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Description
Technical Field

[0001] The present disclosure relates to a heat ex-
changer including flat tubes and fins, and also relates
to an air-conditioning apparatus. More specifically, it
relates to heat exchangers as defined in the preamble
of claim 1, and as illustrated in JP2018 009743A.

Background Art

[0002] Some heat exchanger has been known that
includes flat tubes and fins. Patent Literature 1 discloses
a heat exchanger including a plurality of flat tubes, and
corrugated fins provided with a plurality of louvers. In
Patent Literature 1, the fins each protrude at its upstream
end portionin the air flow direction as an extended portion
farther than the upstream end portion of each of the flat
tubes. In general, heating energy or cooling energy is
transferred away from air having exchanged heat at the
upstream portion of each of the fins by the amount of heat
exchanged. This reduces the heat exchange amount at
the downstream portion accordingly. In Patent Literature
1, the fins each protrude at its upstream end portion
farther than the upstream end portion of each of the flat
tubes, and a contact area between the fins and the flat
tubes is thus small at the upstream portions. With this
configuration, Patent Literature 1 is intended to decrease
the heat exchange amount at the upstream portion to
reduce a reduction in the heat exchange amount at the
downstream portion to thereby maintain the balance of
the heatexchange amountbetween the upstream portion
and the downstream portion.

[0003] Patent Literature 2, according to its abstract,
states that, to provide a heat exchanger capable of im-
proving drain performance of condensate water generat-
inginafin, and capable of reducing manufacturing cost, a
heat exchanger includes: two refrigerant headers; a plur-
ality of flat heat transfer pipes for connecting these two
refrigerant headers and arrayed vertically; and a fin dis-
posed between the flat heat transfer pipes. Also, at a
portion on the side coming into contact with the flat heat
transfer pipe at a lower part of the fin, a cutout part is
provided for flowing condensate water. The cutout part is
formed ata portion of alower part on adownstreamendin
the fin or at a portion of a lower part on the central part
side, with respect to an airflow.

[0004] Patent Literature 3, according to its abstract,
states that a heat exchanger is provided with a drainage
promotion section on the lower surface of each of a
plurality of heat transfer pipes. Each drainage promotion
unit is positioned between a first virtual line joining to-
gether the ends of the plurality of heat transfer pipes on
the opposite side from the openings therein, and a sec-
ond virtual line joining together the centers of the plurality
of heat transfer pipes.

[0005] Patent Literature 4, according to its abstract,
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states that, to provide an indoor heat exchanger with a
plurality of flat pipes capable of suppressing scattering of
dew condensation water, and an air conditioner, an in-
door heat exchanger used in an indoor unit of an air
conditioner comprises: a plurality of indoor flat pipes
having a refrigerant flow passage, and arranged verti-
cally; and a plurality of indoor fins connected to the
plurality of indoor flat pipes. The indoor fin has an indoor
communication part connected to each portion posi-
tioned between the indoor flat pipes arranged vertically,
and extending vertically. The following relationship is
satisfied: 4.0<DP/HT<10.0 (where, HT represents a
height of the indoor flat pipe, and DP is a pitch between
the indoor flat pipes arranged vertically).

[0006] Patent Literature 5, according to its abstract,
states that a free-draining heat exchanger includes a first
heat exchange tube, a second heat exchange tube
spaced from and generally parallel to the first heat ex-
change tube, and a fin contacting the first and second
heat exchange tubes. The fin includes a louver and at
least one drainage enhancement feature for promoting
removal of liquid from external surfaces of the heat ex-
changer. A free-draining fin structure includes an array of
fins disposed between adjacent heat exchange tubes for
improving water drainage by reducing liquid surface ten-
sion. Each fin in the array includes an opening and a
louver for directing airflow through the opening and
around the fin and at least one drainage enhancement
feature.

Citation List
Patent Literature
[0007]

Patent Literature 1: Japanese Patent No. 5563162
Patent Literature 2: JP 2018 009743 A

Patent Literature 3: WO 2017/221303 A1

Patent Literature 4: JP 2019 128060 A

Patent Literature 5: US 2012/227945 A1

Summary of Invention
Technical Problem

[0008] However, in the heat exchanger disclosed in
Patent Literature 1, the fins each protrude at its upstream
end portion farther than the upstream end portion of each
ofthe flattubes, and a strength of the fins is thus reduced.
[0009] The present disclosure has been achieved to
solve the above problem, and itis an object of the present
disclosure to provide a heat exchanger that ensures a
sufficient strength of fins, while maintaining the balance
of the heat exchange amount between the upstream
portion and the downstream portion, and to also provide
an air-conditioning apparatus.
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Solution to Problem

[0010] According to the present disclosure, a heat
exchanger and an air-conditioning apparatus as defined
in the independent claims are provided. Further embodi-
ments of the claimed invention are defined in the depen-
dent claims. Although the claimed invention is only de-
fined by the claims, the below embodiments, examples,
and aspects are present for aiding in understanding the
background and advantages of the claimed invention.

Advantageous Effects of Invention

[0011] According to the present disclosure, the up-
stream end portion of each of the flat tubes in the air flow
direction is located at the same position as the upstream
end portion of each of the fins or protrudes farther than the
upstream end portion of each of the fins. This can ensure
a sufficient strength of the fins. The opening portis formed
at the upstream end portion of each of the flat tubes or at
the upstream end portion of each of the fins. This helps
maintain the balance of the heat exchange amount be-
tween the upstream portion and the downstream portion
of each of the fins. That is, the heat exchanger according
to an embodiment of the present disclosure can ensure a
sufficient strength of the fins, while maintaining the bal-
ance of the heat exchange amount between the up-
stream portion and the downstream portion of each of
the fins.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is a circuit diagram illustrating an air-
conditioning apparatus according to Embodiment 1.
[Fig. 2] Fig. 2 is a front view illustrating the heat
exchanger according to Embodiment 1.

[Fig. 3] Fig. 3 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 1 of the
claimed invention.

[Fig. 4] Fig. 4 is a cross-sectional view illustrating flat
tubes and afin according to Embodiment 2 notfalling
under the scope of the claimed invention.

[Fig. 5] Fig. 5is a cross-sectional view illustrating flat
tubes and afin according to Embodiment 3 not falling
under the scope of the claimed invention.

[Fig. 6] Fig. 6 is a cross-sectional view illustrating the
flat tubes and the fin according to Embodiment 3.
[Fig. 7] Fig. 7 is a cross-sectional view illustrating flat
tubes and a fin according to a modification of Embo-
diment 3.

[Fig. 8] Fig. 8 is a cross-sectional view illustrating flat
tubes and fins according to Embodiment 4 not falling
under the scope of the claimed invention.

[Fig. 9] Fig. 9 is a front view illustrating a heat ex-
changer according to Embodiment 5 notfalling under
the scope of the claimed invention.
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[Fig. 10] Fig. 10 is a cross-sectional view illustrating
flat tubes and a fin according to Embodiment 5.
[Fig. 11] Fig. 11 is a cross-sectional view illustrating
flat tubes and a fin according to a modification of
Embodiment 5.

[Fig. 12] Fig. 12 is a cross-sectional view illustrating
flat tubes and a fin according to Embodiment 6 not
falling under the scope of the claimed invention.
Description of Embodiments

[0013] Embodiments of a heat exchanger and an air-
conditioning apparatus of the present disclosure will be
described hereinafter with reference to the drawings.
Note that the present disclosure is not limited by the
embodiments described below. In addition, the relation-
ship of sizes of the components in the drawings described
below including Fig. 1 may differ from that of actual ones.
In the descriptions below, terms that represent directions
are appropriately used for the sake of easily understand-
ing the present disclosure. However, these terms are
used merely for description purposes, and the present
disclosure is not limited by these terms. Examples of the
terms that represent directions include "upper," "lower,"
"right," "left," "front," and "rear." Note that in some of the
drawings, cross-section hatching is partially omitted.

Embodiment 1

[0014] Fig. 1 is a circuit diagram illustrating an air-
conditioning apparatus 1 according to Embodiment 1
of the claimed invention. As illustrated in Fig. 1, the air-
conditioning apparatus 1 is a device that conditions airin
a room space, and includes an outdoor unit 2 and an
indoor unit 3 connected to the outdoor unit 2. The outdoor
unit 2 is provided with a compressor 6, a flow switching
device 7, a heat exchanger 8, an outdoor fan 9, and an
expansion unit 10. The indoor unit 3 is provided with an
indoor heat exchanger 11 and an indoor fan 12.

[0015] The compressor 6, the flow switching device 7,
the heat exchanger 8, the expansion unit 10, and the
indoor heat exchanger 11 are connected by a refrigerant
pipe 5 to form a refrigerant circuit 4 in which refrigerant
flows as working gas. The compressor 6 sucks refrigerant
in a low-temperature and low-pressure state, com-
presses the sucked refrigerant into a high-temperature
and high-pressure state, and discharges the com-
pressed refrigerant. The flow switching device 7 changes
the flow direction of refrigerant in the refrigerant circuit 4,
and is, for example, a four-way valve. For example, the
heat exchanger 8 exchanges heat between outside air
and refrigerant. The heat exchanger 8 serves as a con-
denser during cooling operation, and serves as an eva-
porator during heating operation.

[0016] The outdoorfan 9 is a device to deliver outside
air to the heat exchanger 8. The expansion unit 10 is a
pressure reducing valve or an expansion valve to reduce
the pressure of refrigerant and expand the refrigerant.
The expansion unit 10 is, for example, an electronic
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expansion valve whose opening degree is adjusted. For
example, the indoor heat exchanger 11 exchanges heat
between room air and refrigerant. The indoor heat ex-
changer 11 serves as an evaporator during cooling op-
eration, and serves as a condenser during heating op-
eration. The indoorfan 12 is a device to deliverroom air to
the indoor heat exchanger 11.

(Operating mode, cooling operation)

[0017] Next, the operating modes of the air-condition-
ing apparatus 1 are described. First, cooling operation is
described. During cooling operation, refrigerant sucked
into the compressor 6 is compressed by the compressor
6 into a high-temperature and high-pressure gas state
and then discharged. The refrigerantin high-temperature
and high-pressure gas state discharged from the com-
pressor 6 passes through the flow switching device 7, and
flows into the heat exchanger 8, which serves as a con-
denser. In the heat exchanger 8, the refrigerant ex-
changes heat with outside air delivered by the outdoor
fan 9, and condenses into liquid. The refrigerant having
condensed into a liquid state flows into the expansion unit
10, and is expanded and reduced in pressure in the
expansion unit 10, so that the refrigerant is brought into
a low-temperature and low-pressure two-phase gas-li-
quid state. The refrigerant in the two-phase gas-liquid
state flows into the indoor heat exchanger 11, which
serves as an evaporator. In the indoor heat exchanger
11, the refrigerantexchanges heat with room air delivered
by theindoorfan 12, and evaporatesinto gas. At this time,
the room airis cooled and thus cooling is performed in the
room. The refrigerant having evaporated into a low-tem-
perature and low-pressure gas state passes through the
flow switching device 7 and is sucked into the compressor
6.

(Operating mode, heating operation)

[0018] Next, heating operation is described. During
heating operation, refrigerant sucked into the compres-
sor 6 is compressed by the compressor 6 into a high-
temperature and high-pressure gas state and then dis-
charged. The refrigerant in a high-temperature and high-
pressure gas state discharged from the compressor 6
passes through the flow switching device 7 and flows into
the indoor heat exchanger 11, which serves as a con-
denser. In the indoor heat exchanger 11, the refrigerant
exchanges heat with room air delivered by the indoor fan
12, and condenses into liquid. At this time, the room air is
heated and thus heating is performed in the room. The
refrigerant having condensed into a liquid state flows into
the expansion unit 10, and is expanded and reduced in
pressure in the expansion unit 10, so that the refrigerant
is brought into a low-temperature and low-pressure two-
phase gas-liquid state. The refrigerant in the two-phase
gas-liquid state flows into the heat exchanger 8, which
serves as an evaporator. In the heat exchanger 8, the
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refrigerant exchanges heat with outside air delivered by
the outdoor fan 9, and evaporates into gas. The refrig-
erant having evaporated into a low-temperature and low-
pressure gas state passes through the flow switching
device 7 and is sucked into the compressor 6.

[0019] Fig. 2 is a front view illustrating the heat ex-
changer 8 according to Embodiment 1. Next, the heat
exchanger 8 is described in detail. As illustrated in Fig. 2,
the heat exchanger 8 is, for example, a parallel-flow heat
exchanger 8. Note that the heat exchanger 8 may be a fin-
and-tube heat exchanger. The heatexchanger 8 includes
flattubes 20, fins 30, and headers 40. A plurality of the flat
tubes 20 are arranged side by side, in each of which
refrigerant flows. The flat tubes 20 are made of aluminum
or aluminum alloy. The flat tubes 20 may also be formed
by using an aluminum core cladding material. In each of
the flattubes 20, for example, a plurality of flow passages
21 (see Fig. 3) are formed in line, through which refrig-
erant flows.

[0020] Each of the fins 30 is a heat transferring part to
transfer heat of the refrigerant flowing in the flat tubes 20.
For example, the fin 30 is a corrugated fin having regular
folds and located between the flat tubes 20. The fin 30
includes an inclined face 30a that is inclined from the
horizontal direction (see Fig. 3). The fin 30 is folded into
alternating ridges and grooves. A space defined by the fin
30 and the corresponding flat tubes 20 serves as an
airflow passage 31 through which air flows. The fin 30
is made of, for example, aluminum. Note that the fin 30
may be a plate fin. In the headers 40, refrigerant flows.
The headers 40 distribute the refrigerant to a plurality of
the flat tubes 20 connected to the headers 40. The head-
ers 40 are made of, for example, aluminum. The fins 30
may be formed by using the same materials as the flat
tubes 20 as described above, or using different materials
from materials of the flat tubes 20.

[0021] The headers 40 include a header 40 connected
to one end portion of each of the plurality of flat tubes 20,
and another header 40 connected to the other end portion
of each of the plurality of flat tubes 20. Note that in the
header 40, the flow passages 21 through which refriger-
ant flows may be partitioned by one partition or a plurality
of partitions. One of the headers 40, to which the refrig-
erantpipe 5is connected, is connected to the flow switch-
ing device 7 by the refrigerant pipe 5. The other header
40, to which the refrigerant pipe 5 is connected, is con-
nected to the expansion unit 10 by the refrigerant pipe 5.
The headers 40 may be formed by using the same
materials as the flat tubes 20.

[0022] Fig. 3 is a cross-sectional view illustrating the
flat tubes 20 and the fin 30 according to Embodiment 1.
Fig. 3illustrates a portion of the cross-section taken along
the A-Alinein Fig. 2. In Fig. 3, air flows downward from the
top. As illustrated in Fig. 3, the fin 30 is provided between
the flattubes 20, and has a plurality of louvers 32 provided
intheinclined face 30a. The upstream portion of the fin 30
does not have the louvers 32 and has a larger flat portion
than a flat portion of the downstream portion. A rectan-
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gular slit 33 is formed in between ones of the plurality of
louvers 32.

[0023] On the upstream end portion of the fin 30, two
holes 34 are provided as an opening port 50. The holes 34
each have a rectangular shape extending in the long-
itudinal direction of the fin 30. Specifically, the holes 34
are provided in the upstream portion located within one-
fourth of the entire length L of the fin 30 in the longitudinal
direction from the upstream end. With this configuration,
the upstream end portion of the fin 30 in the air flow
direction has a smaller heat-transfer area than does
the downstream end portion of the fin 30. The down-
stream end portion of the fin 30 is located on the same
plane as the downstream end portion of each of the flat
tubes 20. Note that the downstream end portion of the fin
30 may be located upstream of the downstream end
portion of each of the flat tubes 20. The upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 30.
[0024] Inthe presentEmbodiment 1, the upstream end
portion of each of the flat tubes 20 in the air flow direction
is located at the same position as the upstream end
portion of the fin 30. The fin 30 does not protrude farther
than the flat tubes 20, and the fin 30 is thus prevented
from being bent during production or transport. This can
ensure a sufficient strength of the fin 30. The opening port
50is formed at the upstream end portion of the fin 30. This
helps maintain the balance of the heat exchange amount
between the upstream portion and the downstream por-
tion of the fin 30. That is, the present Embodiment 1 can
ensure a sufficient strength of the fin 30, while maintain-
ing the balance of the heat exchange amount between
the upstream portion and the downstream portion of the
fin 30.

[0025] The holes 34 serving as the opening port 50 are
provided at the upstream end portion of the fin 30. In
general, heating energy or cooling energy is transferred
away from air having exchanged heat at the upstream
portion of the fin 30 by the amount of heat exchanged.
This reduces the heat exchange amount at the down-
stream portion accordingly. In the present Embodiment 1,
the holes 34 serving as the opening port 50 are provided
at the upstream end portion of the fin 30, and the fin 30
thus has a smaller heat-transfer area at its upstream end
portion in the air flow direction than at its downstream end
portion. Therefore, the balance of the heat exchange
amount between the upstream portion and the down-
stream portion of the fin 30 can be maintained. As de-
scribed above, the present Embodiment 1 can ensure a
sufficient strength of the fin 30, while maintaining the
balance of the heat exchange amount between the up-
stream portion and the downstream portion of the fin 30.
[0026] A technique for some heat exchanger has been
known, in which the fins each protrude at its upstream
end portionin the air flow direction as an extended portion
farther than the upstream end portion of each of the flat
tubes. Inthis case, there is a possibility that the protruding
portion of each of the fins may be bent during production
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or transport, and thus heat-transfer performance may be
degraded. In a case where a drainage slitis formed in the
fin, the strength of the fin is thus further reduced, and the
fin has an increased probability of being bent. If the
extended portion of the fin is eliminated, the heat transfer
area at the upstream portion of the fin will be increased,
and accordingly frost is more likely to be formed at the
upstream portion of the fin. This results in a reduction in
resistance to frost formation.

[0027] Incontrastto this, inthe present Embodiment 1,
the upstream end portion of each of the flat tubes 20 is
located at the same position as the upstream end portion
of the fin 30, and in addition, the holes 34 serving as the
opening port 50 are provided at the upstream end portion
ofthe fin 30. This can ensure a sufficient strength of the fin
30, while maintaining the balance of the heat exchange
amount between the upstream portion and the down-
stream portion of the fin 30.

[0028] The holes 34 serving as the opening port 50 are
provided at the upstream end portion of each of the fins
30, and heat transfer at the upstream portion of each of
the fins 30 is thus reduced to reduce uneven frost forma-
tion. With this configuration, the airflow passage 31
through which air flows can be prevented from being
clogged with frost. Condensed water adhering to the
fin 30 passes through the holes 34, and water drainage
performance thus can be improved.

Embodiment 2

[0029] Fig. 4 is a cross-sectional view illustrating the
flat tubes 20 and a fin 130 according to Embodiment 2 not
falling under the scope of the claimed invention. A heat
exchanger 108 in the present Embodiment 2 is different
from the heat exchanger 8 in Embodiment 1 in that the
opening port 50 is made up of gaps 134 defined between
the upstream end portion of the fin 130 and the flat tubes
20. In the present Embodiment 2, the components in
common with those in Embodiment 1 are denoted by
the same reference signs, and thus descriptions of the
components are omitted. The differences from Embodi-
ment 1 are mainly described below.

[0030] Asillustrated in Fig. 4, the fin 130 has a smaller
width at its upstream end portion than the width at its
downstream end portion. With this configuration, the
gaps 134 are defined between the upstream end portion
of the fin 130 and the flat tubes 20. The upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 130
similarly to Embodiment 1.

[0031] Inthe present Embodiment 2, the upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 130. The fin
130 does not protrude farther than the flat tubes 20, and
the fin 130 is thus prevented from being bent during
production or transport. That is, a sufficient strength of
the fin 130 can be ensured. The gaps 134 are defined
between the upstream end portion of the fin 130 and the
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flat tubes 20, and the fin 130 thus has a smaller heat-
transfer area at its upstream end portion in the air flow
direction than at its downstream end portion. Therefore,
the balance of the heat exchange amount between the
upstream portion and the downstream portion of the fin
130 can be maintained. As described above, the present
Embodiment 2 can ensure a sufficient strength of the fin
130, while maintaining the balance of the heat exchange
amount between the upstream portion and the down-
stream portion of the fin 130.

[0032] The gaps 134 are defined between the up-
stream end portion of the fin 130 and the flat tubes 20,
and heat transfer at the upstream portion of the fin 130 is
thus reduced to reduce uneven frost formation. With this
configuration, the airflow passage 31 through which air
flows can be prevented from being clogged with frost.
Condensed water adhering to the fin 130 passes through
the gaps 134, and water drainage performance thus can
be improved.

Embodiment 3

[0033] Fig. 5 is a cross-sectional view illustrating flat
tubes 220 and a fin 230 according to Embodiment 3 not
falling under the scope of the claimed invention. A heat
exchanger 208 in the present Embodiment 3 is different
from the heat exchanger 8 in Embodiment 1 in that the
opening port 50 is made up of gaps 234 defined between
the upstream end portion of the fin 230 and the flat tubes
220. In the present Embodiment 3, the components in
common with those in Embodiments 1 and 2 are denoted
by the same reference signs, and thus descriptions of the
components are omitted. The differences from Embodi-
ments 1 and 2 are mainly described below.

[0034] As illustrated in Fig. 5, the flat tubes 220 each
have a smaller width at its upstream end portion than the
width atits downstream end portion. Each of the flat tubes
220 has a tapered tip end shaped into a curve at the
upstream portion. With this configuration, the gaps 234
are defined between the upstream end portion of the fin
230 and the flat tubes 220. The flat tubes 220 each
protrude at its upstream end portion farther than the
upstream end portion of the fin 230.

[0035] Inthe present Embodiment 3, the flat tubes 220
each protrude atits upstream end portion farther than the
upstream end portion of the fin 230. The fin 230 does not
protrude farther than the flat tubes 220, and the fin 230 is
thus prevented from being bent during production or
transport. That is, a sufficient strength of the fin 230
can be ensured. The gaps 234 are defined between
the upstream end portion of the fin 230 and the flat tubes
220, and the fin 230 thus has a smaller heat-transfer area
atits upstream end portion in the air flow direction than at
its downstream end portion. Therefore, the balance of the
heat exchange amount between the upstream portion
and the downstream portion of the fin 230 can be main-
tained. As described above, the present Embodiment 3
can ensure a sufficient strength of the fin 230, while
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maintaining the balance of the heat exchange amount
between the upstream portion and the downstream por-
tion of the fin 230.

[0036] The gaps 234 are defined between the up-
stream end portion of the fin 230 and the flat tubes
220, and heat transfer at the upstream portion of the
fin 230 is thus reduced to reduce uneven frost formation.
With this configuration, the airflow passage 31 through
which air flows can be prevented from being clogged with
frost. Condensed water adhering to the fin 230 passes
through the gaps 234, and water drainage performance
thus can be improved. Furthermore, each of the flat tubes
220 has a tip end shaped into a curve, and an airflow
resistance is thus reduced.

[0037] Fig. 6 is a cross-sectional view illustrating the
flat tubes 220 and the fin 230 according to Embodiment 3.
In Embodiment 3, an example case is illustrated in which
the flat tubes 220 are aligned in two rows in a direction
parallel to the air flowing direction. In this case, as illu-
strated in Fig. 6, the flat tubes 220 located upstream each
have a tapered tip end, while the flat tubes 220 located
downstream do not each have a tapered tip end. The
reason for this is that a sufficient amount of heat is
transferred to the fin 230 at the downstream end portion
of each of the flat tubes 220 located upstream, and it is
thus unnecessary for the flat tubes 220 located down-
stream to each have a tapered tip end.

(Modification)

[0038] Fig. 7 is a cross-sectional view illustrating flat
tubes 220a and a fin 230a according to a modification of
Embodiment 3. As illustrated in Fig. 7, in a heat exchan-
ger 208a in the modification, each of the flat tubes 220a is
provided with a gap 234a defined by notching one corner
of the upstream end portion of the flat tube 220a that is
adjacent to the corresponding one of fins 230a. Also in
the modification, the gap 234a is defined between the
upstream end portion of the fin 230a and the flat tube
220a, and the fin 230a thus has a smaller heat-transfer
area at its upstream end portion in the air flow direction
than at its downstream end portion. Therefore, the mod-
ification can maintain the balance of the heat exchange
amount between the upstream portion and the down-
stream portion of the fin 230a.

Embodiment 4

[0039] Fig. 8 is a cross-sectional view illustrating the
flat tubes 20 and fins 330 according to Embodiment 4 not
falling under the scope of the claimed invention. A heat
exchanger 308 in the present Embodiment 4 is different
from the heat exchangers in Embodiments 1 to 3 in that
the heat exchanger 308 includes reinforcement portions
360 to reinforce the fins 330. In the present Embodiment
4, the components in common with those in Embodi-
ments 1 to 3 are denoted by the same reference signs,
and thus descriptions of the components are omitted.
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The differences from Embodiments 1 to 3 are mainly
described below.

[0040] As illustrated in Fig. 8, the fins 330 each pro-
trude at its upstream end portion farther than the up-
stream end portion of each of the flat tubes 20. The
reinforcement portions 360 are provided between the
portions of the fins 330 protruding farther than the flat
tubes 20. The reinforcement portions 360 are made of, for
example, resin with a relatively high thermal resistance.
[0041] Inthe present Embodiment 4, although the fins
330 protrude farther than the flat tubes 20, the reinforce-
ment portions 360 are provided between the portions of
the fins 330 protruding farther than the flat tubes 20, and
the fins 330 are thus prevented from being bent during
production ortransport. That s, a sufficient strength of the
fins 330 can be ensured. The upstream end portion of
each of the fins 330 is not in contact with the flat tubes 20,
and the fins 330 thus each have a smaller heat-transfer
area at its upstream end portion in the air flow direction
than at its downstream end portion. Therefore, the bal-
ance of the heat exchange amount between the up-
stream portion and the downstream portion of each of
the fins 330 can be maintained. As described above, the
present Embodiment 4 can ensure a sufficient strength of
the fins 330, while maintaining the balance of the heat
exchange amount between the upstream portion and the
downstream portion of each of the fins 330.

[0042] The upstream end portion of each of the fins 330
is not in contact with the flat tubes 20, and heat transfer at
the upstream portion of each of the fins 330 is thus
reduced to reduce uneven frost formation. With this
configuration, the airflow passage 31 through which air
flows can be prevented from being clogged with frost.
Condensed water adhering to the fins 330 flows on the
reinforcement portions 360, which is resin, and water
drainage performance thus can be improved.

Embodiment 5

[0043] Fig. 9is a front view illustrating a heat exchan-
ger 408 according to Embodiment 5 not falling under the
scope of the claimed invention. Fig. 10 is a cross-sec-
tional view illustrating the flat tubes 20 and a fin 430
according to Embodiment 5. The present Embodiment
5 is different from Embodiments 1 to 4 in that reinforce-
ment portions 434 are formed in the fin 430. In the present
Embodiment 5, the components in common with those in
Embodiments 1 to 4 are denoted by the same reference
signs, and thus descriptions of the components are
omitted. The differences from Embodiments 1 to 4 are
mainly described below.

[0044] As illustrated in Figs. 9 and 10, the plurality of
reinforcement portions 434 are formed in the inclined
face 30a of the fin 430 at its upstream end portion. The
reinforcement portions 434 reinforce the fin 430. The
reinforcement portions 434 are formed by bending the
fin 430 into a shape with a series of rectangular projec-
tions and recesses. The fin 430 protrudes at its upstream
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end portion farther than the upstream end portion of each
of the flat tubes 20.

[0045] In the present Embodiment 5, although the fin
430 protrudes farther than the flat tubes 20, the reinfor-
cement portions 434 are formed at the upstream end
portion of the fin 430, and the fin 430 is thus prevented
from being bent during production or transport. That is, a
sufficient strength of the fin 430 can be ensured. The
upstream end portion of the fin 430 is not in contact with
the flat tubes 20, and the fin 430 thus has a smaller heat-
transfer area at its upstream end portion in the air flow
direction than at its downstream end portion. Therefore,
the balance of the heat exchange amount between the
upstream portion and the downstream portion of the fin
430 can be maintained. As described above, the present
Embodiment 5 can ensure a sufficient strength of the fin
430, while maintaining the balance of the heat exchange
amount between the upstream portion and the down-
stream portion of the fin 430.

[0046] The upstream end portion of the fin 430 is notin
contact with the flat tubes 20, and heat transfer at the
upstream portion of the fin 430 is thus reduced to reduce
uneven frost formation. With this configuration, the air-
flow passage 31 through which air flows can be pre-
vented from being clogged with frost. Condensed water
adhering to the fin 430 flows on the reinforcement por-
tions 434, which is resin, and water drainage perfor-
mance thus can be improved.

(Modification)

[0047] Fig. 11 is a cross-sectional view illustrating the
flat tubes 20 and a fin 430a according to a modification of
Embodiment 5. As illustrated in Fig. 11, in a heat exchan-
ger 408a in the modification, the fin 430a protrudes
farther than the flat tubes 20 by a greater amount com-
pared with the fin 430 in Embodiment 5. Reinforcement
portions 434a are larger in size than the reinforcement
portions 434 in Embodiment 5. With this configuration,
although the fin 430a protrudes farther than the flat tubes
20 by a greater amount, the reinforcement portions 434a
are formed larger in size at the upstream end portion of
the fin430a, and the fin 430a is thus prevented from being
bent during production or transport. A relatively large
area of the upstream end portion of the fin 430a is not
in contact with the flat tubes 20, and the fin 430a thus has
asmaller heat-transfer area atits upstream end portionin
the air flow direction than at its downstream end portion.
Therefore, the balance of the heat exchange amount
between the upstream portion and the downstream por-
tion of the fin 430a can be maintained. As described
above, the modification can ensure a sufficient strength
of the fin 430a, while maintaining the balance of the heat
exchange amount between the upstream portion and the
downstream portion of the fin 430a.
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Embodiment 6

[0048] Fig. 12 is a cross-sectional view illustrating the
flattubes 20 and a fin 530 according to Embodiment 6 not
falling under the scope of the claimed invention. A heat
exchanger 508 in the present Embodiment 6 is different
from the heat exchangers in Embodiments 1 to 5 in that
the opening port 50 is provided with an opening-closing
louver 535. In the present Embodiment 6, the compo-
nents in common with those in Embodiments 1 to 5 are
denoted by the same reference signs, and thus descrip-
tions of the components are omitted. The differences
from Embodiments 1 to 5 are mainly described below.
[0049] As illustrated in Fig. 12, the fin 530 has the
opening-closing louver 535 provided at the opening port
50 to open and close the opening port 50. The upstream
end portion of each of the flat tubes 20 is located at the
same position as the upstream end portion of the fin 530
similarly to Embodiment 1.

[0050] Inthe presentEmbodiment6, the upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 530. The fin
530 does not protrude farther than the flat tubes 20, and
the fin 530 is thus prevented from being bent during
production or transport. That is, a sufficient strength of
the fin 530 can be ensured. The opening port 50 that is
opened and closed by the opening-closing louver 535 is
formed at the upstream end portion of the fin 530, and the
fin 530 thus has a smaller heat-transfer area at its up-
stream end portion in the air flow direction than at its
downstream end portion. Therefore, the balance of the
heat exchange amount between the upstream portion
and the downstream portion of the fin 530 can be main-
tained. As described above, the present Embodiment 6
can ensure a sufficient strength of the fin 530, while
maintaining the balance of the heat exchange amount
between the upstream portion and the downstream por-
tion of the fin 530.

[0051] The opening port 50 that is opened and closed
by the opening-closing louver 535 is formed at the up-
stream end portion of the fin 530, and heat transfer at the
upstream portion of the fin 530 is thus reduced to reduce
uneven frost formation. With this configuration, the air-
flow passage 31 through which air flows can be pre-
vented from being clogged with frost. Condensed water
adhering to the fin 530 passes through the opening port
50, and water drainage performance thus can be im-
proved.

Reference Signs List

[0052] 1:air-conditioning apparatus, 2: outdoor unit, 3:
indoor unit, 4: refrigerant circuit, 5: refrigerant pipe, 6:
compressor, 7: flow switching device, 8: heat exchanger,
9: outdoor fan, 10: expansion unit, 11: indoor heat ex-
changer, 12: indoor fan, 20: flat tube, 21: flow passage,
30:fin, 30a: inclined face, 31: airflow passage, 32: louver,
33: slit, 34: hole, 40: header, 50: opening port, 108: heat
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exchanger, 130: fin, 134: gap, 208, 208a: heat exchan-
ger, 220, 220a: flat tube, 230: fin, 234, 234a: gap, 308:
heat exchanger, 330: fin, 360: reinforcement portion,
408, 408a: heat exchanger, 430, 430a: fin, 434, 434a:
reinforcement portion, 508: heat exchanger, 530: fin,
535: opening-closing louver

Claims
1. A heat exchanger comprising:

a plurality of flat tubes (20) in which refrigerant
flows; and

a plurality of fins (30) provided between the
plurality of flat tubes (20) and configured to
transfer heat of refrigerant flowing in the plurality
of flat tubes (20),

an upstream end portion of each of the plurality
of flat tubes (20) in an air flow direction being
located at the same position as an upstream end
portion of each of the plurality of fins (30) or
protruding farther than the upstream end portion
of each of the plurality of fins (30),

an opening port (50) being formed at the up-
stream end portion of each of the plurality of fins
(30), characterized in that

the opening port (50) is two holes (34) provided
in the upstream end portion of each of the plur-
ality of fins (30),

each hole (34) has a rectangular shape extend-
ing in a longitudinal direction of the fin (30), and
the holes (34) are provided in the upstream
portion located within one-fourth of the entire
length (L) of the fin (30) in the longitudinal direc-
tion from the upstream end.

2. The heat exchanger of claim 1, wherein the plurality
of fins (30) each have a smaller width at the upstream
end portion than awidth ata downstream end portion
of the fin (30).

3. The heat exchanger of claim 1 or 2, wherein each of
the plurality of fins (30) has an opening-closing lou-
ver (535) provided at the opening port (50) and
configured to open and close the opening port (50).

4. An air-conditioning apparatus comprising the heat
exchanger (8) of any one of claims 1 to 3.
Patentanspriiche
1. Warmetauscher, der aufweist:
eine Vielzahl von flachen Rohren (20), in wel-

chen ein Kuhlmittel stromt; und
eine Vielzahl von Rippen (30), die zwischen der
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Vielzahl von flachen Rohren (20) bereitgestellt
sind und eingerichtet sind, Warme eines Kuhl-
mittels zu Ubertragen, das in der Vielzahl von
flachen Rohren (20) stromt,

wobei ein stromaufwartiger Endabschnitt von
jedem aus der Vielzahl von flachen Rohren
(20) in einer Luftstromungsrichtung in der glei-
chen Position wie ein stromaufwartiger Endab-
schnitt von jeder aus der Vielzahl von Rippen
(30) lokalisiert ist oder weiter vorsteht als der
stromaufwartige Endabschnitt von jeder aus der
Vielzahl von Rippen (30),

wobei ein Offnungsanschluss (50) bei dem
stromaufwartigen Endabschnitt von jeder aus
der Vielzahl von Rippen (30) ausgebildet ist,
dadurch gekennzeichnet, dass

der Offnungsanschluss (50) zwei Lécher (34)
darstellt, die in dem stromaufwartigen Endab-
schnitt von jeder aus der Vielzahl von Rippen
(30) bereitgestellt sind,

jedes Loch (34) eine rechteckige Form aufweist,
die sich in einer Langsrichtung der Rippen (30)
erstreckt, und

die Loécher (34) in dem stromaufwartigen Ab-
schnitt vorgesehen sind, der innerhalb eines
Viertels der Gesamtlange (L) der Rippe (30) in
der Langsrichtung ab dem stromaufwartigen
Ende lokalisiert ist.

Warmetauscher nach Anspruch 1, wobei die Viel-
zahl von Rippen (30) jeweils eine schmalere Breite
bei dem stromaufwartigen Endabschnitt als eine
Breite bei einem stromabwartigen Endabschnitt
der Rippen (30) aufweist.

Warmetauscher nach Anspruch 1 oder 2, wobei jede
aus der Vielzahl von Rippen (30) eine Offnungs/-
SchlieR-Lamelle (535) aufweist, die bei dem Off-
nungsanschluss (50) vorgesehen ist und die einge-
richtetist, den Offnungsanschluss (50) zu éffnen und
zu schlief3en.

Klimatisierungsvorrichtung, die den Warmetauscher
(8) nach einem der Anspriiche 1 bis 3 aufweist.

Revendications

Echangeur de chaleur comprenant :

une pluralité de tubes plats (20) dans lesquels
circule le réfrigérant ; et

une pluralité d’ailettes (30) prévues entre la
pluralité de tubes plats (20) et congues pour
transférer la chaleur du fluide frigorigene circu-
lant dans la pluralité de tubes plats (20),

une partie d’extrémité amont de chacun de la
pluralité de tubes plats (20) dans une direction
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de flux d’air étant située a la méme position
qu’une partie d’extrémité amont de chacune
de la pluralité d’ailettes (30) ou faisant saillie
plus loin que la partie d’extrémité amont de
chacune de la pluralité d’ailettes (30),

un orifice d’ouverture (50) étant formé a I'extré-
mité amont de chacune de la pluralité d’ailettes
(30), caractérisé en ce que

I'orifice d’ouverture (50) est constitué de deux
trous (34) prévus dans la partie d’extrémité
amont de chacune de la pluralité d’ailettes (30),
chaque trou (34) a une forme rectangulaire s’é-
tendant dans la direction longitudinale de I'ai-
lette (30), et

les trous (34) sont prévus dans la partie amont
située a moins d’un quart de la longueur totale
(L)del'ailette (30) dans la direction longitudinale
a partir de I'extrémité amont.

2. Echangeur de chaleur selon larevendication 1, dans

lequel la pluralité d’ailettes (30) ont chacune une
largeur plus petite au niveau de la partie d’extrémité
amont qu’une largeur au niveau de la partie d’ex-
trémité aval de lailette (30).

Echangeur de chaleur selon la revendication 1 ou 2,
dans lequel chacune de la pluralité d’ailettes (30) a
une persienne d’ouverture et de fermeture (535)
fournie a l'orifice d’ouverture (50) et congue pour
ouvrir et fermer I'orifice d’ouverture (50).

Appareil de climatisation comprenant I'échangeur
de chaleur (8) selon 'une quelconque des revendi-
cations 1 a 3.
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FIG. 11
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