EP 4 155 652 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 155 652 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
29.03.2023 Bulletin 2023/13

(21) Application number: 20937082.4

(22) Date of filing: 22.05.2020

(51) International Patent Classification (IPC):
F28F 1/32 (200601 F28F 1/02 (2006.09
F28D 1/053 (200607

(52) Cooperative Patent Classification (CPC):
F28D 1/053; F28F 1/02; F28F 1/32

(86) International application number:
PCT/JP2020/020357

(87) International publication number:
WO 2021/234964 (25.11.2021 Gazette 2021/47)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: MITSUBISHI ELECTRIC

(72) Inventors:
* ADACHI, Rihito
Tokyo 100-8310 (JP)
* ONAKA, Yoji
Tokyo 100-8310 (JP)
* SAIKUSA, Tetsuji
Tokyo 100-8310 (JP)

(74) Representative: Witte, Weller & Partner
Patentanwilte mbB

CORPORATION Postfach 10 54 62
Chiyoda-ku 70047 Stuttgart (DE)
Tokyo 100-8310 (JP)

(54) HEAT EXCHANGER AND AIR CONDITIONER

(57) A heat exchanger includes a plurality of flat

tubes in which refrigerant flows and a plurality of fins pro- FIG. 3

vided between the plurality of flat tubes and configured
to transfer heat of refrigerant flowing in the plurality of flat
tubes. An upstream end portion of each of the plurality
of flat tubes in an air flow direction is located at the same
position as an upstream end portion of each of the plu-
rality of fins or protrudes farther than the upstream end
portion of each of the plurality of fins, and an opening
port is formed at the upstream end portion of each of the
plurality of flat tubes or at the upstream end portion of
each of the plurality of fins.

AIR FLOW

3/4L

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 155 652 A1 2

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.

Background Art

[0002] Some heat exchanger has been known that in-
cludes 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 portion in 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 de-
crease the heat exchange amount at the upstream por-
tion to reduce a reduction in the heat exchange amount
at the downstream portion to thereby maintain the bal-
ance of the heat exchange amount between the up-
stream portion and the downstream portion.

Citation List
Patent Literature

[0003]
5563162

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0004] 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.
[0005] 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 por-
tion and the downstream portion, and to also provide an
air-conditioning apparatus.
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Solution to Problem

[0006] A heat exchanger according to an embodiment
of the present disclosure includes a plurality of flat tubes
in which refrigerant flows and a plurality of fins provided
between the plurality of flat tubes and configured to trans-
fer heat of refrigerant flowing in the plurality of flat tubes.
An upstream end portion of each of the plurality of flat
tubes in an air flow direction is located at the same po-
sition as an upstream end portion of each of the plurality
of fins or protrudes farther than the upstream end portion
of each of the plurality of fins, and an opening port is
formed atthe upstream end portion of each of the plurality
of flat tubes or at the upstream end portion of each of the
plurality of fins. Advantageous Effects of Invention
[0007] According to an embodiment of the present dis-
closure, the upstream 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 open-
ing port is 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 ex-
change amount between 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 balance of the heat exchange
amount between the upstream portion and the down-
stream portion of each of the fins.

Brief Description of Drawings
[0008]

[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 ex-
changer according to Embodiment 1.

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

[Fig. 4] Fig. 4 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 2.

[Fig. 5] Fig. 5 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 3.

[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 Em-
bodiment 3.
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[Fig. 8] Fig. 8 is a cross-sectional view illustrating flat
tubes and fins according to Embodiment 4.

[Fig. 9] Fig. 9 is a front view illustrating a heat ex-
changer according to Embodiment 5.

[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.

Description of Embodiments

[0009] 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 em-
bodiments described below. In addition, the relationship
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

[0010] Fig. 1is a circuit diagram illustrating an air-con-
ditioning apparatus 1 according to Embodiment 1. As il-
lustrated in Fig. 1, the air-conditioning apparatus 1 is a
device that conditions air in 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 com-
pressor 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.

[0011] 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, compress-
es the sucked refrigerant into a high-temperature and
high-pressure state, and discharges the compressed re-
frigerant. 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
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refrigerant. The heat exchanger 8 serves as a condenser
during cooling operation, and serves as an evaporator
during heating operation.

[0012] 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 ex-
pansion 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 oper-
ation. The indoor fan 12 is a device to deliver room air to
the indoor heat exchanger 11.

(Operating mode, cooling operation)

[0013] 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
condenser. 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-lig-
uid state. Therefrigerantin 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
refrigerant exchanges heat with room air delivered by the
indoor fan 12, and evaporates into gas. At this time, the
room air is 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)

[0014] 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
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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
refrigerant exchanges heat with outside air delivered by
the outdoor fan 9, and evaporates into gas. The refriger-
ant having evaporated into a low-temperature and low-
pressure gas state passes through the flow switching de-
vice 7 and is sucked into the compressor 6.

[0015] 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 heat exchanger
8 includes flat tubes 20, fins 30, and headers 40. A plu-
rality 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 flat tubes 20, for example, a plu-
rality of flow passages 21 (see Fig. 3) are formed in line,
through which refrigerant flows.

[0016] 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.

[0017] The headers 40 include a header 40 connected
to one end portion of each of the plurality of flat tubes 20,
and anotherheader 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-
erant pipe 5 is 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.

[0018] Fig. 3 is a cross-sectional view illustrating the
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flat tubes 20 and the fin 30 according to Embodiment 1.
Fig. 3illustrates a portion of the cross-section taken along
the A-A line in Fig. 2. In Fig. 3, air flows downward from
the top. As illustrated in Fig. 3, the fin 30 is provided
between the flat tubes 20, and has a plurality of louvers
32 provided in the inclined face 30a. The upstream por-
tion 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 rectangular slit 33 is formed in between ones
of the plurality of louvers 32.

[0019] 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 lon-
gitudinal 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 di-
rection has a smaller heat-transfer area than does the
downstream end portion of the fin 30. The downstream
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.

[0020] Inthe present Embodiment 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 por-
tion 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 50 is 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 down-
stream portion of the fin 30. That s, the present Embod-
iment 1 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.

[0021] 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 pro-
vided at the upstream end portion of the fin 30, and the
fin 30 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 30 can be main-
tained. As described above, the present Embodiment 1
can ensure a sufficient strength of the fin 30, while main-
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taining the balance of the heat exchange amount be-
tween the upstream portion and the downstream portion
of the fin 30.

[0022] A technique for some heat exchanger has been
known, in which the fins each protrude at its upstream
end portion in 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
or transport, and thus heat-transfer performance may be
degraded. In a case where a drainage slit is 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.

[0023] In contrast to this, in the present Embodiment
1, the upstream end portion of each of the flat tubes 20
is located at the same position as the upstream end por-
tion of the fin 30, and in addition, the holes 34 serving as
the opening port 50 are provided at the upstream end
portion of the 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
downstream portion of the fin 30.

[0024] 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 per-
formance thus can be improved.

Embodiment 2

[0025] Fig. 4 is a cross-sectional view illustrating the
flat tubes 20 and a fin 130 according to Embodiment 2.
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 compo-
nents in common with those in Embodiment 1 are denot-
ed by the same reference signs, and thus descriptions
ofthe components are omitted. The differences from Em-
bodiment 1 are mainly described below.

[0026] As illustrated 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 sim-
ilarly to Embodiment 1.
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[0027] 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
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.

[0028] 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

[0029] Fig. 5 is a cross-sectional view illustrating flat
tubes 220 and a fin 230 according to Embodiment 3. A
heat exchanger 208 in the present Embodiment 3 is dif-
ferent from the heat exchanger 8 in Embodiment 1 in that
the opening port 50 is made up of gaps 234 defined be-
tween the upstream end portion of the fin 230 and the
flat tubes 220. In the present Embodiment 3, the compo-
nents in common with those in Embodiments 1 and 2 are
denoted by the same reference signs, and thus descrip-
tions of the components are omitted. The differences
from Embodiments 1 and 2 are mainly described below.
[0030] Asillustrated 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 flattubes
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 pro-
trude at its upstream end portion farther than the up-
stream end portion of the fin 230.

[0031] Inthe present Embodiment 3, the flat tubes 220
each protrude at its 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
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220, and the fin 230 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 230 can be main-
tained. As described above, the present Embodiment 3
can ensure a sufficient strength of the fin 230, while main-
taining the balance of the heat exchange amount be-
tween the upstream portion and the downstream portion
of the fin 230.

[0032] 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.

[0033] 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 di-
rection parallel to the air flowing direction. In this case,
as illustrated 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)

[0034] Fig. 7 is a cross-sectional view illustrating flat
tubes 220a and a fin 230a according to a modification of
Embodiment 3. Asillustrated in Fig. 7, in a heat exchang-
er 208a in the modification, each of the flat tubes 220a
is provided with a gap 234a defined by notching one cor-
ner 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
[0035] Fig. 8 is a cross-sectional view illustrating the

flat tubes 20 and fins 330 according to Embodiment 4. A
heat exchanger 308 in the present Embodiment 4 is dif-
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ferent 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 Em-
bodiment 4, the components in common with those in
Embodiments 1 to 3 are denoted by the same reference
signs, and thus descriptions of the components are omit-
ted. The differences from Embodiments 1 to 3 are mainly
described below.

[0036] 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 re-
inforcement portions 360 are provided between the por-
tions of the fins 330 protruding farther than the flat tubes
20. The reinforcement portions 360 are made of, for ex-
ample, resin with a relatively high thermal resistance.
[0037] 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 or transport. That is, 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-trans-
ferarea atits 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.

[0038] The upstream end portion of each of the fins
330 is not in contact with the flat tubes 20, and heat trans-
fer at the upstream portion of each of the fins 330 is thus
reduced to reduce uneven frost formation. With this con-
figuration, the airflow passage 31 through which air flows
can be prevented from being clogged with frost. Con-
densed water adhering to the fins 330 flows on the rein-
forcement portions 360, which is resin, and water drain-
age performance thus can be improved.

Embodiment 5

[0039] Fig.9isafrontviewillustrating aheatexchanger
408 according to Embodiment 5. Fig. 10 is a cross-sec-
tional view illustrating the flat tubes 20 and a fin 430 ac-
cording to Embodiment 5. The present Embodiment 5 is
different from Embodiments 1 to 4 in that reinforcement
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 omit-
ted. The differences from Embodiments 1 to 4 are mainly
described below.

[0040] As illustrated in Figs. 9 and 10, the plurality of
reinforcement portions 434 are formed in the inclined
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face 30a of the fin 430 at its upstream end portion. The
reinforcement portions 434 reinforce the fin 430. The re-
inforcement portions 434 are formed by bending the fin
430 into a shape with a series of rectangular projections
and recesses. The fin 430 protrudes at its upstream end
portion farther than the upstream end portion of each of
the flat tubes 20.

[0041] In the present Embodiment 5, although the fin
430 protrudes farther than the flat tubes 20, the reinforce-
ment 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 suf-
ficient strength of the fin 430 can be ensured. The up-
stream 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.

[0042] The upstream end portion of the fin 430 is not
in 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 prevented
from being clogged with frost. Condensed water adhering
to the fin 430 flows on the reinforcement portions 434,
which is resin, and water drainage performance thus can
be improved.

(Modification)

[0043] 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 ex-
changer 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 fin 430a, 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 a smaller heat-transfer area at its upstream end por-
tion 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 430a can be maintained. As de-
scribed above, the modification can ensure a sufficient
strength of the fin 430a, while maintaining the balance
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of the heat exchange amount between the upstream por-
tion and the downstream portion of the fin 430a.

Embodiment 6

[0044] Fig. 12 is a cross-sectional view illustrating the
flat tubes 20 and a fin 530 according to Embodiment 6.
A heat exchanger 508 in the present Embodiment 6 is
different from the heat exchangers in Embodiments 1 to
5in that the opening port 50 is provided with an opening-
closing louver 535. In the present Embodiment 6, the
components in common with those in Embodiments 1 to
5 are denoted by the same reference signs, and thus
descriptions of the components are omitted. The differ-
ences from Embodiments 1 to 5 are mainly described
below.

[0045] AsillustratedinFig. 12,thefin 530 has the open-
ing-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 sim-
ilarly to Embodiment 1.

[0046] Inthe present Embodiment 6, 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
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 530 can be main-
tained. As described above, the present Embodiment 6
can ensure a sufficient strength of the fin 530, while main-
taining the balance of the heat exchange amount be-
tween the upstream portion and the downstream portion
of the fin 530.

[0047] 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 airflow passage 31 through which air flows can be
prevented from being clogged with frost. Condensed wa-
ter adhering to the fin 530 passes through the opening
port 50, and water drainage performance thus can be
improved.

Reference Signs List

[0048] 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-
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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
exchanger, 130: fin, 134: gap, 208, 208a: heat exchang-
er, 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 in which refrigerant flows;
and

a plurality of fins provided between the plurality
of flat tubes and configured to transfer heat of
refrigerant flowing in the plurality of flat tubes,
an upstream end portion of each of the plurality
of flat tubes in an air flow direction being located
at the same position as an upstream end portion
ofeach of the plurality of fins or protruding farther
than the upstream end portion of each of the
plurality of fins,

an opening port being formed at the upstream
end portion of each of the plurality of flat tubes
or at the upstream end portion of each of the
plurality of fins.

The heat exchanger of claim 1, wherein the opening
port is a hole provided in the upstream end portion
of each of the plurality of fins.

The heat exchanger of claim 1 or 2, wherein the
opening port is a gap defined between the upstream
end portion of each of the plurality of fins and a cor-
responding one of the plurality of flat tubes.

The heat exchanger of claim 3, wherein the plurality
of fins each have a smaller width at the upstream
end portion than awidth ata downstream end portion
of the fin.

The heat exchanger of claim 3 or 4, wherein the plu-
rality of flat tubes each have a smaller width at the
upstream end portion than a width at a downstream
end portion of the flat tube.

The heat exchanger of any one of claims 1 to 5,
wherein each of the plurality of fins has an opening-
closing louver provided at the opening port and con-
figured to open and close the opening port.

A heat exchanger comprising:

a plurality of flat tubes in which refrigerant flows;
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a plurality of fins provided between the plurality
of flat tubes and configured to transfer heat of
refrigerant flowing in the plurality of flat tubes,
the plurality of fins each protruding at an up-
stream end portion in an air flow direction farther
than an upstream end portion of each of the plu-
rality of flat tubes; and

a reinforcement portion provided between por-
tions of the plurality of fins each protruding far-
ther than the plurality of flat tubes and configured
to reinforce the plurality of fins.

8. A heat exchanger comprising:

a plurality of flat tubes in which refrigerant flows;
and

a plurality of fins provided between the plurality
of flat tubes and configured to transfer heat of
refrigerant flowing in the plurality of flat tubes,
the plurality of fins each protruding at an up-
stream end portion in an air flow direction farther
than an upstream end portion of each of the plu-
rality of flat tubes,

a reinforcement portion being formed at the up-
stream end portion of each of the plurality of fins,
the reinforcement portion being shaped into a
projection and a recess and configured to rein-
force the plurality of fins.

9. An air-conditioning apparatus comprising the heat

exchanger of any one of claims 1 to 8.
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