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(54) HEAT EXCHANGER AND REFRIGERATION CYCLE DEVICE

(57) A heat exchanger includes a plurality of heat ex-
change modules arranged and spaced apart from each
other in a first direction, and a header connected to end
portions of the plurality of heat exchange modules, the
end portions being located at ends of the plurality of heat
exchange modules in a second direction crossing per-
pendicularly to the first direction. The plurality of heat
exchange modules each include a heat transfer tube ex-

tending in the second direction, and a fin extending from
an edge portion of the heat transfer tube in a third direc-
tion crossing perpendicularly to a plane parallel to the
first direction and the second direction. The fin includes
on its surface a plurality of convex parts each protruding
in the first direction. The plurality of convex parts are each
provided to define a surface inclined relative to the sec-
ond direction and the third direction.
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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. More specifically, the present dis-
closure relates to the structure of a fin connected to a
heat transfer tube.

Background Art

[0002] Heat exchangers aiming at achieving balance
between their heat transfer performance in dry and wet
conditions, and defrost capacity are known in the art.
Such a heat exchanger is designed to have heat ex-
change modules each having a fin provided to an end
portion of each heat transfer tube in the direction of airflow
through the heat transfer tube. The heat exchange mod-
ules are arranged and spaced apart from each other (see
Patent Literature 1, for example).
[0003] The above-mentioned heat exchanger is dis-
posed with the direction of tube axis aligned with the di-
rection of gravity. This ensures that no resistance is
present to impede falling of condensed or defrosted wa-
ter, which allows for fast drainage. That is, the above-
mentioned heat exchanger allows for reduced liquid film
thickness in wet conditions, and fast discharge of defrost-
ed water in defrost operation. The above-mentioned heat
exchanger can be improved in heat transfer performance
by reducing the diameter of the heat transfer tubes for
high-density placement of heat exchange modules, or by
employing a multi-port internal structure for increased
contact area between refrigerant and the heat transfer
tubes. Therefore, the above-mentioned heat exchanger
makes it possible to achieve balance between heat trans-
fer performance in dry and wet conditions, and defrost
capacity.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2008-202896

Summary of Invention

Technical Problem

[0005] The above-mentioned related-art heat ex-
changer, however, has a problem described below. That
is, in the direction of airflow through the heat exchanger,
the fin located downstream in the airflow is disposed to
overlie a dead water region generated downstream of
the heat transfer tubes. This results in reduced flow ve-
locity of air near the surface of the fin, which leads to
reduced coefficient of heat transfer between the fin and

air.
[0006] The present disclosure aims to address the
above-mentioned problem, and it is an object of the
present disclosure to provide a heat exchanger and a
refrigeration cycle apparatus that allow for improved co-
efficient of heat transfer between the fin and air. Solution
to Problem
[0007] A heat exchanger according to an embodiment
of the present disclosure includes a plurality of heat ex-
change modules arranged and spaced apart from each
other in a first direction, and a header connected to end
portions of the plurality of heat exchange modules, the
end portions being located at ends of the plurality of heat
exchange modules in a second direction crossing per-
pendicularly to the first direction. The plurality of heat
exchange modules each include a heat transfer tube ex-
tending in the second direction, and a fin extending from
an edge portion of the heat transfer tube in a third direc-
tion crossing perpendicularly to a plane parallel to the
first direction and the second direction. The fin includes
on its surface a plurality of convex parts each protruding
in the first direction. The plurality of convex parts are each
provided to define a surface inclined relative to the sec-
ond direction and the third direction.
[0008] A refrigeration cycle apparatus according to an
embodiment of the present disclosure includes the heat
exchanger according to an embodiment of the present
disclosure.

Advantageous Effects of Invention

[0009] According to an embodiment of the present dis-
closure, the convex parts are each provided to define a
surface inclined relative to the second direction and the
third direction. In the heat exchanger, as airflow collides
with the surface inclined relative to the second direction
and the third direction, the airflow is agitated. This en-
sures that in the heat exchanger, air also flows in to the
surface of the fin located downstream of the heat transfer
tube, and the flow velocity of air near the surface increas-
es. This leads to improved heat transfer coefficient.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrat-
ing the configuration of a refrigeration cycle appara-
tus including a heat exchanger according to Embod-
iment 1.
[Fig. 2] Fig. 2 is a schematic perspective view of the
heat exchanger according to Embodiment 1.
[Fig. 3] Fig. 3 is a conceptual side view of the heat
exchanger according to Embodiment 1.
[Fig. 4] Fig. 4 schematically illustrates a cross-sec-
tion, taken along a line A-A, of a heat exchange mod-
ule illustrated in Fig. 3.
[Fig. 5] Fig. 5 is an enlarged view of a heat exchange
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module forming the heat exchanger according to
Embodiment 1.
[Fig. 6] Fig. 6 schematically illustrates a cross-sec-
tion, taken along a line B-B, of a fin illustrated in Fig. 5.
[Fig. 7] Fig. 7 schematically illustrates a cross-sec-
tion, taken along a line C-C, of the fin illustrated in
Fig. 5.
[Fig. 8] Fig. 8 is an enlarged view of the fin of the
heat exchange module illustrated in Fig. 5.
[Fig. 9] Fig. 9 schematically illustrates a cross-sec-
tion, taken along a line D-D, of the fin illustrated in
Fig. 8.
[Fig. 10] Fig. 10 schematically illustrates a cross-sec-
tion, taken along a line E-E, of the fin illustrated in
Figs. 8 and 9.
[Fig. 11] Fig. 11 is an enlarged view of a heat ex-
change module according to a modification and
forming the heat exchanger according to Embodi-
ment 1.
[Fig. 12] Fig. 12 is an enlarged view of a heat ex-
change module forming a heat exchanger according
to Embodiment 2.
[Fig. 13] Fig. 13 is an enlarged view of a heat ex-
change module forming a heat exchanger according
to Embodiment 3.
[Fig. 14] Fig. 14 is an enlarged view of a heat ex-
change module forming a heat exchanger according
to Embodiment 4.
[Fig. 15] Fig. 15 schematically illustrates a cross-sec-
tion of a fin of a heat exchange module forming a
heat exchanger according to Embodiment 5.
[Fig. 16] Fig. 16 schematically illustrates a cross-sec-
tion of a fin of a heat exchange module forming a
heat exchanger according to Embodiment 6.
[Fig. 17] Fig. 17 schematically illustrates a cross-sec-
tion of a fin of another exemplary heat exchange
module forming the heat exchanger according to
Embodiment 6.
[Fig. 18] Fig. 18 schematically illustrates a cross-sec-
tion of a fin of a heat exchange module forming a
heat exchanger according to Embodiment 7.
[Fig. 19] Fig. 19 is an enlarged view of a heat ex-
change module forming a heat exchanger according
to Embodiment 8.
[Fig. 20] Fig. 20 schematically illustrates a cross-sec-
tion, taken along a line F-F, of a fin illustrated in Fig.
19.
[Fig. 21] Fig. 21 schematically illustrates a cross-sec-
tion, taken along a line G-G, of the fin illustrated in
Fig. 19.
[Fig. 22] Fig. 22 is an enlarged view of a heat ex-
change module forming a heat exchanger according
to Embodiment 9.
[Fig. 23] Fig. 23 schematically illustrates a cross-sec-
tion, taken along a line H-H, of a fin illustrated in Fig.
22.
[Fig. 24] Fig. 24 schematically illustrates a cross-sec-
tion, taken along a line I-I, of the fin illustrated in Fig.

22.

Description of Embodiments

[0011] A heat exchanger 50 according to Embodiment
1 is described below with reference to the drawings or
other illustrations. In the drawings below including Fig.
1, the relative dimensions, shapes, and other features of
various components may differ from the actuality. In the
drawings below, the same reference signs are used to
indicate the same or corresponding elements or features
throughout the specification. Although terms represent-
ing directions (e.g., "upper", "lower", "right", "left", "front",
or "rear") are used as appropriate to facilitate understand-
ing of the present disclosure, such terms are for illustra-
tive purposes only and not intended to limit the corre-
sponding apparatus, device, or component to any par-
ticular placement or orientation. The relative positions of
individual components, the directions of extension of in-
dividual components, and the directions of arrangement
of individual components described herein basically cor-
respond to those when the heat exchanger 50 is installed
in a usable condition.

Embodiment 1

[Refrigeration Cycle Apparatus 100]

[0012] Fig. 1 is a refrigerant circuit diagram illustrating
the configuration of a refrigeration cycle apparatus 100
including the heat exchanger 50 according to Embodi-
ment 1. In Fig. 1, dotted arrows represent the direction
in which refrigerant flows in a refrigerant circuit 110 during
cooling operation, and solid arrows represent the direc-
tion in which refrigerant flows in the refrigerant circuit 110
during heating operation. The refrigeration cycle appa-
ratus 100 including the heat exchanger 50 is first de-
scribed below with reference to Fig. 1. Although an air-
conditioning apparatus is described as an example of the
refrigeration cycle apparatus 100 in Embodiment 1, the
refrigeration cycle apparatus 100 is used for refrigeration
purposes or air-conditioning purposes, for example, re-
frigerators or freezers, vending machines, air-condition-
ing apparatuses, refrigeration apparatuses, or water
heaters. It is to be noted that the illustrated refrigerant
circuit 110 is given only by way of example, and that
configurations of circuit elements or other features are
not limited to the particular details described below with
reference to embodiments but can be changed or mod-
ified within the technical scope of the embodiments.
[0013] The refrigeration cycle apparatus 100 includes
the refrigerant circuit 110 obtained by connecting the fol-
lowing components in a loop by use of a refrigerant pipe;
a compressor 101; a flow switching device 102; an indoor
heat exchanger 103; a pressure reducing device 104;
and an outdoor heat exchanger 105. The heat exchanger
50 described later is used as at least one of the outdoor
heat exchanger 105 and the indoor heat exchanger 103.

3 4 



EP 3 995 775 A1

4

5

10

15

20

25

30

35

40

45

50

55

The refrigeration cycle apparatus 100 includes an out-
door unit 106, and an indoor unit 107. The outdoor unit
106 accommodates the following components: the com-
pressor 101; the flow switching device 102; the outdoor
heat exchanger 105; the pressure reducing device 104;
and an outdoor fan 108 configured to supply outside air
to the outdoor heat exchanger 105. The indoor unit 107
accommodates the indoor heat exchanger 103, and an
indoor fan 109 configured to supply air to the indoor heat
exchanger 103. The outdoor unit 106 and the indoor unit
107 are connected to each other via two extension pipes,
an extension pipe 111 and an extension pipe 112, which
constitute a portion of the refrigerant pipe.
[0014] The compressor 101 is a piece of fluid machin-
ery that compresses and discharges sucked refrigerant.
The flow switching device 102 is, for example, a four-way
valve. The flow switching device 102 is configured to,
under control by a controller (not illustrated), switch the
flows of refrigerant between cooling operation and heat-
ing operation.
[0015] The indoor heat exchanger 103 is a heat ex-
changer configured to perform heat exchange between
refrigerant flowing inside the indoor heat exchanger 103,
and indoor air supplied by the indoor fan 109. The indoor
heat exchanger 103 functions as a condenser during
heating operation, and functions as an evaporator during
cooling operation.
[0016] The pressure reducing device 104 is, for exam-
ple, an expansion valve, and configured to reduce the
pressure of refrigerant. An example of the pressure re-
ducing device 104 to be used may be an electronic ex-
pansion valve whose opening degree can be adjusted
through control by the controller.
[0017] The outdoor heat exchanger 105 is a heat ex-
changer configured to perform heat exchange between
refrigerant flowing inside the outdoor heat exchanger
105, and air supplied by the outdoor fan 108. The outdoor
heat exchanger 105 functions as an evaporator during
heating operation, and functions as a condenser during
cooling operation.

[Operation of Refrigeration Cycle Apparatus]

[0018] Reference is now made to Fig. 1 to describe an
example of how the refrigeration cycle apparatus 100
operates. During heating operation of the refrigeration
cycle apparatus 100, high-pressure and high-tempera-
ture refrigerant in a gaseous state discharged from the
compressor 101 flows into the indoor heat exchanger
103 via the flow switching device 102. In the indoor heat
exchanger 103, the refrigerant condenses in heat ex-
change with air supplied by the indoor fan 109. The con-
densed refrigerant changes into a high-pressure liquid
state, and then leaves the indoor heat exchanger 103.
The resulting refrigerant is turned into a low-pressure,
two-phase gas-liquid state by the pressure reducing de-
vice 104. The low-pressure refrigerant in the two-phase
gas-liquid state flows into the outdoor heat exchanger

105, where the refrigerant evaporates in heat exchange
with air supplied by the outdoor fan 108. The evaporated
refrigerant changes into a low-pressure gaseous state
before being sucked into the compressor 101.
[0019] During cooling operation of the refrigeration cy-
cle apparatus 100, refrigerant flows in the refrigerant cir-
cuit 110 in a direction opposite to that during heating op-
eration. That is, during cooling operation of the refriger-
ation cycle apparatus 100, high-pressure and high-tem-
perature refrigerant in a gaseous state discharged from
the compressor 101 flows into the outdoor heat exchang-
er 105 via the flow switching device 102. In the outdoor
heat exchanger 105, the refrigerant condenses in heat
exchange with air supplied by the outdoor fan 108. The
condensed refrigerant changes into a high-pressure liq-
uid state, and then leaves the outdoor heat exchanger
105. The resulting refrigerant is turned into a low-pres-
sure, two-phase gas-liquid state by the pressure reducing
device 104. The low-pressure refrigerant in the two-
phase gas-liquid state flows into the indoor heat exchang-
er 103, where the refrigerant evaporates in heat ex-
change with air supplied by the indoor fan 109. The evap-
orated refrigerant changes into a low-pressure gaseous
state before being sucked into the compressor 101.

[Heat Exchanger 50]

[0020] Fig. 2 is a schematic perspective view of the
heat exchanger 50 according to Embodiment 1. Fig. 3 is
a conceptual side view of the heat exchanger 50 accord-
ing to Embodiment 1. Reference is now made to Figs. 2
and 3 to describe the heat exchanger 50 according to
Embodiment 1. In the drawings, the X-axis direction rep-
resents a first direction, the Y-axis direction represents
a second direction, and the Z-axis direction represents
a third direction.
[0021] As illustrated in Fig. 3, the heat exchanger 50
includes a plurality of headers 70, and a plurality of heat
exchange modules 10 connected between the headers
70.

(Header 70)

[0022] Each header 70 is connected to end portions of
the heat exchange modules 10 in a direction in which the
heat exchange modules 10 extend. The header 70 is
provided to extend in a direction in which the heat ex-
change modules 10 are arranged. In the heat exchanger
50, the header 70 functions as a fluid distribution mech-
anism that allows refrigerant entering the heat exchanger
50 to be distributed to the heat exchange modules 10. In
the heat exchanger 50, the header 70 also functions as
a fluid combining mechanism that allows separate
streams of refrigerant leaving the heat exchange mod-
ules 10 to combine before leaving the heat exchanger 50.
[0023] The header 70 has a first header 71, and a sec-
ond header 72. One of the first header 71 and the second
header 72 functions as a fluid distribution mechanism,
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and the other functions as a fluid combining mechanism.
The first header 71 is connected to one end of each of
the heat exchange modules 10 in the direction in which
the heat exchange module 10 extends. The second
header 72 is connected to the other end of each of the
heat exchange modules 10 in the direction in which the
heat exchange module 10 extends. That is, the first head-
er 71 and the second header 72 are mounted to opposite
ends of each of the heat exchange modules 10 in the
direction in which the heat exchange module 10 extends.
That is, the header 70 is connected to end portions of
the heat exchange modules 10, the end portions being
located at ends of the heat exchange modules 10 in the
second direction (Y-axis direction) crossing perpendicu-
larly to the first direction (X-axis direction). More specif-
ically, the first header 71 and the second header 72 are
mounted to opposite ends of heat transfer tubes 20 form-
ing the heat exchange modules 10 in a direction in which
the heat transfer tubes 20 extend. The first header 71
and the second header 72 are connected to the heat
transfer tubes 20 of the heat exchange modules 10 in
such a way that allows communication between the in-
terior of the header 70 and the interior of the passage of
each heat transfer tube 20.
[0024] The header 70 in Figs. 2 and 3 is formed in the
shape of a cuboid whose longitudinal direction aligns with
the direction of arrangement of the heat exchange mod-
ules 10. It is to be noted, however, that the header 70
may not necessarily have the shape of a cuboid but may
have another shape, for example, a circular cylinder.
[0025] The first header 71 has an inlet (not illustrated)
through which refrigerant enters the first header 71, or
has an outlet (not illustrated) through which refrigerant
leaves the first header 71. Likewise, the second header
72 has an inlet (not illustrated) through which refrigerant
enters the second header 72, or has an outlet (not illus-
trated) through which refrigerant leaves the second head-
er 72.

(Heat Exchange Module 10)

[0026] Fig. 4 schematically illustrates a cross-section,
taken along a line A-A, of each heat exchange module
10 illustrated in Fig. 3. The heat exchange module 10
allows heat to be exchanged between air flowing along
the heat exchange module 10 and refrigerant flowing
within the heat exchange module 10. The heat exchange
modules 10 are arranged and spaced apart from each
other in the first direction (X-axis direction). The heat ex-
change modules 10 are disposed with a predetermined
spacing P from each other in the longitudinal direction
(X-axis direction) of the header 70. Each heat exchange
module 10 has the heat transfer tube 20 extending in the
second direction (Y-axis direction). The heat exchange
module 10 includes a fin 30. The fin 30 extends from a
first edge portion 20a and a second edge portion 20b of
the heat transfer tube 20 in the third direction (Z-axis
direction) crossing perpendicularly to a plane parallel to

the first direction (X-axis direction) and the second direc-
tion (Y-axis direction).

(Heat Transfer Tube 20)

[0027] Each of the heat transfer tubes 20 allows refrig-
erant to pass therethrough. Each of the heat transfer
tubes 20 extends between the first header 71 and the
second header 72. The heat transfer tubes 20 are spaced
apart from each other, and arranged in the axial direction
of the header 70 in which the header 70 extends. The
heat transfer tubes 20 are disposed facing each other. A
gap through which air passes is defined between each
two adjacent heat transfer tubes 20.
[0028] In the heat exchanger 50, the first direction in
which the heat transfer tubes 20 are arranged is a hori-
zontal direction. It is to be noted, however, that the first
direction in which the heat transfer tubes 20 are arranged
may not necessarily be a horizontal direction. Alterna-
tively, the first direction may be a vertical direction, or
may be a direction inclined relative to the vertical direc-
tion. Likewise, in the heat exchanger 50, the direction in
which the heat transfer tubes 20 extend is a vertical di-
rection. It is to be noted, however, that the direction in
which the heat transfer tubes 20 extend may not neces-
sarily be a vertical direction but may be a horizontal di-
rection or may be a direction inclined relative to the ver-
tical direction.
[0029] Each two adjacent heat transfer tubes 20 are
not connected to each other by a heat-transfer promoting
component. The heat-transfer promoting component is,
for example, a plate fin or a corrugated fin.
[0030] If the heat exchanger 50 functions as an evap-
orator for the refrigeration cycle apparatus 100, refriger-
ant flows within each of the heat transfer tubes 20 from
one end to the other end of the heat transfer tube 20 in
a direction in which the heat transfer tube 20 extends. If
the heat exchanger 50 functions as a condenser for the
refrigeration cycle apparatus 100, refrigerant flows within
each of the heat transfer tubes 20 from the other end to
the one end of the heat transfer tube 20 in the direction
in which the heat transfer tube 20 extends.
[0031] As illustrated in Fig. 4, the heat transfer tube 20
is a flattened tube having a rectangular shape in cross-
section. The heat transfer tube 20 is not limited to any
particular shape. For example, the heat transfer tube 20
may be a flattened tube having a cross-sectional shape
that is flattened in one direction, such as an oval shape.
The heat transfer tube 20 has a pair of edge portions,
and a pair of flat surfaces. The pair of edge portions in-
clude the first edge portion 20a and the second edge
portion 20b. The pair of flat surfaces includes a flat sur-
face 20c and a flat surface 20d. In the cross-sectional
view in Fig. 6, the first edge portion 20a is provided to
define a planar surface between one end portion of the
flat surface 20c and one end portion of the flat surface
20d. In the above-mentioned cross-sectional view, the
second edge portion 20b is provided to define a planar
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surface between the other end portion of the flat surface
20c and the other end portion of the flat surface 20d. The
first edge portion 20a and the second edge portion 20b
may not necessarily have the above-mentioned shape.
Alternatively, for example, the first edge portion 20a and
the second edge portion 20b may be provided to be out-
wardly convex between an end portion of the flat surface
20c and an end portion of the flat surface 20d.
[0032] The first edge portion 20a is an edge portion
located upstream, that is, near the front edge in the flow
of air passing through the heat exchanger 50. The second
edge portion 20b is an edge portion located downstream,
that is, near the rear edge in the flow of air passing
through the heat exchanger 50. In the following descrip-
tion, a direction perpendicular to the direction of exten-
sion of the heat transfer tube 20 and along the flat surface
20c and the flat surface 20d is sometimes referred to as
long-axis direction of the heat transfer tube 20. In Fig. 4,
the long-axis direction of the heat transfer tube 20 is the
top-bottom direction, and the short-axis direction of the
heat transfer tube 20 is the left-right direction. The long-
axis direction of the heat transfer tube 20 corresponds
to the third direction.
[0033] The heat transfer tube 20 includes a plurality of
refrigerant passages 22 arranged in the long-axis direc-
tion between the first edge portion 20a and the second
edge portion 20b. The heat transfer tube 20 is a flattened
multi-port tube with the refrigerant passages 22 arranged
in the direction of flow of air and through which refrigerant
passes. Each of the refrigerant passages 22 extends in
parallel to the second direction in which the heat transfer
tube 20 extends. Adjacent refrigerant passages 22 are
separated by partition walls 23, each of which extends
continuously to opposite ends of the heat transfer tube
20 in the direction in which the heat transfer tube 20 ex-
tends. The number and cross-sectional shape of the re-
frigerant passages 22 are not limited to those of the de-
picted embodiment. For example, the refrigerant passag-
es 22 may be formed in various shapes such as a circle
or a triangle. The number of refrigerant passages 22 to
be provided may be one or more.

(Fin 30)

[0034] The fin 30 protrudes from an end portion of the
heat transfer tube 20 in the long-axis direction of the heat
transfer tube 20. The fin 30 is a plate-like part disposed
to protrude from the first edge portion 20a and the second
edge portion 20b and extend in the long-axis direction of
each of the heat transfer tubes 20. Although the fin 30
extends in the long-axis direction of the heat transfer tube
20 in the present example, this is not intended to be lim-
iting. For example, the fin 30 may be inclined relative to
the long-axis direction at a predetermined angle in the
direction of arrangement of the heat transfer tubes 20.
The fin 30 may be formed as a component joined to the
heat transfer tube 20, or may be formed as a component
integrated with the heat transfer tube 20. As described

above, each two adjacent heat transfer tubes 20 are not
connected to each other by a heat-transfer promoting
component. Accordingly, each one of the heat transfer
tubes 20 is not connected to the adjacent one of the heat
transfer tubes 20 via the fin 30.
[0035] Fig. 5 is an enlarged view of the heat exchange
module 10 forming the heat exchanger 50 according to
Embodiment 1. Arrows in Fig. 5 represent airflow FL. Fig.
5 is a partial perspective view of the heat exchange mod-
ule 10, and thus a portion of the heat exchange module
10 is not illustrated in Fig. 5. Reference is now made to
Fig. 5 to describe the configuration of the fin 30 in more
detail. The fin 30 includes on its surface a plurality of
convex parts 40 each protruding in the first direction (X-
axis direction). Each of the convex parts 40 is provided
to protrude in the shape of a quadrangular pyramid. The
shape of the convex part 40 is not limited to a quadran-
gular pyramid. For example, the convex part 40 may be
formed in the shape of a hemisphere. The convex part
40 is formed such that one side of the convex part 40 in
the first direction (X-axis direction) protrudes, and the
other side is recessed. The convex parts 40 are arranged
in the second direction (Y-axis direction), and are ar-
ranged in the third direction (Z-axis direction). The con-
vex parts 40 have edges 41 that extend continuously in
the third direction.
[0036] The convex parts 40 include, in the first direction
(X-axis direction), first convex parts 40a that protrude
from one surface of each convex part 40, and second
convex parts 40b that protrude from the other surface of
each convex part 40. The first convex parts 40a are ar-
ranged in the second direction (Y-axis direction), and are
arranged in the third direction (Z-axis direction). Likewise,
the second convex parts 40b are arranged in the second
direction (Y-axis direction), and are arranged in the third
direction (Z-axis direction). The first convex parts 40a are
formed with the edges 41 extending continuously in the
third direction (Z-axis direction). The second convex
parts 40b are formed with the edges 41 extending con-
tinuously in the third direction (Z-axis direction). The first
convex parts 40a and the second convex parts 40b are
formed alternately in a direction inclined relative to the
second direction (Y-axis direction) and to the third direc-
tion (Z-axis direction).
[0037] Fig. 6 schematically illustrates a cross-section,
taken along a line B-B, of the fin 30 illustrated in Fig. 5.
The B-B cross-section is a cross-section of the fin 30 that
is taken in the third direction (Z-axis direction) and viewed
in the second direction (Y-axis direction). Fig. 6 is a partial
cross-sectional view of the heat exchange module 10,
and thus a portion of the heat exchange module 10 is not
illustrated in Fig. 6. As illustrated in Fig. 6, the first convex
parts 40a of the fin 30 are each provided to define an
inclined surface 42 having an inclination angle α relative
to the third direction (Z-axis direction). The inclined sur-
face 42 is a surface located on the protruding side of
each convex part 40, and is a slope facing upstream.
[0038] Fig. 7 schematically illustrates a cross-section,
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taken along a line C-C, of the fin 30 illustrated in Fig. 5.
The C-C cross-section is a cross-section of the fin 30 that
is taken in the second direction (Y-axis direction) and
viewed in the third direction (Z-axis direction). Fig. 7 is a
partial cross-sectional view of the heat exchange module
10, and thus a portion of the heat exchange module 10
is not illustrated in Fig. 7. As illustrated in Fig. 7, the first
convex parts 40a of the fin 30 are each provided to define
an inclined surface 43 having an inclination angle β rel-
ative to the second direction (Y-axis direction).

[Exemplary Operation of Heat Exchanger 50]

[0039] Reference is now made to an example of how
the heat exchanger 50 according to Embodiment 1 op-
erates when the heat exchanger 50 functions as an evap-
orator for the refrigeration cycle apparatus 100. When
the heat exchanger 50 functions as an evaporator, two-
phase gas-liquid refrigerant flows into the heat exchanger
50 after being reduced in pressure by the pressure re-
ducing device 104. At this time, the refrigerant enters the
heat exchanger 50 through the first header 71, and is
separated into a number of passes equal to the number
of the heat transfer tubes 20. Then, as the refrigerant
passes through the respective refrigerant passages 22
of the heat transfer tubes 20, the refrigerant absorbs heat
and evaporates. The resulting refrigerant leaves the sec-
ond header 72 and circulates in the refrigerant circuit 110.

[Advantageous Effects of Heat Exchanger 50]

[0040] Fig. 8 is an enlarged view of the fin 30 of the
heat exchange module 10 illustrated in Fig. 5. Fig. 9 sche-
matically illustrates a cross-section, taken along a line
D-D, of the fin 30 illustrated in Fig. 8. Fig. 10 schematically
illustrates a cross-section, taken along a line E-E, of the
fin 30 illustrated in Figs. 8 and 9. Arrows in Figs. 8 and
9 represent airflow FL. Figs. 9 and 10 are partial cross-
sectional views of a portion of the heat exchange module
10, and thus a portion of the heat exchange module 10
is not illustrated in Figs. 9 and 10. In the heat exchanger
50, the airflow FL passes between the heat exchange
modules 10. In the heat exchanger 50, the airflow FL
collides with the first convex parts 40a provided to the fin
30 as illustrated in Fig. 8. The airflow FL thus moves while
creating vortices, rather than moving in a straight line.
More specifically, as the airflow FL collides with the in-
clined surfaces 42 of the first convex parts 40a depicted
in Fig. 6, the airflow FL forms vortices that rotate in the
third direction (Z-axis direction) as illustrated in Fig. 9.
The airflow FL that has formed vortices creates a high-
velocity flow HL that moves toward a depression HA de-
fined between the first convex parts 40a. Further, as the
airflow FL collides with the inclined surfaces 43 of the
first convex parts 40a depicted in Fig. 7, the airflow FL
forms vortices that rotate in the second direction (Y-axis
direction) as illustrated in Fig. 10. Therefore, the first con-
vex parts 40a of the fin 30 cause the airflow FL to form

vortices that rotate in the second and third directions to
thereby agitate the flow of air.
[0041] As described above, the convex parts 40 are
each provided to define a surface inclined relative to the
second direction (Y-axis direction) and the third direction
(Z-axis direction). In the heat exchanger 50, as airflow
collides with the surface inclined relative to the second
direction (Y-axis direction) and the third direction (Z-axis
direction), the airflow is agitated. Consequently, in the
heat exchanger 50, air also flows in to the surface of the
fin 30 located downstream of the heat transfer tube 20,
and the flow velocity of air near the surface increases.
This leads to improved heat transfer coefficient.
[0042] The first convex parts 40a are each formed in
the shape of a quadrangular pyramid, and the edges 41
of the first convex parts 40a are provided to extend con-
tinuously in the third direction (Z-axis direction). This
helps to ensure that in the heat exchanger 50, the airflow
FL that have formed vortices is allowed, as a whole, to
easily move in the third direction (Z-axis direction) along
a ridge portion formed by the edges 41.
[0043] The fin 30 includes the convex parts 40 on its
surface. This allows the fin 30 to have an increased sur-
face area in comparison to the fin 30 that includes no
convex parts 40. As a result, the heat exchanger 50 can
be improved in the efficiency of heat exchange between
refrigerant and air.
[0044] Fig. 11 is an enlarged view of a heat exchange
module 10101 forming the heat exchanger 50 according
to Embodiment 1. Fig. 11 is a partial perspective view of
the heat exchange module 101, and thus a portion of the
heat exchange module 101 is not illustrated in Fig. 11.
As illustrated in Fig. 11, a heat transfer tube 120 of the
heat exchange module 10 may not be a flattened tube
as described above but may be a circular tube. The fin
30 is provided to extend in the radial direction of the heat
transfer tube 120, which is a circular tube.

Embodiment 2

[0045] Fig. 12 is an enlarged view of a heat exchange
module 10A forming the heat exchanger 50 according to
Embodiment 2. An arrow in Fig. 12 represents airflow FL.
Fig. 13 is a partial perspective view of the heat exchange
module 10A, and thus a portion of the heat exchange
module 10A is not illustrated in Fig. 13. Components iden-
tical in function and operation to those described above
with reference to Embodiment 1 are designated by the
same reference signs and not described in further detail
below. The heat exchange module 10A forming the heat
exchanger 50 according to Embodiment 2 differs from
the heat exchange module 10 forming the heat exchang-
er 50 according to Embodiment 1 in the configuration of
the fin 30. More specifically, convex parts 140 of the heat
exchange module 10A differ in configuration from the
convex parts 40 of the heat exchange module 10. Ref-
erence is now made to Fig. 12 to describe the configu-
ration of the convex parts 140 provided to the fin 30 in
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more detail.
[0046] The heat exchange module 10A includes the
fin 30 positioned on both sides of the heat transfer tube
20 across the heat transfer tube 20 in the third direction
(Z-axis direction). The fin 30 includes on its surface the
convex parts 140 each protruding in the first direction (X-
axis direction). The convex parts 140 are each formed in
a columnar shape that extends along the plane of the fin
30. Although the convex parts 140 depicted in Fig. 12
are formed in the shape of a pentagonal prism, the shape
of the convex parts 140 is not limited to this shape. The
convex parts 140 may be formed in any columnar shape
with its lateral faces extending along the plane of the fin
30. For example, the convex parts 140 may be formed
in the shape of a semicircular column.
[0047] The convex parts 140 are arranged in the sec-
ond direction (Y-axis direction), and are arranged in the
third direction (Z-axis direction). Although each fin 30 is
depicted as including two convex parts 140 in the third
direction (Z-axis direction) in Fig. 12, the number of con-
vex parts 140 to be provided in the third direction (Z-axis
direction) is not limited to two but may be one, or three
or more. As for the number of points at which the airflow
FL starts to develop vortices as described above, the
greater the number, the better. Accordingly, the greater
the number of convex parts 140 provided in the third di-
rection (Z-axis direction), the more desirable. Likewise,
although each fin 30 is depicted as including twelve con-
vex parts 140 in the second direction (Y-axis direction)
in Fig. 12, the number of convex parts 140 to be provided
in the second direction (Y-axis direction) is not limited to
twelve. As for the number of points at which the airflow
FL starts to develop vortices as described above, the
greater the number, the better. Accordingly, the greater
the number of convex parts 140 provided in the second
direction (Y-axis direction), the more desirable.
[0048] The direction D1 of length of each convex part
140 is inclined relative to the direction of length of the
heat transfer tube 20. In other words, the direction D1 of
length of each convex part 140 is inclined relative to the
third direction (Z-axis direction). The convex parts 140
each extend lengthwise in the same direction D1. The
convex parts 140 are each formed in a columnar shape,
inclined relative to the direction of length of the heat trans-
fer tube 20, and provided to define the inclined surface
42 and the inclined surface 43 described above. Although
the direction D1 is described above as being the direction
of length of each convex part 140, the direction D1 may
be a direction in which an edge defined by the top portion
of each convex part 140 extends.

[Advantageous Effects of Heat Exchanger 50]

[0049] As described above, the convex parts 140 are
each provided to define a surface inclined relative to the
third direction (Z-axis direction). In the heat exchanger
50, as airflow collides with the surface inclined relative
to the second direction (Y-axis direction) and the third

direction (Z-axis direction), the flow of air is agitated. Con-
sequently, in the heat exchanger 50, air also flows in to
the surface of the fin 30 located downstream of the heat
transfer tube 20, and the flow velocity of air near the sur-
face increases. This leads to improved heat transfer co-
efficient.
[0050] The fin 30 includes the convex parts 140 on its
surface. This allows the fin 30 to have an increased sur-
face area in comparison to the fin 30 that includes no
convex parts 140. As a result, the heat exchanger 50 can
be improved in the efficiency of heat exchange between
refrigerant and air.

Embodiment 3

[0051] Fig. 13 is an enlarged view of a heat exchange
module 10B forming the heat exchanger 50 according to
Embodiment 3. An open arrow in Fig. 13 represents air-
flow FL. Fig. 13 is a partial perspective view of the heat
exchange module 10B, and thus a portion of the heat
exchange module 10B is not illustrated in Fig. 13. Com-
ponents identical in function and operation to those de-
scribed above with reference to Embodiment 1 are des-
ignated by the same reference signs and not described
in further detail below. The heat exchange module 10B
forming the heat exchanger 50 according to Embodiment
3 differs from the heat exchange module 10A forming the
heat exchanger 50 according to Embodiment 2 in the
configuration of the fin 30. More specifically, convex parts
240 of the heat exchange module 10B differ in configu-
ration from the convex parts 140 of the heat exchange
module 10A. Reference is now made to Fig. 13 to de-
scribe the configuration of the convex parts 240 provided
to the fin 30 in more detail.
[0052] The heat exchange module 10B includes the
fin 30 positioned on both sides of the heat transfer tube
20 across the heat transfer tube 20 in the third direction
(Z-axis direction). The fin 30 includes on its surface the
convex parts 240 each protruding in the first direction (X-
axis direction). The convex parts 240 are each formed in
a columnar shape that extends lengthwise along the
plane of the fin 30. Although the convex parts 240 de-
picted in Fig. 13 are formed in the shape of a pentagonal
prism, the shape of the convex parts 240 is not limited
to this shape. The convex parts 240 may be formed in
any columnar shape that extends lengthwise along the
plane of the fin 30. For example, the convex parts 240
may be formed in the shape of a semicircular column.
[0053] The convex parts 240 are arranged in the sec-
ond direction (Y-axis direction), and are arranged in the
third direction (Z-axis direction). Although each fin 30 is
depicted as including two convex parts 240 in the third
direction (Z-axis direction) in Fig. 13, the number of con-
vex parts 240 to be provided in the third direction (Z-axis
direction) is not limited to two but may be one, or three
or more. As for the number of points at which the airflow
FL starts to develop vortices as described above, the
greater the number, the better. Accordingly, it is desirable
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that the number of convex parts 240 provided in the third
direction (Z-axis direction) be large. Likewise, although
each fin 30 is depicted as including twelve convex parts
240 in the second direction (Y-axis direction) in Fig. 13,
the number of convex parts 240 to be provided in the
second direction (Y-axis direction) is not limited to twelve.
As for the number of points at which the airflow FL starts
to develop vortices as described above, a greater number
is preferable. Accordingly, the greater the number of con-
vex parts 240 provided in the second direction (Y-axis
direction), the more desirable.
[0054] The fin 30 of the heat exchange module 10B
includes a first fin 30a, and a second fin 30b. The first fin
30a is disposed to extend in the third direction (Z-axis
direction) from the first edge portion 20a of the heat trans-
fer tube 20. The second fin 30b is disposed to extend in
the third direction (Z-axis direction) from the second edge
portion 20b. The first fin 30a corresponds to the fin 30
located upstream in the airflow FL relative to the heat
transfer tube 20. The second fin 30b corresponds to the
fin 30 located downstream in the airflow FL relative to
the heat transfer tube 20.
[0055] The direction D1 of length of each convex part
240 provided to the first fin 30a is inclined relative to the
direction of length of the heat transfer tube 20. In other
words, the direction D1 of length of each convex part 240
is inclined relative to the third direction (Z-axis direction).
The convex parts 240 provided to the first fin 30a each
extend lengthwise in the same direction D1. The convex
parts 240 provided to the first fin 30a are each formed in
a columnar shape, inclined relative to the direction of
length of the heat transfer tube 20, and provided to define
the inclined surface 42 and the inclined surface 43 de-
scribed above. Although the direction D1 is described
above as being the direction of length of each convex
part 240, the direction D1 may be a direction in which an
edge defined by the top portion of each convex part 240
extends.
[0056] A direction D2 of length of each convex part 240
provided to the second fin 30b is inclined relative to the
direction of length of the heat transfer tube 20. In other
words, the direction D2 of length of each convex part 240
is inclined relative to the third direction (Z-axis direction).
The convex parts 240 provided to the second fin 30b
each extend lengthwise in the same direction D2. The
convex parts 240 provided to the second fin 30b are each
formed in a columnar shape, inclined relative to the di-
rection of length of the heat transfer tube 20, and provided
to define the inclined surface 42 and the inclined surface
43 described above. Although the direction D2 is de-
scribed above as being the direction of length of each
convex part 240, the direction D2 may be a direction in
which an edge defined by the top portion of each convex
part 240 extends.
[0057] With respect to the direction of length of each
convex part 240, an end portion of the convex part 240
located near the heat transfer tube 20 is defined as a first
end portion 240a, and an end portion of the convex part

240 located opposite to the heat transfer tube 20 is de-
fined as a second end portion 240b. The fin 30 is provided
such that the first end portion 240a of each convex part
240 provided to the first fin 30a and the second fin 30b
is positioned toward one end portion T1 of the heat trans-
fer tube 20. In the fin 30, the second end portion 240b of
each convex part 240 provided to the first fin 30a and the
second fin 30b is positioned toward the other end portion
T2 of the heat transfer tube 20.
[0058] As illustrated in Fig. 13, the direction D1 of
length of each convex part 240 provided to the first fin
30a, and the direction D2 of length of each convex part
240 provided to the second fin 30b are inclined at different
angles relative to the third direction (Z-axis direction).
That is, the fin 30 is positioned on both sides of the heat
transfer tube 20 across the heat transfer tube 20 in the
third direction (Z-axis direction). In the fin 30, the direction
D1 of length of each convex part 240 provided to the fin
30 positioned on one side of the heat transfer tube 20,
and the direction D2 of length of each convex part 240
provided to the fin 30 positioned on the other side of the
heat transfer tube 20 have different inclinations from each
other relative to the third direction (Z-axis direction).
[0059] In the implementation depicted in Fig. 13, the
direction D1 of length of each convex part 240 provided
to the first fin 30a, and the direction D2 of length of each
convex part 240 provided to the second fin 30b are in-
clined symmetrically about the heat transfer tube 20. That
is, in the heat exchange module 10, the inclination of the
direction D1 relative to the third direction (Z-axis direc-
tion), and the inclination of the direction D2 relative to the
third direction (Z-axis direction) are symmetric about the
heat transfer tube 20. It is to be noted, however, that the
direction D1 of length of each convex part 240 provided
to the first fin 30a, and the direction D2 of length of each
convex part 240 provided to the second fin 30b may not
necessarily be inclined symmetrically about the heat
transfer tube 20.

[Advantageous Effects of Heat Exchanger 50]

[0060] The fin 30 is positioned on both sides of the heat
transfer tube 20 across the heat transfer tube 20 in the
third direction (Z-axis direction). In the fin 30, the direction
D1 of length of each convex part 240 provided to the fin
30 positioned on one side of the heat transfer tube 20,
and the direction D2 of length of each convex part 240
provided to the fin 30 positioned on the other side of the
heat transfer tube 20 have different inclinations from each
other relative to the third direction (Z-axis direction). This
ensures that in the heat exchanger 50, the direction in
which each convex part 240 is inclined differs between
the upstream and downstream sides in the airflow relative
to the heat transfer tube 20. This leads to further agitation
of the airflow. Consequently, in the heat exchanger 50,
air also flows in to the surface of the fin 30 located down-
stream of the heat transfer tube 20, and the flow velocity
of air near the surface increases. This leads to improved
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heat transfer coefficient.
[0061] Further, the fin 30 is provided such that on both
sides of the heat transfer tube 20, the direction D1 of
length of each convex part 240 provided to the fin 30
positioned on one side of the heat transfer tube 20, and
the direction D2 of length of each convex part 240 pro-
vided to the fin 30 positioned on the other side of the heat
transfer tube 20 are symmetric about the heat transfer
tube 20. This ensures that in the heat exchanger 50, the
direction in which each convex part 240 is inclined differs
between the upstream and downstream sides in the air-
flow relative to the heat transfer tube 20. This leads to
further agitation of the airflow. Consequently, in the heat
exchanger 50, air also flows in to the surface of the fin
30 located downstream of the heat transfer tube 20, and
the flow velocity of air near the surface increases. This
leads to improved heat transfer coefficient.
[0062] The convex parts 240 are each provided to de-
fine a surface inclined relative to the third direction (Z-
axis direction). In the heat exchanger 50, as airflow col-
lides with the surface inclined relative to the second di-
rection (Y-axis direction) and the third direction (Z-axis
direction), the flow of air is agitated. Consequently, in the
heat exchanger 50, air also flows in to the surface of the
fin 30 located downstream of the heat transfer tube 20,
and the flow velocity of air near the surface increases.
This leads to improved heat transfer coefficient.
[0063] The fin 30 includes the convex parts 240 on its
surface. This allows the fin 30 to have an increased sur-
face area in comparison to the fin 30 that includes no
convex parts 240. As a result, the heat exchanger 50 can
be improved in the efficiency of heat exchange between
refrigerant and air.

Embodiment 4

[0064] Fig. 14 is an enlarged view of a heat exchange
module 10C forming the heat exchanger 50 according to
Embodiment 4. An open arrow in Fig. 14 represents air-
flow FL. Fig. 14 is a partial perspective view of the heat
exchange module 10C, and thus a portion of the heat
exchange module 10C is not illustrated in Fig. 14. Com-
ponents identical in function and operation to those de-
scribed above with reference to Embodiment 1 are des-
ignated by the same reference signs and not described
in further detail below. The heat exchange module 10C
forming the heat exchanger 50 according to Embodiment
4 differs from the heat exchange module 10A forming the
heat exchanger 50 according to Embodiment 2 in the
configuration of the fin 30. More specifically, convex parts
340 of the heat exchange module 10C differ in configu-
ration from the convex parts 140 of the heat exchange
module 10A. Reference is now made to Fig. 14 to de-
scribe the configuration of the convex parts 340 provided
to the fin 30 in more detail.
[0065] The heat exchange module 10C includes the
fin 30 positioned on both sides of the heat transfer tube
20 across the heat transfer tube 20 in the third direction

(Z-axis direction). The fin 30 includes on its surface the
convex parts 340 each protruding in the first direction (X-
axis direction). The convex parts 340 are each formed in
a columnar shape that extends along the plane of the fin
30. Although the convex parts 340 depicted in Fig. 14
are formed in the shape of a pentagonal prism, the shape
of the convex parts 340 is not limited to this shape. The
convex parts 340 may be formed in any columnar shape
that extends along the plane of the fin 30. For example,
the convex parts 340 may be formed in the shape of a
semicircular column.
[0066] The convex parts 340 each include a first con-
vex part 341, and a second convex part 342. The first
convex part 341 and the second convex part 342 are
spaced apart from each other in the second direction (Y-
axis direction). With respect to the direction of length of
each convex part 340, an end portion of the convex part
340 located near the heat transfer tube 20 is defined as
a first end portion 340a, and an end portion of the convex
part 340 located opposite to the heat transfer tube 20 is
defined as a second end portion 340b.
[0067] The fin 30 is provided such that the first end
portion 340a of each first convex part 341 is positioned
toward the one end portion T1 of the heat transfer tube
20. Further, the fin 30 is provided such that the second
end portion 340b of each first convex part 341 is posi-
tioned toward the other end portion T2 of the heat transfer
tube 20.
[0068] For the first fin 30a, the direction D1 of length
of each first convex part 341 is inclined relative to the
direction of length of the heat transfer tube 20. In other
words, for the first fin 30a, the direction D1 of length of
each first convex part 341 is inclined relative to the third
direction (Z-axis direction). For the first fin 30a, the first
convex parts 341 provided to the fin 30 each extend
lengthwise in the same direction D1. The first convex
parts 341 are each formed in a columnar shape, inclined
relative to the direction of length of the heat transfer tube
20, and provided to define the inclined surface 42 and
the inclined surface 43 described above.
[0069] For the second fin 30b, the direction D2 of length
of each first convex part 341 is inclined relative to the
direction of length of the heat transfer tube 20. In other
words, for the second fin 30b, the direction D2 of length
of each first convex part 341 is inclined relative to the
third direction (Z-axis direction). For the second fin 30b,
the first convex parts 341 provided to the fin 30 each
extend lengthwise in the same direction D2.
[0070] The fin 30 is provided such that the first end
portion 340a of each second convex part 342 is posi-
tioned toward the other end portion T2 of the heat transfer
tube 20. Further, the fin 30 is provided such that the sec-
ond end portion 340b of each second convex part 342 is
positioned toward the one end portion T1 of the heat
transfer tube 20.
[0071] For the first fin 30a, the direction D2 of length
of each second convex part 342 is inclined relative to the
direction of length of the heat transfer tube 20. In other

17 18 



EP 3 995 775 A1

11

5

10

15

20

25

30

35

40

45

50

55

words, for the first fin 30a, the direction D2 of length of
each second convex part 342 is inclined relative to the
third direction (Z-axis direction). For the first fin 30a, the
second convex parts 342 provided to the fin 30 each ex-
tend lengthwise in the same direction D2. The second
convex parts 342 are each formed in a columnar shape,
inclined relative to the direction of length of the heat trans-
fer tube 20, and provided to define the inclined surface
42 and the inclined surface 43 described above.
[0072] For the second fin 30b, the direction D1 of length
of each second convex part 342 is inclined relative to the
direction of length of the heat transfer tube 20. In other
words, for the second fin 30b, the direction D1 of length
of each second convex part 342 is inclined relative to the
third direction (Z-axis direction). For the second fin 30b,
the second convex parts 342 provided to the fin 30 each
extend lengthwise in the same direction D1.
[0073] For the convex parts 340, the first convex parts
341 are arranged in the third direction (Z-axis direction).
For the convex parts 340, the second convex parts 342
are arranged in the third direction (Z-axis direction). Fur-
ther, for the convex parts 340, the first convex parts 341
and the second convex parts 342 are disposed alternate-
ly in a continuous manner in the second direction (Y-axis
direction).
[0074] As illustrated in Fig. 14, the convex parts 340
each include the first convex part 341 and the second
convex part 342, which have different inclinations from
each other relative to the third direction (Z-axis direction)
and are spaced apart from each other in the second di-
rection (Y-axis direction). Due to the combination of the
first convex part 341 and the second convex part 342
that have different inclinations, in the second direction
(Y-axis direction), the convex parts 340 are formed in the
shape of a line that is bent at an angle at predetermined
intervals at each of which the line doubles back in the
opposite direction. That is, the convex parts 340 are
formed in the shape of serrations or corrugations in the
second direction (Y-axis direction). As for the number of
points at which the airflow FL starts to develop vortices
as described above, the greater the number, the better.
Accordingly, the greater the number of convex parts 340
provided in the second direction (Y-direction) and the
third direction (Z-axis direction), the more desirable.

[Advantageous Effects of Heat Exchanger 50]

[0075] The convex parts 340 each include the first con-
vex part 341 and the second convex part 342. The first
convex part 341 and the second convex part 342 have
different inclinations from each other relative to the third
direction (Z-axis direction), and are spaced apart from
each other in the second direction (Y-axis direction). Due
to the combination of the first convex part 341 and the
second convex part 342, in the second direction (Y-axis
direction), the convex parts 340 are formed in the shape
of a line that is bent at an angle at predetermined intervals
at each of which the line doubles back in the opposite

direction. Consequently, each convex part 340 defines
a progressively narrowing wall in the third direction (Z-
axis direction), which is the direction of airflow. This fa-
cilitates collision between flows of air moving in the third
direction (Z-axis direction), which leads to further agita-
tion of airflow. Consequently, in the heat exchanger 50,
air also flows in to the surface of the fin 30 located down-
stream of the heat transfer tube 20, and the flow velocity
of air near the surface increases. This leads to improved
heat transfer coefficient.
[0076] The convex parts 340 are each provided to de-
fine a surface inclined relative to the third direction (Z-
axis direction). In the heat exchanger 50, as airflow col-
lides with the surface inclined relative to the second di-
rection (Y-axis direction) and the third direction (Z-axis
direction), the flow of air is agitated. Consequently, in the
heat exchanger 50, air also flows in to the surface of the
fin 30 located downstream of the heat transfer tube 20,
and the flow velocity of air near the surface increases.
This leads to improved heat transfer coefficient.
[0077] The fin 30 includes the convex parts 340 on its
surface. This allows the fin 30 to have an increased sur-
face area in comparison to the fin 30 that includes no
convex parts 340. As a result, the heat exchanger 50 can
be improved in the efficiency of heat exchange between
refrigerant and air.

Embodiment 5.

[0078] Fig. 15 schematically illustrates a cross-section
of the fin 30 of a heat exchange module 10D forming the
heat exchanger 50 according to Embodiment 5. Fig. 15
schematically illustrates a cross-section, taken along the
line B-B, of the fin 30 illustrated in Fig. 5. Fig. 15 is a
partial cross-sectional view of the heat exchange module
10D, and thus a portion of the heat exchange module
10D is not illustrated in Fig. 15. The depicted convex
parts 40 of the fin 30 are illustrative only. As the config-
uration of each convex part 40 described below, the con-
figuration of one of convex parts 40 to 440, which have
been described above or will be described later, is em-
ployed. In the following description, components identical
in function and operation to those described above with
reference to Embodiment 1 are designated by the same
reference signs and not described in further detail below.
[0079] The heat exchanger 50 includes the heat ex-
change module 10D, which includes the heat transfer
tube 20 and the fin 30. In the heat exchange module 10D
of the heat exchanger 50, the fin 30 has a root portion
31 serving as a base portion connected to the heat trans-
fer tube 20. The root portion 31 is offset toward protruding
portions of the convex parts 40 in the first direction (X-
axis direction), relative to a middle portion 21 of the thick-
ness of the heat transfer tube 20 in the first direction (X-
axis direction).
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[Advantageous Effects of Heat Exchanger 50]

[0080] As described above, the root portion 31 of the
fin 30 is offset toward protruding portions of the convex
parts 40 in the first direction (X-axis direction), relative to
the middle portion 21 of the thickness of the heat transfer
tube 20 in the first direction (X-axis direction). Thus, as
illustrated in Fig. 15, the area of the fin 30 exposed from
a dead water region DA increases. This facilitates colli-
sion of airflow against the surface of each convex part
40 of the fin 30 in the heat exchange module 10D of the
heat exchanger 50. As a result, in the heat exchanger
50, the flow velocity of air near the surface of the fin 30
increases, which leads to improved heat transfer coeffi-
cient. The above-mentioned configuration of the heat ex-
change module 10D of the heat exchanger 50 also en-
sures that sufficient collision occurs between the airflow
and the surface of the fin 30. This helps to reduce the
required height of the convex part 40, which leads to im-
proved formability of the convex part 40.

Embodiment 6

[0081] Fig. 16 schematically illustrates a cross-section
of the fin 30 of a heat exchange module 10E forming the
heat exchanger 50 according to Embodiment 6. Fig. 17
schematically illustrates a cross-section of the fin 30 of
another example of the heat exchange module 10E form-
ing the heat exchanger 50 according to Embodiment 6.
Each of Figs. 16 and 17 schematically illustrates a cross-
section, taken along the line B-B, of the fin 30 illustrated
in Fig. 5. Figs. 16 and 17 are partial cross-sectional views
of the heat exchange module 10E, and thus a portion of
the heat exchange module 10E is not illustrated in Figs.
16 and 17. An open arrow in each of Figs. 16 and 17
represents airflow FL. The depicted convex parts 40 of
the fin 30 are illustrative only. As the configuration of each
convex part 40 described below, the configuration of one
of convex parts 40 to 440, which have been described
above or will be described later, is employed. In the fol-
lowing description, components identical in function and
operation to those described above with reference to Em-
bodiment 1 are designated by the same reference signs
and not described in further detail below.
[0082] The heat exchanger 50 includes the heat ex-
change module 10E, which includes the heat transfer
tube 20 and the fin 30. In the heat exchange module 10E
of the heat exchanger 50, at least one of the convex parts
40 has a top portion 45 that is positioned outside the heat
transfer tube 20 in the first direction (X-axis direction).
The top portion 45 is a portion located at the tip of each
convex part 40 in the direction in which the convex part
40 protrudes.
[0083] As described above, the second fin 30b corre-
sponds to the fin 30 located downstream in the airflow
FL relative to the heat transfer tube 20. In the heat ex-
change module 10E of the heat exchanger 50, at least
one convex part 40 located downstream of the heat trans-

fer tube 20 has the top portion 45 that is positioned out-
side the width WT of the heat transfer tube 20 in the first
direction (X-axis direction). This facilitates exposure of
the convex part 40 to air.
[0084] As illustrated in Fig. 16, in the heat exchange
module 10E of the heat exchanger 50, the root portion
31 of the fin 30 may be positioned at the location of the
middle portion 21 of the thickness of the heat transfer
tube 20 in the first direction (X-axis direction). Alterna-
tively, as illustrated in Fig. 17, the root portion 31 may be
offset toward protruding portions of the convex parts 40
in the first direction (X-axis direction), relative to the mid-
dle portion 21 of the thickness of the heat transfer tube
20 in the first direction (X-axis direction).

[Advantageous Effects of Heat Exchanger 50]

[0085] In the heat exchange module 10E of the heat
exchanger 50, at least one of the convex parts 40 has
the top portion 45 that is positioned outside the heat trans-
fer tube 20 in the first direction (X-axis direction). The
above-mentioned configuration of the heat exchange
module 10E of the heat exchanger 50 facilitates collision
of airflow against the second fin 30b located downstream
of the heat transfer tube 20. This allows the airflow to
develop a stronger vortex flow. As a result, in the heat
exchanger 50, air increases in flow velocity near the sur-
face of the fin 30 located downstream in the airflow rel-
ative to the heat transfer tube 20. This further improves
heat transfer coefficient.

Embodiment 7

[0086] Fig. 18 schematically illustrates a cross-section
of the fin 30 of a heat exchange module 10F forming the
heat exchanger 50 according to Embodiment 7. Fig. 18
schematically illustrates a cross-section, taken along the
line B-B, of the fin 30 illustrated in Fig. 5. Fig. 18 is a
partial cross-sectional view of the heat exchange module
10F, and thus a portion of the heat exchange module
10F is not illustrated in Fig. 18. An open arrow in Fig. 18
represents airflow FL. The depicted convex parts 40 of
the fin 30 are illustrative only. As the configuration of each
convex part 40 described below, the configuration of one
of convex parts 40 to 440, which have been described
above or will be described later, is employed. In the fol-
lowing description, components identical in function and
operation to those described above with reference to Em-
bodiment 1 are designated by the same reference signs
and not described in further detail below.
[0087] The heat exchanger 50 includes the heat ex-
change module 10F, which includes the heat transfer
tube 20 and the fin 30. The fin 30 of the heat exchange
module 10F of the heat exchanger 50 is positioned on
both sides of the heat transfer tube 20 across the heat
transfer tube 20 in the third direction (Z-axis direction).
The convex parts 40 provided to the fin 30 positioned on
one side of the heat transfer tube 20 are all positioned
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within the width WT of the heat transfer tube 20 in the
first direction (X-axis direction).
[0088] As described above, the first fin 30a corre-
sponds to the fin 30 located upstream in the airflow FL
relative to the heat transfer tube 20, and the second fin
30b corresponds to the fin 30 located downstream in the
airflow FL relative to the heat transfer tube 20. In each
of the heat exchange modules 10F, the convex parts 40
provided to the first fin 30a positioned on the other side
of the heat transfer tube 20 from the second fin 30b are
positioned within the width WT of the heat transfer tube
20 in the first direction (X-axis direction). In the heat ex-
change module 10F, the convex parts 40 located up-
stream of the heat transfer tube 20 each have the top
portion 45 that is positioned inside the width WT of the
heat transfer tube 20 in the first direction (X-axis direc-
tion). This helps to ensure less exposure of the convex
part 40 to air relative to the heat transfer tube.

[Advantageous Effects of Heat Exchanger 50]

[0089] In each of the heat exchange modules 10F, the
convex parts 40 provided to the first fin 30a disposed
downstream in the airflow FL relative to the heat transfer
tube 20 are all positioned within the width WT of the heat
transfer tube 20 in the first direction (X-axis direction).
This helps to ensure that in each of the heat exchange
modules 10F of the heat exchanger 50, agitation of air
upstream of the heat transfer tube 20 occurs in areas
near the heat exchange module 10F. As a result, in each
of the heat exchange modules 10F of the heat exchanger
50, airflow is easily directed to the heat transfer tube 20
or to the second fin 30b located downstream of the heat
transfer tube 20. This further improves heat transfer co-
efficient.

Embodiment 8

[0090] Fig. 19 is an enlarged view of a heat exchange
module 10G forming the heat exchanger 50 according
to Embodiment 8. Fig. 20 schematically illustrates a
cross-section, taken along a line F-F, of the fin 30 illus-
trated in Fig. 19. Fig. 21 schematically illustrates a cross-
section, taken along a line G-G, of the fin 30 illustrated
in Fig. 19. Fig. 19 is a partial perspective view of the heat
exchange module 10G, and thus a portion of the heat
exchange module 10G is not illustrated in Fig. 19. Figs.
20 and 21 are partial cross-sectional views of the heat
exchange module 10G, and thus a portion of the heat
exchange module 10G is not illustrated in Figs. 20 and
21. Open arrows in Figs. 19 to 21 represent airflow FL.
The depicted convex parts 40 of the fin 30 are illustrative
only. As the configuration of each convex part 40 de-
scribed below, the configuration of one of convex parts
40 to 440, which have been described above or will be
described later, is employed. In the following description,
components identical in function and operation to those
described above with reference to Embodiment 1 are

designated by the same reference signs and not de-
scribed in further detail below.
[0091] The heat exchanger 50 includes the heat ex-
change module 10G, which includes the heat transfer
tube 20 and the fin 30. The heat exchange module 10G
of the heat exchanger 50 includes a flat portion 36. The
flat portion 36 is obtained by forming the fin 30 to have
a flat surface in both end portions of the fin 30 that extend
in the second direction (Y-axis direction) or the third di-
rection (Z-axis direction). More specifically, the heat ex-
change module 10G of the heat exchanger 50 includes
a first flat portion 35 obtained by forming the fin 30 to
have a flat surface in both end portions of the fin 30 that
extend in the second direction (Y-axis direction). The first
flat portion 35 is provided in an edge portion of the fin 30,
and extends in the second direction (Y-axis direction).
Alternatively, the heat exchange module 10G of the heat
exchanger 50 includes a second flat portion 37 obtained
by forming the fin 30 to have a flat surface in both end
portions of the fin 30 that extend in the third direction (Y-
axis direction). The second flat portion 37 is provided in
an edge portion of the fin 30, and extends in the third
direction (Z-axis direction).

[Advantageous Effects of Heat Exchanger 50]

[0092] The heat exchange module 10G of the heat ex-
changer 50 includes the flat portion 36. The flat portion
36 is obtained by forming the fin 30 to have a flat surface
in both end portions of the fin 30 that extend in the second
direction (Y-axis direction) or the third direction (Z-axis
direction). The presence of the flat portion 36 in the heat
exchange module 10G of the heat exchanger 50 ensures
that the heat exchange module 10G be provided with a
hold-down portion that serves as a reference plane in
forming irregularities corresponding to the convex parts
40. The presence of the flat portion 36 as a hold-down
portion in the heat exchange module 10G of the heat
exchanger 50 helps to prevent or reduce wear of the form-
ing machine, which leads to reduced manufacturing cost.

Embodiment 9

[0093] Fig. 22 is an enlarged view of a heat exchange
module 10H forming the heat exchanger 50 according to
Embodiment 9. Fig. 22 is a partial perspective view of
the heat exchange module 10H, and thus a portion of the
heat exchange module 10H is not illustrated in Fig. 22.
Open arrows in Fig. 22 represent airflow FL. In the fol-
lowing description, components identical in function and
operation to those described above with reference to Em-
bodiment 1 are designated by the same reference signs
and not described in further detail below.
[0094] The fin 30 includes on its surface a plurality of
convex parts 440 each protruding in the first direction (X-
axis direction). Each convex part 440 has the shape of
a triangular pyramid, and protrudes to define lateral faces
441 of the triangular pyramid. The convex part 440 is
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formed with the lateral faces 441 of the triangular pyramid
facing upstream in the airflow FL. That is, the convex part
440 is formed such that its portion near an apex 442 is
located upstream in the airflow. The convex part 440 is
formed such that its edge 443 located near the tip in the
first direction (X-axis direction) is aligned with the third
direction (Z-axis direction). The shape of the convex part
440 described above is only an example. The shape of
the convex part 440 is not limited to the above-mentioned
shape. For example, the convex part 440 may be formed
in other shapes such as another pyramid, a circular cone,
or a hemisphere.
[0095] The convex parts 440 are arranged in the sec-
ond direction (Y-axis direction). The convex parts 440
arranged in the second direction (Y-axis direction) are
arranged in rows in the third direction (Z-axis direction).
In this case, odd and even rows are offset from each
other in the second direction (Y-axis direction). Of each
two rows of the convex parts 440 in the third direction (Z-
axis direction), each convex part 440 in the back row is
positioned between adjacent convex parts 440 in the
front row.
[0096] Fig. 23 schematically illustrates a cross-section,
taken along a line H-H, of the fin 30 illustrated in Fig. 22.
The H-H cross-section is a cross-section of the fin 30 that
is taken in the third direction (Z-axis direction) and viewed
in the second direction (Y-axis direction). Fig. 23 is a
partial cross-sectional view of the heat exchange module
10H, and thus a portion of the heat exchange module
10H is not illustrated in Fig. 23. As illustrated in Fig. 23,
the convex parts 440 of the fin 30 are each provided to
define an inclined surface 46 having an inclination angle
α relative to the third direction (Z-axis direction). The in-
clined surface 46 is a surface located on the protruding
side of each convex part 440, and is a slope facing up-
stream in the direction of the airflow FL. That is, the in-
clined surface 46 is a surface located on the protruding
side of each convex part 440, and is a surface positioned
not near the distal end of the fin 30 but near the root
portion 31 where the heat transfer tube 20 is disposed.
[0097] Fig. 24 schematically illustrates a cross-section,
taken along a line I-I, of the fin 30 illustrated in Fig. 22.
The I-I cross-section is a cross-section of the fin 30 that
is taken in the second direction (Y-axis direction) and
viewed in the third direction (Z-axis direction). Fig. 24 is
a partial cross-sectional view of the heat exchange mod-
ule 10H, and thus a portion of the heat exchange module
10H is not illustrated in Fig. 24. As illustrated in Fig. 24,
the convex parts 440 of the fin 30 are each provided to
define an inclined surface 47 having an inclination angle
β relative to the second direction (Y-axis direction).
[0098] As described above, each of the convex parts
440 is provided to have an inclination angle α that is less
than an inclination angle β, where the inclination angle
α is defined as an angle formed by the convex part 440
with the third direction (Z-axis direction), and the inclina-
tion angle β is defined as an angle formed by the convex
part 440 with the second direction (Y-axis direction). That

is, each of the convex parts 440 is provided to have the
inclination angle α that is less than the inclination angle β.

[Advantageous Effects of Heat Exchanger 50]

[0099] The convex parts 440 are each provided to have
the inclination angle α that is less than the inclination
angle β. The above-mentioned configuration of the heat
exchange module 10H of the heat exchanger 50 helps
to reduce the deflection angle of airflow in the third direc-
tion (Z-axis direction) while allowing the convex parts 440
to be formed at high density in the second direction (Y-
axis direction). This allows the heat exchanger 50 to have
an improved balance between heat transfer performance
and resistance to airflow, which leads to enhanced heat
exchanger performance.

[Operational Effects of Refrigeration Cycle Apparatus 
100]

[0100] The refrigeration cycle apparatus 100 de-
scribed above includes the heat exchanger according to
any one of Embodiments 1 to 3. Accordingly, the refrig-
eration cycle apparatus 100 provides effects similar to
those of Embodiment 1 or 2. Therefore, the refrigeration
cycle apparatus 100 is equipped with a heat exchanger
with high heat transfer performance, which leads to im-
proved energy efficiency of the air-conditioning system.
[0101] Embodiments 1 to 9 mentioned above can be
practiced in combination with each other. The configura-
tions described above with reference to the embodiments
are intended to be illustrative only. These configurations
can be combined with other known techniques, or can
be partially omitted or changed without departing from
the scope of the present disclosure.

Reference Signs List

[0102] 10: heat exchange module, 10A: heat exchange
module, 10B: heat exchange module, 10C: heat ex-
change module, 10D: heat exchange module, 10E: heat
exchange module, 10F: heat exchange module, 10G:
heat exchange module, 10H: heat exchange module, 10I:
heat exchange module, 20: heat transfer tube, 20a: first
edge portion, 20b: second edge portion, 20c: flat surface,
20d: flat surface, 21: middle portion, 22: refrigerant pas-
sage, 23: partition wall, 30: fin, 30a: first fin, 30b: second
fin, 31: root portion, 35: first flat portion, 36: flat portion,
37: second flat portion, 40: convex part, 40a: first convex
part, 40b: second convex part, 41: edge, 42: inclined sur-
face, 43: inclined surface, 45: top portion, 46: inclined
surface, 47: inclined surface, 50: heat exchanger, 70:
header, 71: first header, 72: second header, 100: refrig-
eration cycle apparatus, 101: compressor, 102: flow
switching device, 103: indoor heat exchanger, 104: pres-
sure reducing device, 105: outdoor heat exchanger, 106:
outdoor unit, 107: indoor unit, 108: outdoor fan, 109: in-
door fan, 110: refrigerant circuit, 111: extension pipe,
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112: extension pipe, 120: heat transfer tube, 140: convex
part, 240: convex part, 240a: first end portion, 240b: sec-
ond end portion, 340: convex part, 340a: first end portion,
340b: second end portion, 341: first convex part, 342:
second convex part, 440: convex part, 441: lateral face,
442: apex, 443: edge.

Claims

1. A heat exchanger comprising:

a plurality of heat exchange modules arranged
and spaced apart from each other in a first di-
rection;
a header connected to end portions of the plu-
rality of heat exchange modules, the end por-
tions being located at ends of the plurality of heat
exchange modules in a second direction cross-
ing perpendicularly to the first direction,
the plurality of heat exchange modules each in-
cluding
a heat transfer tube extending in the second di-
rection, and
a fin extending from an edge portion of the heat
transfer tube in a third direction crossing per-
pendicularly to a plane parallel to the first direc-
tion and the second direction,
the fin including on its surface a plurality of con-
vex parts each protruding in the first direction,
and,
the plurality of convex parts each being provided
to define a surface inclined relative to the second
direction and the third direction.

2. The heat exchanger of claim 1,

wherein each of the plurality of convex parts is
formed in a shape of a quadrangular pyramid,
and
wherein edges of the plurality of convex parts
are provided to extend continuously in the third
direction.

3. The heat exchanger of claim 1,

wherein each of the plurality of convex parts is
formed in a columnar shape that extends along
a plane of the fin,
wherein a direction of length of each of the plu-
rality of convex parts is inclined relative to the
third direction.

4.  The heat exchanger of claim 3, wherein the plurality
of convex parts are arranged in the second direction,
and are arranged in the third direction, the plurality
of convex parts being all inclined in a same direction
relative to the third direction.

5. The heat exchanger of claim 3,

wherein the fin is positioned on both sides of the
heat transfer tube across the heat transfer tube
in the third direction, and
wherein a direction of length of each of the plu-
rality of convex parts provided to the fin posi-
tioned on one side of the heat transfer tube, and
a direction of length of each of the plurality of
convex parts provided to the fin positioned on
an other side of the heat transfer tube have dif-
ferent inclinations from each other relative to the
third direction.

6. The heat exchanger of claim 5, wherein in the fin,
the direction of length of each of the plurality of con-
vex parts provided to the fin positioned on the one
side of the heat transfer tube, and the direction of
length of each of the plurality of convex parts provid-
ed to the fin positioned on the other side of the heat
transfer tube are symmetric about the heat transfer
tube.

7. The heat exchanger of claim 3,

wherein the plurality of convex parts each in-
clude a first convex part and a second convex
part, the first convex part and the second convex
part having different inclinations from each other
relative to the third direction and being spaced
apart from each other in the second direction,
and
wherein due to a combination of the first convex
part and the second convex part, in the second
direction, the plurality of convex parts are formed
in a shape of a line that is bent at an angle at
predetermined intervals at each of which the line
doubles back in an opposite direction.

8. The heat exchanger of any one of claims 1 to 7,

wherein the fin has a root portion serving as a
base portion connected to the heat transfer tube,
and
wherein the root portion is offset toward protrud-
ing portions of the plurality of convex parts in the
first direction, relative to a middle portion of a
thickness of the heat transfer tube in the first
direction.

9. The heat exchanger of any one of claims 1 to 8,

wherein the fin is positioned on both sides of the
heat transfer tube across the heat transfer tube
in the third direction, and
wherein in each of the plurality of heat exchange
modules, at least one convex part of the plurality
of convex parts provided to the fin positioned on
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one side of the heat transfer tube has a top por-
tion that is positioned outside the heat transfer
tube in the first direction.

10. The heat exchanger of claim 9, wherein in each of
the plurality of heat exchange modules, the plurality
of convex parts provided to the fin positioned on an
other side of the heat exchange module are posi-
tioned within a width of the heat transfer tube in the
first direction.

11. The heat exchanger of any one of claims 1 to 10,
wherein each of the plurality of heat exchange mod-
ules includes a flat portion, the flat portion being ob-
tained by forming the fin to have a flat surface in both
end portions in the second direction or the third di-
rection.

12. The heat exchanger of any one of claims 1 to 11,
wherein each of the plurality of convex parts is pro-
vided to have an inclination angle α that is less than
an inclination angle β, the inclination angle α being
defined as an angle formed by the convex part with
the third direction, the inclination angle β being de-
fined as an angle formed by the convex part with the
second direction.

13.  A refrigeration cycle apparatus comprising the heat
exchanger of any one of claims 1 to 12.
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