 32 s desired 1o be used in a domestic refrigerator, the heat
exd'lang.arszcan bapnnﬂhumdtobaaimeranmpomtnr.':soraeondanw
58. When heat exchanger 32 is configured to be a condenser 58 for application
in @ machine compariment, the heat exchanger 32 will have a general shape as
shown in Figure 3. The condenser 58 is chamacierized by having a relatively
large inlet for air flow and a short path through the condenser 58 through which
the air flows. That is, the condenser 58 will have significantly more vertical tube
passes 38 than horizontal fube passes 38 with a horizontal air fiow. While the
condenser 58 is shown as a 2@ configuration, it should be understood the actual
configuration will vary and such variations are within the scope of the invention.
To make the condenser 58, the tube portion 30 is formed into the configuration
shown in Figure 2. Fins 28 having the same number of horizontal rows 26 and
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vertical columns 24 as the number of horizontal and vertical tube passes 38
(one-haif the number of rows 26 and columns 24 as the number of straight
segments 34) are removed from the universal fin 20. The piurality of fins 28 and
the tube portion 30 are then assembled, as shown in Figure 6, to form the
condenser 58.

[0039] The tube portion 30 can also be configured so the heat
exchanger 32 takes the form of an evaporator or a condenser 58 for application
undemeath a refrigerator. The evaporator or condenser 56 is characterired
having a relatively small Inlet for air flow and a comparably long path through the
evaporator or condenser 5Bﬂ;rough which the air flows. Therefore, as can be
seen in Figure 4, the evaporator or condenser 56 is characterized by having a
significantly larger number of horizontal tube passes 38 than vertical tube passes
. 38 with a horizontal alfilow. While the evaporator or condenser 56 is shown as
an 8x4 configuration, it should be understood that the actual configuration wil
varyar_ld such variations are within the scope of the invention. One or more
continuous fins 28, as shown in Figure 1C, are sepamted from the universal fin
20 s0 that the number of rows 26 and columns 24 of openings 22 on the fins 28
equals the number of horizontal and vertical fube passes 38 (one-half the
number of rows 26 and columns 24 as the number of straight segments 34) of
the tube portion 30. The fins 28 and tube portion 30 are then assembled to form
the evaporator 56.

[0040] Optionally, but preferably, the spacing between adjacent
columns 24 is generally equal to the spacing betwsen adjacent rows 26. When
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the spacing between adjacent columns 24 and adjacent rows 26 is the same, the
tube portion 30 which is configured to use one or more continuous fins 28 from
the universal fin 20 has the vertical and horizontal fube passes 38 also equally
spaced apart and equal to the spacings between the adjacent columns 24 and
adjacent rows 26, The tube portion 30 can then utiiza the universal fin 20 to
provide one or more continuous fins 28 to be assembled with the tube portion 30
to form a heat exchanger 32 having any desired number of vertical and horizontal
tube passes 38.

[0041) Referring now to Figure 8A, a second prefermed embodiment
of a universal fin 20’ is shown. I.n this embodiment, the openings 22’ are
arranged in a tighter configuration such that a straight line cannot be drawn
between adjacent columns 24’ of openings 22'. That is, openings 22' are canted
and the columns 24’ are spaced a.part a distance such than an upper portion of
omofmooponlngsn'willwerlapIovnrpofﬂonofanopaningZZ’hgn
-aiii_acant column 24'. With this spacing between adjacent columns 24", a straight
cut betwsan columns 24' is not possible. Rather, adjacent columns 24’ are
separated by making a scalloped or undulating cut between adjacent columns
24'; such as shown in Figures 8B-D wl'_llch are fins 28' of varying number of
columns 24’ that were cut from universal fin 20' and have undulating edges.

[0042] The partial overlapping of an opening 22' In one column 24'
with an opening 22’ in an adjacent column 24’ allows for closer spacing between
tube passas 38’ in a heat exchanger 32" formed with acallopedﬁnsza' such as
the heat exchanger 32' shown in Figure 9. ﬂmeunmrsalﬁnzo'canbewtor
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separated between adjacent columns 24’ and/or rows 28' to form a fin 28" with a
desired number of columns 24’ and rows 26', such as fins 28’ shown in Figures
8B-D. Optionally, as shown in Figure 8A, universal fin 20' can have a lower most
row 60 which has a generally horizontal opening 62 for every two columns 24",
Openings 62 are designed to cormespond with a tube pass that goes from one
column 24' to an adjacent column 24'. Thus, universal fin 20’ Is substantially the
same as universal fin 20 with the positioning of adjaoent. columns 24’ being
different along with the optional addition of a lowermoat row 60 of openings 62

[0043] As will be apparent to those skilled in the art, the universal
fin 20 can be used to provide one or more continuous fins 28, 28’ for a variety of
configurations of a heat exchanger 32, 32° that has horizontal and vertical tube
passes that are spaced apart generally equal to the spacings between the
columns 24, 24' and rows 26, 26' of openings 22, 22' in the universal fin 20, 20",
Therefore, while the universal fin 20, 20' has been shown as being able to
provide one or more continuous fins 28, 28’ for use in a 2x8 configuration and an
8x4 configuration, it should be understood that universal fin 20, 20° can be used
to provide fins 28, 28' for n x n configurations, where n is a positive integer,
without departing from the scope of the invention as defined by the claims.

[0044] The description of lhe invention Is merely exemplary in nature
and, thus, variations that o not depart from the gist of the invention are intended
to be within the scope of the Invention. Such variations are not to be regarded as
a departure from the spirit and scope of the invention.

18
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CLAIMS
What is claimed is:

1.  Auniversal fin for use in a fin on tube heat exchanger, the universal
fin comprising:
a sheet of heat conducting material configured to be separated to
form one or more fins for use on the fin on tube heat exchanger regardiess of a
number of verical and horizontal pairs of tubing segments in sald heat
exchanger, sakd sheet having a width and a height; and
" plumlity of openings in said sheet, each of said openings
configured to allow a pair of generally parallel tubing segments of the heat
exchanger to pass therethrough, said openings being canted relative to said
width and height of said sheet, ssid openings being amanged on said shest into a
plurafity of rows and a plurality of columns with adjacent rows being generally
equally spaced apart and adjacent columns being generally equally spaced
apart, and said spacing between adjacent rows and adjacent columns being
dimensioned to allow said sheet to be separated between at least one of said
adjacent rows and said adjacent columns to form one or more fins each
containing a plurality of openings at least equal to a total number of pairs of
tubing segments in the heat exchanger.
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2.  The universal fin of claim 1, wherein said openings are elongated
openings with each opening having opposite end portions interconnected by a
central portion. '

3.  The universal fin of claim 2, wherein said openings are dog-bone
shaped. S

4.  The universal fin of claim 1, further comprising indicia on said sheet
indicating locations where said sheet can be separated to form sald fins, said
indicla extending along saki sheet between at least one of sald columns and said

5. The universal fin of claim 4, wherein said indicia is perforations in
said sheet.

6.  The universal fin of claim 1, wherein said columns are spaced apart
such that a portion of said openings in one of said columns overiaps a portion of

sald openings in an adjacent column.

7.  The universal fin of claim 8, wherein said adjacent columns when
separated have an undulating edge.

20

gxA

I.g
|1} 2
<551
3 eg 2,
2%

Carw mvevidad by LIRET from the IFW kmace Deishass an 10/20/9004



93

Attomey Docket No. 7647000025 32

8.  The universal fin of claim 1, wherein said spacing betwsen adjacent
rows is generally equal to said spacing between adjacent columns.

9. The universal fin of claim 1, wherein each of said openings are
generally identical.
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10. A fin on tube heat exchanger having a fin formed from a universal
fin sheet, the heat exchanger comprising:

" atube portion having a plurality of siraight sagments of tubing
interconnected by a plurality of ot_mneuting segments of tubing with each
connecting segment interconnecting two straight segments, said straight and
connecting segments being amranged in a sinuous configuration, said tube
portion having a known quantity of vertical and horizontal pairs of tube pesses;
and

at least one fin on said tube portion, said fin being separated from a
universal fin sheet having a width, a height and a plurality of openings with each
opening configured to allow a pair of tube passes to pass therethrough, said
openings being arranged on said universal fin sheet into a plurality of rows and a
plurality of columns with adjacent rows being generally equally spaced apart and
adjacent columns being generally equally spaced apart, and said spacing
between adjacent rows and adjalcent columns being dimensioned so that said
universal fin sheet can be separated between at least one of said adjacent rows
and adjacent columns fo form sald fin having a quantity of openings at least
equal to said number of pairs of tube passes regardiess of a number of vertical
and horizontal pairs of tube passas In said tube portion,

wherein sald fin has a quantity of eaid openings at least equal to
said number of pairs of tube passes in sald tube portion and sakl fin is aranged
on sald tube portion with each pair of tube passes of said tube portion passing
through one of sald openings in said fin.
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11. The heat exchanger of claim 10, wherein said tube portion is a

single continuous tube.

12.  The heat exchanger of claim 10, wherein said at least one fin is one
of a plurality of fins and said plurality of fins are afigned in a generally parallel

configuration with said openings in said fins being aligned to form a fin bank that

is arranged on said tube portion.

13. The heat exchanger of claim 10, wherein sald tube portion has

more vertical tube passes than horizontal tube passes.

14.  The heat exchanger of claim 10, wherein said tube portion has
more horizontal tube passes than vertical tube passes.

16. The heat exchanger of claim %0, wherein said openings in sai
universal fin sheet are canted relative to said width and said height of said

universal fin sheet. g
33 8
$08:2

16. The heat exchanger of claim 10, wherein said spacing between ggggg

£ ),

adjacent rows is generally equal to said spacing between adjacent columns. g - g §
gidd
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17. The heat exchanger of claim 10, wherein said openings in said
universal fin sheet are elongated openings with each opening having opposite

end portions interconnected by a central portion.

18. The heat exchanger of claim 10, wherein said columns of said

universal fin sheet are spaced apart such that a portion of said openings in one
of said columns overlape a portion of said openings in an adjacent column and

said fin has an undulating edge.
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18. A method of making a fin on tube heat exchanger, the method
comprising the steps of:

(a) separatihg at least one fin having a predetermined quantity
of openings from a preformed universal fin sheet that is configured to be
separated fo provide one or more fins for use on a heat exchanger regardiess of
a number of vertical and horizontal pairs of tube passes in a tube portion of the
heat exchanger on which sald at least one fin is to be usad; and

(b) positioning wd fin on said tube portion of said heat
exchanger with pairs of tube passes passing through said openings.

20. The method of claim 19, wherein (a) includes preforming said
universal fin sheet so that sald universal fin sheet has a width, a height and a
plurality of openings vath each opening configured to allow a pﬁir of tube passes
of the heat exchanger to pass therethrough, said openings being amanged on
sald universal fin sheet into a plurality of rows and a plurafity of columns with
adjacent rows being generally equally spaced apart and adjacent columns being
generally equally spaced apart, and sald spacing between adjacent rows and
adjacent columns being dimensioned so that sald universal fin can be separated
between at least one of said adjacent rows and adjacent columns to form said at
least one fin regardiess of a number of horizontal and verfical pairs of tube
passes.
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21. The method of claim 20, wherein preforming said universal fin
sheet includes placing indicia on said universal fin sheet between at least one of
said columns and said rows, said indicla indicating locations where said universal

fin sheet can be separated to form said at least one fin.

22. The method of claim 21, wherein said indicia are perforations in

said universal fin.

23. The method of claim 20, whersin (a) includes die stamping said
universal fin sheet from a sheet of heat conducting matevial.

- 24. The method of claim 20, wherein preforming sald universal fin
sheet includes preforming said universal fin sheet with said pluraiity of openings
canted relative to sald width and height of said universal fin sheet.

Ve rby
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25. The method of claim 19, further comprising forming a tube portion
having a predetermined number of vertical and hotizontal pairs of tube passes.

TRADUCCION OFICIAL No,
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28. The method of claim 25, wherein forming said tube portion includes
forming said tube portion with a greater number of horizontal pairs of tube passes

than vertical pairs of fube passes.
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27. The method of claim 25, wherein forming said tube portion includes
forming said tube portion with a greater number of vertical pairs of tube passes
than horizontal pairs of tube passes.

28. The method of claim 25, whereln forming said tube portion includes
bending a continuous length of tubing so that said tubing forms said tube portion.

29. The method of ciaim 18, wherein (a) includes cutting said at least
one fin from said preformed universal fin shest.

30. The method of claim 19, wherein portions of openings In one

column overlap portions of openings in an adjacent column and said fin has an
undulating edge.
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ABSTRACT OF THE DISCLOSURE

A universal fin for use on a heat exchanger having a known number of
vertical and horizontal tube passes. The universal fin has a plurality of openings
amranged in equally spaced columns and equally spaced rows. One or more
continuous fins having columns and rows of openings equal to the known
number of tube passes can be removed from the universal fin and assembled
with a tube portion to form the heat exchanger. The openings on the universal fin
are configured so that one or more fins can be separatad from the universal fin
for use on a heat exchanger regardiess of the number of horizontal and vertical
passes that comprise the haat exchanger.
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DECLARATION
As a below named inventor, | hereby declare that
My residence, mailing address and citizenship are as stated below next to my name,

1 believe that | am the original and first inventor or inventors of the subject matter which
is claimed and for which a patent is sought on the invention entitied:

FLEXIBLE TUBE ARRANGEMENT-HEAT EXCHANGER DESIGN

the specification of which (check one)
Bd s attached hereto.
or
[1 was filed on as Application Serial No. or PCT International

Application No. and was amanded on (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified
specification, including the claima, as amended by any amendment referred to above.

| acknowledge the duty to disclose information which is material-to patentability as
defined in 37 CFR § 1.58, including for continuation-inpart applications, material
information which became available between the filing date of the prior application and
the national or PCT international filing date of the continuation-in-part application. -

| hereby claim foreign priority benefits under 35 U.S.C. §§ 118{a)-{d) or 385(b) of any
foreign application(s) for patent or inventor's certificate, or 385(a) of any PCT
intemnational application which designated at least one country other than the United
States of America, listed below and have also identified below, by checking the box, any
foreign application for patent or inventor's cestificate, or any PCT intemational
application having a filing date before that of the application on which priority is claimed:

PRIOR FOREIGN APPLICATION(S)
APPN. SERIAL NO. COUNTRY DATE FILED PRIORITY

(MNVDDAYYYY) Yes
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| heraby declare that all statements made herein of my own knowladge are true and that
all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledge that willful false statements and the
like 80 made are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001
and that such willful false statements may jeopardize the validity of the application or
any patent issued thereon.

POWER OF ATTORNEY

| hereby appoint each pracitioner at Customer No. 27572 of Hamess, Dickey & Pierce,
P.LC., my attomey with full power of substitution and revocation, to prosecuts this
application and to fransact all business in the Patent and Trademark Office connected
therewith.

CORRESPONDENCE ADDRESS

| request the Patent and Trademark Office to direct all correspondence and telephone
calls relative to this application to Customer No. 27572, Hamess, Dickey & Pierce,
P.L.C., P. O. Box 828, Bloomfield Hills, Michigan 48303 (248) 641-1600.

Full name of sole or first | . Smithey
Inventor's signature: m

Date: _ 22G- 03

Residence: 2 Maumese Ct., Adrian, MI 48221
Citizenship: UNITED STATES

Mailing Address: 2 Maumee Ct, Adrian, M| 48221

Full name of second joint Inventor, W Virsk
inventor's signature: UL;:&

Date: o Lo w1003
Residence: 270 Richlyn Drive, Adrian, Ml 49221
Citizenship: UNITED STATES

Mailing Address: 270 Richlyn Drive, Adrian, Ml 48221
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