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(54) HEAT EXCHANGER

(57)  Aheatexchanger (10) includes a plurality of flat
tubes (20) and one or more fins (30). The flat tubes (20)
are arranged in afirstdirection. The fin (30) is joined to the
flat tubes (20). The heat exchanger (10) causes heat
exchange between a refrigerant that flows inside the flat
tubes (20) and air that flows outside the flat tubes (20)
along a second direction that intersects the first direction.
The fin (30) includes a first joint portion (32) and a first
plate portion (33). The first joint portion (32) is joined to a
first flat tube (20a). The first plate portion (33) is posi-
tioned between an air flow downstream end (30b) and the
firstjoint portion (32). The first plate portion (33) is formed
with a first protruding portion (133) for causing water to
flow in the first direction in a vicinity of the first flat tube
(20a).
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Description
TECHNICAL FIELD

[0001]
changer.

The present disclosure relates to a heat ex-

BACKGROUND ART

[0002] Conventionally, a heat exchanger including flat
tubes and fins has been known. An example of such a
heat exchanger is disclosed in International Publication
No. 2018/003123 (PTL 1).

[0003] InPTL 1, afin of a heat exchanger has a water
guiding area disposed above and below each of a plur-
ality of flat tubes, and a water drainage area disposed on
a portion of one side of each of the plurality of flat tubes. In
addition, the water guiding area has water guiding struc-
tures that guide water to the water drainage area, and the
water drainage area has water drainage structures that
guide water in the gravity direction.

SUMMARY OF INVENTION
<Technical Problem>

[0004] Inthe above-described PTL 1, water generated
around the flattubes is drawn into the water guiding area,
and then is transported to the water drainage area. Since
the drainage is performed in two stages in this manner, it
takes time for the water to be drained.

<Solution to Problem>

[0005] A heat exchanger of a first aspect includes a
plurality of flat tubes and afin. The flat tubes are arranged
in a first direction. The fin is joined to the flat tubes. The
heat exchanger causes heat exchange between a refrig-
erant that flows inside the flat tube and air that flows
outside the flat tube along a second direction that inter-
sects the firstdirection. The finincludes afirst joint portion
and a first plate portion. The first joint portion is joined to a
firstflat tube. The first plate portion is positioned between
an air flow downstream end of the fin and the first joint
portion. The first plate portion is formed with a first pro-
truding portion for causing water to flow in the first direc-
tion in a vicinity of the first flat tube.

[0006] Inthe heatexchanger of the first aspect, the first
protruding portion can cause water located in the vicinity
of the first flat tube to flow in the first direction. This can
reduce the time required to drain, in the first direction, the
water that is on the fin and is in the vicinity of the flat tube.
[0007] Aheatexchangerofasecond aspectis the heat
exchanger of the first aspect, in which the first protruding
portion extends in the first direction.

[0008] In the heat exchanger of the second aspect,
since the first protruding portion extends in the first direc-
tion, the water can be transported along the first protrud-
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ing portion. This can further reduce the time required to
drain, in the first direction, the water thatis on the finand is
in the vicinity of the flat tube.

[0009] A heat exchanger of a third aspect is the heat
exchanger of the first or second aspect, in which a dis-
tance in the second direction between an air flow down-
stream end of the first flat tube and the first protruding
portion is less than a distance in the second direction
between the air flow downstream end of the fin and the
first protruding portion.

[0010] In the heat exchanger of the third aspect, the
first protruding portion is disposed in the first plate por-
tion, on the upstream side near the flat tube. Therefore,
splashing of water from the heat exchanger can be
suppressed.

[0011] A heat exchanger of a fourth aspect is the heat
exchanger of any one of the first to third aspects, in which
the fin further includes a second joint portion and a
second plate portion. The second joint portion is joined
to a second flat tube that is disposed adjacent to the first
flat tube in the first direction. The second plate portion is
positioned between the first joint portion and the second
joint portion. The second plate portion is formed with a
second protruding portion extending in a direction in-
clined with respect to the first direction and the second
direction.

[0012] In the heat exchanger of the fourth aspect, the
second protruding portion can drain the water between
the first flat tube and the second flat tube.

[0013] A heat exchanger of a fifth aspect is the heat
exchanger of the fourth aspect, in which the first protrud-
ing portion extends in an up-down direction. The second
protruding portion extends obliquely downward from a
vicinity of an air flow downstream portion of the first flat
tube.

[0014] In the heat exchanger of the fifth aspect, the
second protruding portion can cause the water below and
on the downstream side of the first flat tube to flow down-
ward.

[0015] A heat exchanger of a sixth aspect is the heat
exchanger of the fourth aspect, in which the first protrud-
ing portion extends in an up-down direction. The second
protruding portion extends obliquely downward from a
vicinity of an air flow upstream portion of the first flat tube.
[0016] In the heat exchanger of the sixth aspect, the
second protruding portion can cause the water below and
on the upstream side of the first flat tube to flow down-
ward.

[0017] A heat exchanger of a seventh aspect is the
heat exchanger of any one of the first to sixth aspects, in
which the fin further includes a second joint portion, a
second plate portion, and a third plate portion. The sec-
ond joint portion is joined to a second flat tube that is
disposed adjacent to the first flat tube in the first direction.
The second plate portion is positioned between the first
joint portion and the second joint portion. The third plate
portion is positioned between the air flow downstream
end of the fin and the second plate portion. The third plate
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portion is formed with a third protruding portion that is
continuous with the first protruding portion.

[0018] Inthe heatexchanger ofthe seventh aspect, the
first protruding portion and the third protruding portion
can cause the water located in the vicinity of the first flat
tube to flow in the first direction to the second flat tube.
[0019] Aheatexchangerofan eighth aspectis the heat
exchanger of any one of the first to seventh aspects, in
which the fin further includes a second joint portion and a
second plate portion. The second joint portion is joined to
a second flat tube that is disposed adjacent to the first flat
tube in the first direction. The second plate portion is
positioned between the first joint portion and the second
joint portion. The second plate portion is formed with a
notch for enhancing heat transfer.

[0020] In the heat exchanger of the eighth aspect, the
notch can enhance heat transfer between air and the fin.
[0021] A heat exchanger of a ninth aspect is the heat
exchanger of any one of the first to eighth aspect, in which
a plurality of the fins are arranged in an extending direc-
tion of the flat tube. A fin pitch of the fins is greater than or
equal to 1.2 mm and less than or equal to 1.4 mm. A
height of the first protruding portion is greater than or
equal to 0.1 mm and less than or equal to 0.6 mm.
[0022] Inthe heat exchanger of the ninth aspect, in the
heatexchangerwhere the plurality of fins are stacked, the
first protruding portion can easily realize areductionin the
time required to drain water in the first direction.

[0023] A heat exchanger of a tenth aspect is the heat
exchanger of any one of the first to ninth aspect, in which
the heat exchanger is included in an indoor unit of an air-
conditioning apparatus.

[0024] The heat exchanger of the tenth aspect can be
applied to a heat exchanger of the indoor unit of the air-
conditioning apparatus.

BRIEF DESCRIPTION OF DRAWINGS
[0025]

[Fig. 1] Fig. 1is a schematic configuration diagram of
an air-conditioning apparatus including a heat ex-
changer according to an embodiment of the present
disclosure.

[Fig. 2] Fig. 2 is a perspective view of the heat
exchanger according to an embodiment of the pre-
sent disclosure.

[Fig. 3] Fig. 3 is a cross-sectional view of the heat
exchanger according to an embodiment of the pre-
sent disclosure.

[Fig. 4] Fig. 4 is an enlarged view of a fin constituting
the heat exchanger.

[Fig. 5] Fig. 5 is a diagram for describing a flow of
water.

[Fig. 6] Fig. 6 is an enlarged view of a fin constitutinga
heat exchanger according to a modification.

[Fig. 7] Fig. 7 isan enlarged view of a fin constituting a
heat exchanger according to another modification.

10

15

20

25

30

35

40

45

50

55

DESCRIPTION OF EMBODIMENTS
(1) Air-conditioning apparatus

[0026] An air-conditioning apparatus including a heat
exchanger according to an embodiment of the present
disclosure will be described with reference to Fig. 1. As
illustrated in Fig. 1, an air-conditioning apparatus 200 is
an apparatus used for cooling and heating the inside of a
room in a building or the like by performing a vapor
compression refrigeration cycle operation.

[0027] The air-conditioning apparatus 200 mainly in-
cludes an outdoor unit 220, an indoor unit 230, and a
liquid-refrigerant connection pipe 240 and a gas-refrig-
erant connection pipe 250 that connect the outdoor unit
220 and the indoor unit 230 to each other. In addition, a
vapor compression refrigerant circuit 210 of the air-con-
ditioning apparatus 200 is configured by connecting the
outdoor unit 220 and the indoor unit 230 via the liquid-
refrigerant connection pipe 240 and the gas-refrigerant
connection pipe 250.

(1-1) Outdoor unit

[0028] The outdoor unit 220 is installed outdoors. The
outdoor unit 220 mainly includes a compressor 221, a
flow path switching mechanism 222, an outdoor heat
exchanger 223, and an expansion mechanism 224.
[0029] The compressor 221 is a mechanism that com-
presses a low-pressure refrigerant in the refrigeration
cycle until the pressure of the refrigerant becomes high.
[0030] The flow path switching mechanism 222 is a
mechanism that switches the flow direction of a refriger-
ant when switching between a cooling operation and a
heating operation. During the cooling operation, the flow
path switching mechanism 222 connects a discharge
side of the compressor 221 and a gas side of the outdoor
heat exchanger 223, and connects a gas side of anindoor
heat exchanger 231 (described later) and a suction side
of the compressor 221 to each other via the gas-refrig-
erant connection pipe 250 (see solid lines in the flow path
switching mechanism 222 in Fig. 1). On the other hand,
during the heating operation, the flow path switching
mechanism 222 connects the discharge side of the com-
pressor 221 and the gas side of the indoor heat exchan-
ger 231 to each other via the gas-refrigerant connection
pipe 250, and connects the gas side of the outdoor heat
exchanger 223 and the suction side of the compressor
221 to each other (see broken lines in the flow path
switching mechanism 222 in Fig. 1).

[0031] The outdoor heat exchanger 223 is a heat ex-
changer that functions as a radiator for a refrigerant
during the cooling operation, and functions as an eva-
porator for the refrigerant during the heating operation.
The outdoor heat exchanger 223 has a liquid side con-
nected to the expansion mechanism 224, and has the gas
side connected to the flow path switching mechanism
222.
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[0032] The expansion mechanism 224 is amechanism
that decompresses a high pressure liquid refrigerant that
has radiated heat in the outdoor heat exchanger 223
before the refrigerantis sentto the indoor heat exchanger
231 during the cooling operation, and decompresses a
high pressure liquid refrigerant that has radiated heat in
the indoor heat exchanger 231 before the refrigerant is
sent to the outdoor heat exchanger 223 during the heat-
ing operation.

[0033] Inaddition, the outdoor unit 220 is provided with
an outdoor fan 225 for sucking outdoor air into the out-
door unit 220, supplying the outdoor air to the outdoor
heatexchanger 223, and then discharging the outdoor air
to the outside of the outdoor unit 220.

(1-2) Indoor unit

[0034] The indoor unit 230 is installed indoors. The
indoor unit 230 mainly includes the indoor heat exchan-
ger 231 and an indoor fan 232.

[0035] The indoor heat exchanger 231 is a heat ex-
changer that functions as an evaporator for a refrigerant
during the cooling operation, and functions as a radiator
for the refrigerant during the heating operation. The in-
door heat exchanger 231 has a liquid side connected to
the liquid-refrigerant connection pipe 240, and has the
gas side connected to the gas-refrigerant connection
pipe 250.

[0036] In addition, the indoor unit 230 is provided with
the indoor fan 232 for sucking indoor air into the indoor
unit 230, supplying the indoor air to the indoor heat
exchanger 231, and then discharging the indoor air to
the outside of the indoor unit 230.

(1-3) Operation
(1-3-1) Cooling operation

[0037] In a case where the air-conditioning apparatus
200 performs the cooling operation, a low-pressure re-
frigerant in the refrigeration cycle is sucked into the
compressor 221, is compressed until the pressure of
the refrigerant becomes high in the refrigeration cycle,
and is then discharged. The high-pressure refrigerant
discharged from the compressor 221 is sent to the out-
door heat exchanger 223 through the flow path switching
mechanism 222. The high-pressure refrigerant sent to
the outdoor heat exchanger 223 exchanges heat with
outdoor air supplied by the outdoor fan 225 and radiates
heat in the outdoor heat exchanger 223. The high-pres-
sure refrigerant that has radiated heat in the outdoor heat
exchanger 223 is sent to the expansion mechanism 224,
and is decompressed until the pressure of the refrigerant
becomes low in the refrigeration cycle. The low-pressure
refrigerant decompressed in the expansion mechanism
224 is sent to the indoor heat exchanger 231 through the
liquid-refrigerant connection pipe 240. The low-pressure
refrigerant sent to the indoor heat exchanger 231 ex-
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changes heat with indoor air supplied by the indoor fan
232 and evaporates in the indoor heat exchanger 231. As
a result, the indoor air is cooled and blown into the room.
The low-pressure refrigerant that has evaporated in the
indoor heat exchanger 231 is sucked again into the
compressor 221 through the gas-refrigerant connection
pipe 250 and the flow path switching mechanism 222.

(1-3-2) Heating operation

[0038] In a case where the air-conditioning apparatus
200 performs the heating operation, a low-pressure re-
frigerant in the refrigeration cycle is sucked into the
compressor 221, is compressed until the pressure of
the refrigerant becomes high in the refrigeration cycle,
and is then discharged. The high-pressure refrigerant
discharged from the compressor 221 is sent to the indoor
heat exchanger 231 through the flow path switching
mechanism 222 and the gas-refrigerant connection pipe
250. The high-pressure refrigerant sent to the indoor heat
exchanger 231 exchanges heat with indoor air supplied
by the indoor fan 232 and radiates heat in the indoor heat
exchanger 231. As a result, the indoor air is heated and
blown into the room. The high-pressure refrigerant that
has radiated heat in the indoor heat exchanger 231 is
sent to the expansion mechanism 224 through the liquid-
refrigerant connection pipe 240, and is decompressed
until the pressure of the refrigerant becomes low in the
refrigeration cycle. The low-pressure refrigerant decom-
pressed in the expansion mechanism 224 is sent to the
outdoor heat exchanger 223. The low-pressure refriger-
ant sent to the outdoor heat exchanger 223 exchanges
heat with outdoor air supplied by the indoor fan 232 and
evaporates in the outdoor heat exchanger 223. The low-
pressure refrigerant that has evaporated in the outdoor
heat exchanger 223 is sucked again into the compressor
221 through the flow path switching mechanism 222.

(2) Heat exchanger
(2-1) Overall configuration

[0039] A heat exchanger 10 according to an embodi-
ment of the present disclosure will be described with
reference to Figs. 1 to 5. The heat exchanger 10 of the
present embodiment is included in the indoor unit 230 of
the air-conditioning apparatus 200 in Fig. 1. Specifically,
the heat exchanger 10 is the indoor heat exchanger 231
illustrated in Fig. 1.

[0040] Asillustratedin Figs. 2 to 5, the heat exchanger
10includes a plurality of flat tubes 20 and a plurality of fins
30. The flat tubes 20 are arranged in a first direction. The
fins 30 are joined to the flat tubes 20. The heat exchanger
10 causes heat exchange between a refrigerant that
flows inside the flat tubes 20 and air that flows outside
the flat tubes 20. The heat exchanger 10 causes heat
exchange between air and the refrigerant without mixing
the air and the refrigerant with each other.
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[0041] Air flows outside the flat tubes 20 along a sec-
ond direction that intersects the first direction. Here, the
first direction is the up-down (vertical) direction. The
second direction is orthogonal to the first direction. Spe-
cifically, the second direction is the left-right direction. In
addition, as illustrated in Figs. 2 to 5, air flows in a
direction from the left to the right. In other words, the left
side is the upstream side of the air flow, and the right side
is the downstream side of the air flow.

(2-2) Detailed configuration
(2-2-1) Flat tube

[0042] Asillustratedin Fig. 3, a plurality of the flat tubes
20 are disposed parallel to each other at an interval along
the first direction. As illustrated in Fig. 2, the flat tubes 20
extend in a third direction. The third direction intersects
the first direction and the second direction. Here, the third
directionis orthogonal to the first direction and the second
direction. Specifically, the third direction is the front-rear
direction.

[0043] As illustrated in Figs. 2 to 5, the cross-sectional
shape of the flat tube 20 is a flat oval shape or a rectan-
gular shape with rounded corners. The length (width) of
the flat tube 20 in the second direction is greater than the
length (thickness) of the flat tube 20 in the first direction.
The flat tube 20 is made of, for example, aluminum or an
aluminum alloy.

[0044] The flattube 20 is a heattransfertube in which a
refrigerantflows. The flat tube 20 is formed with a plurality
of through holes 21 arranged in the second direction. The
refrigerant that exchanges heat with air in the heat ex-
changer 10 passes through the through holes 21. These
plurality of through holes extend through the flat tube 20
along the third direction.

(2-2-2) Fin

[0045] The fins 30 are joined to the plurality of flat tubes
20. Here, the flat tubes 20 and the fins 30 are joined to
each other by brazing. The fins 30 increase the heat
transfer area between the flat tubes 20 and air, and
enhance heat exchange between the refrigerant and
the air.

[0046] Asillustratedin Fig. 2, the plurality of fins 30 are
disposed parallel to each other atintervals along the third
direction. The fins 30 extend in the first direction. The fins
30 are disposed so asto intersect (here, orthogonal to) an
extending direction of the flat tubes 20. In the present
embodiment, the plurality of fins 30 are disposed in
parallel and atequal intervals. In other words, the plurality
of fins 30 are arranged in the third direction at a prede-
termined fin pitch P. In the present embodiment, the fin
pitch P is greater than or equal to 1.2 mm and less than or
equal to 1.4 mm.

[0047] The fin 30 has a flat plate shape. The fin 30 is
formed by press working or the like. The fin 30 is made of,
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for example, aluminum or an aluminum alloy.

[0048] Asillustratedin Figs. 3 to 5, the fin 30 is formed
with a plurality of insertion portions 31 for inserting the flat
tubes 20. The insertion portion 31 is notched in the
second direction from an air flow upstream end 30a
toward an air flow downstream end 30b side. The plurality
ofinsertion portions 31 are arranged atintervals along the
first direction.

[0049] The fin 30 includes a first joint portion 32, a first
plate portion 33, a second joint portion 34, a second plate
portion 35, and a third plate portion 36. Hereinafter, in Fig.
3, the flat tube 20 positioned on the upper side will be
described as a first flat tube 20a, and the flat tube 20
positioned on the lower side will be described as a second
flat tube 20b. The first flat tube 20a and the second flat
tube 20b are disposed adjacent to each other in the first
direction.

[0050] Asillustratedin Fig. 3, the first joint portion 32 is
joined to the first flat tube 20a. Here, the first joint portion
32 has a U shape as viewed in cross section. In the
present embodiment, the first joint portion 32 is a collar
portion. Specifically, the first joint portion 32 extends so
as to protrude in the third direction from the insertion
portion 31 on one surface (front surface) side of the fin 30
toward the other surface (rear surface) of an adjacent fin
30.

[0051] The first plate portion 33 is positioned between
an air flow downstream end 30b and the first joint portion
32. The first plate portion 33 is continuous with the first
joint portion 32. The first plate portion 33 is formed with a
first protruding portion 133 and a rib 134.

[0052] The first protruding portion 133 causes water to
flow in the first direction in the vicinity of the first flat tube
20a. In other words, the first protruding portion 133 is a
water-guiding rib that causes water located in the vicinity
of the first flat tube 20a to flow in the first direction.
[0053] As illustrated in Fig. 4, a distance L1 in the
second direction between an air flow downstream end
120a of the first flat tube 20a and the first protruding
portion 133 is less than a distance L2 in the second
direction between the air flow downstream end 30b of
the fin 30 and the first protruding portion 133. The dis-
tance L1 is preferably 1/3 or less of the distance L2, and
more preferably 1/5 or less of the distance L2.

[0054] The first protruding portion 133 extends in the
first direction. In Figs. 3 to 5, the first protruding portion
133 extends in the up-down direction. In the present
embodiment, the first protruding portion 133 extends in
the gravity (vertical) direction. With such a configuration,
in the present embodiment, the first protruding portion
133 causes water to flow downward by the weight of the
water in the vicinity of the downstream side of the firstjoint
portion 32 joined to the first flat tube 20a.

[0055] The height of the first protruding portion 133 is
not limited, butis greaterthan orequalto 0.1 mm and less
than or equal to 0.6 mm, for example. Note that the height
is a protruding distance (distance in the third direction)
from one surface of the fin 30 toward the other surface of
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the adjacent fin 30.

[0056] The rib 134 is arib for enhancing heat transfer.
The rib 134 protrudes from one surface of the fin 30
toward the other surface of the adjacent fin 30. The rib
134 has a rectangular shape as viewed in cross section.
In Figs. 3 to 5, the length (width) of the rib 134 in the
second direction is greater than the length (width) of the
first protruding portion 133 in the second direction.
[0057] The second joint portion 34 is joined to the
second flat tube 20b. The second joint portion 34 has
the same shape as the first joint portion 32.

[0058] The second plate portion 35 is positioned be-
tween the firstjoint portion 32 and the second joint portion
34. The second plate portion 35 is continuous with the
first joint portion 32 and the second joint portion 34. The
second plate portion 35 is formed with a second protrud-
ing portion 135 and notches 37.

[0059] The second protruding portion 135 extendsin a
directioninclined with respect to the first direction and the
second direction. In Figs. 3 to 5, the second protruding
portion 135 extends from an upper end portion of the
second plate portion 35 toward the lower right. The
second protruding portion 135 is a water-guiding rib that
drains water between the first flat tube 20a and the
second flat tube 20b.

[0060] Inthe presentembodiment, the second protrud-
ing portion 135 extends obliquely downward from the
vicinity of an air flow downstream portion of the first flat
tube 20a. Specifically, the second protruding portion 135
extends from the vicinity of the downstream end 120a
toward the downstream side of the air flow so as to be
connected to a third protruding portion 136. With such a
configuration, the second protruding portion 135 pro-
vided here is a water-guiding rib that drains water located
in the vicinity of the air flow downstream portion of the first
flat tube 20a between the first flat tube 20a and the
second flat tube 20b toward the lower right.

[0061] As illustrated in Fig. 4, a distance L3 in the
second direction between the air flow downstream end
120a of the first flat tube 20a and one end (left end in Fig.
4) of the second protruding portion 135 in the second
directionis less than a distance L4 in the second direction
between the air flow upstream end 30a of the fin 30 and
one end (left end in Fig. 4) of the second protruding
portion 135 in the second direction. The distance L3 is
preferably 1/3 or less of the distance L4, and more pre-
ferably 1/5 or less of the distance L4.

[0062] The height of the second protruding portion 135
may be equal to, less than, or greater than the height of
the first protruding portion 133. Here, the height of the
second protruding portion 135 is, for example, greater
than or equal to 0.1 mm and less than or equal to 0.6 mm.
[0063] The notches 37 are the notches 37 for enhan-
cing heat transfer. A plurality of (three in Fig. 3) notches
37 are arranged in the second direction. In addition, the
notch 37 extends in the first direction. Here, the notch 37
is recessed from the other surface of the fin 30 toward one
surface of an adjacent fin 30.
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[0064] The third plate portion 36 is positioned between
the air flow downstream end 30b and the second plate
portion 35. The third plate portion 36 is continuous with
the first plate portion 33 and the second plate portion 35.
[0065] The third plate portion 36 is formed with the third
protruding portion 136 that is continuous with the first
protruding portion 133. The third protruding portion 136 is
a water-guiding rib that causes water from the first pro-
truding portion 133 to flow in the first direction.

[0066] The third protruding portion 136 extends in the
first direction. In Figs. 3 to 5, the third protruding portion
136 extends in the up-down direction. In the present
embodiment, the third protruding portion 136 extends
in the gravity (vertical) direction. With such a configura-
tion, in the present embodiment, the third protruding
portion 136 causes water from the first protruding portion
133 to flow downward.

[0067] The position of the third protruding portion 136
in the second direction is the same as that of the first
protruding portion 133. In other words, the first protruding
portion 133 and the third protruding portion 136 are
linearly continuous in the up-down (vertical) direction.
[0068] The height of the third protruding portion 136
may be equal to, less than, or greater than the height of
the first protruding portion 133. Here, the height of the
third protruding portion 136 is the same as that of the first
protruding portion 133.

[0069] Note that, in the present embodiment, the fin 30
does not have a shape that hinders the guiding of water
by the first protruding portion 133, the second protruding
portion 135, and the third protruding portion 136.
[0070] Inaddition, Fig. 3illustrates an areain which the
fin 30 is joined to the first flat tube 20a and the second flat
tube 20b, but as illustrated in Fig. 2, in the present
embodiment, the fin 30 is joined to three or more flat
tubes 20. Furthermore, the linear rib formed by the con-
tinuity of the first protruding portion 133 and the third
protruding portion 136 extends from the upper end por-
tion to the lower end portion of the fin 30.

(2-3) Operation

[0071] During the operation such as the cooling opera-
tion and the heating operation of the air-conditioning
apparatus 200 illustrated in Fig. 1, a refrigerant is sent
to the flat tubes 20 of the heat exchanger 10 that serves
as the indoor heat exchanger 231 in the refrigerant circuit
210. The refrigerant flows through the plurality of through
holes 21 of the flat tubes 20. Then, the refrigerant that
flows inside the flat tubes 20 exchanges heat with indoor
air that flows outside the flat tubes 20. During this opera-
tion, condensation water may be generated around the
joint portions of the fins 30 joined to the flat tubes 20.
[0072] Asillustratedin Fig. 5, water W as condensation
water that is accumulated on an upper portion of the first
flat tube 20a moves along the first joint portion 32. Spe-
cifically, the water W moves in an arc shape along a
curved portion of the first protruding portion 133.
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[0073] In addition, the water moved along the first
protruding portion 133 and water W accumulated on a
lower portion of the first flat tube 20a move in a direction
inclined with respect to the first direction and the second
direction (toward the lower right side in Fig. 5) along the
second protruding portion 135.

[0074] Then, the water W moves in the first direction
(downward in Fig. 5) along the third protruding portion
136 that is connected to the second protruding portion
135 and is continuous with the first protruding portion
133.

[0075] In this manner, the water W generated around
the first flat tube 20a is directly drawn into the first pro-
truding portion 133 and the second protruding portion
135, and is drained downward along the third protruding
portion 136. In other words, the water W is drained down-
ward by flowing along the first protruding portion 133, the
second protruding portion 135, and the third protruding
portion 136. This prevents the water W generated around
the first flat tube 20a from getting caught at any point
along the way, and increases the drainage rate.

[0076] Note that, in some cases, depending on the
amount of the water W, the heights of the first protruding
portion 133, the second protruding portion 135, and the
third protruding portion 136, and the like, the water W may
flow on the left side of the first protruding portion 133 and
the third protruding portion 136 in Fig. 5. Forexample, ina
case where the height of the second protruding portion
135 is greater than the heights of the first protruding
portion 133 and the third protruding portion 136, the water
W mainly flows on the right side of the first protruding
portion 133 and the third protruding portion 136. On the
other hand, in a case where the height of the second
protruding portion 135 is less than or equal to the heights
of the first protruding portion 133 and the third protruding
portion 136, the water W mainly flows on the left side of
the first protruding portion 133 and the third protruding
portion 136.

(3) Features

[0077] (3-1)

The heat exchanger 10 according to the present embodi-
ment includes a plurality of flat tubes 20 and one or more
fins 30. The flat tubes 20 are arranged in the first direction.
The fins 30 are joined to the flat tubes 20. The heat
exchanger 10 causes heat exchange between a refrig-
erant that flows inside the flat tubes 20 and air that flows
outside the flat tubes 20 along the second direction that
intersects the first direction. The fin 30 includes the first
joint portion 32 and the first plate portion 33. The first joint
portion 32 is joined to the first flat tube 20a. The first plate
portion 33 is positioned between the air flow downstream
end 30b and thefirstjoint portion 32. The first plate portion
33 is formed with the first protruding portion 133 for
causing water to flow in the first direction in the vicinity
of the first flat tube 20a.

[0078] In the heat exchanger 10 of the present embo-
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diment, the first protruding portion 133 can cause the
water W located in the vicinity of the first flat tube 20a to
flow in the first direction. This can reduce the time re-
quired todrain, inthefirstdirection, the water thatis onthe
fin 30 and is in the vicinity of the first flat tube 20a.
[0079] Inaddition, inthe presentembodiment, the heat
exchanger 10 drains water generated around the first flat
tube 20a using the first protruding portion 133 in the
vicinity of the first flat tube 20a without transporting the
water to the air flow downstream end 30b of the fin 30.
Therefore, splashing of water from the fin 30 can be
suppressed.

(3-2)

Inthe heatexchanger 10 of the presentembodiment,
the first protruding portion 133 extends in the first
direction. With such a configuration, the water W can
be transported along the first protruding portion 133.
This can further reduce the time required to drain, in
the first direction, the water W that is on the fin 30 and
is in the vicinity of the first flat tube 20a.

(3-3)

Inthe heat exchanger 10 of the presentembodiment,
the distance L1 in the second direction between the
air flow downstream end 120a of the first flat tube 20a
and the first protruding portion 133 is less than the
distance L2 in the second direction between the air
flow downstream end 30b of the fin 30 and the first
protruding portion 133.

[0080] With such a configuration, in the first plate por-
tion 33, the first protruding portion 133 is disposed near
the first flat tube 20a and on the upstream side of the air
flow. Therefore, splashing of water from the heat exchan-
ger 10 can be further suppressed.

[0081] (3-4)

In the heat exchanger 10 of the present embodiment, the
fin 30 further includes the second joint portion 34 and the
second plate portion 35. The second joint portion 34 is
joined to the second flat tube 20b that is disposed ad-
jacent to the first flat tube 20a in the first direction. The
second plate portion 35 is positioned between the first
joint portion 32 and the second joint portion 34. The
second plate portion 35 is formed with the second pro-
truding portion 135 extending in the direction inclined with
respect to the first direction and the second direction.
[0082] Here, the second protruding portion 135 can
drain the water W between the first flat tube 20a and the
second flat tube 20b.

[0083] (3-5)

In the heat exchanger 10 of the present embodiment, the
first protruding portion 133 extends in the up-down direc-
tion. The second protruding portion 135 extends obli-
quely downward from the vicinity of the air flow down-
stream portion of the first flat tube 20a.

[0084] Here, the second protruding portion 135 can
cause the water W below and on the downstream side of
the first flat tube 20a to flow downward.



13 EP 4 560 246 A1 14

[0085] (3-6)

In the heat exchanger 10 of the present embodiment, the
fin 30 further includes the second joint portion 34, the
second plate portion 35, and the third plate portion 36.
The second joint portion 34 is joined to the second flat
tube 20b that is disposed adjacent to the first flat tube 20a
in the first direction. The second plate portion 35 is posi-
tioned between the first joint portion 32 and the second
joint portion 34. The third plate portion 36 is positioned
between the air flow downstream end 30b and the second
plate portion 35. The third plate portion 36 is formed with
the third protruding portion 136 that is continuous with the
first protruding portion 133.

[0086] Here, the first protruding portion 133 and the
third protruding portion 136 can cause the water W
located in the vicinity of the first flat tube 20a to flow in
the first direction to the second flat tube 20b.

[0087] In addition, the second protruding portion 135
can guide the water W below and on the downstream side
of the first flat tube 20a to the third protruding portion 136,
and the third protruding portion 136 can cause the water
W to flow further downward.

[0088] (3-7)

In the heat exchanger 10 of the present embodiment, the
fin 30 further includes the second joint portion 34 and the
second plate portion 35. The second joint portion 34 is
joined to the second flat tube 20b that is disposed ad-
jacent to the first flat tube 20a in the first direction. The
second plate portion 35 is positioned between the first
joint portion 32 and the second joint portion 34. The
second plate portion 35 is formed with the notches 37
for enhancing heat transfer.

[0089] Here, the notches 37 can enhance heat transfer
between air and the fin 30. This can enhance heat ex-
change between the refrigerant that flows inside the flat
tubes 20 and air that flows outside the fins 30.

[0090] (3-8)

In the heat exchanger 10 of the present embodiment, the
plurality of fins 30 are arranged in the extending direction
of the flat tubes 20. The fin pitch P of the fins 30 is greater
than or equal to 1.2 mm and less than or equal to 1.4 mm.
The height of the first protruding portion 133 is greater
than orequal to 0.1 mm and less than or equal to 0.6 mm.
[0091] With such a configuration, in the heat exchan-
ger 10 where the plurality of fins 30 are stacked, the first
protruding portion 133 can easily realize a reduction in
the time required to drain water in the first direction.
[0092] (3-9)

The heat exchanger 10 of the present embodiment is
included in the indoor unit 230 of the air-conditioning
apparatus 200. In other words, the heat exchanger 10
of the present embodiment can be applied to the indoor
unit 230 of the air-conditioning apparatus 200. The heat
exchanger 10 of the present embodiment can reduce the
time required to drain water and can suppress the splash-
ing of the water from the fin 30. Therefore, the heat
exchanger 10 is suitably used for the indoor heat ex-
changer 231 disposed indoors.
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(4) Modifications
(4-1) Modification 1

[0093] In the above-described embodiment, the sec-
ond protruding portion 135 extends obliquely downward
from the vicinity of the air flow downstream portion of the
first flat tube 20a, but the present invention is not limited
thereto. In a heat exchanger 11 of the present modifica-
tion, as illustrated in Fig. 6, the second protruding portion
135 extends obliquely downward from the vicinity of an air
flow upstream portion 120b of the first flat tube 20a. Here,
the second protruding portion 135 extends from the
vicinity of an air flow upstream end of the first joint portion
32 toward the lower right.

[0094] As illustrated in Fig. 6, a distance in the second
direction between the air flow downstream end 120a of
the first flat tube 20a and one end (left end in Fig. 6) of the
second protruding portion 135 in the second direction is
greater than a distance in the second direction between
the air flow upstream end 30a of the fin 30 and one end
(left end in Fig. 6) of the second protruding portion 135in
the second direction.

[0095] In the present modification, the water W accu-
mulated on the lower portion of the first flat tube 20a
moves from the upstream side of the air flow in the
direction inclined with respect to the first direction and
the second direction (toward the lower right side in Fig. 6)
along the second protruding portion 135. Then, the water
W moves in the first direction (downward in Fig. 6) along
the third protruding portion 136 that is connected to the
second protruding portion 135.

[0096] Asdescribedabove, inthe heatexchanger 11 of
the present modification, the first protruding portion 133
extends in the up-down (vertical) direction. The second
protruding portion 135 extends obliquely downward from
the vicinity of the air flow upstream portion 120b of the first
flat tube 20a.

[0097] Here, the second protruding portion 135 can
cause the water W below and on the upstream side of the
first flat tube 20a to flow downward.

(4-2) Modification 2

[0098] In the above-described embodiment, the first
protruding portion 133 and the third protruding portion
136 are formed as water-guiding ribs for causing water to
flow in the first direction, but another water-guiding rib
may be further formed. As illustrated in Fig. 7, a heat
exchanger 12 of the present modification is further
formed with a fourth protruding portion 138 for causing
water to flow in the first direction. The fourth protruding
portion 138 is formed on the downstream side of the first
protruding portion 133 and the third protruding portion
136 in the air flow.

[0099] Specifically, the fourth protruding portion 138 is
formed in the vicinity of the air flow downstream end 30b
ofthe fin 30 so as to extend in the first direction. The fourth
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protruding portion 138 continuously extends from the
upper end portion to the lower end portion of the fin 30.
The fourth protruding portion 138 is parallel and liner to
the first protruding portion 133 and the third protruding
portion 136.

(4-3) Modification 3

[0100] In the above-described embodiment, the fin 30
is formed with the notches 37, ribs 134, and the like for
enhancing heat transfer, but the present invention is not
limited thereto. Notches, ribs, and the like for enhancing
heat transfer are formed as appropriate. In the present
modification, ribs for enhancing heat transfer are further
formed on both sides of the third protruding portion 136.
The ribs formed on both sides are, for example, L-shaped
as viewed in cross section.

(4-4) Modification 4

[0101] In the above-described embodiment, the heat
exchanger 10 is applied to the indoor heat exchanger
231, butthe presentinvention is not limited thereto. In the
present modification, the heat exchanger 10 is applied to
the outdoor heat exchanger 223.

(4-5) Modification 5

[0102] In the above-described embodiment, the heat
exchanger 10 is applied to the air-conditioning apparatus
200, but the present invention is not limited thereto. The
heat exchanger 10 may be applied to a hot water supply
apparatus, a floor heating apparatus, and a refrigeration
apparatus such as a refrigerating device.

[0103] The embodiment of the present disclosure has
been described heretofore, and it will be understood that
a variety of modifications in mode and detail may be
made without departing from the gist and scope of the
present disclosure as set forth in claims.
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CITATION LIST
PATENT LITERATURE

[0105] PTL 1: International Publication No.

2018/003123

Claims
1. A heat exchanger (10), comprising:

a plurality of flat tubes (20) arranged in a first
direction; and

a fin (30) joined to the flat tubes, and

the heat exchanger causing heat exchange be-
tween a refrigerant that flows inside the flat tube
and air that flows outside the flat tube along a
second direction that intersects the first direc-
tion, wherein

the fin includes:

a first joint portion (32) joined to a first flat
tube included in the flat tubes; and

a first plate portion (33) positioned between
an air flow downstream end and the first
joint portion, and

the first plate portion is formed with a first
protruding portion (133) for causing water to
flow in the first direction in a vicinity of the
first flat tube.

2. The heat exchanger according to claim 1, wherein
the first protruding portion extends in the first direc-
tion.

3. Theheatexchangeraccordingto claim 1 or2, where-
in adistance (L1) in the second direction between an
air flow downstream end (120a) of the first flat tube
and the first protruding portion is less than a distance
(L2) in the second direction between the air flow
downstream end (30b) of the fin and the first protrud-
ing portion.

4. The heatexchangeraccordingto any one of claims 1
to 3, wherein
the fin further includes:

a second joint portion (34) joined to a second flat
tube that is included in the flat tubes and is
disposed adjacent to the first flat tube in the first
direction; and

a second plate portion (35) positioned between
the firstjoint portion and the second joint portion,
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and

the second plate portion is formed with a second
protruding portion (135) extending in a direction
inclined with respect to the first direction and the
second direction.

The heat exchanger according to claim 4, wherein

the first protruding portion extends in an up-
down direction, and
the second protruding portion extends obliquely

downward from a vicinity of an air flow down-
stream portion of the first flat tube.

6. The heat exchanger according to claim 4, wherein

the first protruding portion extends in an up-
down direction, and

the second protruding portion extends obliquely
downward from a vicinity of an air flow upstream
portion of the first flat tube.

7. Theheatexchangeraccording to any one of claims 1
to 6, wherein
the fin further includes:

a second joint portion (34) joined to a second flat
tube that is included in the flat tubes and is
disposed adjacent to the first flat tube in the first
direction;

a second plate portion (35) positioned between
the first joint portion and the second joint portion;
and

a third plate portion (36) positioned between the
air flow downstream end and the second plate
portion, and

the third plate portion is formed with a third
protruding portion (136) that is continuous with
the first protruding portion.

8. Theheatexchangeraccording to any one of claims 1
to 7, wherein
the fin further includes:

a second joint portion (34) joined to a second flat
tube that is included in the flat tubes and is
disposed adjacent to the first flat tube in the first
direction; and

a second plate portion (35) positioned between
the firstjoint portion and the second joint portion,
and

the second plate portion is formed with a notch
(37) for enhancing heat transfer.

9. Theheatexchangeraccording to any one of claims 1
to 8, wherein

a plurality of the fins are arranged in an extend-
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10

10.

ing direction of the flat tube, and

afin pitch (P) of the fins is greater than or equal to
1.2 mm and less than or equal to 1.4 mm, and
a height of the first protruding portion is greater
than orequal to 0.1 mm and less than or equal to
0.6 mm.

The heat exchanger according to any one of claims 1
to 9, wherein the heat exchanger is included in an
indoor unit (230) of an air-conditioning apparatus
(200).
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