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(57)  Aheatexchangerincludes a heat exchange unit
10 including a plurality of flat pipe groups 11 Aand 11 B
arranged in rows in a direction of depth of the heat ex-
changer and corrugated fins 12 each shared between
the plurality of flat pipe groups 11 A and 11 B in the rows.
The plurality of flat pipe groups 11 A and 11 B have an
inter-row gap 16 between the plurality of flat pipe groups
11 A and 11 B and each include a plurality of flat pipes
11 standing in a gravitational direction. The corrugated
fins 12 each include a first drainage portion 17 between
adjacent ones of the rows of the plurality of flat pipe
groups 11 A and 11 B to communicate with the inter-row
gap 16.
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Description
Technical Field

[0001] The present invention relates to a heat exchanger, and an air-conditioning refrigeration apparatus including
the heat exchanger.

Background Art

[0002] Inrelated art, heat exchangers exist that include flat pipes and corrugated fins stacked alternately in a direction
orthogonal to the direction of airflow, with the flat pipes being each connected at both ends to a pair of headers (see,
for example, Patent Literatures 1 and 2).

[0003] The corrugated fins have a zigzag configuration formed by an alternating succession of planar and curved
portions. Patent Literature 1 discloses a technique to ensure easy drainage of condensed water when a heat exchanger
having such corrugated fins is used as an evaporator. Specifically, in Patent Literature 1, the planar portions of the
corrugated fins are of a valley configuration having the bottom at the central parts of the corrugated fins in the direction
of airflow, a through-hole is bored at the joint of the valley portion and each flat pipe, and condensed water on the surface
of each corrugated fin is guided to the valley portion of the planar portion to drain the condensed water from the through-
hole.

[0004] Patent Literature 2 discloses a heat exchanger having a heat exchanger unit in which flat pipe groups each
having a plurality of flat pipes aligned with spaces between the plurality of flat pipes are arranged in two rows in the
direction of depth of the heat exchanger that is orthogonal to the direction of alignment of the flat pipes, and the flat pipes
and the corrugated fins are stacked alternately in the direction of alignment of the flat pipes. Patent Literature 2 discloses
a technique with a pair of headers located at the top and the bottom of the heat exchange unit to facilitate drainage of
condensed water that builds up on the lower header.

Citation List
Patent Literature
[0005]

Patent Literature 1: Japanese Unexamined Patent Application Publication No. 2005-245187 (Fig. 1)
Patent Literature 2: Japanese Patent No. 4786234 (Fig. 1)

Summary of Invention
Technical Problem

[0006] Although the technique disclosed in Patent Literature 1 mentioned above allows for improved drainage of
condensed water, the technique is directed to a configuration with a single row of flat pipe group.

[0007] To meet the recent demands for reduced size and weight and increased performance of heat exchangers, flat
pipe groups arranged in multiple rows as in Patent Literature 2 have been increasingly common. In Patent Literature 2,
corrugated fins are shared between flat pipe groups that are arranged in two rows. Thus, the corrugated fins have an
increased length in the direction of depth of the heat exchanger in comparison to corrugated fins adapted to single-row
configuration. Although the increased length of the corrugated fins in the direction of depth of the heat exchanger
necessitates an improvement in the drainage of condensed water, Patent Literature 2 contains no discussion on the
drainage of condensed water from the corrugated fins.

[0008] The presentinvention has been made to address the above-mentioned problem, and an object of the invention
is accordingly to provide a heat exchanger of a multi-row configuration that allows for improved drainage of condensed
water, and an air-conditioning refrigeration apparatus including the heat exchanger. Solution to Problem

[0009] A heatexchanger according to an embodiment of the present invention includes a heat exchange unit including
a plurality of flat pipe groups arranged in rows in a direction of depth of the heat exchanger and corrugated fins each
shared between the plurality of flat pipe groups in the rows. The plurality of flat pipe groups have an inter-row gap
between the plurality of flat pipe groups and each include a plurality of flat pipes standing in a gravitational direction.
The corrugated fins each include a first drainage portion between adjacent ones of the rows of the plurality of flat pipe
groups to communicate with the inter-row gap.

[0010] An air-conditioning refrigeration apparatus according to an embodiment of the present invention includes the
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heat exchanger mentioned above. Advantageous Effects of Invention

[0011] According to an embodiment of the present invention, drainage of condensed water can be improved for heat
exchangers of a multi-row configuration. Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is a representation of both front and side views of a heat exchanger according to Embodiment 1 of
the present invention.

[Fig. 2] Fig. 2 is a schematic perspective view of a flat pipe of the heat exchanger according to Embodiment 1 of
the present invention.

[Fig. 3] Fig. 3 is an enlarged schematic front view of the heat exchanger according to Embodiment 1 of the present
invention.

[Fig. 4] Fig. 4 is a cross-sectional view of the heat exchanger according to Embodiment 1 of the present invention.
[Fig. 5] Fig. 5 is a sectional view taken along A-A in Fig. 4.

[Fig. 6] Fig. 6 is a cross-sectional view of a heat exchanger according to Embodiment 2 of the present invention.
[Fig. 7] Fig. 7 is a cross-sectional view of a heat exchanger according to Embodiment 3 of the present invention.
[Fig. 8] Fig. 8 is a cross-sectional view of a heat exchanger according to Embodiment 4 of the present invention.
[Fig. 9] Fig. 9 is a refrigerant circuit diagram of an air-conditioning refrigeration apparatus according to Embodiment
5 of the present invention. Description of Embodiments

Embodiment 1

[0013] Fig. 1 is a representation of both front and side views of a heat exchanger according to Embodiment 1 of the
present invention. Fig. 1 (a) is a front view, and Fig. 1 (b) is a side view. Fig. 2 is a schematic perspective view of a flat
pipe of the heat exchanger according to Embodiment 1 of the present invention. In Figs. 1 and 2 and other figures
described later, the same reference signs are used to designate the same or equivalent elements, and the same reference
signs are used throughout this specification. Further, the implementations of various components given throughout this
specification are merely forillustrative purposes and are not intended to limit the invention to the particularimplementations
disclosed.

[0014] Aheatexchanger 1isused in, forexample, an outdoor unit of an air-conditioning apparatus. The heat exchanger
1 includes a heat exchange unit 10, a header 20, and a header 30 as its main components. In Fig. 1, the arrows shown
at the location of the header 20 indicate the direction of flow of refrigerant, and the empty arrow indicates the direction
of airflow in Fig. 1 (b).

[0015] The heat exchange unit 10 includes flat pipe groups 11 A and 11 B each including a plurality of flat pipes 11
that are aligned with spaces between the plurality of flat pipes 11. The flat pipe groups 11 A and 11 B are arranged in
a plurality of rows (two rows in this example) with gaps between the flat pipe groups 11A and 11 B in the direction of
depth of the heat exchanger that is perpendicular to the alignment direction in which the flat pipes 11 are aligned. The
flat pipes 11 and corrugated fins 12 are stacked alternately in the direction of alignment of the flat pipes 11. The corrugated
fins 12 are fins shared between two rows, that is, shared between the upwind flat pipe group 11 A and the downwind
flat pipe group 11 B. The heat exchange unit 10 as a whole is made up of two rows that are integrated together.
[0016] As illustrated in Fig. 2, each of the flat pipes 11 has a plurality of (four in this example) through-holes 11 a
serving as refrigerant passages. The flat pipes 11 stand in the gravitational direction. The flat pipes 11 are connected
at each end of the gravitational direction to the corresponding one of the pair of headers 20 and 30. Specifically, the
lower end of each of the flat pipes 11 is connected to and communicates with the header 20 (20a or 20b) serving as an
inlet-outlet header, and the upper end of each of the flat pipes 11 is connected to and communicates with the header
30 serving as a return header. The flat pipes 11, the corrugated fins 12, and the headers 20 and 30 are made of, for
example, aluminum or aluminum alloy.

[0017] In this example, the header 20 is made up of two headers 20a and 20b provided independently for the upwind
flat pipe group 11 A and the downwind flat pipe group 11 B. Alternatively, the header 20 may be a single header that is
divided in the inside by a partition plate. Although rectangular headers are used as the headers 20 and 30 in this example,
cylindrical headers may be used.

[0018] When the heat exchanger 1 configured as described above is used as an evaporator, the refrigerant flows into
the header 20a, which is located in a lower portion in the gravitational direction and at the upwind side of the heat
exchanger 1. In the header 20a, the refrigerant is split into a number of passages equal to the number of the upwind flat
pipe groups 11A, and moves upward in each of the flat pipes 11 of the upwind flat pipe group 11 A. Then, the streams
of refrigerant flowing out of the upper end of each of the flat pipes 11 of the upwind flat pipe group 11 A merge at the
header 30. The merged refrigerant is then turned around in the header 30 to flow into each of the flat pipes 11 of the
downwind flat pipe group 11 B from the upper end of the flat pipe 11. The streams of refrigerant flowing in from the upper
end of each of the flat pipes 11 of the downwind flat pipe group 11 B pass through the interior of the flat pipes 11 to flow
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out of the lower end of the flat pipe 11. The streams of refrigerant flowing out of the lower end of the flat pipe 11 merge
at the header 20b, and then the merged refrigerant flows out of the heat exchanger 1.

[0019] Fig. 3 is an enlarged schematic front view of the heat exchanger according to Embodiment 1 of the present
invention. Fig. 4 is a cross-sectional view of the heat exchanger according to Embodiment 1 of the present invention.
Fig. 5 is a sectional view taken along A-A in Fig. 4.

[0020] As illustrated in Fig. 3, the corrugated fins 12 have a zigzag configuration with an alternating succession of
planar portions 13 and curved portions 14. Each of the planar portions 13 is provided with a plurality of louvers 15. The
louvers 15 are cut and raised to be inclined to the planar portions 13 of the corrugated fins 12. A plurality of (eight in this
example) louvers 15 are aligned in each of the planar portions 13 in the direction of depth of the heat exchanger (the
same as the direction of airflow). As illustrated in Fig. 5, each of the louvers 15 is inclined downward toward the central
part in the direction of depth of the heat exchanger.

[0021] The corrugated fins 12 according to Embodiment 1 are shared between two rows, that is, between the upwind
flat pipe group 11 A and the downwind flat pipe group 11 B. Consequently, the corrugated fins 12 have an increased
length in the direction of depth of the heat exchanger in comparison to corrugated fins adapted to single-row configuration.
This configuration necessitates an improvement in the drainage of condensed water generated on the surface of the
corrugated fins 12. Consequently, in Embodiment 1, the corrugated fins 12 include first drainage portions 17 located
between the rows of the upwind flat pipe group 11 A and the downwind flat pipe group 11 B to guide condensed water
generated on the corrugated fins 12 to gaps (to be referred to as "inter-row gaps" hereinafter) 16 between the adjacent
rows of the flat pipes 11.

[0022] The first drainage portions 17 are grooves that are located in the central part of the planar portions 13 in the
direction of depth of the heat exchanger to extend in the direction of alignment of the flat pipes 11 (the left-right direction
in Fig. 4), and are recessed downward in the gravitational direction. The first drainage portion 17 is provided in each of
the planar portions 13. The first drainage portions 17 are located at the same position as the inter-row gaps 16 in the
direction of depth of the heat exchanger. The first drainage portions 17, and the inter-row gaps 16 serving as drainage
paths are alternately arranged side by side in the alignment direction of the flat pipes 11 (the left-right direction in Fig.
4) to communicate with each other.

[0023] Fin upwind ends 12a of the corrugated fins 12 are extended so that the fin upwind ends 12a are located upwind
of upwind ends 11 b of the flat pipes 11. These extended portions form second drainage portions 18.

[0024] When the heat exchanger 1 configured as described above is used as an evaporator, condensed water is
generated on the surface of the corrugated fins 12. The condensed water is collected to the first drainage portions 17
via areas on the corrugated fins 12 and via the louvers 15 to move toward the flat pipes 11, and drained downward in
the gravitational direction from the inter-row gaps 16. At this time, because the planar portions 13 are inclined to the
gravitational direction, the condensed water readily flows from the first drainage portions 17 to the inter-row gaps 16.
[0025] Inanevaporator, condensation tends to occur in its upwind portion against which air collides first. The inclination
of the planar portions 13 allows the condensed water generated at the upwind side of the corrugated fins 12 to flow
through the second drainage portions 18 to be drained downward in the gravitational direction.

[0026] As described above, in Embodiment 1, the first drainage portions 17 for draining condensed water to the inter-
row gaps 16 are provided to the heat exchange unit 10 and located between the rows of the upwind flat pipe group 11
A and the downwind flat pipe group 11 B in the direction of depth of the heat exchanger. This configuration has the
following effect. That is, even when the corrugated fins 12 are elongated in the direction of depth of the heat exchanger,
the condensed water on the entire surface of the fins can be collected to the first drainage portions 17 for drainage
through the inter-row gaps 16, thus allowing for improved drainage.

[0027] Further, the corrugated fins 12 are configured as fins shared between two rows, that is, between two adjacent
rows of the flat pipes 11. In comparison to use of fins divided for two rows, this configuration requires only a single fin
insertion process during manufacture, thus improving the ease of manufacture.

[0028] When the heat exchanger 1 is used as an evaporator under low outside air temperature conditions, the con-
densed water depositing on the surface of the corrugated fins 12 may freeze to form frost in some cases. The upwind
portion of the corrugated fins 12 against which air collides first is particularly prone to such frost formation. In Embodiment
1, the second drainage portions 18 are provided to improve drainage in the upwind portion of the corrugated fins 12.
Consequently, concentration of frost in the vicinity of the fin upwind ends 12a of the corrugated fins 12 can be prevented
even under operating conditions that cause frost to form.

[0029] Although the louvers 15 provided in the planar portions 13 of the corrugated fins 12 are inclined downward
toward the central part in the direction of depth of the heat exchanger, the louvers 15 may not necessarily be inclined
in this direction but may be all inclined in the same direction.

Embodiment 2

[0030] In Embodiment 2, a drainage facilitating member is provided in each of the inter-row gaps 16. ltems or features
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not mentioned in Embodiment 2 are the same as those in Embodiment 1. The following description will mainly focus on
differences of Embodiment 2 from Embodiment 1.

[0031] Fig. 6 is a cross-sectional view of a heat exchanger according to Embodiment 2 of the present invention.
[0032] When condensed water is to be drained downward in the gravitational direction, the smaller the inter-row gaps
16, that is, the smaller the drainage path, the greater the surface tension of the condensed water, leading to greater
amount of condensed water flowing into the inter-row gaps 16 from the first drainage portions 17, thus allowing for
improved drainage. In Embodiment 2, two rods 40 serving as a drainage facilitating member are disposed in each of
the inter-row gaps 16 to divide the interior of the inter-row gap 16 into a portion communicating with the first drainage
portions 17 and another portion. The portion communicating with the first drainage portions 17 serves as a drainage
path 41.

[0033] Each of the rods 40 is a rod with a circular sectional shape with a brazing filler material clad onto its outer
periphery in advance. Each of the rods 40 is made of, for example, aluminum or aluminum alloy, and secured to at least
one of the corresponding corrugated fin 12 and the flat pipe 11.

[0034] As described above, Embodiment 2 provides an effect similar to that of Embodiment 1. Further, in Embodiment
2, the rods 40 are disposed in each of the inter-row gaps 16 to divide the interior of the inter-row gap 16 to define the
drainage path 41 that is smaller than the inter-row gap 16. This configuration provides the following effect. That is, in
Embodiment 1 mentioned above, the entirety of each of the inter-row gaps 16 acts as a drainage path, whereas in
Embodiment 2, the rods 40 are placed to reduce the size of the drainage path, thus allowing the condensed water to be
more readily guided to the drainage path 41 than when the rods 40 are not provided. Further, the rods 40 extend in the
gravitational direction to facilitate guiding of condensed water in the gravitational direction. Drainage can be further
improved accordingly.

[0035] The use of the rods 40 with the brazing filler material clad onto the outer peripheries allows for easier joining
of the corrugated fins 12 and the flat pipes 11, thus also improving the ease of manufacture.

[0036] Although each of the rods 40 has a circular sectional shape in Embodiment 2, each of the rods 40 is not limited
to a circular sectional shape. Each of the rods 40 may have, for example, a rectangular or elliptical sectional shape.
[0037] Although the number of rods 40 is two in this example, the number of rods 40 is not limited to two. The number
of rods 40 may be one, or may be three or more. In short, any number of rods 40 may be placed as long as placing the
rods 40 divides the interior of each of the inter-row gaps 16 to separately define a drainage path in the inter-row gap 16
to communicate with the first drainage portions 17.

Embodiment 3

[0038] Embodiment 3 differs from Embodiment 2 in the configuration of the drainage facilitating member. Items or
features not mentioned in Embodiment 3 are similar to those in Embodiments 1 and 2. The following description will
mainly focus on differences of Embodiment 3 from Embodiments 1 and 2.

[0039] Fig. 7 is a cross-sectional view of a heat exchanger according to Embodiment 3 of the present invention.
[0040] In Embodiment 3, plates 50 each curved in an arc in the lateral direction and having a rectangular shape are
inserted in the inter-row gaps 16 between the flat pipes 11. Two plates 50 are disposed in each of the inter-row gaps
16, and secured to the corrugated fins 12 by use of a brazing filler material clad onto the side face at each end of the
arc. In the gap between the plate 50 and the corrugated fin 12, drainage paths 51 are separately defined in each of the
inter-row gaps 16 to communicate with the first drainage portions 17.

[0041] Embodiment 3 provides the same effect as that of Embodiment 2.

[0042] Although the number of plates 50 is two in this example, the number of plates 50 is not limited to two. In short,
any number of plates 50 may be placed as long as placing the plates 50 divides the interior of each of the inter-row gaps
16 to separately define a drainage path in the inter-row gap 16 to communicate with the first drainage portions 17.

Embodiment 4

[0043] Embodiment 4 relates to improved drainage at the downwind end of the corrugated fins 12. Items or features
not mentioned in Embodiment 4 are the same as those in Embodiment 1. The following description will mainly focus on
differences of Embodiment 4 from Embodiment 1.

[0044] Fig. 8 is a cross-sectional view of a heat exchanger according to Embodiment 4 of the present invention.
[0045] The corrugated fins 12 of the heat exchanger 1 according to Embodiment 4 are configured so that fin downwind
ends 12b are extended to be located downwind of flat-pipe downwind ends 11 c of the downwind flat pipe group 11 B.
Such extended portions form third drainage portions 19. The extended distance a of the third drainage portions 19 is
set shorter than the extended distance b of the second drainage portions 18.

[0046] Embodiment 4 provides the same effect as that of Embodiment 1. Further, when the heat exchanger is used
as an evaporator, the condensed water moving downwind along with the airflow can be drained via the third drainage
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portions 19 in the gravitational direction from inter-row gaps 16a.

[0047] In extending both the fin upwind ends 12a and the fin downwind ends 12b of the corrugated fins 12 from the
flat-pipe upwind ends 11 b and the flat-pipe downwind ends 11 c to form the second drainage portions 18 and the third
drainage portions 19, the distribution of the extended distances of these portions is set so that the extended distance a
of the third drainage portions 19 is shorter than the extended distance b of the second drainage portions 18. Sufficient
drainage and frost resistance can therefore be ensured for the second drainage portions 18 on the upwind side of the
fins while easy drainage can be ensured for the third drainage portions 19 on the downwind side of the fins.

Embodiment 5

[0048] Fig. 9 is a refrigerant circuit diagram of an air-conditioning refrigeration apparatus according to Embodiment 5
of the present invention.

[0049] An air-conditioning refrigeration apparatus includes a compressor 61, a condenser 62, an expansion device
63, an evaporator 64, a refrigerant circuit through which refrigerant circulates, and fans 65. In the condenser 62 and the
evaporator 64, heat is exchanged between the air blown by the fans 65 driven to rotate by fan motors 66, and the
refrigerant. Using the heat exchanger according to any one of Embodiments 1 to 4 mentioned above for one or both of
the condenser 62 and the evaporator 64 can construct an air-conditioning refrigeration apparatus with high energy
efficiency.

[0050] The energy efficiency is represented by the following equations.

Heating energy efficiency = indoor heat exchanger (condenser) capacity/total

input

Cooling energy efficiency = indoor heat exchanger (evaporator) capacity/total
input

[0051] The heat exchanger according to each of Embodiments 1 to 5 mentioned above, and the air-conditioning
refrigeration apparatus including the heat exchanger are able to exhibit their effects when refrigerant such as R410A,
R32, and HF01234yf is used.

[0052] Although air and refrigerant are used as an example of working fluid, the same effect as mentioned above is
achieved when other gases, liquids, or gas-liquid mixture fluids are used.

[0053] The same effect as mentioned above can be achieved also when the heat exchanger according to each of
Embodiments 1 to 5 mentioned above is used for an indoor unit.

[0054] The heat exchanger according to each of Embodiments 1 to 5 mentioned above and the air-conditioning
refrigeration apparatus including the heat exchanger are able to exhibit their effects for any type of refrigerating machine
oil, such as those based on mineral oil, alkylbenzene oil, ester oil, ether oil, and fluorine oil, irrespective of whether the
refrigerant and the oil are soluble or insoluble in each other.

[0055] Although the flat pipe groups are arranged in two rows, that is, the upwind flat pipe group 11 A and the downwind
flat pipe group 11 B in Embodiments 1 to 5 mentioned above, the flat pipe groups may be arranged in three or more
rows. In this case as well, the same first drainage portions 17 as the ones mentioned above are provided in the portions
of the corrugated fins 12 corresponding to the areas between adjacent rows to ensure easy drainage. Further, the second
drainage portions 18 and the third drainage portions 19 can also be used for the configurations having three or more rows.
[0056] Although Embodiments 1to 5 mentioned above have been described above as separate embodiments, features
characteristic of the individual embodiments may be combined as appropriate to construct a heat exchanger and an air-
conditioning refrigeration apparatus including the heat exchanger. For example, Embodiment 2 illustrated in Fig. 6 and
Embodiment 8 illustrated in Fig. 8 may be combined to further provide the third drainage portions 19 to the configuration
illustrated in Fig. 6.

[0057] Modifications applicable to components in each of Embodiments 1 to 5 are similarly applicable to the same
components in embodiments other than the particular embodiment in which such modifications are described.
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Industrial Applicability

[0058] Example applications of the present invention include heat pump devices requiring to be easily manufactured
and have improved heat exchange performance and improved energy saving performance.

Reference Signs List

[0059] 1 heat exchanger 10 heat exchange unit 11 flat pipe 11 A upwind flat pipe group 11B downwind flat pipe group
11 a through-hole 11 b flat-pipe upwind end 11c¢ flat-pipe downwind end 12 corrugated fin 12a fin upwind end 12b fin
downwind end 13 planar portion 14 curved portion 15 louver 16 inter-row gap 16a inter-row gap 17 first drainage portion
18 second drainage portion 19 third drainage portion 20 (20a, 20b) header 30 header 40 rod 41 drainage path 50 plate
51 drainage path 61 compressor 62 condenser 63 expansion device 64 evaporator 65 fan 66 fan motor

Claims

1. A heat exchanger comprising a heat exchange unit including a plurality of flat pipe groups arranged in rows in a
direction of depth of the heat exchanger and corrugated fins each shared between the plurality of flat pipe groups
in the rows,
the plurality of flat pipe groups having an inter-row gap between the plurality of flat pipe groups, the plurality of flat
pipe groups each including a plurality of flat pipes standing in a gravitational direction,
the corrugated fins each including a first drainage portion between adjacent ones of the rows of the plurality of flat
pipe groups to communicate with the inter-row gap.

2. The heat exchanger of claim 1, wherein the first drainage portion comprises a groove recessed downward in the
gravitational direction.

3. The heat exchanger of claim 1 or 2,
wherein the corrugated fins each have a shape with an alternating succession of planar portions and curved portions,
and
wherein the first drainage portion is formed in the planar portions.

4. The heat exchanger of claim 3, wherein the planar portions are inclined to the gravitational direction.

5. The heat exchanger of any one of claims 1 to 4, wherein a drainage facilitating member is disposed in the inter-row
gap, the drainage facilitating member extending in the gravitational direction to divide an interior of the inter-row
gap into a portion communicating with the first drainage portion and an other portion.

6. The heat exchanger of claim 5, wherein the drainage facilitating member comprises a rod.

7. The heat exchanger of claim 6, wherein the rod is secured to at least one of each of the corrugated fins and each
of the plurality of flat pipes by use of a brazing filler material clad onto an outer periphery of the rod in advance.

8. The heat exchanger of claim 5, wherein the drainage facilitating member comprises a plate curved in an arc in a
lateral direction and having a rectangular shape.

9. The heat exchanger of claim 8, wherein the plate is secured to each of the corrugated fins by use of a brazing filler
material clad onto a side face at each end of the arc of the plate.

10. The heat exchanger of any one of claims 1 to 9, further comprising second drainage portions formed by extending
upwind ends of the corrugated fins so that the upwind ends of the corrugated fins are located upwind of upwind
ends of the plurality of flat pipes.

11. The heat exchanger of any one of claims 1 to 10, further comprising third drainage portions formed by extending
downwind ends of the corrugated fins so that the downwind ends of the corrugated fins are located downwind of

downwind ends of the plurality of flat pipes.

12. The heat exchanger of claim 11 as dependent on claim 10, wherein an extended distance of the third drainage
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portions is shorter than an extended distance of the second drainage portions.
13. The heat exchanger of any one of claims 1 to 12, wherein the corrugated fins each include a plurality of louvers cut
and raised to be inclined to a surface of each of the corrugated fins, each of the plurality of louvers being inclined

downward toward a central part in the direction of depth of the heat exchanger.

14. An air-conditioning refrigeration apparatus comprising the heat exchanger of any one of claims 1 to 13.
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