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(54) HEAT EXCHANGER AND REFRIGERATION CYCLE DEVICE

(57) A heat exchanger includes a plurality of fins be-
ing spaced apart from one another in a first direction and
a plurality of heat transfer tubes penetrating through the
plurality of fins. The plurality of heat transfer tubes are
spaced apart from one another in a second direction
crossing the first direction. Each of the plurality of fins
includes a fin base surface being flat and a fin projection
provided between two adjacent heat transfer tubes of the
plurality of heat transfer tubes. The fin projection projects
from the fin base surface in the first direction. The fin
projection includes a main part and an uprise portion sur-
rounding the main part and connecting between the main
part and the fin base surface. A relationship between
angle θa and angle θb, 

is established where θa is an angle of the uprise portion
against the fin base surface, and θb is an angle of the
main part against the fin base surface.
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Description

Technical Field

[0001] The present disclosure relates to a heat exchanger and a refrigeration cycle apparatus including the heat
exchanger.

Background Art

[0002] A known technique for improving the heat transfer performance of a fin-and-tube heat exchanger uses projec-
tions provided on the surfaces of fins to increase the area of heat transfer.
[0003] For example, Patent Literature 1 discloses a heat exchanger in which projections are provided on the surfaces
of fins to increase the area of heat transfer of the fins and to adjust the orientation of an air flow.
[0004] Air flowing along the surface of a fin collides with a heat transfer tube and thus splits into upward and downward
streams. The split air streams then move downwind, thus forming a dead zone just behind or downwind of the heat
transfer tube. The term "dead zone" as used herein refers to a region where no air enters. As described in Patent
Literature 1, the projections provided on the surface of each fin adjust the orientation of an air flow so that the air enters
the dead zone.
[0005] Specifically, Patent Literature 1 describes a projection provided between two heat transfer tubes that are ad-
jacent in a column direction. The projection has a right square pyramidal shape. Therefore, the projection has a square-
shaped base. The projection is positioned such that one of diagonals joining opposite corners of the square is parallel
to a longitudinal direction of the fin. The projection has an upstream end in an air flow direction, and the upstream end
is located upwind of the center of each of the heat transfer tubes. Thus, the projection guides air to the heat transfer
tubes located above and below the projection. The guided air flows around the heat transfer tubes to leeward regions
just behind the heat transfer tubes.

Citation List

Patent Literature

[0006] Patent Literature 1: International Publication No. WO 2007/108386

Summary of Invention

Technical Problem

[0007] For Patent Literature 1, air can be guided to the regions downwind of the heat transfer tubes. However, a dead
zone is formed on a leeward side of the projection. In particular, as the height of the projection is increased to increase
the area of heat transfer of the fin of the heat exchanger in Patent Literature 1, the dead zone on the leeward side of
the projection increases in size. This inhibits heat exchange between the air and refrigerant on the surface of the fin
downwind of the projection.
[0008] In response to the above issue, it is an object of the present disclosure to provide a heat exchanger that reduces
a dead zone on a leeward side of a projection included in fins to improve heat transfer efficiency of the fins and to provide
a refrigeration cycle apparatus including the heat exchanger.

Solution to Problem

[0009] A heat exchanger according to an embodiment of the present disclosure includes a plurality of fins being spaced
apart from one another in a first direction and a plurality of heat transfer tubes penetrating through the plurality of fins.
The plurality of heat transfer tubes are spaced apart from one another in a second direction crossing the first direction.
Each of the plurality of fins includes a fin base surface being flat and a fin projection provided between two adjacent
heat transfer tubes of the plurality of heat transfer tubes. The fin projection projects from the fin base surface in the first
direction. The fin projection includes a main part and an uprise portion surrounding the main part and connecting between
the main part and the fin base surface. A relationship between angle θa and angle θb 
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is established where θa is an angle of the uprise portion against the fin base surface, and θb is an angle of the main
part against the fin base surface.

Advantageous Effects of Invention

[0010] The heat exchanger according to the embodiment of the present disclosure facilitates flow of air along the fin
projection to reduce a dead zone on a leeward side of the fin projection, thus improving the heat transfer efficiency of
the fins.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 is a perspective view illustrating the configuration of a heat exchanger 100 according to Embodiment 1.
[Fig. 2] Fig. 2 is a partial sectional side view illustrating only essential components of the heat exchanger 100 of Fig. 1.
[Fig. 3] Fig. 3 is a perspective view illustrating a modification of the heat exchanger 100 of Fig. 1.
[Fig. 4] Fig. 4 is a refrigerant circuit diagram illustrating an exemplary configuration of a refrigeration cycle apparatus
1 in Embodiment 1.
[Fig. 5] Fig. 5 is a partial sectional side view of the heat exchanger 100 of Fig. 1.
[Fig. 6] Fig. 6 is a cross-sectional view taken along line A-A in Fig. 5.
[Fig. 7] Fig. 7 is a diagram illustrating a cross-section of a projection 500 described in Patent Literature 1.
[Fig. 8] Fig. 8 is a diagram illustrating the flow of air with the cross-section taken along line A-A of Fig. 6.
[Fig. 9] Fig. 9 is a partial sectional side view illustrating a fin 12 of the heat exchanger 100 according to Modification
1 of Embodiment 1.
[Fig. 10] Fig. 10 is a cross-sectional view taken along line A-A in Fig. 9.
[Fig. 11] Fig. 11 is a diagram illustrating the flow of air with the cross-section taken along line A-A of Fig. 10.
[Fig. 12] Fig. 12 is a partial sectional side view illustrating the fin 12 of the heat exchanger 100 according to Modification
2 of Embodiment 1.
[Fig. 13] Fig. 13 is a cross-sectional view taken along line A-A in Fig. 12.
[Fig. 14] Fig. 14 is a diagram illustrating the flow of air with the cross-section taken along line A-A of Fig. 13.
[Fig. 15] Fig. 15 is a cross-sectional view illustrating the fin 12 of the heat exchanger 100 according to Modification
3 of Embodiment 1.
[Fig. 16] Fig. 16 is a cross-sectional view illustrating features of Modification 3 of Embodiment 1 combined with
Modification 2 of Embodiment 1.
[Fig. 17] Fig. 17 is a partial sectional side view of the heat exchanger 100 of Fig. 1.
[Fig. 18] Fig. 18 is a cross-sectional view taken along line A-A in Fig. 17.
[Fig. 19] Fig. 19 is a diagram illustrating the flow of air with the cross-section taken along line A-A of Fig. 18.
[Fig. 20] Fig. 20 is a front view illustrating the projections 500 described in Patent Literature 1.
[Fig. 21] Fig. 21 is a front view illustrating fin projections 122A in Embodiment 2.
[Fig. 22] Fig. 22 is a partial sectional side view of the heat exchanger 100 of Fig. 1.
[Fig. 23] Fig. 23 is a sectional view taken along line B-B in Fig. 22.
[Fig. 24] Fig. 24 is a cross-sectional view taken along line A-A in Fig. 22.
[Fig. 25] Fig. 25 is a front view illustrating a fin projection 122B in Modification 1 of Embodiment 3.
[Fig. 26] Fig. 26 is a sectional view taken along line B-B in Fig. 25.
[Fig. 27] Fig. 27 is a front view illustrating a fin projection 122C in Modification 2 of Embodiment 3.
[Fig. 28] Fig. 28 is a cross-sectional view taken along line A-A in Fig. 27.
[Fig. 29] Fig. 29 is a front view illustrating the projection 500 provided on a fin in Patent Literature 1.
[Fig. 30] Fig. 30 is a diagram illustrating the flow of water with the front view of Fig. 27, which illustrates Modification
2 of Embodiment 3.

Description of Embodiments

[0012] A heat exchanger according to one or more embodiments of the present disclosure and a refrigeration cycle
apparatus including the heat exchanger will be described below with reference to the drawings. The present disclosure
is not limited to the following embodiments, and can be variously modified without departing from the spirit and scope
of the present disclosure. The present disclosure encompasses all possible combinations of components in the following
embodiments and modifications of the embodiments. Note that components designated by the same reference signs in
the figures are the same components or equivalents. This note applies to the entire description herein. The relationship
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between the relative dimensions, the forms, and other conditions of components in the figures may differ from those of
actual ones.

Embodiment 1.

[0013] A heat exchanger 100 according to Embodiment 1 and a refrigeration cycle apparatus 1 including the heat
exchanger will be described below with reference to the drawings.

[Basic Configuration of Heat Exchanger 100]

[0014] Fig. 1 is a perspective view illustrating the configuration of the heat exchanger 100 according to Embodiment
1. The heat exchanger 100 is, for example, a fin-and-tube heat exchanger. As illustrated in Fig. 1, the heat exchanger
100 includes multiple heat transfer tubes 11 and multiple fins 12.
[0015] As illustrated in Fig. 1, each of the fins 12 is a rectangular, flat part. The fins 12 are spaced apart from one
another at regular intervals in a Y direction and are parallel to one another to define a space through which air flows.
Hereinafter, the interval will be referred to as a fin pitch. The fin pitch does not necessarily need to be constant, and may
vary. The fin pitch is a distance between the middles of two adjacent fins 12 in a direction along the thickness of the fins.
The air flows along main surfaces of the fins 12, as represented by arrows R1 in Fig. 1. The fins 12 are made of, but not
limited to, for example, aluminum. Hereinafter, an air flow direction represented by the arrows R1 will be referred to as
an X direction (third direction). Additionally, a longitudinal direction of the fins 12 will be referred to as a Z direction
(second direction). Furthermore, a direction in which the fins 12 are arranged will be referred to as the Y direction (first
direction). The X direction and the Z direction are orthogonal to each other. Additionally, the X direction and the Y direction
are orthogonal to each other. Furthermore, the Y direction and the Z direction are orthogonal to each other.
[0016] As illustrated in Fig. 1, the multiple heat transfer tubes 11 penetrate through the fins 12. Therefore, the heat
transfer tubes 11 have a longitudinal direction in the Y direction. The heat transfer tubes 11 are spaced apart from one
another at regular intervals in the Z direction and are parallel to one another. Hereinafter, the interval will be referred to
as a tube pitch. The tube pitch does not necessarily need to be constant, and may vary. The tube pitch is a distance
between the centers of two adjacent heat transfer tubes 11 in the Z direction. The refrigerant flows inside the heat transfer
tubes 11, as represented by arrows R2 in Fig. 1. Ends of the heat transfer tubes 11 that are adjacent in the Z direction
are connected by a U-shaped tube 11a, as illustrated in Fig. 1. Thus, the multiple heat transfer tubes 11 are combined
into an assembly, through which the refrigerant sequentially flows. The heat transfer tubes 11 do not necessarily need
to be combined in a single assembly. The heat transfer tubes 11 are made of, but not limited to, highly heat conductive
metal, such as copper or a copper alloy.
[0017] Fig. 2 is a partial sectional side view illustrating only essential components of the heat exchanger 100 of Fig.
1. Fig. 2 illustrates a section taken at a position in the Y direction. Specifically, Fig. 2 illustrates the main surface of the
fin 12 and cross-sections of the heat transfer tubes 11. Each of the heat transfer tubes 11 is, for example, a cylindrical
tube or a flat tube. Figs. 1 and 2 illustrate the heat transfer tubes 11 being cylindrical tubes.
[0018] The heat exchanger 100 exchanges heat between the air flowing along the main surfaces of the fins 12 and
the refrigerant flowing inside the heat transfer tubes 11. The heat exchanger 100 is disposed such that the air flows in
the X direction. The Z direction orthogonal to the X direction is, for example, a vertical direction. Hereinafter, the Z
direction will be referred to as a column direction of the heat transfer tubes 11, and the Y direction will be referred to as
a row direction of the heat transfer tubes 11. In the example of Fig. 1, the heat transfer tubes 11 are arranged in one
column by twelve rows.
[0019] The number of columns and the number of rows of the heat transfer tubes 11 are not limited to those examples.
For example, the heat transfer tubes 11 may be arranged in two columns, as illustrated in a modification of Fig. 3. Fig.
3 is a perspective view illustrating the modification of the heat exchanger 100 of Fig. 1. Referring to Fig. 3, the heat
transfer tubes 11 in the first column are offset by 1/2 of the tube pitch from the heat transfer tubes 11 in the second
column in the Z direction, as illustrated in Fig. 21, which will be described later. Although the fin 12 for the first column
is separate from the fin 12 for the second column in Fig. 21, the fins 12 may be used without being divided, as illustrated
in Fig. 3. In the modification of Fig. 3, the number of rows in the first column differs from the number of rows in the second
column. Specifically, the first column has 12 rows, and the second column has 10 rows in the modification of Fig. 3. The
numbers of rows of the heat transfer tubes 11 are not limited to those examples, and may be determined to be any
values. In Fig. 3, the ends of the heat transfer tubes 11 that are adjacent in the Z direction are also connected by the U-
shaped tube 11a. Thus, the multiple heat transfer tubes 11 are combined into an assembly, through which the refrigerant
sequentially flows. In Fig. 3, the heat transfer tubes 11 also do not necessarily need to be combined in a single assembly,
as in the example of Fig. 1.
[0020] Figs. 1 and 3 illustrates the heat transfer tubes 11 having the longitudinal direction in the Y direction. The Y
direction is, for example, a horizontal direction. However, the longitudinal direction is not limited to this example. In other
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words, the longitudinal direction of the heat transfer tubes 11 may be in the vertical direction. In this case, the longitudinal
direction of the fins 12 is in the horizontal direction.

[Basic Configuration of Refrigeration Cycle Apparatus 1]

[0021] The heat exchanger 100 illustrated in Fig. 1 or Fig. 3 is used in, for example, the refrigeration cycle apparatus
1. Fig. 4 is a refrigerant circuit diagram illustrating an exemplary configuration of the refrigeration cycle apparatus 1 in
Embodiment 1. As illustrated in Fig. 4, the refrigeration cycle apparatus 1 includes a heat source side unit 2 and a load
side unit 3.
[0022] The heat source side unit 2 and the load side unit 3 are connected to each other by a refrigerant pipe 8, as
illustrated in Fig. 4. The heat exchanger 100 can be used in the heat source side unit 2 and the load side unit 3. Hereinafter,
the heat exchanger 100 disposed in the heat source side unit 2 will be referred to as a heat exchanger 100A, and the
heat exchanger 100 disposed in the load side unit 3 will be referred to as a heat exchanger 100B.
[0023] As illustrated in Fig. 4, the load side unit 3 includes the heat exchanger 100B, an air-sending device 7B, a
controller 9B, and a part of the refrigerant pipe 8. The air-sending device 7B sends air to the heat exchanger 100B. The
heat exchanger 100B exchanges heat between the air and the refrigerant flowing through the heat transfer tubes 11.
The heat exchanger 100B operates as a condenser in a case where the refrigeration cycle apparatus 1 causes the load
side unit 3 to perform heating, and operates as an evaporator in a case where the refrigeration cycle apparatus 1 causes
the load side unit 3 to perform cooling.
[0024] The air-sending device 7B is, for example, a propeller fan. The air-sending device 7B includes a fan motor 7a
and a fan 7b. The fan 7b is rotated by the fan motor 7a, serving as a power source. The controller 9B controls a rotation
speed of the air-sending device 7B.
[0025] As illustrated in Fig. 4, the heat source side unit 2 includes the heat exchanger 100A, a controller 9A, a com-
pressor 4, a flow switching device 5, an expansion valve 6, an air-sending device 7A, and a part of the refrigerant pipe
8. The heat source side unit 2 may further include another component, such as an accumulator.
[0026] The heat exchanger 100A exchanges heat between air and the refrigerant flowing through the heat transfer
tubes 11. The heat exchanger 100A operates as an evaporator in the case where the refrigeration cycle apparatus 1
causes the load side unit 3 to perform heating, and operates as a condenser in the case where the refrigeration cycle
apparatus 1 causes the load side unit 3 to perform cooling.
[0027] The air-sending device 7A sends air to the heat exchanger 100A. The air-sending device 7A is, for example,
a propeller fan. Like the air-sending device 7B, the air-sending device 7A includes the fan motor 7a and the fan 7b. The
controller 9A controls the rotation speed of the air-sending device 7A.
[0028] The compressor 4 sucks low-pressure gas refrigerant, compresses the refrigerant into high-pressure gas re-
frigerant, and discharges the refrigerant. The compressor 4 is, for example, an inverter compressor. The inverter com-
pressor can change the amount of refrigerant to be sent per unit time under the control of, for example, an inverter circuit.
The inverter circuit is incorporated in, for example, the controller 9A.
[0029] The flow switching device 5 is a valve to switch between refrigerant flow directions in the refrigerant pipe 8.
The flow switching device 5 is, for example, a four-way valve. The flow switching device 5 switches between a refrigerant
flow direction for a cooling operation of the refrigeration cycle apparatus 1 and a refrigerant flow direction for a heating
operation of the refrigeration cycle apparatus 1 under the control of the controller 9A. When the refrigeration cycle
apparatus 1 causes the load side unit 3 to perform cooling, the flow switching device 5 enters a state represented by
solid lines in Fig. 4. Thus, the refrigerant discharged from the compressor 4 enters the heat exchanger 100A located in
the heat source side unit 2. When the refrigeration cycle apparatus 1 causes the load side unit 3 to perform heating, the
flow switching device 5 enters a state represented by broken lines in Fig. 4. Thus, the refrigerant discharged from the
compressor 4 enters the heat exchanger 100B located in the load side unit 3.
[0030] The expansion valve 6 is configured to throttle to reduce the pressure of incoming liquid refrigerant so that the
refrigerant liquified in the condenser can be easily evaporated in the evaporator, and causes the refrigerant to flow out
of the valve. The expansion valve 6 regulates the flow rate of refrigerant to maintain an appropriate refrigerant flow rate
depending on a load on the evaporator. The expansion valve 6 is, for example, an electronic expansion valve. The
controller 9A controls the opening degree of the expansion valve 6. As illustrated in Fig. 4, the expansion valve 6 is
connected between the heat exchanger 100A and the heat exchanger 100B by the refrigerant pipe 8.
[0031] As illustrated in Fig. 4, the refrigerant pipe 8 connects the compressor 4, the flow switching device 5, the heat
exchanger 100A, the expansion valve 6, and the heat exchanger 100B, thus forming a refrigerant circuit. The refrigerant
pipe 8 is coupled to the heat transfer tubes 11 of the heat exchanger 100A and the heat transfer tubes 11 of the heat
exchanger 100B.
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[Structure of Fin 12]

[0032] Fig. 5 is a partial sectional side view of the heat exchanger 100 of Fig. 1. Fig. 5 illustrates the main surface of
the fin 12. Fig. 5 further illustrates the cross-sections of the heat transfer tubes 11. The cross-sections of the heat transfer
tubes 11 in Fig. 5 are parallel to the main surfaces of the fin 12. As illustrated in Fig. 5, the heat transfer tubes 11 are
aligned in one column in the Z direction. The fin 12 has a front edge 12a and a rear edge 12b. Since the air flows in a
direction represented by the arrow R1 in Fig. 5, the front edge 12a is located upwind of the rear edge 12b. The heat
transfer tubes 11 are received in through-holes 12c arranged in the fin 12. The heat transfer tubes 11 have an outside
diameter, which matches an inside diameter of the through-holes 12c. Therefore, the heat transfer tubes 11 are in tight
contact with inner walls of the through-holes 12c.
[0033] The main surface of the fin 12 defines a fin base surface 121, which is flat. The fin base surface 121 has fin
projections 122. Each of the fin projections 122 projects from the fin base surface 121, which is one of the main surfaces
of the fin 12, in the Y direction. The fin projection 122 is located between two adjacent heat transfer tubes 11 of the
multiple heat transfer tubes 11. The fin projection 122 has a rectangular shape in front view, as illustrated in Fig. 5. As
used herein, the term "front view" refers to a view of the main surface, on which the fin projection 122 is provided, of the
fin 12 when viewed in the Y direction, as illustrated in Fig. 5. The fin projection 122 has an upper end 122u, a lower end
122d, and two side ends 122s. The upper end 122u, the lower end 122d, and the two side ends 122s extend linearly.
The upper end 122u and the lower end 122d serve as long sides of a rectangle and are opposite each other. The two
side ends 122s serve as short sides of the rectangle and are opposite each other. The upper end 122u and the lower
end 122d extend in the X direction. The two side ends 122s extend in the Z direction.
[0034] As illustrated in Fig. 5, the fin projection 122 includes an uprise portion 122a and a main part 122b. The uprise
portion 122a has a rectangular frame shape in front view. The main part 122b has a rectangular shape in front view.
The main part 122b is located inside the uprise portion 122a. In other words, the uprise portion 122a surrounds the main
part 122b. The area of the main part 122b is larger than that of the uprise portion 122a. The middle of the uprise portion
122a coincides with that of the main part 122b. The middle of the uprise portion 122a is the intersection of diagonals
joining opposite corners of an outside shape of the uprise portion 122a. The middle of the main part 122b is the intersection
of diagonals joining opposite corners of an outside shape of the main part 122b. The middle of the main part 122b and
that of the uprise portion 122a coincide with the middle of the fin 12 in the X direction.
[0035] The main part 122b has a quadrilateral pyramidal shape having a rectangular base. The uprise portion 122a
has a truncated quadrilateral pyramidal shape having a rectangular base. Therefore, the fin projection 122 includes the
uprise portion 122a, which is truncated quadrilateral pyramidal in shape, and the main part 122b, which is quadrilateral
pyramidal in shape, located on the top of the uprise portion 122a.
[0036] Fig. 6 is a cross-sectional view taken along line A-A in Fig. 5. As illustrated in Fig. 6, the uprise portion 122a is
located between the fin base surface 121 and the main part 122b. In other words, the uprise portion 122a connects
between the fin base surface 121 and the main part 122b. The surface of the uprise portion 122a and the fin base surface
121 form an angle θa. The surface of the main part 122b and the fin base surface 121 form an angle θb. In this state, a
relationship between the angle θa and the angle θb 

 is established. In other words, the angle of inclination of the main part 122b is smaller than that of the uprise portion 122a.
[0037] The basic flow of air will now be described with reference to Fig. 5. The air collides with the side end 122s of
each fin projection 122 and thus splits into upward and downward streams. The upward and downward air streams flow
toward windward sides of the heat transfer tubes 11 located above and below the fin projection 122. After that, some of
the air flows through a space between each of the heat transfer tubes 11 and the fin projection 122. The air flows along
the heat transfer tube 11 to a leeward side of the heat transfer tube 11. Thus, a dead zone does not occur on the windward
side and the leeward side of the heat transfer tube 11. In addition to the above-described action, the air flows over the
fin projection 122 from the windward side to the leeward side, as illustrated in Fig. 8, which will be described later.
[0038] Advantages of the fin projection 122 will now be described with reference to Figs. 7 and 8. Fig. 7 is a diagram
illustrating a cross-section of a projection 500 described in Patent Literature 1. Fig. 8 is a diagram illustrating the flow of
air with the cross-section taken along line A-A of Fig. 6. In Figs. 7 and 8, arrows each represent the flow of air. As
described above, each of the fins described in Patent Literature 1 includes the projections 500 each having a right square
pyramidal shape. Each projection 500 and the main surface of the fin form a large angle, which makes it difficult for the
air flowing from the windward side to flow along the surface of the projection 500 on the leeward side. In other words,
the air flows at a distance from the surface of the projection 500 on the leeward side, as represented by the arrow in
Fig. 7. Thus, a dead zone 501 occurs on the leeward side of the projection 500, as illustrated in Fig. 7. In the dead zone
501, the air fails to exchange heat with the refrigerant efficiently. In contrast, in the fin projection 122 in Embodiment 1,
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the angle of inclination of the main part 122b is smaller than that of the uprise portion 122a. This allows the air to flow
easily along the fin projection 122, as illustrated in Fig. 8. In particular, the main part 122b, which slopes gently, causes
the air to flow gently. The air flows along the surface of the main part 122b. Thus, the air flows along the surface of the
main part 122b and the surface of the uprise portion 122a on the leeward side, as represented by the arrows in Fig. 8.
This makes it difficult for a dead zone 201 to occur on the leeward side of the fin projection 122. The dead zones 201
are significantly reduced in size as compared with the dead zone 501 in Fig. 7. As described above, Embodiment 1 can
reduce the dead zones 201. This results in an increase in area of a region of the surface of the fin 12 that is available
for heat exchange. This leads to improved efficiency of heat transfer on the surface of the fin 12.

[Modification 1 of Embodiment 1]

[0039] Fig. 9 is a partial sectional side view illustrating the fin 12 of the heat exchanger 100 according to Modification
1 of Embodiment 1. Fig. 9 illustrates the surface of the fin 12 and cross-sections of the heat transfer tubes 11 that are
parallel to the main surfaces of the fin 12. Fig. 10 is a cross-sectional view taken along line A-A in Fig. 9. The fin projection
122 in Modification 1 illustrated in Figs. 9 and 10 also includes the uprise portion 122a and the main part 122b, as in
Embodiment 1.
[0040] The angles θa and θb in Modification 1 are defined in the same manner as in Embodiment 1 illustrated in Fig.
6. Specifically, the uprise portion 122a and the fin base surface 121 form the angle θa, and the main part 122b and the
fin base surface 121 form the angle θb. Regarding the angle θb in Fig. 6 in Embodiment 1, the angle θb in Modification
1 illustrated in Figs. 9 and 10 is 0 (θb = 0). As described above, the relationship between the angle θa and the angle θb
in Modification 1 is θa > θb = 0.
[0041] The rest of the configuration and the action of the heat exchanger 100 in Modification 1 are the same as those
in Embodiment 1, and a description thereof is omitted herein.
[0042] Advantages of Modification 1 will now be described. Fig. 11 is a diagram illustrating the flow of air with the
cross-section taken along line A-A of Fig. 10. As illustrated in Fig. 11, the angle of inclination of the main part 122b is
smaller than that of the uprise portion 122a in the fin projection 122 in Modification 1. This allows air to flow easily along
the fin projection 122, as illustrated in Fig. 11. In addition, the main part 122b is flat in Modification 1. This allows air to
flow more easily along the fin projection. Thus, the dead zone 201 on the leeward side of the fin projection 122 is reduced,
as in Embodiment 1. As described above, the dead zone 201 is small in Modification 1. This results in an increase in
area of a region of the surface of the fin 12 that is available for heat exchange. This leads to improved efficiency of heat
transfer on the surface of the fin 12, as in Embodiment 1.

[Modification 2 of Embodiment 1]

[0043] Fig. 12 is a partial sectional side view illustrating the fin 12 of the heat exchanger 100 according to Modification
2 of Embodiment 1. Fig. 12 illustrates the surface of the fin 12 and cross-sections of the heat transfer tubes 11 that are
parallel to the main surfaces of the fin 12. Fig. 13 is a cross-sectional view taken along line A-A in Fig. 12. The fin
projection 122 in Modification 2 illustrated in Figs. 12 and 13 also includes the uprise portion 122a and the main part
122b, as in Embodiment 1.
[0044] In Modification 2, as illustrated in Figs. 12 and 13, the main part 122b has a vertex located closer to the front
edge 12a than the middle of the fin 12 in the X direction. Furthermore, as illustrated in Figs. 12 and 13, the main part
122b includes a windward main-part element 122b-1 and a leeward main-part element 122b-2. The area of the windward
main-part element 122b-1 is smaller than that of the leeward main-part element 122b-2.
[0045] The windward main-part element 122b-1 is a portion of the main part 122b that is located on the windward side
in the X direction. The windward main-part element 122b-1 has a triangular shape in front view. The leeward main-part
element 122b-2 is a portion of the main part 122b that is located on the leeward side in the X direction. The leeward
main-part element 122b-2 has a triangular shape in front view. The windward main-part element 122b-1 and the fin base
surface 121 form an angle θb1. The leeward main-part element 122b-2 and the fin base surface 121 form an angle θb2.
In this state, a relationship between the angle θb1 and the angle θb2 

is established. In other words, the angle of inclination of the leeward main-part element 122b-2 is smaller than that of
the windward main-part element 122b-1.
[0046] In Modification 2, as illustrated in Figs. 12 and 13, the uprise portion 122a includes a windward uprise-portion
element 122a-1 and a leeward uprise-portion element 122a-2. The area of the windward uprise-portion element 122a-
1 is smaller than that of the leeward uprise-portion element 122a-2.
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[0047] The windward uprise-portion element 122a-1 is a part of the uprise portion 122a that is located on the windward
side. The windward uprise-portion element 122a-1 has a trapezoidal shape in front view. The leeward uprise-portion
element 122a-2 is a part of the uprise portion 122a that is located on the leeward side. The leeward uprise-portion
element 122a-2 has a trapezoidal shape in front view. The windward uprise-portion element 122a-1 and the fin base
surface 121 form an angle θa1. The leeward uprise-portion element 122a-2 and the fin base surface 121 form an angle
θa2. In this state, a relationship between the angle θa1 and the angle θa2 

is established. In other words, the angle of inclination of the leeward uprise-portion element 122a-2 is smaller than that
of the windward uprise-portion element 122a-1.
[0048] In Modification 2, the angle θa1 and the angle θb1 have a relationship of θa1 > θb1. Furthermore, the angle
θa2 and the angle θb2 in Modification 2 have a relationship of θa2 > θb2. In other words, the angle of inclination of the
main part 122b is smaller than that of the uprise portion 122a in Modification. For a relationship between the angle θa2
and the angle θb1, it is desirable that θa2 > θb1. The angle θa2 and the angle θb1 may be equal to each other or may
satisfy θa2 < θb1.
[0049] The rest of the configuration and the action of the heat exchanger 100 in Modification 2 are the same as those
in Embodiment 1, and a description thereof is omitted herein.
[0050] Advantages of Modification 2 will now be described. Fig. 14 is a diagram illustrating the flow of air with the
cross-section taken along line A-A of Fig. 13. As illustrated in Fig. 14, the fin projection 122 in Modification 2 is shaped
such that the angle of inclination of the main part 122b is smaller than that of the uprise portion 122a. In each of the
main part 122b and the uprise portion 122a, the angle of inclination of the leeward element is smaller than that of the
windward element. This allows air to flow easily along the fin projection 122, as illustrated in Fig. 14. Thus, the dead
zones 201 on the leeward side of the fin projection 122 are reduced, as in Embodiment 1. As described above, the dead
zones 201 are small in Modification 2. This results in an increase in area of a region of the surface of the fin 12 that is
available for heat exchange. This leads to improved efficiency of heat transfer on the surface of the fin 12, as in Embod-
iment 1.
[0051] In Modification 2, the relationship between the angle θa1 formed by the windward uprise-portion element 122a-
1 and the fin base surface 121 and the angle θa2 formed by the leeward uprise-portion element 122a-2 and the fin base
surface 121 is θa1 > θa2. This allows the dead zones 201 on or near the leeward uprise-portion element 122a-2 to be
further reduced, as compared with Embodiment 1. This leads to further improved efficiency of heat transfer on the surface
of the fin 12.
[0052] In Modification 2, the relationship between the angle θb1 formed by the windward main-part element 122b-1
and the fin base surface 121 and the angle θb2 formed by the leeward main-part element 122b-2 and the fin base surface
121 is θb1 > θb2. This allows air to flow more easily along the fin projection 122 than in Embodiment 1. Thus, the dead
zones 201 on or near the leeward main-part element 122b-2 are further reduced, as compared with Embodiment 1. This
leads to further improved efficiency of heat transfer on the surface of the fin 12.

[Modification 3 of Embodiment 1]

[0053] Fig. 15 is a cross-sectional view illustrating the fin 12 of the heat exchanger 100 according to Modification 3 of
Embodiment 1. In Embodiment 1 described above, the relationship between the angle θa and the angle θb on each of
the windward side and the leeward side is θa > θb, as illustrated in Fig. 6. In Modification 3, the angle θa and the angle
θb on the windward side have a relationship of θa = θb, as will be described below. Modification 3 differs from Embodiment
1 in this respect. For the leeward side, the relationship between the angle θa and the angle θb in Modification 3 is also
θa > θb, as in Embodiment 1.
[0054] As illustrated in Fig. 15, the fin projection 122 in Modification 3 also includes the uprise portion 122a and the
main part 122b, as in Modification 2.
[0055] In Modification 3, as illustrated in Fig. 15, the uprise portion 122a includes the windward uprise-portion element
122a-1 and the leeward uprise-portion element 122a-2. The windward uprise-portion element 122a-1 and the fin base
surface 121 form the angle θa1.
[0056] In Modification 3, as illustrated in Fig. 15, the main part 122b includes the windward main-part element 122b-
1 and the leeward main-part element 122b-2. The windward main-part element 122b-1 and the fin base surface 121
form the angle θb1.
[0057] In this state, the relationship between the angle θa1 and the angle θb1 is θa1 = θb1.
[0058] The rest of the configuration of the heat exchanger 100 is the same as that in Embodiment 1, and a description
thereof is omitted herein.
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[0059] The features of Modification 3 can be combined with Modification 2. Fig. 16 is a cross-sectional view illustrating
the features of Modification 3 of Embodiment 1 combined with Modification 2 of Embodiment 1. Comparison between
Fig. 16 and Fig. 13, which illustrates Modification 2, demonstrates that the relationship between the angle θa1 and the
angle θb1 in Fig. 16 is θa1 = θb1. The rest of the configuration of the heat exchanger 100 in Modification 3 is the same
as that in Modification 2, and a description thereof is omitted herein.
[0060] Modification 3 also offers the same advantages as those of Embodiment 1 as well as the same advantages as
those of Modification 2.
[0061] Although the heat exchanger 100 of Fig. 1 has been described in Embodiment 1 and Modifications 1 to 3 of
Embodiment 1, the same advantages can be obtained not only in the above example but also in the heat exchanger
100 of Fig. 3.

Embodiment 2.

[0062] A heat exchanger 100 according to Embodiment 2 and a refrigeration cycle apparatus 1 in Embodiment 2 will
be described below.

[Basic Configuration of Heat Exchanger 100]

[0063] A basic configuration of the heat exchanger 100 according to Embodiment 2 is the same as that of the heat
exchanger 100 according to Embodiment 1, and a description thereof is omitted herein.

[Basic Configuration of Refrigeration Cycle Apparatus 1]

[0064] A basic configuration of the refrigeration cycle apparatus 1 in Embodiment 2 is the same as that of the refrigeration
cycle apparatus 1 in Embodiment 1, and a description thereof is omitted herein.

[Structure of Fin 12]

[0065] Fig. 17 is a partial sectional side view of the heat exchanger 100 of Fig. 1. Fig. 17 illustrates a main surface of
a fin 12 and cross-sections of heat transfer tubes 11. The cross-sections of the heat transfer tubes 11 in Fig. 17 are
parallel to the main surfaces of the fin 12. As illustrated in Fig. 17, the heat transfer tubes 11 are aligned in one column
in the column direction parallel to the longitudinal direction of the fin 12. The fin 12 has a front edge 12a and a rear edge
12b. Since air flows in the direction of the arrow R1, the front edge 12a is located upwind of the rear edge 12b.
[0066] The main surface of the fin 12 defines a fin base surface 121, which is flat. The fin base surface 121 has fin
projections 122A. Each of the fin projections 122A projects from one of the main surfaces of the fin 12. The fin projection
122A is located between the heat transfer tubes 11 that are adjacent. The fin projection 122A has a hexagonal shape
in front view, as illustrated in Fig. 17. The fin projection 122A has an upper end 122u, a lower end 122d, and two V-
shaped side ends 122s. The upper end 122u and the lower end 122d are opposite each other. The upper end 122u and
the lower end 122d extend linearly. The upper end 122u and the lower end 122d extend in the X direction. The V-shaped
side ends 122s are opposite each other. In other words, the side ends 122s each have a tapered shape. The side end
122s on the windward side is tapered toward the front edge 12a of the fin 12. The side end 122s on the leeward side is
tapered toward the rear edge 12b of the fin 12.
[0067] The side end 122s on the windward side includes a first angled end part 122s-1 and a second angled end part
122s-2. The first angled end part 122s-1 and the second angled end part 122s-2 are arranged in a V-shape. The first
angled end part 122s-1 is inclined from the X direction toward the Z direction. The second angled end part 122s-2 is
inclined from the X direction toward a negative Z direction. The angle of inclination of these end parts ranges from
approximately 40 to approximately 60 degrees, for example. The X direction is referred to as a third direction, the Z
direction and the negative Z direction are collectively referred to as a second direction, and the first angled end part
122s-1 and the second angled end part 122s-2 are each inclined from the third direction toward the second direction.
[0068] The side end 122s on the leeward side includes a third angled end part 122s-3 and a fourth angled end part
122s-4. The third angled end part 122s-3 and the fourth angled end part 122s-4 are arranged in a V-shape. The third
angled end part 122s-3 is inclined from a negative X direction toward the Z direction. The fourth angled end part 122s-
4 is inclined from the negative X direction toward the negative Z direction. The angle, α, of inclination of these end parts
ranges from approximately 40 to approximately 60 degrees, for example. The X direction and the negative X direction
are collectively referred to as the third direction, the Z direction and the negative Z direction are collectively referred to
as the second direction, and the third angled end part 122s-3 and the fourth angled end part 122s-4 are each inclined
from the third direction toward the second direction.
[0069] Therefore, the dimension of the fin projection 122A in the Z direction increases from an upstream end of the
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fin projection 122A to a middle portion of the fin projection 122A in the X direction, in which the air flows, remains
unchanged in the middle portion, and decreases from the middle portion to a downstream end of the fin projection 122A.
[0070] The fin projection 122 includes an uprise portion 122a and a main part 122b. As illustrated in Fig. 17, the uprise
portion 122a has a hexagonal frame shape in front view. The main part 122b has a hexagonal shape in front view. The
main part 122b is located inside the uprise portion 122a. In other words, the uprise portion 122a surrounds the main
part 122b. The area of the main part 122b is larger than that of the uprise portion 122a. The middle of the uprise portion
122a coincides with that of the main part 122b. The middle of the uprise portion 122a is the intersection of diagonals
joining opposite corners of an outside shape of the uprise portion 122a. The middle of the main part 122b is the intersection
of diagonals joining opposite corners of an outside shape of the main part 122b.
[0071] The main part 122b has a hexagonal pyramidal shape having a hexagonal base. The uprise portion 122a has
a truncated hexagonal pyramidal shape having a hexagonal base. Therefore, the fin projection 122 includes the uprise
portion 122a, which is truncated hexagonal pyramidal in shape, and the main part 122b, which is hexagonal pyramidal
in shape, located on the top of the uprise portion 122a.
[0072] The uprise portion 122a has two windward slopes 122g, two leeward slopes 122h, an upper slope 122e, and
a lower slope 122f. The windward slopes 122g have the first angled end part 122s-1 and the second angled end part
122s-2, each of which has an angle of inclination from the third direction toward the second direction. The leeward slopes
122h have the third angled end part 122s-3 and the fourth angled end part 122s-4, which are inclined from the third
direction toward the second direction.
[0073] Fig. 18 is a cross-sectional view taken along line A-A in Fig. 17. As illustrated in Fig. 18, the uprise portion 122a
is located between the fin base surface 121 and the main part 122b. The main part 122b is surrounded by the uprise
portion 122a. The uprise portion 122a forms an angle θa against the fin base surface 121. The main part 122b forms
an angle θb against the fin base surface 121. In this state, a relationship between the angle θa and the angle θb 

is established.
[0074] Referring to Fig. 17, the windward slope 122g has a downstream end P. The downstream end P is located
upstream of the center of the heat transfer tube 11, as represented by an arrow Q.
[0075] Advantages of the fin projection 122A will now be described with reference to Fig. 19. Fig. 19 is a diagram
illustrating the flow of air with the cross-section taken along line A-A of Fig. 18. The fin projection 122 in Embodiment 2
is shaped such that the angle of inclination of the main part 122b is smaller than that of the uprise portion 122a. This
allows air to flow easily along the fin projection 122, as illustrated in Fig. 19. Thus, dead zones 201 on the leeward side
of the fin projection 122 are significantly reduced, as compared with the dead zone 501 in Patent Literature 1 illustrated
in Fig. 11. As described above, the dead zones 201 are small in Embodiment 2. This results in an increase in area of a
region of the surface of the fin 12 that is available for heat exchange. This leads to improved efficiency of heat transfer
on the surface of the fin 12.
[0076] Further advantages of the fin projection 122A will now be described with reference to Figs. 20 and 21. Fig. 20
is a front view illustrating the projections 500 described in Patent Literature 1. Fig. 20 illustrates heat transfer tubes 502.
Fig. 21 is a front view illustrating the fin projections 122A in Embodiment 2. Fig. 21 illustrates the heat transfer tubes 11
arranged in two columns for comparison with Fig. 20. In other words, Fig. 21 illustrates the fin projections 122A in
Embodiment 2 included in the heat exchanger 100 of Fig. 3. Although each fin 12 is shared by the heat transfer tubes
11 arranged in two columns in the example of Fig. 3, the arrangement is not limited to the example. The fin 12 may be
provided for each column, as illustrated in Fig. 21. Specifically, each of the fins 12 in Fig. 3 is divided into two parts for
two columns in Fig. 21.
[0077] For the projections 500 in Patent Literature 1, as illustrated in Fig. 20, when air collides with the projection 500
in the first column, the air splits into two streams, upward and downward streams. One of the air streams is guided
toward a heat transfer tube 502A by a slope 506a of the projection 500. The other air stream is guided toward a heat
transfer tube 502B by a slope 506b of the projection 500. The guided air streams collide with the projections 500 in the
second column and thus flow around behind a heat transfer tube 502C in the second column, thus forming the dead
zones 501 downwind of the projections 500, as represented by broken lines in Fig. 20.
[0078] In contrast, Embodiment 2 causes the following actions (1) and (2) of air.
[0079] The action (1) will now be described. When air collides with the fin projection 122A in the first column as
illustrated in Fig. 21, the air flows along the windward slope 122g, as represented by an arrow 30, and is guided to an
area 40. The air collides with a heat transfer tube 11A and splits into two streams in the area 40. One of the air streams
is guided to a windward side of the heat transfer tube 11A in the first column, as represented by an arrow 31. Thus, no
dead zone occurs upwind of the heat transfer tube 11A. The other air stream flows along the upper slope 122e of the
fin projection 122, as represented by an arrow 32. After that, some of the air flows in a direction represented by an arrow
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33, and the other air flows in a direction represented by an arrow 34. The air flowing in the direction of the arrow 34 is
guided by the leeward slope 122h and flows to an area 41 behind the fin projection 122A. This reduces a dead zone on
the leeward side of the fin projection 122A.
[0080] The action (2) will now be described. The air flowing in the direction of the arrow 33 passes downwind of the
heat transfer tube 11A and flows toward the fin projection 122A in the second column. Thus, no dead zone occurs
downwind of the heat transfer tube 11A. After that, the air is guided to an area 42 by the windward slope 122g of the fin
projection 122A in the second column, as represented by an arrow 35. The air collides with a heat transfer tube 11B
and splits into two streams in the area 42. One of the air streams is guided to a windward side of the heat transfer tube
11B in the second column, as represented by an arrow 36. The other air stream flows along the lower slope 122f of the
fin projection 122, as represented by an arrow 37. After that, some of the air is guided by the leeward slope 122h and
flows to an area 43 behind the fin projection 122A, as represented by an arrow 38. The other air flows toward the outside
from the rear edge 12b of the fin 12, as represented by an arrow 39.
[0081] Although Fig. 21 illustrates the example in which the heat transfer tubes 11 are arranged in two columns, the
same advantages as those in this example are also obtained in a case where the heat transfer tubes 11 are aligned in
one column. Specifically, the above-described action (1) occurs above the fin projection 122A, and the above-described
action (2) occurs below the fin projection 122A. Therefore, the same advantages are obtained in the case where the
heat transfer tubes 11 are aligned in one column, as well as in the case where the heat transfer tubes 11 are arranged
in multiple columns.
[0082] As described above, the uprise portion 122a in Embodiment 2 has the leeward slopes 122h on the leeward
side. As described above with reference to Fig. 17, the leeward slopes 122h have the third angled end part 122s-3 and
the fourth angled end part 122s-4 inclined from the third direction toward the second direction. This facilitates flow of air
in a direction from the heat transfer tube 11 to the leeward side of the fin projection 122A, as represented by the arrows
34 and 38 in Fig. 21. Thus, the dead zones 201 on the leeward side of the fin projection 122A are reduced, as illustrated
in Fig. 19. This leads to improved heat transfer efficiency of the fin 12.
[0083] In addition, the uprise portion 122a in Embodiment 2 has the multiple windward slopes 122g on the windward
side. The windward slopes 122g have the first angled end part 122s-1 and the second angled end part 122s-2 inclined
from the third direction toward the second direction. The downstream end P of each windward slope 122g is located
upstream of the center of each heat transfer tube 11. This facilitates flow of air in a direction from the fin projection 122A
to the windward side of the heat transfer tube 11, as represented by the arrows 31 and 36 in Fig. 21. The windward side
of the heat transfer tube 11 is included in an area whose temperature is close to a heat source temperature. In Embodiment
2, the flux of air passing through the area whose temperature is close to the heat source temperature is increased, thus
improving heat flux.
[0084] Additionally, the relationship between the angle θa of the uprise portion 122a and the angle θb of the main part
122b in Embodiment 2 is also θa > θb, as in Embodiment 1. Embodiment 2 also offers the same advantages as those
of Embodiment 1.

[Modification 1 of Embodiment 2]

[0085] The main part 122b in Embodiment 2 may be flat such that the angle θb satisfies θb = 0, as in Modification 1
of Embodiment 1 illustrated in Figs. 9 and 10. In this case, the same advantages as those of Modification 1 of Embodiment
1 can be obtained.

[Modification 2 of Embodiment 2]

[0086] The angle θa1 on the windward side and the angle θa2 on the leeward side of the uprise portion 122a in
Embodiment 2 may differ from each other, as in Modification 2 of Embodiment 1 illustrated in Figs. 12 and 13. In addition,
the angle θb1 on the windward side and the angle θb2 on the leeward side of the main part 122b may differ from each
other. In this case, the same advantages as those of Modification 2 of Embodiment 1 can be obtained.

[Modification 3 of Embodiment 2]

[0087] The angle θa1 of the uprise portion 122a and the angle θb1 of the main part 122b on the windward side in
Embodiment 2 may be equal to each other, as in Modification 3 of Embodiment 1 illustrated in Figs. 15 and 16. In this
case, the same advantages as those of Modification 3 of Embodiment 1 can be obtained.

Embodiment 3.

[0088] A heat exchanger 100 according to Embodiment 3 and a refrigeration cycle apparatus 1 in Embodiment 3 will
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be described below.

[Basic Configuration of Heat Exchanger 100]

[0089] A basic configuration of the heat exchanger 100 according to Embodiment 3 is the same as that of the heat
exchanger 100 according to Embodiment 1, and a description thereof is omitted herein.

[Basic Configuration of Refrigeration Cycle Apparatus 1]

[0090] A basic configuration of the refrigeration cycle apparatus 1 in Embodiment 3 is the same as that of the refrigeration
cycle apparatus 1 in Embodiment 1, and a description thereof is omitted herein.

[Structure of Fin 12]

[0091] Fig. 22 is a partial sectional side view of the heat exchanger 100 of Fig. 1. Fig. 22 illustrates a surface of a fin
12. Fig. 22 further illustrates cross-sections of heat transfer tubes 11. The cross-sections of the heat transfer tubes 11
in Fig. 22 are parallel to main surfaces of the fin 12. As illustrated in Fig. 22, the heat transfer tubes 11 are aligned in
one column in the Z direction. The fin 12 has a front edge 12a and a rear edge 12b. Since air flows in the direction of
the arrow R1 in Fig. 5, the front edge 12a is located upwind of the rear edge 12b.
[0092] The main surface of the fin 12 defines a fin base surface 121, which is flat. The fin base surface 121 has a fin
projection 122B. The fin projection 122B projects from one of the main surfaces of the fin 12. The fin projection 122B is
located between the heat transfer tubes 11 that are adjacent. As illustrated in Fig. 22, the fin projection 122B has a
hexagonal shape in front view. The fin projection 122B has an upper end 122u, a lower end 122d, and two V-shaped
side ends 122s. The upper end 122u and the lower end 122d are opposite each other. The upper end 122u and the
lower end 122d extend in the X direction.
[0093] In Embodiment 3, the fin projection 122B includes an uprise portion 122a and a main part 122b. The main part
122b is flat, as in Modification 1 of Embodiment 2. The above-described details of the structure are the same as those
in Modification 1 of Embodiment 2.
[0094] In Embodiment 3, as illustrated in Fig. 22, the fin projection 122B includes three separate blocks. Hereinafter,
these blocks will be referred to as fin projections 122B-1, 122B-2, and 122B-3. Therefore, the fin projection 122B includes
the fin projections 122B-1, 122B-2, and 122B-3.
[0095] In Embodiment 3, therefore, as illustrated in Fig. 22, the multiple fin projections 122B-1, 122B-2, and 122B-3
are arranged in the Z direction between the heat transfer tubes 11 that are adjacent in the Z direction. The fin projection
122B-1 has a trapezoidal shape in front view. An upper base of the fin projection 122B-1, which is a trapezoid, is shorter
than a lower base thereof. The fin projection 122B-2 is located below the fin projection 122B-1. The fin projection 122B-
2 has a hexagonal shape in front view. The fin projection 122B-3 is located below the fin projection 122B-2. The fin
projection 122B-3 has a trapezoidal shape in front view. An upper base of the fin projection 122B-3, which is a trapezoid,
is longer than a lower base thereof. The fin projections 122B-1, 122B-2, and 122B-3 each include the uprise portion
122a and the main part 122b, which is flat.
[0096] The fin projection 122B-1 and the fin projection 122B-2 have an air groove 130 in between. Similarly, the fin
projection 122B-2 and the fin projection 122B-3 have an air groove 130 in between. These air grooves 130 extend in
the X direction. As described above, Embodiment 3 provides the grooves each extending in the X direction and each
located between two fin projections of the fin projections 122B-1, 122B-2, and 122B-3 that are adjacent in the Z direction.
[0097] Fig. 23 is a sectional view taken along line B-B in Fig. 22. As illustrated in Fig. 23, the air grooves 130 each
have a bottom 130a located at the same level as the fin base surface 121 in the Y direction.
[0098] The rest of the configuration of the heat exchanger 100 is the same as those in Embodiment 1 or Embodiment
2, and a description thereof is omitted herein.
[0099] As described above, the fin in Embodiment 3 includes the fin projection 122B having a hexagonal shape in
front view, as in Embodiment 2. Embodiment 3 therefore offers the same advantages as those of Embodiment 2.
[0100] In Embodiment 3, the fin projection 122B includes separate blocks. In other words, the multiple fin projections
122B-1, 122B-2, and 122B-3 are arranged in the Z direction between the heat transfer tubes 11 that are adjacent in the
Z direction. Each air groove 130 extending in the X direction is provided between two adjacent fin projections of the fin
projections 122B-1, 122B-2, and 122B-3. As illustrated in Fig. 22, the air groove 130 extends in the same direction as
the direction in which the air flows. Fig. 24 is a cross-sectional view taken along line A-A in Fig. 22. As represented by
a broken-line arrow in Fig. 24, the air flows through the air groove 130. This further increases the area of heat transfer,
as compared with Embodiments 1 and 2. This leads to further improved heat transfer efficiency of the fin 12.
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[Modification 1 of Embodiment 3]

[0101] Fig. 25 is a front view illustrating the fin projection 122B in Modification 1 of Embodiment 3. Fig. 26 is a sectional
view taken along line B-B in Fig. 25.
[0102] As illustrated in Fig. 25, the structure of the fin projection 122B in Modification 1 of Embodiment 3 is basically
the same as that in Embodiment 3. In Modification 1, as illustrated in Fig. 26, the bottom 130a of each air groove 130
is located at a level different from the fin base surface 121 in the Y direction. Modification 1 differs from Embodiment 3
only in this respect.
[0103] In Modification 1, as illustrated in Fig. 26, the level of the bottom 130a of each air groove 130 in the Y direction
is higher than the fin base surface 121. The structure is not limited to this example. The level of the bottom 130a of the
air groove 130 in the Y direction may be lower than the fin base surface 121.
[0104] Modification 1 also offers the same advantages as those of Embodiment 3.

[Modification 2 of Embodiment 3]

[0105] Fig. 27 is a front view illustrating a fin projection 122C in Modification 2 of Embodiment 3. Fig. 28 is a cross-
sectional view taken along line A-A in Fig. 27.
[0106] As illustrated in Fig. 27, the structure of the fin projection 122C in Modification 2 of Embodiment 3 is basically
the same as that of the fin projection 122B in Embodiment 3. In Modification 2, as illustrated in Fig. 27, a drain groove
140 extending in the Z direction is added to and located in a middle part of the fin projection 122B in Embodiment 3.
Modification 2 differs from Embodiment 3 only in this respect.
[0107] In Modification 2, as illustrated in Fig. 28, the drain groove 140 has a bottom 140a located at the same level
as the fin base surface 121 in the Y direction. The structure is not limited to this example. The level of the bottom 140a
of the drain groove 140 in the Y direction may be higher than or lower than the fin base surface 121.
[0108] Advantages of Modification 2 will now be described. Fig. 29 is a front view illustrating the projection 500 of the
fin in Patent Literature 1. Fig. 30 is a diagram illustrating the flow of water with the front view of Fig. 27, which illustrates
Modification 2 of Embodiment 3.
[0109] The temperature of the refrigerant flowing through the heat transfer tubes 11 may fall depending on an operation
state of the refrigeration cycle apparatus 1, and condensate water, namely, condensation may occur on the heat transfer
tubes 11. For Patent Literature 1, condensate water flows around the projection 500, as represented by arrows in Fig.
29. This results in a longer path through which the condensate water is drained.
[0110] In contrast, Modification 2 of Embodiment 3 provides the drain groove 140 extending in the Z direction and
located in the middle part of the fin projection 122C. Such a configuration causes condensate water to flow downward
through the drain groove 140, as represented by arrows in Fig. 30. The configuration facilitates flow of condensate water
and reduces the length of a path through which the condensate water is drained. Thus, the condensate water can be
efficiently drained out of the heat exchanger 100.
[0111] As described above, the surface of the fin 12 in Modification 2 of Embodiment 3 has the fin projection 122C
having a hexagonal base, as in Embodiment 3. Modification 2 of Embodiment 3 therefore offers the same advantages
as those of Embodiment 3.
[0112] In Modification 2, the fin projection 122C has the drain groove 140. Advantageously, this facilitates drainage
of condensate water.
[0113] In the example described above in Embodiment 3, the fin projection 122B includes the three separate blocks
arranged in the Z direction, and the two air grooves 130 extending in the X direction are provided such that each air
groove is located between two adjacent blocks. The number of blocks and the number of air grooves 130 are not limited
to those in the above example. In other words, the fin projection 122B may include n (n is a positive integer) separate
blocks arranged in the Z direction, and (n-1) air grooves 130 extending in the X direction may be provided between the
blocks. The fin projection may have two or more drain grooves 140.
[0114] Although the heat exchanger 100 of Fig. 1 has been described in Embodiment 3 and Modifications 1 and 2 of
Embodiment 3, the same advantages can be obtained not only in the above example but also in the heat exchanger
100 of Fig. 3.
[0115] As described above, the refrigeration cycle apparatus 1 of Fig. 4 can include the heat exchanger 100 described
above in Embodiments 1 to 3 and Modifications of Embodiments 1 to 3. In the refrigeration cycle apparatus 1, the dead
zones 201 caused by the fin projections 122, 122A, 122B, or 122C of each fin 12 of the heat exchanger 100 can be
reduced in size, thus increasing the area of heat transfer of the fin 12. This improves the heat transfer efficiency of the
heat exchanger 100 and reduces or eliminates deterioration of ventilation, thus improving the performance of the heat
exchanger 100. This leads to higher overall efficiency of the refrigeration cycle apparatus 1.
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Reference Signs List

[0116] 1: refrigeration cycle apparatus, 2: heat source side unit, 3: load side unit, 4: compressor, 5: flow switching
device, 6: expansion valve, 7A: air-sending device, 7B: air-sending device, 7a: fan motor, 7b: fan, 8: refrigerant pipe,
9A: controller, 9B: controller, 11: heat transfer tube, 11A: heat transfer tube, 11B: heat transfer tube, 11a: U-shaped
tube, 12: fin, 12a: front edge, 12b: rear edge, 12c: through-hole, 100: heat exchanger, 100A: heat exchanger, 100B:
heat exchanger, 121: fin base surface, 122: fin projection, 122A: fin projection, 122B: fin projection, 122B-1: fin projection,
122B-2: fin projection, 122B-3: fin projection, 122C: fin projection, 122a: uprise portion, 122a-1: windward uprise-portion
element, 122a-2: leeward uprise-portion element, 122b: main part, 122b-1: windward main-part element, 122b-2: leeward
main-part element, 122d: lower end, 122e: upper slope, 122f: lower slope, 122g: windward slope, 122h: leeward slope,
122s: side end, 122s-1: first angled end part, 122s-2: second angled end part, 122s-3: third angled end part, 122s-4:
fourth angled end part, 122u: upper end, 130: air groove, 130a: bottom, 140: drain groove, 140a: bottom, 201: dead
zone, 500: projection, 501: dead zone, 502A: heat transfer tube, 502B: heat transfer tube, 502C: heat transfer tube,
506a: slope, 506b: slope, P: downstream end

Claims

1. A heat exchanger comprising:

a plurality of fins being spaced apart from one another in a first direction,
a plurality of heat transfer tubes penetrating through the plurality of fins, the plurality of heat transfer tubes being
spaced apart from one another in a second direction crossing the first direction,
each of the plurality of fins including
a fin base surface being flat,
a fin projection provided between two adjacent heat transfer tubes of the plurality of heat transfer tubes, the fin
projection projecting from the fin base surface in the first direction,
the fin projection including
a main part, and
an uprise portion surrounding the main part, the uprise portion connecting between the main part and the fin
base surface,
wherein a relationship between angle θa and angle θb, 

is established where
θa is an angle of the uprise portion against the fin base surface, and
θb is an angle of the main part against the fin base surface.

2. The heat exchanger of claim 1,

wherein, where
air passes through the heat exchanger in a third direction crossing the first direction and the second direction,
the uprise portion includes a windward uprise-portion element located on a windward side in the third direction
and a leeward uprise-portion element located on a leeward side in the third direction,
a relationship between angle θa1 and angle θa2, 

is established where
θa1 is an angle of the windward uprise-portion element against the fin base surface, and
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θa2 is an angle of the leeward uprise-portion element against the fin base surface.

3. The heat exchanger of claim 1 or 2,

wherein the main part includes a windward main-part element located on a windward side in the third direction
and a leeward main-part element located on a leeward side in the third direction, and
a relationship between angle θb1 and angle θb2, 

is established where
θb1 is an angle of the windward main-part element against the fin base surface, and
θb2 is an angle of the leeward main-part element against the fin base surface.

4. The heat exchanger of any one of claims 1 to 3, wherein the uprise portion includes one or more leeward slopes
located on a leeward side in the third direction, and each of the one or more leeward slopes has an angled end part
with an angle of inclination from the third direction toward the second direction.

5. The heat exchanger of any one of claims 1 to 4,

wherein the uprise portion includes one or more windward slopes located on a windward side in the third direction,
and each of the one or more windward slopes has an angled end part with an angle of inclination from the third
direction toward the second direction, and
wherein each of the one or more windward slopes has a downstream end located upstream of a center of each
of the plurality of heat transfer tubes.

6. The heat exchanger of any one of claims 1 to 5,

wherein the fin projection includes a plurality of blocks separate from one another and extending in the third
direction,
wherein the plurality of blocks are spaced apart from one another in the second direction, and
wherein the fin projection has an air groove located between two blocks of the plurality of blocks that are adjacent
in the second direction, and the air groove extends in the third direction.

7. The heat exchanger of any one of claims 1 to 6, wherein the fin projection has a drain groove extending in the
second direction.

8. The heat exchanger of any one of claims 1 to 7, wherein the uprise portion has a truncated pyramidal shape.

9. The heat exchanger of any one of claims 1 to 8, wherein the main part has a pyramidal shape.

10. A refrigeration cycle apparatus comprising:
the heat exchanger of any one of claims 1 to 9, serving as a condenser or an evaporator.
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