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Description

[0001] A microchannel heat exchanger (MCHX) in-
cludes heat exchange tubes with a flattened surface that
extend between two headers. Refrigerant flows through
the heat exchange tubes and exchanges heat with air
that flows over the heat exchange tubes. A folded fin
including a plurality of fin plates can be located between
two adjacent heat exchange tubes. Each fin plate is con-
nected to an adjacentfin plate with a curved portion. Each
fin plate includes louvers to create turbulence in the air-
flow and enhance heat transfer between the refrigerant
and the air. The louvers have a length extending between
the heat exchange tubes.

[0002] Duetothehighersurface density, condensation
and frost can form in the microchannel heat exchanger.
Any condensate that forms can flow along the surface of
the fin in a serpentine path towards the bottom of the fin.
However, the condensate can build up in the curved por-
tions near the heat exchange tubes where it is coldest
and form frost.

[0003] Figure 1 illustrates a prior art fin plate 100 in-
cluding a plurality of louvers 102 each separated by a
gap 104. An entirety of each louver 102 is located in a
single plane.

[0004] Inone prior heat exchanger described in United
States Patent No. 4,676,304, some of the louvers of a
fin plate are angled downwardly with respect to a body
of the fin plate, and other louvers of the fin plate are re-
cessed and located below and parallel to the body of the
fin plate. The angled louvers are located in one portion
of the fin plate, and the recessed louvers are located in
another portion of the fin plate.

[0005] In another prior heat exchanger described in
Japanese Publication No. JP56157793, a crest portion
is located in a middle of the length of each louver, the
crest portion being higher than ends of the louver. Any
condensate that forms on the fins is directed towards the
lower ends of the louver and near the heat exchange
tubes for draining.

[0006] US 2007/0199686, which can be considered as
the closest prior art, discloses the features of the pream-
ble of claim 1.

[0007] Viewed from a first aspect, the invention pro-
vides a fin of a heat exchanger that includes fin plates
and louvers. Each of the louvers includes a first louver
section, asecond louver section and a third louver section
between the first louver section and the second louver
section. The third louver section includes a first drain por-
tion that extends downwardly relative to the first louver
section and the second louver section and asecond drain
portion that extends upwardly or downwardly relative to
the first louver section and the second louver section. A
gap is defined between the first drain portion and the
second drain portion.

[0008] The invention also extends to a heat exchanger
comprising: a first header; a second header; a plurality
of heat exchange tubes extending between the first head-
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er and the second header; and a fm as described above
located between two adjacent heat exchange tubes.
[0009] These features of the present invention will be
best understood from the following specification and
drawings.

[0010] The various features and advantages of the in-
vention will become apparent to those skilled in the art
from the following detailed description of the currently
preferred embodiment. The drawings that accompany
the detailed description can be briefly described as fol-
lows:

Figure 1 illustrates a prior art fin plate;

Figure 2 illustrates a prior art refrigeration system;
Figure 3 illustrates a prior art microchannel heat ex-
changer;

Figure 4 illustrates flow paths of condensate along
a fin which is in accordance with the claimed inven-
tion;

Figure 5 illustrates a perspective view of a portion of
the fin which is in accordance with the claimed in-
vention of the microchannel heat exchanger;
Figure 6 illustrates a fin plate of the fin, which is in
accordance with the claimed invention; and

Figure 7 illustrates another example fin plate of the
fin, which is not within the scope of the appended
claims.

[0011] Figure 2 illustrates a refrigeration system 20 in-
cluding a compressor 22, a first heat exchanger 24, an
expansion device 26, and a second heat exchanger 28.
Refrigerant circulates through the closed circuit refriger-
ation system 20.

[0012] When the refrigeration system 20 is operating
in a cooling mode, the refrigerant exits the compressor
22 at a high pressure and a high enthalpy and flows
through the first heat exchanger 24, which acts as a con-
denser. In the first heat exchanger 24, the refrigerant
rejects heat to air and is condensed into a liquid that exits
the first heat exchanger 24 at a low enthalpy and a high
pressure. A fan 30 directs the air through the first heat
exchanger 24. The cooled refrigerant then passes
through the expansion device 26, expanding the refrig-
erant to a low pressure. After expansion, the refrigerant
flows through the second heat exchanger 28, which acts
as an evaporator or a cold heat exchanger. In the second
heat exchanger 28, the refrigerant accepts heat from air,
exiting the second heat exchanger 28 at a high enthalpy
and alow pressure. A fan 32 blows air through the second
heat exchanger 28. The refrigerantthen flows to the com-
pressor 22, completing the cycle.

[0013] The refrigeration system 20 can include a four-
way valve 34 that reverses the direction of refrigerant
flow. When the refrigeration system 20 is operating in the
cooling mode, the four-way valve 34 directs the refriger-
ant from the compressor 22 to the first heat exchanger
24, and the second heat exchanger 28 acts as an evap-
orator or a cold heat exchanger. When the refrigeration
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system 20 is operating in a heating mode, the four-way
valve 34 directs the refrigerant from the compressor 22
to the second heat exchanger 28, and the first heat ex-
changer 24 operates as an evaporator or a cold heat
exchanger.

[0014] Either or both of the heat exchangers 24 and
28 can be a microchannel heat exchanger 36. The mi-
crochannel heat exchanger 36 can be part of a refriger-
ation system 20 used with a microdevice or an automobile
air conditioner. For example, the microchannel heat ex-
changer 36 can be employed for an automotive, residen-
tial or aerospace HVAC application due to the compact-
ness, lower cost and performance microchannel heat ex-
changer 36. For ease of reference, the microchannel heat
exchanger can be referred to as a microchannel heat
exchanger 36.

[0015] Figure 3 illustrates the microchannel heat ex-
changer 36. The microchannel heat exchanger 36 in-
cludes a first header 38, a second header 40, and a plu-
rality of flat heat exchange tubes 42 that extend between
the headers 38 and 40. The heat exchange tubes 42 are
substantially parallel and extend in a vertical direction.
In one example, each heat exchange tube 42 is a flat
multi-port tube, and each port has a hydraulic diameter
of less than 5 mm. A fin 44 is located between adjacent
heat exchange tubes 42 to increase heat transfer.
[0016] The refrigerant enters the microchannel heat
exchanger 36 through the first header 38 and flows down-
wardly in a direction B through the heat exchange tubes
42. The air flows into the page in a direction A. As the
refrigerant flows through the heat exchange tubes 42 to-
wards the second header 40, the refrigerant exchanges
heat with the air that flows over the heat exchange tubes
42. If the microchannel heat exchanger 36 is an evapo-
rator or a cold heat exchanger, the air is cooled as it flows
over the heat exchange tubes 42. If a single phase liquid
(such as glycol or water) is used as the refrigerant, the
microchannel heat exchanger 36 is a cold heat exchang-
er. If atwo phase refrigerant (a refrigerant that enters the
microchannel heat exchanger 36 as a liquid and exits the
microchannel heat exchanger 36 as a vapor) is em-
ployed, the microchannel heat exchanger 36 is an evap-
orator.

[0017] Figure 4 illustrates one of the fins 44 of the mi-
crochannel heat exchanger 36. The fins 44 have a ser-
pentine shape and are made of metal. In one example,
the fins 44 are made of aluminum sheet that is stamped
and bent into the serpentine shape.

[0018] Each fin 44 includes a plurality of fin plates 46
are each slightly angled with respect to the horizontal.
Thatis, each fin plate 46 is non-parallel with the horizon-
tal. Each fin plate 46 is also non-parallel with an adjacent
fin plate 46. For example, a first fin plate 46a, the third
fin plate 46¢, and any further alternate fin plates 46 are
substantially parallel, and the second fin plate 46b, the
fourth fin plate 46d and any further alternate fin plates 46
are substantially parallel. The first fin plate 46a and the
third fin plate 46b are non-parallel to the second fin plate
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46b and the fourth fin plate 46d. The pattern is repeated
with the plurality of fin plates 46 to form the serpentine
shape fin44. Thatis, each fin plate 46 has a configuration
that is opposite to (or a mirror image of) an adjacent fin
plate 46. Therefore, the fin plates 46a, 46¢ and any al-
ternate fin plates have afirst orientation, and the fin plates
46b, 46d and any alternate fin plates have a second ori-
entation.

[0019] A curved portion 48 connects adjacent fin plates
46. A heat exchange tube 42 is located on both sides of
each fin 44 and next to the curved portions 48. A per-
spective view of a portion of a fin 44 including two fin
plates 46a and 46b connected by the curved portion 48a
is shown in Figure 5.

[0020] Figure 6 illustrates a first example fin plate 46.
The fin plate 46 includes a plurality of louvers 50 each
separated by a slot 52. Each fin plate 46 includes a first
end plate 54, a second end plate 56, and the plurality of
louvers 50 having alength L that extend between the end
plates 54 and 56.

[0021] Each fin plate 46 defines a plane, and the lou-
vers 50 extend at an angle relative to the plane. Each
louver 50 includes a first edge 58 and a second edge 60
that are substantially parallel to the length L of the louver
50. One of the slots 52 is defined between the first edge
58 of one louver 50 and the second edge 60 of an adja-
centlouver 50. The firstedge 58 of one louver 50 is higher
relative to the second edge 60 of the adjacent louver 50
due to the angling or inclination of the louvers 50. When
air flows through the fin 44, the angled louvers 50 redirect
the air and provide turbulence to increase heat transfer
between the air and the refrigerant.

[0022] Each louver 50 includes a first louver section
62, a second louver section 64, and a third louver section
90 located between the louver sections 62 and 64. The
first louver section 62 and the second louver section 64
are located in a common plane. An outer end of the first
louver section 62 is connected to the end plate 54 by a
first connecting portion 68, and an outer end of the sec-
ond louver section 64 is connected to the end plate 56
by a second connecting portion 70. In one example, the
connecting portions 68 and 70 are substantially triangu-
lar. The louver sections 62 and 64 are angled with respect
to the connecting portions 68 and 70. That is, the plane
defined by the louver sections 62 and 64 is different than
the plane defined by the connecting portions 68 and 70.
If the connecting portions 68 and 70 are triangular, the
slots 52 include a pointed end 72 that is defined by the
connecting portions 68 and 70.

[0023] The third louver section 90 includes a first drain
portion 74, a second drain portion 76, a connecting por-
tion 92 and a gap 66. The firstdrain portion 74 is attached
to an inner end of the first louver section 62, and the
second drain portion 76 is attached to an inner end of
the second louver section 64. In one example, the drain
portions 74 and 76 are triangular in shape. In one exam-
ple, one of the drain portions 74 and 76 is bent away from
the louver 50 to extend upwardly relative to the plane
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defined by the louver sections 62 and 64, and the other
of the drain portions 74 and 76 is bent away from the
louver 50 to extend downwardly relative to the plane de-
fined by the louver sections 62 and 64. In one example,
the drain portions 74 and 76 are substantially parallel. In
one example, both the drain portions 74 and 76 are bent
away from the louver 50 to extend downwardly relative
to the plane defined by the louver sections 62 and 64.
Therefore, at least one of the drain portions 74 and 76 is
located below (or lower relative to) the outer ends of the
louver sections 62 and 64.

[0024] The gap 66 is defined between the drain por-
tions 74 and 76. In one example, the gap 66 is located
in the center or the middle of the length L of the louver 50.
[0025] When the drain portions 74 and 76 are stamped
and bent away from the louver 50, the remaining material
of the louver 50 forms the connecting portion 92 that con-
nects the louver sections 62 and 64. The connecting por-
tion 92 connects and is co-planar with the first louver
section 62 and the second louver section 64. The con-
necting portion 92 can have any width. In one example,
the connecting portion 92 is half the width of the louver
sections 62 and 64. In another example, the connecting
portion 92 is one fourth the width of the louver sections
62 and 64. Alternately, the connecting portion 92 can
have any intermediate width. As the connecting portion
92 is formed from the metal that remains after the drain
portions 74 and 76 are bent, the width of the connecting
portion 92 relates to the size of the drain portions 74 and
76. That s, if the drain portions 74 are 76 are larger, the
width of the connecting portion 92 is reduced. However,
if the drain portions 74 and 76 are smaller, the width of
the connecting portion 92 is increased.

[0026] ReturningtoFigure 4, in one example, the drain
portion 74a of the fin plate 46a extends upwardly, and
the drain portion 76b of the fin plate 46a extends down-
wardly. The drain portion 74b of the fin plate 46b extends
downwardly, and the drain portion 76b of the fin plate
46b extends upwardly. The drain portion 74c of the fin
plate 46¢ extends upwardly, and the drain portion 76¢ of
the fin plate 46c extends downwardly. The drain portion
74d of the fin plate 46d extends downwardly, and the
drain portion 76d of the fin plate 46d extends upwardly.
This pattern repeats for alternating fin plates 46 of the fin
44,

[0027] Ifthedrainportions 74 and 76 extend in opposite
directions relative to the plane defined by the louver sec-
tions 62 and 64 (one upwardly and the other downwardly,
respectively), the fin 44 can be installed reversibly in the
microchannel heat exchanger 36. That is, the fin 44 can
be installed upside down relative to the example shown
in Figure 4.

[0028] When the microchannel heat exchanger 36 is
operating as an evaporator or a cold heat exchanger,
condensate can form on the surface of the microchannel
heat exchanger 36. If the condensate remains on the
surface of the microchannel heat exchanger 36 and is
not removed, frost can form.
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[0029] The flow path of the condensate through the fin
44 to the bottom of the fin 44 is shown. The condensate
can flow to the bottom of the fin 44 through a first flow
path 84 and/or a serpentine shaped second flow path 86.
As the condensate flows to the bottom of the fin 44, the
condensate can flow through either or both of the flow
paths 84 and 86.

[0030] The condensate in the first flow path 84 (shown
in dashed lines) is directed from the fin plate 46a by the
drain portion 76a to the below fin plate 46b through the
gap 66. Some of the condensate can then be directed to
the below fin plate 46¢ by the drain portion 74b through
the gap 66. The condensate can continue to flow along
this flow path 84 to the bottom of the fin 44.

[0031] Although most of the condensate flows along
the first flow path 84, some condensate can also flow
along the second flow path 86 (shown in broken lines) to
the bottom of the fin 44. The condensate flows over the
fin plate 46a, over the curved portion 48a and onto the
fin plate 46b. Some of the condensate can then flow over
the fin plate 46b, over the curved portion 48b and onto
the fin plate 46¢. This flow pattern is repeated along the
surface of the fin 44 until the condensate reaches the
bottom of the fin 44.

[0032] The first flow path 84 enhances drainage of the
condensate from the microchannel heat exchanger 36
and provides a shorter and more direct flow path of the
condensate to the bottom of the fin 44 through the middle
or center of the fin plate 46. The center of the fin plate
46 is warmer than the colder edges of the fin plate 46
located near the heat exchange tubes 42, decreasing the
formation of frost. The condensate has minimal contact
with the folds defined by the curved portions 48, where
frost is most likely to form. This improves drainage of the
condensate in the microchannel heat exchanger 36, de-
creases condensate retention, decreases frost accumu-
lation on the microchannel heat exchanger 36, and im-
proves performance under wet or frosting conditions.
[0033] Figure 7 illustrates another example fin plate
78. The fin plate 78 includes the features of the fin plate
46, butincludes two downwardly extending drain portions
80 and 82 that connect at an intersection line 88. That
is, the downwardly extending drain portions 80 and 82
form a single component with no gap therebetween. The
intersection line 88 is non-parallel with a horizontal. The
downwardly extending drain portions 80 and 82 are lo-
cated between the louver sections 62 and 64 and define
the third louver section 90 of the louver 50. In one exam-
ple, the downwardly extending drain portion 80 is at-
tached to the louver section 62, and the downwardly ex-
tending drain portion 82 is attached to the louver section
62. In one example, the louver sections 62 and 64 are
identical in shape, but mirror images of each other. The
intersection line 88 extends in a generally downwardly
direction and is located in the center or the middle of the
length L of the louver 50.

[0034] When condensate forms on the fin 44, the
downwardly extending drain portions 80 and 82 and the
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intersection line 88 direct the condensate to the below
fin plate 46 along the first flow path 84. The condensate
continues to flow in this pattern to the bottom of the fin
44. Some condensate can also flow over the surface of
the fin plates 78 in the serpentine pattern along the sec-
ond flow path 86.

[0035] The foregoing description is only exemplary of
the principles of the invention. Many modifications and
variations of the presentinvention are possible in light of
the above teachings. The preferred embodiments of this
invention have been disclosed, however, so that one of
ordinary skill in the art would recognize that certain mod-
ifications would come within the scope of this invention.
Itis, therefore, to be understood that within the scope of
the appended claims, the invention may be practiced oth-
erwise than as specifically described. For that reason the
following claims should be studied to determine the true
scope and content of this invention.

Claims
1. Afin(44)of aheatexchanger (36), the fin comprising:

a plurality of fin plates (46,78); and

a plurality of louvers (50), wherein each of the
plurality of louvers includes a first louver section
(62), a second louver section (64) and a third
louver section (90) between the first louver sec-
tion and the second louver section, wherein the
third louver section includes a first drain portion
(76) that extends downwardly relative to the first
louver section and the second louver section
and characterized by a second drain portion
(74) that extends upwardly or downwardly rela-
tive to the first louver section and the second
louver section, and wherein a gap (66) is defined
between the first drain portion and the second
drain portion.

2. The fin as recited in claim 1 wherein each of the
plurality of fin plates is non-parallel to an adjacent
fin plate.

3. The fin as recited in claim 1 or 2, wherein the first
drain portion (76) and the second drain portion (74)
are substantially parallel.

4. The fin as recited in claim 1 or 2, wherein each of
the plurality of louvers has a length (L), and the gap
(66) is located substantially at a center of the length.

5. The fin as recited in claim 1 wherein the first louver
section (62) and the second louver section (64) each
include an outer end, and the first drain portion (76)
is located below the outer ends of the louver sections.

6. A heat exchanger (24;28;36) comprising:
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a first header (38);

a second header (40);

aplurality of heatexchange tubes (42) extending
between the first header and the second header;
and

a fin (44) as recited in any preceding claim lo-
cated between two adjacent heat exchange
tubes.

7. The heat exchanger as recited in claim 6 wherein
the first louver section (62) and the second louver
section (64) are located in a common plane.

Patentanspriiche

1. Rippe (44) eines Warmetauschers (36), wobei die
Rippe Folgendes umfasst:

mehrere Rippenplatten (46, 78); und

mehrere Liftungsgitter (50), wobei jedes der
mehreren Liftungsgitter einen ersten Liftungs-
gitterabschnitt (62), einen zweiten Liftungsgit-
terabschnitt (64) und einen dritten Liftungsgit-
terabschnitt (90) zwischen dem ersten Luftungs-
gitterabschnitt und dem zweiten Liftungsgitter-
abschnitt aufweist, wobei der dritte Liftungsgit-
terabschnitt einen ersten Abflussabschnitt (76)
aufweist, der sich relativ zum ersten Liftungs-
gitterabschnitt und zweiten Luftungsgitterab-
schnitt nach unten erstreckt, und gekennzeich-
net durch einen zweiten Abflussabschnitt (74),
der sich relativ zum ersten Liftungsgitterab-
schnitt und zweiten Liftungsgitterabschnitt
nach oben erstreckt und wobei ein Spalt (66)
zwischen dem ersten Abflussabschnitt und dem
zweiten Abflussabschnitt begrenzt ist.

2. Rippe nach Anspruch 1, wobei jede der mehreren
Rippenplatten nicht-parallel zu einer benachbarten
Rippenplatte ist.

3. Rippe nach Anspruch 1 oder 2, wobei der erste Ab-
flussabschnitt (76) und der zweite Abflussabschnitt
(74) im Wesentlichen parallel sind.

4. Rippe nachAnspruch 1 oder2, wobeijedes der meh-
reren LUftungsgitter eine LAngenerstreckung (L) auf-
weist und der Spalt (66) im Wesentlichen in einer
Mitte der L&ngenerstreckung angeordnet ist.

5. Rippe nach Anspruch 1, wobei der erste Liftungs-
gitterabschnitt (62) und der zweite Liftungsgitterab-
schnitt (64) jeweils ein duReres Ende aufweisen und
der erste Abflussabschnitt (76) unter den dulReren
Enden der Liftungsgitterabschnitte angeordnet ist.

6. Warmetauscher (24; 28; 36), umfassend:
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ein erstes Kopfstiick (38);

ein zweites Kopfstick (40);

mehrere Warmetauschrohre (42), die sich zwi-
schen dem ersten Kopfstlick und dem zweiten
Kopfstlick erstrecken; und

eine Rippe (44) nach einem der vorangehenden
Anspriche, die zwischen zwei benachbarten
Warmetauschrohren angeordnet ist.

Warmetauscher nach Anspruch 6, wobei der erste
Liftungsgitterabschnitt (62) und der zweite LUf-
tungsgitterabschnitt (64) in einer gemeinsamen Ebe-
ne angeordnet sind.

Revendications

Ailette (44) d’'un échangeur de chaleur (36), 'ailette
comprenant :

une pluralité de plaques d’ailette (46, 78) ; et
une pluralité de lames (50), chacune des lames
de la pluralité comprenant une premiére partie
(62) de lame et une deuxiéme partie (64) de la-
me et une troisieme partie (90) de lame située
entre la premiére partie de lame et la deuxiéme
partie de lame, la troisieme partie de lame com-
prenant une premiere portion (76) de drainage
qui s’étend vers le bas par rapport a la premiére
partie de lame et a la deuxieme partie de lame,
et caractérisée par une deuxiéme portion (74)
de drainage qui s’étend vers le haut ou vers le
bas par rapport a la premiére partie de lame et
par rapport a la deuxieme partie de lame, et ou
unintervalle (66) est défini entre la premiére por-
tion de drainage et la deuxiéme portion de drai-
nage.

Ailette selon la revendication 1, dans laquelle cha-
cune des plaques d’ailette de 'ensemble de plaques
étant paralléle a une plaque d’ailette adjacente.

Ailette selon la revendication 1 ou 2, dans laquelle
la premiere partie (76) de drain et la deuxieme partie
(74) de drain sont sensiblement paralleles.

Ailette selon la revendication 1 ou 2, dans laquelle
chacune des lames de la pluralité de lames a une
longueur (L) et ou l'intervalle (66) se trouve sensi-
blement au centre de la longueur.

Ailette selon la revendication 1, dans laquelle la pre-
miére partie (62) de lame et la deuxieme partie (64)
de lame comprennent chacune une extrémité exté-
rieure, etou la premiére partie de drain (76) se trouve
au-dessous des extrémités extérieures des parties
de lame.
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Echangeur de chaleur (24, 28, 36), comprenant :

une premiere colonne (38) ;

une deuxiéme colonne (40) ;

une pluralité de tubes d’échange de chaleur (42)
s’'étendant entre la premiere colonne et la
deuxiéme colonne ; et

une ailette (44) selon I'une quelconque des re-
vendications précédentes, située entre deux tu-
bes adjacents d’échange de chaleur.

Echangeur de chaleur selon la revendication 6, dans
lequel la premiére partie (62) de lame et la deuxieéme
partie (64) de lame se trouvent dans un plan com-
mun.
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