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Description
Technical Field

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

Background Art

[0002] Aknown technique forimproving the heat trans-
fer performance of a fin-and-tube heat exchanger uses
projections provided on the surfaces of fins to increase
the area of heat transfer.

[0003] For example, Patent Literature 1 discloses a
heat exchanger according to the preamble of claim 1 and
describes a heat exchanger in which projections are pro-
vided 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 justbehind or down-
wind 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, PatentLiterature 1 describes a pro-
jection provided between two heat transfer tubes that are
adjacent 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,
adead zone is formed on a leeward side of the projection.
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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 in-
hibits 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
thatreduces adead zone on aleeward side of a projection
included in fins to improve heat transfer efficiency of the
fins and to provide a refrigeration cycle apparatus includ-
ing 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 sur-
rounding the main part and connecting between the main
part and the fin base surface. A relationship between
angle 6a and angle 6b

0a > 0b

is established where 8a is an angle of the uprise portion
against the fin base surface, and 6b is an angle of the
main part against the fin base surface.

Advantageous Effects of Invention

[0010] The heat exchanger according to the embodi-
ment 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 illustrat-
ing only essential components of the heat exchanger
100 of Fig. 1.

[Fig. 3] Fig. 3 is a perspective view illustrating a mod-
ification of the heat exchanger 100 of Fig. 1.
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[Fig. 4] Fig. 4 is a refrigerant circuit diagram illustrat-
ing an exemplary configuration of a refrigeration cy-
cle 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-Ain 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 illustrat-
ing 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-Ain 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 illus-
trating 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 com-
bined 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-Ain 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 projec-
tions 500 described in Patent Literature 1.

[Fig. 21] Fig. 21 is a front view illustrating fin projec-
tions 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-Ain Fig. 22.

[Fig. 25] Fig. 25 is a front view illustrating a fin pro-
jection 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 pro-
jection 122C in Modification 2 of Embodiment 3.
[Fig. 28] Fig. 28 is a cross-sectional view taken along
line A-Ain Fig. 27.
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[Fig. 29] Fig. 29 is a front view illustrating the projec-
tion 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 heatexchangeraccordingtoone or more em-
bodiments of the present disclosure and a refrigeration
cycle apparatus including the heat exchanger will be de-
scribed below with reference to the drawings. The
present disclosure is not limited to the following embod-
iments, and can be variously modified without departing
from the spirit and scope of the present disclosure. The
present disclosure encompasses all possible combina-
tions 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 ap-
plies to the entire description herein. The relationship be-
tween the relative dimensions, the forms, and other con-
ditions of components in the figures may differ from those
of actual ones.

Embodiment 1.

[0013] A heat exchanger 100 according to Embodi-
ment 1 and a refrigeration cycle apparatus 1 including
the heat exchanger will be described below with refer-
ence to the drawings.

[Basic Configuration of Heat Exchanger 100]

[0014] Fig. 1is a perspective view illustrating the con-
figuration of the heat exchanger 100 according to Em-
bodiment 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 be-
tween 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 rep-
resented by the arrows R1 will be referred to as an X
direction (third direction). Additionally, a longitudinal di-
rection 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
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orthogonal to each other. Additionally, the X direction and
the Y direction are orthogonal to each other. Further-
more, the Y direction and the Z direction are orthogonal
to each other.

[0016] Asillustratedin 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 ad-
jacent heat transfer tubes 11 in the Z direction. The re-
frigerant flows inside the heat transfer tubes 11, as rep-
resented by arrows R2 in Fig. 1. Ends of the heat transfer
tubes 11 that are adjacent in the Z direction are connect-
ed by a U-shaped tube 11a, asillustrated in Fig. 1. Thus,
the multiple heat transfer tubes 11 are combined into an
assembly, through which the refrigerant sequentially
flows. The heattransfer tubes 11 do notnecessarily need
to be combined in a single assembly. The heat transfer
tubes 11 are made of, but not limited to, highly heat con-
ductive 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 trans-
fer 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 be-
tween 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 transfertubes 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 ex-
amples. 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 mod-
ification 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 columnin 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
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from the number of rows in the second column. Specifi-
cally, the first column has 12 rows, and the second col-
umn has 10 rows in the modification of Fig. 3. The num-
bers 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 trans-
fer 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 com-
bined 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. How-
ever, the longitudinal direction is not limited to this exam-
ple. In other 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 ap-
paratus 1. Fig. 4 is arefrigerant circuit diagramillustrating
an exemplary configuration of the refrigeration cycle ap-
paratus 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 ex-
changer 100B.

[0023] As illustrated in Fig. 4, the load side unit 3 in-
cludes 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 exchang-
er 100B. The heat exchanger 100B exchanges heat be-
tween 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 ap-
paratus 1 causes the load side unit 3 to perform heating,
and operates as an evaporator in a case where the re-
frigeration 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] Asillustratedin Fig. 4, the heat source side unit
2 includes the heat exchanger 100A, a controller 9A, a



7 EP 4 130 634 B1 8

compressor 4, a flow switching device 5, an expansion
valve 6, an air-sending device 7A, and a part of the re-
frigerant pipe 8. The heat source side unit 2 may further
include another component, such as an accumulator.
[0026] The heat exchanger 100A exchanges heat be-
tween 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 heat-
ing, 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 ex-
ample, 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 re-
frigerant, compresses the refrigerant into high-pressure
gasrefrigerant, and discharges the refrigerant. The com-
pressor 4 is, for example, an inverter compressor. The
inverter compressor can change the amount of refriger-
ant to be sent per unit time under the control of, for ex-
ample, an inverter circuit. The inverter circuit is incorpo-
rated 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 di-
rection 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 en-
ters 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 com-
pressor 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
thatthe refrigerantliquified 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 re-
frigerant flow rate depending on a load on the evaporator.
The expansion valve 6 is, for example, an electronic ex-
pansion 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.
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[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 cir-
cuit. The refrigerant pipe 8 is coupled to the heat transfer
tubes 11 of the heat exchanger 100A and the heat trans-
fer tubes 11 of the heat exchanger 100B.

[Structure of Fin 12]

[0032] Fig. 5 is a partial sectional side view of the heat
exchanger 100 of Fig. 1. Fig. 5illustrates 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 di-
rection. 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 re-
ceived 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 rec-
tangle 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
122ais the intersection of diagonals joining opposite cor-
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ners of an outside shape of the uprise portion 122a. The
middle of the main part 122b is the intersection of diag-
onals 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 pyram-
idal shape having a rectangular base. The uprise portion
122a has a truncated quadrilateral pyramidal shape hav-
ing a rectangular base. Therefore, the fin projection 122
includes the uprise portion 122a, which is truncated
quadrilateral pyramidaliin 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 6a. The sur-
face of the main part 122b and the fin base surface 121
form an angle 6b. In this state, a relationship between
the angle 6a and the angle 6b

0a > 0b

is established. In other words, the angle of inclination of
the main part 122b is smaller than that of the uprise por-
tion 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.
Atfter 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 lee-
ward side of the heat transfer tube 11. In addition to the
above-described action, the air flows over the fin projec-
tion 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 illus-
trating 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 de-
scribed 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 alarge
angle, which makes it difficult for the air flowing from the
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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 pro-
jection 500, as illustrated in Fig. 7. In the dead zone 501,
the air fails to exchange heat with the refrigerant efficient-
ly. In contrast, in the fin projection 122 in Embodiment 1,
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 repre-
sented 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 re-
duced 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. 9is a partial sectional side view illustrating
the fin 12 of the heat exchanger 100 according to Modi-
fication 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 6a and 6b in Modification 1 are de-
fined 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 6a, and the main part
122b and the fin base surface 121 form the angle 6b.
Regarding the angle 6b in Fig. 6 in Embodiment 1, the
angle 6b in Modification 1 illustrated in Figs. 9 and 10 is
0 (6b = 0). As described above, the relationship between
the angle 6a and the angle 6b in Modification 1 is 6a >
6b = 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 de-
scribed. 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
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in Fig. 11. In addition, the main part 122b is flat in Mod-
ification 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 Embodi-
ment 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 thatis 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. 12is a partial sectional side view illustrating
the fin 12 of the heat exchanger 100 according to Modi-
fication 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 di-
rection. Furthermore, as illustrated in Figs. 12 and 13,
the main part 122b includes a windward main-part ele-
ment 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 wind-
ward side in the X direction. The windward main-part el-
ement 122b-1 has a triangular shape in front view. The
leeward main-partelement 122b-2is 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 6b1. The leeward main-part element 122b-2 and
the fin base surface 121 form an angle 6b2. In this state,
a relationship between the angle 6b1 and the angle 6b2

6b1 > 6b2

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 el-
ement 122a-2. The area of the windward uprise-portion
element 122a-1 is smaller than that of the leeward uprise-
portion element 122a-2.

[0047] The windward uprise-portion element 122a-1is
a part of the uprise portion 122a that is located on the
windward side. The windward uprise-portion element
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122a-1hasatrapezoidal shapeinfrontview. The leeward
uprise-portion element 122a-2 is a part of the uprise por-
tion 122a thatislocated 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 6a1. The
leeward uprise-portion element 122a-2 and the fin base
surface 121 form an angle 6a2. In this state, arelationship
between the angle 6a1 and the angle 6a2

fal > 0a2

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 a1 and the angle
0b1 have a relationship of 6a1 > 6b1. Furthermore, the
angle 6a2 and the angle 6b2 in Modification 2 have a
relationship of 8a2 > 6b2. In other words, the angle of
inclination of the main part 122b is smaller than that of
the uprise portion 122a in Modification 2. For a relation-
ship between the angle a2 and the angle 6b1, it is de-
sirable that 6a2 > 6b1. The angle 6a2 and the angle 6b1
may be equal to each other or may satisfy 6a2 < 6b1.
[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 de-
scribed. 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 Mod-
ification 2. This results in an increase in area of a region
of the surface of the fin 12 that is available for heat ex-
change. This leads to improved efficiency of heat transfer
on the surface of the fin 12, as in Embodiment 1.
[0051] In Modification 2, the relationship between the
angle 6a1 formed by the windward uprise-portion ele-
ment 122a-1 and the fin base surface 121 and the angle
6a2 formed by the leeward uprise-portion element 122a-
2 and the fin base surface 121 is 6a1 > 6a2. 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 6b1 formed by the windward main-part element
122b-1 and the fin base surface 121 and the angle 6b2
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formed by the leeward main-part element 122b-2 and the
fin base surface 121 is 6b1 > 6b2. This allows air to flow
more easily along the fin projection 122 than in Embod-
iment 1. Thus, the dead zones 201 on or near the leeward
main-part element 122b-2 are further reduced, as com-
pared with Embodiment 1. This leads to furtherimproved
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 ofthe heat exchanger 100 according to Modification
3 of Embodiment 1. In Embodiment 1 described above,
the relationship between the angle 6a and the angle 6b
on each of the windward side and the leeward side is 6a
> 0b, as illustrated in Fig. 6. In Modification 3, the angle
0a and the angle 6b on the windward side have a rela-
tionship of 6a = 0b, as will be described below. Modifica-
tion 3 differs from Embodiment 1 in this respect. For the
leeward side, the relationship between the angle 6a and
the angle 6b in Modification 3 is also 6a > 6b, as in Em-
bodiment 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 122aincludes 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 6a1.
[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 sur-
face 121 form the angle 6b1.

[0057] In this state, the relationship between the angle
0a1 and the angle 6b1 is 6a1 = 6b1.

[0058] The rest of the configuration of the heat ex-
changer 100 is the same as that in Embodiment 1, and
a description thereof is omitted herein.

[0059] The features of Modification 3 can be combined
with Modification 2. Fig. 16 is a cross-sectional view il-
lustrating the features of Modification 3 of Embodiment
1 combined with Modification 2 of Embodiment 1. Com-
parison between Fig. 16 and Fig. 13, which illustrates
Modification 2, demonstrates that the relationship be-
tween the angle 6a1 and the angle 6b1 in Fig. 16 is 6a1
=0b1. 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 advan-
tages 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 ob-
tained not only in the above example but also in the heat
exchanger 100 of Fig. 3.
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Embodiment 2.

[0062] A heat exchanger 100 according to Embodi-
ment 2 and a refrigeration cycle apparatus 1 in Embod-
iment 2 will be described below.

[Basic Configuration of Heat Exchanger 100]

[0063] A basicconfiguration 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 apartial 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 il-
lustrated in Fig. 17, the heat transfer tubes 11 are aligned
in one column in the column direction parallel to the lon-
gitudinal 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 oth-
er. 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 in-
cludes afirstangled 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
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negative Z direction. The angle of inclination a 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 an-
gled end part 122s-2 are each inclined from the third di-
rection 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 neg-
ative 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, «, of inclina-
tion 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 direc-
tion, 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 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 122A includes an uprise por-
tion 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
122ais the intersection of diagonals joining opposite cor-
ners of an outside shape of the uprise portion 122a. The
middle of the main part 122b is the intersection of diag-
onals 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 122A in-
cludes the uprise portion 122a, which is truncated hex-
agonal 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
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angled end part 122s-2, each of which has an angle of
inclination from the third direction toward the second di-
rection. 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 sec-
ond 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 surround-
ed by the uprise portion 122a. The uprise portion 122a
forms an angle 6a against the fin base surface 121. The
main part 122b forms an angle 6b against the fin base
surface 121. In this state, a relationship between the an-
gle 6a and the angle 6b

0a > 0b

is established.

[0074] Referring to Fig. 17, the windward slope 122g
has a downstream end P. The downstream end P is lo-
cated 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 dia-
gramiillustrating the flow of air with the cross-section tak-
en along line A-A of Fig. 18. The fin projection 122A 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 122A, as illustrated in Fig. 19. Thus, dead
zones 201 on the leeward side of the fin projection 122A
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 Em-
bodiment 2. This results in anincrease in area of a region
of the surface of the fin 12 that is available for heat ex-
change. 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 de-
scribed 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 projec-
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tion 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] Incontrast, 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 repre-
sented by an arrow 32. After that, some of the air flows
in a direction represented by an arrow 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.
Atfter that, the air is guided to an area 42 by the windward
slope 1229 of the fin projection 122A in the second col-
umn, 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 wind-
ward 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 projec-
tion 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 repre-
sented by an arrow 38. The other air flows toward the
outside from the rear edge 12b of the fin 12, as repre-
sented by an arrow 39.

[0081] AlthoughFig. 21 illustratesthe examplein 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 projec-
tion 122A. Therefore, the same advantages are obtained
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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 lee-
ward 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 pro-
jection 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 Embodi-
ment 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
122gis located upstream of the center of each heat trans-
fer 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 improv-
ing heat flux.

[0084] Additionally, the relationship between the angle
6a of the uprise portion 122a and the angle 6b of the main
part 122b in Embodiment 2 is also 6a > 6b, as in Embod-
iment 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 6b satisfies 6b = 0, as in Modifi-
cation 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 6a1 on the windward side and the
angle 6a2 on the leeward side of the uprise portion 122a
in Embodiment 2 may differ from each other, as in Mod-
ification 2 of Embodiment 1 illustrated in Figs. 12 and 13.
In addition, the angle 6b1 on the windward side and the
angle 6b2 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 ob-
tained.
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[Modification 3 of Embodiment 2]

[0087] The angle 6a1 of the uprise portion 122a and
the angle 6b1 of the main part 122b on the windward side
in Embodiment 2 may be equal to each other, as in Mod-
ification 3 of Embodiment 1 illustrated in Figs. 15 and 16.
In this case, the same advantages as those of Modifica-
tion 3 of Embodiment 1 can be obtained.

Embodiment 3.

[0088] A heat exchanger 100 according to Embodi-
ment 3 and a refrigeration cycle apparatus 1 in Embod-
iment 3 will be described below.

[Basic Configuration of Heat Exchanger 100]

[0089] Abasic 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.22is 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 pro-
jection 122B is located between the heat transfer tubes
11 that are adjacent. As illustrated in Fig. 22, the fin pro-
jection 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 in-
cludes 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.
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[0094] In Embodiment 3, as illustrated in Fig. 22, the
fin projection 122B includes three separate blocks. Here-
inafter, these blocks will be referred to as fin projections
122B-1, 122B-2, and 122B-3. Therefore, the fin projec-
tion 122B includes the fin projections 122B-1, 122B-2,
and 122B-3.

[0095] InEmbodiment 3, therefore, asillustratedin 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 atrapezoid, is longer
than a lower base thereof. The fin projections 122B-1,
122B-2, and 122B-3 eachinclude 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, Embodi-
ment 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 ex-
changer 100 is the same as those in Embodiment 1 or
Embodiment 2, and a description thereof is omitted here-
in.

[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 Em-
bodiment 2.

[0100] In Embodiment 3, the fin projection 122B in-
cludes 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 ex-
tending in the X direction is provided between two adja-
cent 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 fur-
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ther improved heat transfer efficiency of the fin 12.
[Modification 1 of Embodiment 3]

[0101] Fig. 25 is a front view illustrating the fin projec-
tion 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 ba-
sically the same as thatin 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 orlower than the fin base surface 121.
[0108] Advantages of Modification 2 will now be de-
scribed. 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] Incontrast, Modification 2 of Embodiment 3 pro-
vides the drain groove 140 extending in the Z direction
and located in the middle part of the fin projection 122C.
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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] Inthe 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 pos-
itive 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 ap-
paratus 1 of Fig. 4 can include the heat exchanger 100
described above in Embodiments 1 to 3 and Modifica-
tions of Embodiments 1 to 3. In the refrigeration cycle
apparatus 1, the dead zones 201 caused by the fin pro-
jections 122, 122A, 122B, or 122C of each fin 12 of the
heat exchanger 100 can be reduced in size, thus increas-
ing 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 refrig-
eration cycle apparatus 1.

Reference Signs List

[0116] 1: refrigeration cycle apparatus, 2: heat source
side unit, 3: load side unit, 4: compressor, 5: flow switch-
ing device, 6: expansion valve, 7A: air-sending device,
7B: air-sending device, 7a: fan motor, 7b: fan, 8: refrig-
erant 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:
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fin projection, 122B-1: fin projection, 122B-2: fin projec-
tion, 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: firstangled 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 (100) comprising:

a plurality of fins (12) being spaced apart from
one another in a first direction,

aplurality of heat transfer tubes (11) penetrating
through the plurality of fins (12), the plurality of
heat transfer tubes (11) being spaced apart from
one another in a second direction crossing the
first direction,

each of the plurality of fins (12) including

a fin base surface (121) being flat,

a fin projection (122) provided between two ad-
jacent heat transfer tubes (11) of the plurality of
heattransfertubes (11), the fin projection (122B)
projecting from the fin base surface (121) in the
first direction, characterized in that

the fin projection (122) includes

a main part (122b), and

an uprise portion (122a) surrounding the main
part (122b), the uprise portion (122a) connecting
between the main part (122b) and the fin base
surface (121),

wherein arelationship between angle 6aand an-
gle 6b,

Ba > 0b

is established where

ba is an angle of the uprise portion (122a)
against the fin base surface (121), and

0b is an angle of the main part (122b) against
the fin base surface (121), and

wherein the main part (122b) has a pyramidal
shape.

2. The heat exchanger (100) of claim 1,
wherein, where
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air passes through the heat exchanger (100) in
a third direction crossing the first direction and
the second direction,

the uprise portion (122a) includes a windward
uprise-portion element (122a-1) located on a
windward side in the third direction and a lee-
ward uprise-portion element(122a-2) located on
a leeward side in the third direction,
arelationship between angle 6a1and angle 6a2,

pal > fa2

is established where

6a1l is an angle of the windward uprise-portion
element (122a-1) against the fin base surface
(121), and

6a2 is an angle of the leeward uprise-portion
element (122a-2) against the fin base surface
(121).

3. The heat exchanger (100) of claim 1 or 2,

wherein the main part (122b) includes a wind-
ward main-part element (122b-1) located on a
windward side in the third direction and a lee-
ward main-part element (122b-2) located on a
leeward side in the third direction, and

arelationship between angle 6b1and angle 6b2,

6b1 > 6b2

is established where

0b1 is an angle of the windward main-part ele-
ment (122b-1) against the fin base surface
(121), and

0b2is an angle of the leeward main-part element
(122b-2) against the fin base surface (121).

4. The heat exchanger (100) of any one of claims 1 to
3, wherein the uprise portion (122a) includes one or
more leeward slopes (122h) located on a leeward
side in the third direction, and each of the one or
more leeward slopes (122h) has an angled end part
with an angle of inclination from the third direction
toward the second direction.

5. Theheatexchanger (100) of any one of claims 1to 4,

wherein the uprise portion (122a) includes one
or more windward slopes (122g) located on a
windward side in the third direction, and each of
the one or more windward slopes (122g) 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
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slopes (122g) has a downstream end (P) located
on the windward side of a center of each of the
plurality of heat transfer tubes (11).

6. Theheatexchanger(100)of any one of claims 1to 5,

wherein the fin projection (122B) includes a plu-
rality 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 (122B) has an air
groove (130) located between two blocks of the
plurality of blocks that are adjacent in the second
direction, and the air groove (130) extends in
the third direction.

7. The heat exchanger (100) of any one of claims 1 to
6, wherein the fin projection (122C) has a drain
groove (140) extending in the second direction.

8. The heat exchanger (100) of any one of claims 1 to
7, wherein the uprise portion (122a) has a truncated
pyramidal shape.

9. A refrigeration cycle apparatus (1) comprising:
the heat exchanger (100) of any one of claims 1 to
8, serving as a condenser or an evaporator.

Patentanspriiche
1. Warmetauscher (100), umfassend:

eine Vielzahlvon Rippen (12), die in einer ersten
Richtung voneinander beabstandet sind,

eine Vielzahl von Warmeiubertragungsleitungen
(11), die die Vielzahl von Rippen (12) durchdrin-
gen, wobei die Vielzahl von Warmeubertra-
gungsleitungen (11) in einer zweiten Richtung,
die die erste Richtung kreuzt, voneinander be-
abstandet sind,

wobei jede der Vielzahl von Rippen (12) enthalt:

eine ebene Rippenbasisflache (121),
einen Rippenvorsprung (122), der zwi-
schen zwei benachbarten Warmedubertra-
gungsleitungen (11) der Vielzahl von War-
meubertragungsleitungen (11) vorgesehen
ist, wobei der Rippenvorsprung (122B) von
der Rippenbasisflache (121) in der ersten
Richtung vorsteht, dadurch gekennzeich-
net, dass

der Rippenvorsprung (122) umfasst:

einen Hauptteil (122b), und
einen aufsteigenden Teil (122a), der den

10

15

20

25

30

35

40

45

50

55

14

26

Hauptteil (122b) umgibt, wobei der aufstei-
gende Teil (122a) zwischen dem Hauptteil
(122b)und der Rippenbasisflache (121) an-
geordnet ist,

wobei eine Beziehung zwischen dem Winkel 6a
und dem Winkel 0b,

Ba>6b

dort besteht, wobei

0a ein Winkel des aufsteigenden Teils (122a)
zur Rippenbasisflache (121) ist, und

0b ein Winkel des Hauptteils (122b) gegenuber
der Rippenbasisflache (121) ist, und

wobei der Hauptteil (122b) eine pyramidenfor-
mige Form aufweist.

2. Warmetauscher (100) nach Anspruch 1,
wobei, wenn

Luft durch den Warmetauscher (100) in einer
dritten Richtung strémt, die die erste und die
zweite Richtung kreuzt,

der aufsteigende Teil (122a) ein luvseitiges Auf-
stiegsteilelement (122a-1), das sich auf einer
luvseitigen Seite in der dritten Richtung befindet,
und ein leeseitiges Aufstiegsteilelement (122a-
2), das sich auf einer leeseitigen Seite in der
dritten Richtung befindet, umfasst,

eine Beziehung zwischen dem Winkel 6a1 und
dem Winkel 6a2

fal>06a2

festgelegt ist, wobei

0a1 ein Winkel des luvseitigen Aufstiegsteilele-
ments (122a-1) gegentber der Rippenbasisfla-
che (121) ist, und

0a2 ein Winkel des leeseitigen Aufstiegsteilele-
ments (122a-2) gegeniber der Rippenbasisfla-
che (121) ist.

3. Warmetauscher (100) nach Anspruch 1 oder 2,

wobei der Hauptteil (122b) ein luvseitiges
Hauptteilelement (122b-1), das sich auf einer
Luvseite in der dritten Richtung befindet, und ein
leeseitiges Hauptteilelement (122b-2), das sich
auf einer Leeseite in der dritten Richtung befin-
det, umfasst, und

eine Beziehung zwischen dem Winkel 6b1 und
dem Winkel 6b2

6b1 > 6b2
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festgelegt ist, wobei

6b1 ein Winkel des luvseitigen Hauptteilele-
ments (122b-1) gegentiber der Rippenbasisfla-
che (121) ist, und

06b2 ein Winkel des leeseitigen Hauptteilele-
ments (122b-2) gegentliber der Rippenbasisfla-
che (121) ist.

Warmetauscher (100) nach einem der Anspriiche 1
bis 3, wobei der aufsteigende Teil (122a) eine oder
mehrere leeseitige Schragen (122h) aufweist, die
sich aufeinerleeseitigen Seite in der dritten Richtung
befinden, und jede der einen oder mehreren leesei-
tigen Schragen (122h) einen abgewinkelten Endteil
mit einem Neigungswinkel von der dritten Richtung
zur zweiten Richtung aufweist.

Warmetauscher (100) nach einem der Anspriiche 1
bis 4,

wobei der aufsteigende Teil (122a) eine oder
mehrere luvseitige Schragen (122g) aufweist,
die auf einer luvseitigen Seite in der dritten Rich-
tung angeordnet sind, und jede der einen oder
mehreren luvseitigen Schragen (122g) einen
abgewinkelten Endteil mit einem Neigungswin-
kel von der dritten Richtung in Richtung der
zweiten Richtung aufweist, und

wobei jede der einen oder mehreren luvseitigen
Schragen (122g) ein stromabwartiges Ende (P)
aufweist, das sich auf der luvseitigen Seite einer
Mitte jedes der mehreren Warmeubertragungs-
leitungen (11) befindet.

6. Warmetauscher (100) nach einem der Anspriiche 1

bis 5,

wobei der Rippenvorsprung (122B) eine Viel-
zahl von Blocken umfasst, die voneinander ge-
trennt sind und sich in der dritten Richtung er-
strecken,

wobei die Vielzahl von Blocken in der zweiten
Richtung voneinander beabstandet sind, und
wobei der Rippenvorsprung (122B) eine Luftnut
(130) aufweist, die sich zwischen zwei Blécken
der Vielzahl von Blocken befindet, die in der
zweiten Richtung benachbart sind, und die Luft-
nut (130) sich in der dritten Richtung erstreckt.

Warmetauscher (100) nach einem der Anspriiche 1
bis 6, wobei der Rippenvorsprung (122C) eine sich
in der zweiten Richtung erstreckende Abflussnut
(140) aufweist.

Warmetauscher (100) nach einem der Anspriiche 1
bis 7, wobei der aufsteigende Teil (122a) ein pyra-
midenstumpfférmiges Profil aufweist.
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9.

Kaltekreislaufvorrichtung (1), umfassend:

den Warmetauscher (100) nach einem der Anspri-
che 1 bis 8, der als Kondensator oder Verdampfer
dient.

Revendications

1.

2,

Echangeur de chaleur (100), comprenant :

une pluralité d’ailettes (12) étant espacées les
unes des autres dans une premiére direction,
une pluralité de tuyaux de transfert de chaleur
(11) pénétrant a travers la pluralité dailettes
(12), la pluralité de tuyaux de transfert de cha-
leur (11) étant espacés les uns des autres dans
une deuxieme direction croisant la premiere di-
rection,

chacune de la pluralité d’ailettes (12) incluant

une surface de base d'ailette (121) étant
plate,

une saillie d’ailette (122) prévue entre deux
tuyaux de transfert de chaleur adjacents
(11) de la pluralité de tuyaux de transfert de
chaleur (11), la saillie d'ailette (122B) fai-
sant saillie a partir de la surface de base
d’ailette (121) dans la premiére direction,
caractérisé en ce

que la saillie d’ailette (122) inclut

une partie principale (122b), et

une partie montante (122a) entourant la
partie principale (122b), la partie montante
(122a) se raccordant entre la partie princi-
pale (122b) et la surface de base d’ailette
(121),

dans lequel une relation entre I'angle 6a et I'an-
gle 6b,

Ba>6b

est établie, dans laquelle

6a est un angle de la partie d’élévation (122a)
parrapportalasurface de base d’ailette (121), et
6b est un angle de la partie principale (122b) par
rapport a la surface de base d’ailette (121), et
dans lequel la partie principale (122b) présente
une forme pyramidale.

Echangeur de chaleur (100) selon larevendication 1,
dans lequel, la ou

de I'air passe a travers I'échangeur de chaleur
(100) dans une troisieme direction croisant la
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premiére direction et la deuxieme direction,

la partie montante (122a) inclut un élément de
partie montante au vent (122a-1) situé sur un
cOté au vent dans la troisieme direction et un
élément de partie montante sous le vent (122a-
2)situé surun coté sous le ventdans la troisieme
direction,

une relation entre un angle 6a1 et un angle 6a2,

fal>06a2

est établie, dans laquelle

0a1estun angledeI'élémentde partie montante
auvent (122a-1) par rapport a la surface de base
d’ailette (121), et

0a2 estun angle de I'élémentde partie montante
sous le vent (122a-2) par rapport a la surface
de base d’ailette (121).

3. Echangeur de chaleur (100) selon la revendication

10u 2,

dans lequel la partie principale (122b) inclut un
élément de partie principale au vent (122b-1)
situé sur un c6té au vent dans la troisieme di-
rection et un élément de partie principale sous
le vent (122b-2) situé sur un coté sous le vent
dans la troisiéme direction, et

une relation entre un angle 6b1 et un angle 6b2,

6b1 > 6b2

est établie, dans laquelle

6b1 estunangle de I'’élémentde partie principale
auvent (122b-1) par rapport a la surface de base
d’ailette (121), et

6b2 estunangle de I'’élémentde partie principale
sous le vent (122b-2) par rapport a la surface
de base d’ailette (121).

Echangeur de chaleur (100) selon I'une quelconque
des revendications 1 a 3, dans lequel la partie mon-
tante (122a) inclut une ou plusieurs pentes sous le
vent (122h) situées sur un cbté sous le vent dans la
troisieme direction, et chacune des une ou plusieurs
pentes sous le vent (122h) présente une partie d’ex-
trémité inclinée avec un angle d’inclinaison depuis
la troisieme direction vers la deuxieme direction.

Echangeur de chaleur (100) selon I'une quelconque
des revendications 1 a 4,

dans lequel la partie montante (122a) inclut une
ou plusieurs pentes au vent (1229g) situées du
coté du vent dans la troisieme direction, et cha-
cune des une ou plusieurs pentes au vent (1229g)
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6.

7.

9.

présente une partie d’extrémité inclinée avec un
angle d’inclinaison de la troisi€me direction vers
la deuxiéme direction, et

dans lequel chacune des une ou plusieurs pen-
tes au vent (122g) présente une extrémité aval
(P) située sur le c6té au vent d’'un centre de cha-
cun de la pluralité de tuyaux de transfert de cha-
leur (11).

Echangeur de chaleur (100) selon I'une quelconque
des revendications 1 a 5,

dans lequel la saillie d’ailette (122B) inclut une
pluralité de blocs séparés les uns des autres et
s’étendant dans la troisiéme direction,

dans lequel la pluralité de blocs sont espacés
les uns des autres dans ladeuxiéme direction, et
dans lequel la saillie d’ailette (122B) présente
une rainure d’air (130) située entre deux blocs
de la pluralité de blocs qui sont adjacents dans
la deuxieme direction, et la rainure d’air (130)
s’étend dans la troisieme direction.

Echangeur de chaleur (100) selon I'une quelconque
desrevendications 1 a6, dans lequel la saillie d’ailet-
te (122C) présente une rainure de drainage (140)
s’étendant dans la deuxiéme direction.

Echangeur de chaleur (100) selon I'une quelconque
des revendications 1 a 7, dans lequel la partie mon-
tante (122a) présente une forme pyramidale tron-
quée.

Appareil a cycle de réfrigération (1), comprenant :
I’échangeurde chaleur (100) selon I'une quelconque
des revendications 1 a 8, servant de condenseur ou
d’évaporateur.
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