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(57)  An object is to provide a heat-exchanger unit
and a refrigeration cycle apparatus that make a flow of
air passing through portions of a heat exchanger uniform
to improve heat exchange performance. The heat-ex-
changer unit includes an air-sending device configured
to send outside air into a casing, and a heat exchanger
laterally surrounding a rotation center axis of the
air-sending device. The heat exchanger includes a plu-
rality of flat tubes arranged in parallel and surrounding
the rotation center axis of the air-sending device, the plu-
rality of flat tubes each having a pipe axis extending in a
vertical direction, and a header connecting the plurality
of flat tubes. The plurality of flat tubes include a first flat
tube, a second flat tube, and a third flat tube, and each
of the second flat tube and the third flat tube is placed
adjacent to the first flat tube. Where a radial direction
through each of the first flat tube, the second flat tube,
and the third flat tube has the rotation center axis of the
air-sending device as a center of the radial direction, each
of the first flat tube, the second flat tube, and the third flat
tube has, among two ends of a longitudinal axis of a sec-
tion perpendicular to the pipe axis, a first end positioned
closer to the center of the radial direction than is the other
end, and the first ends are arranged on a virtual annular
line surrounding the rotation center axis. The first end of
the first flat tube is placed further away from the center

HEAT EXCHANGER UNIT, AND REFRIGERATION CYCLE DEVICE

of the radial direction than is a virtual straight line con-
necting the first end of the second flat tube and the first
end of the third flat tube.
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Description
Technical Field

[0001] The present disclosure relates to a heat-ex-
changer unit and a refrigeration cycle apparatus each
including a heat exchanger in which flat tubes are ar-
ranged such that pipe axes of the flat tubes extend in a
vertical direction, and, particularly to an arrangement
structure of flat tubes.

Background Art

[0002] An existing heat-exchanger unit in which a heat
exchanger including a heat transfer tube and a fin is
placed to laterally surround an air-sending device is well-
known. Such a heat exchanger is placed such that the
heat transfer tube extends in a horizontal direction and
the fin perpendicularly intersects with a pipe axis of the
heat transfer tube. It is necessary to secure a front sur-
face area of the heat exchanger as large as possible in
a limited capacity of a casing. Accordingly, the heat ex-
changer is configured such that the heat transfer tube is
bent a plurality of times in a direction in which the heat
exchanger extends to surround an air duct provided with
the air-sending device (for example, see Patent Litera-
ture 1).

Citation List
Patent Literature

[0003]
4684085

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0004] Inaheat-exchanger unit disclosed in Patent Lit-
erature 1, as the heat transfer tube of the heat exchanger
is placed to have the pipe axis extending in the horizontal
direction, a header, a U-shaped bent portion of the heat
transfer tube, and a connection pipe are placed atan end
inthe horizontal direction. Accordingly, the heatexchang-
er cannot surround the whole surrounding region of the
air duct provided with the air-sending device, and cannot
improve mounting efficiency in the air duct inside the cas-
ing. Thus, a problem with the heat-exchanger unit is that
the casing and the heat exchanger have to be upsized
to secure necessary heat exchange performance. An-
other problem with the heat-exchanger unit is that the
heat exchange performance is deteriorated as air not
subjected to heat exchange passes through the end of
the heat exchanger in the horizontal direction. Moreover,
another problem with the heat-exchanger unit is that a
flow of air passing through the heat exchanger varies
among portions of the heat exchanger and the heat ex-
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change performance is deteriorated because a distance
from the air-sending device to the heat transfer tube is
largely varied.

[0005] An object of the present disclosure, which has
been made to solve the above-described problems, is to
provide a heat-exchanger unit and a refrigeration cycle
apparatus that make the flow of the air passing through
the portions of the heat exchanger uniform to improve
the heat exchange performance.

Solution to Problem

[0006] A heat-exchangerunitaccordingto one embod-
iment of the present disclosure includes an air-sending
device configured to send outside air into a casing, and
a heat exchanger laterally surrounding a rotation center
axis of the air-sending device. The heat exchanger in-
cludes a plurality of flat tubes arranged in parallel and
surrounding the rotation center axis of the air-sending
device, the plurality of flat tubes each having a pipe axis
extending in a vertical direction, and a header connecting
the plurality of flat tubes. The plurality of flat tubes include
a first flat tube, a second flat tube, and a third flat tube,
and each of the second flat tube and the third flat tube
are placed adjacent to the first flat tube. Where a radial
direction through each of the first flat tube, the second
flat tube, and the third flat tube has the rotation center
axis of the air-sending device as a center of the radial
direction, each of the first flat tube, the second flat tube,
and the third flat tube has, among two ends of a longitu-
dinal axis of a section perpendicular to the pipe axis, a
first end positioned closer to the center of the radial di-
rection than is the other end, and the first ends are ar-
ranged on a virtual annular line surrounding the rotation
center axis. The first end of the first flat tube is placed
further away from the center of the radial direction than
is a virtual straight line connecting the first end of the
second flat tube and the first end of the third flat tube.
[0007] Arefrigeration cycle apparatus according to an-
other embodiment of the present disclosure includes the
above-described heat-exchanger unit.

Advantageous Effects of Invention

[0008] According to an embodiment of the present dis-
closure, the flat tubes are annularly arranged around the
air-sending device, and a difference in distance from the
air-sending device to the first end of each of the plurality
of flat tubes can be set small by the above-described
configuration. Therefore, the flow of the air passing be-
tween the flat tubes is made uniform, which improves the
heat exchange performance of the heat-exchanger unit
and the refrigeration cycle apparatus.

Brief Description of Drawings

[0009]
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[Fig. 1] Fig. 1 is a schematic diagram of a structure
in a section perpendicular to a rotation center axis
of an air-sending device of a heat-exchanger unit
according to Embodiment 1.

[Fig. 2] Fig. 2 is a schematic diagram of a structure
in a section parallel to the rotation center axis of the
air-sending device of the heat-exchanger unit ac-
cording to Embodiment 1.

[Fig. 3] Fig. 3 is an explanatory diagram of a refrig-
eration cycle apparatus to which the heat-exchanger
unit according to Embodiment 1 is applied.

[Fig. 4] Fig. 4 is a schematic diagram to explain a
structure of a flat tube included in a heat exchanger
according to Embodiment 1.

[Fig. 5] Fig. 5is an explanatory diagram of positional
relationship between the air-sending device and a
plurality of flat tubs of the heat exchanger of the heat-
exchanger unit according to Embodiment 1.

[Fig. 6] Fig. 6 is an explanatory diagram of positional
relationship between an air-sending device and a
plurality of flat tubes of a heat exchanger of a heat-
exchanger unit as a modification of the heat-ex-
changer unit according to Embodiment 1.

[Fig. 7] Fig. 7 is an explanatory diagram of positional
relationship between an air-sending device and a
plurality of flat tubes of a heat exchanger of a heat-
exchanger unit as a comparative example of the
heat-exchanger unit according to Embodiment 1.
[Fig. 8] Fig. 8 is an explanatory diagram of a structure
in a section perpendicular to pipe axes of flat tubes
of a heat exchanger as a modification of the heat
exchanger of the heat-exchanger unit according to
Embodiment 1.

[Fig. 9] Fig. 9 is an explanatory diagram of a structure
in a section parallel to the pipe axis of the flat tube
of the heat exchanger as the modification of the heat
exchanger of the heat-exchanger unit according to
Embodiment 1.

[Fig. 10] Fig. 10 is an explanatory diagram of posi-
tional relationship between an air-sending device
and a plurality of flat tubes of a heat exchanger of a
heat-exchanger unit according to Embodiment 2.
[Fig. 11] Fig. 11 is an explanatory diagram of posi-
tional relationship between an air-sending device
and a plurality of flat tubes of a heat exchanger of a
heat-exchanger unit according to Embodiment 3.
[Fig. 12] Fig. 12 is a schematic diagram to explain a
structure of a flat tube included in the heat exchanger
in Fig. 11.

[Fig. 13] Fig. 13 is an explanatory diagram of posi-
tional relationship between an air-sending device
and a plurality of flat tubes of a heat exchanger of a
heat-exchanger unit according to Embodiment 4.
[Fig. 14] Fig. 14 is a schematic diagram to explain a
structure of a flat tube included in the heat exchanger
in Fig. 13.

[Fig. 15] Fig. 15 is a schematic diagram of a structure
in a section perpendicular to a rotation center axis
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of the air-sending device of the heat-exchanger unit
according to Embodiment 4.

Description of Embodiments

[0010] Embodiments of a heat exchanger and a heat-
exchanger unit are described below. Note that forms il-
lustrated in the drawings are illustrative and do not limit
the present disclosure. Further, components denoted by
the same reference signs in the drawings are the same
or equivalent components, which is applied to full text of
the specification. Furthermore, in the following drawings,
size relationship among the components may be different
from actual size relationship.

Embodiment 1

[0011] Fig. 1 is a schematic diagram of a structure in
a section perpendicular to a rotation center axis 61 of an
air-sending device 2 of a heat-exchanger unit 100 ac-
cording to Embodiment 1. Fig. 2 is a schematic diagram
of a structure in a section parallel to the rotation center
axis of the air-sending device 60 of the heat-exchanger
unit 100 according to Embodiment 1. Fig. 3 is an explan-
atory diagram of a refrigeration cycle apparatus 1 to
which the heat-exchanger unit 100 according to Embod-
iment 1 is applied. The heat-exchanger unit 100 illustrat-
ed in Fig. 1 is mounted on the refrigeration cycle appa-
ratus 1 such as an air-conditioning apparatus. As illus-
trated in Fig. 3, the refrigeration cycle apparatus 1 in-
cludes a compressor 3, a four-way valve 4, an outdoor
heat exchanger 5, an expansion device 6, and an indoor
heat exchanger 7, which are connected by a refrigerant
pipe 90 to form a refrigerant circuit. For example, in a
case where the refrigeration cycle apparatus 1 is an air-
conditioning apparatus, refrigerant flows through the re-
frigerant pipe 90, and heating operation and refrigerating
operation can be switched by switching the flows of the
refrigerant by the four-way valve 4.

[0012] The outdoor heat exchanger 5 mounted on an
outdoor unit 8 and the indoor heat exchanger 7 mounted
on an indoor unit 9 are each provided with the air-sending
device 2 in the vicinity of the corresponding one of the
outdoor heat exchanger 5 and the indoor heat exchanger
7. In the outdoor unit 8, the air-sending device 2 sends
outdoor air to the outdoor heat exchanger 5 to cause the
outside air and the refrigerant to exchange heat. In the
indoor unit 9, the air-sending device 2 introduces indoor
air into a casing, sends the indoor air to the indoor heat
exchanger 7 to cause the indoor air and the refrigerant
to exchange heat, thereby conditioning temperature of
the indoor air. Further, the heat-exchanger unit 100 is
usable as the outdoor unit 8 and the indoor unit 9 in the
refrigeration cycle apparatus 1. In other words, a heat
exchanger 10 mounted on the heat-exchanger unit 100
is used as a condenser or an evaporator. A unit on which
the heat exchanger 10 is mounted, such as the outdoor
unit 8 and the indoor unit 9, is particularly referred to as
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the heat-exchanger unit 100.

[0013] Inthe heat-exchanger unit 100 illustrated in Fig.
1,the air-sending device 2 is placed at a center of a casing
80, and the heat exchanger 10 is placed to surround the
rotation center axis 61 of the air-sending device 2. An
inside air duct 70 is provided inside the heat exchanger
10, and an outside air duct 71 is provided outside the
heat exchanger 10. The outside air duct 71 is provided
between an air duct outer wall inside the casing 80 and
an outer periphery of the heat exchanger 10. In Embod-
iment 1, the air-sending device 2 introduces air outside
the casing 80 into the casing 80 from an opening port 82.
The introduced air passes through the heat exchanger
10 from the inside air duct 70, and is blown out to the
outside from an opening port 81 communicating with the
outside of the casing 80, through the outside air duct 71.
As illustrated in Fig. 2, in the heat-exchanger unit 100
according to Embodiment 1, the heat exchanger 10 is
placed to laterally surround the air-sending device 2;
however, the heat exchanger 10is notlimited to this form,
and the air-sending device 2 and the heat exchanger 10
may be placed at positions displaced from each other in
a vertical direction. Further, in Embodiment 1, the air in-
side the casing 80 flows from the opening port 82 to the
opening port 81 through the air-sending device 2, the
heat exchanger 10, and the outside air duct 71; however,
the air may flow in an opposite direction.

[0014] Fig. 4 is a schematic diagram to explain a struc-
ture of a flat tube 20 included in the heat exchanger 10
according to Embodiment 1. The heat exchanger 10 in-
cludes a plurality of flat tubes 20, which are arranged to
surround the rotation center axis 61 of the air-sending
device 2. Of each of the plurality of flat tubes 20, a shape
of a section perpendicular to a pipe axis is a flat shape
having a longitudinal axis 26 and a short axis 27. A plu-
rality of refrigerant flow paths 24 through which the re-
frigerant flows are provided inside each of the plurality
of flat tubes 20. Further, each of the flat tubes 20 is made
of a metal material having thermal conductivity. Exam-
ples of the material formed into each of the flat tubes 20
include aluminum, an aluminum alloy, copper, and a cop-
per alloy. Each of the flat tubes 20 is manufactured by
extrusion process in which a heated material is extruded
from a hole of a die to form a product having the section
illustrated in Fig. 3. Alternatively, each of the flat tubes
20 may be manufactured by drawing process in which
the material is drawn from the hole of the die to form a
product having the section illustrated in Fig. 3. The meth-
od of manufacturing each of the flat tubes 20 may appro-
priately be selected depending on the shape of the sec-
tion of each of the flat tubes 20.

[0015] As illustrated in Fig. 2, the plurality of flat tubes
20 are arranged such that the pipe axes extend in the
vertical direction, namely, in a direction parallel to the
rotation center axis 61 of the air-sending device 2. A first
header 30 is attached to upper ends of the plurality of flat
tubes 20, and a second header 40 is attached to lower
ends of the plurality of flat tubes 20. The first header 30
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and the second header 40 are connected to the refriger-
ant pipe 90 illustrated in Fig. 3, and distribute the refrig-
erant flowing through the refrigeration cycle apparatus 1
into the flat tubes 20. Further, the heat exchanger 10
does not include a fin by which the plurality of flat tubes
20 are connected with each other.

[0016] Fig. 5 is an explanatory diagram of positional
relationship between the air-sending device 2 and the
plurality of flat tubes 20 of the heat exchanger 10 of the
heat-exchanger unit 100 according to Embodiment 1. In
Fig. 5, only a part of the plurality of flat tubes 20 is illus-
trated, and illustration of the other flat tubes 20 is omitted.
The plurality of flat tubes 20 are arranged in parallel and
surround the rotation center axis 61 of the air-sending
device 2. When a radial direction has the rotation center
axis 61 of the air-sending device 2 as a center of the
radial direction, the longitudinal axis 26 in the section
perpendicular to the pipe axis of each of the plurality of
flat tubes 20 extends in the radial direction. Out of two
ends of the longitudinal axis 26 of each of the plurality of
flat tubes 20, an end positioned inward in the radial di-
rection is referred to as a first end 21, and an end posi-
tioned outward in the radial direction is referred to as a
second end 22. In Embodiment 1, the first ends 21 of the
respective flat tubes 20 are arranged on a virtual annular
line 23 surrounding the rotation center axis 61 of the air-
sending device 2. In Fig. 5, the first ends 21 of the re-
spective flat tubes 20 are positioned on a virtual circle
having the rotation center axis 61 as a center.

[0017] The plurality of flat tubes 20 include a first flat
tube 20a, a second flat tube 20b, and a third flat tube
20c. Each of the second flat tube 20b and the third flat
tube 20c is placed adjacent to the first flat tube 20a. The
first flat tube 20a is placed between the second flat tube
20b and the third flat tube 20c. In Embodiment 1, the first
ends 21 of the first flat tube 20a, the second flat tube 20b,
and the third flat tube 20c are positioned on the virtual
line 23. As the virtual line 23 has a circular shape, the
first flat tube 20a, the second flat tube 20b, and the third
flat tube 20c are equal in distance from the air-sending
device 2 to each first end 21. Accordingly, an amount of
air flowing between the first flat tube 20a and the second
flat tube 20b and an amount of air flowing between the
first flat tube 20a and the third flat tube 20c are less dif-
ferent from each other.

[0018] When the radial direction with the rotation cent-
er axis 61 of the air-sending device 2 as a center is de-
fined in Fig. 5, the first end 21 of the first flat tube 20a is
positioned further outward in the radial direction than is
a virtual straight line L connecting the first end 21 of the
second flat tube 20b and the first end 21 of the third flat
tube 20c. When sets of the first flat tube 20a, the second
flat tube 20b, and the third flat tube 20c placed in such
positional relationship are arranged on the entire circum-
ference around the rotation center axis 61 of the air-send-
ing device 2, the first ends 21 of the respective flat tubes
20 of the heat exchanger 10 are arranged on the virtual
annular line 23 surrounding the rotation center axis.
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When an interval between the firstends 21 is made equal
among the flat tubes 20 and a distance from the first end
21 of the first flat tube 20a to the virtual straight line L is
made equal among all sets of the plurality of flat tubes
20, the first ends 21 of the respective flat tubes 20 are
circularly arranged around the rotation center axis 61 as
illustrated in Fig. 5. Further, in Embodiment 1, a first vir-
tual line that is an extension of the longitudinal axis 26 in
the section perpendicular to the pipe axis of the first flat
tube 20a intersects, at a position inward in the radial di-
rection, with each of a second virtual line that is an ex-
tension of the longitudinal axis 26 of the second flat tube
20b and a third virtual line that is an extension of the
longitudinal axis 26 of the third flat tube 20c.

[0019] Fig. 6 is an explanatory diagram of positional
relationship between the air-sending device 2 and the
plurality of flat tubes 20 of a heat exchanger 10a of a
heat-exchanger unit 100a as a modification of the heat-
exchanger unit 100 according to Embodiment 1. In Fig.
6, only a part of the plurality of flat tubes 20 is illustrated,
and illustration of the other flat tubes 20 is omitted. Among
the plurality of flat tubes 20, a first flat tube placed at a
position different from the first flat tube 20a is referred to
as a first flat tube 20d. Among the plurality of flat tubes
20, flat tubes 20 each placed adjacent to the first flat tube
20d are referred to as a second flat tube 20e and a third
flat tube 20f. In the heat-exchanger unit 100a, the first
end 21 of the first flat tube 20a is positioned further out-
ward in the radial direction than is a virtual straight line
L1 connecting the first end 21 of the second flat tube 20b
and the first end 21 of the third flat tube 20c, as in the
heat-exchanger unit 100. Further, the first flat tube 20d
that is placed at a position different from the first flat tube
20a, the second flat tube 20b, and the third flat tube 20c
is also positioned further outward in the radial direction
than is a virtual straight line L2 connecting the first end
21 of the second flat tube 20e and the first end 21 of the
third flat tube 20f. However, when a distance from the
first end 21 of the first flat tube 20a to the virtual straight
line L1 connecting the first end 21 of the second flat tube
20b and the first end 21 of the third flat tube 20c and a
distance from the first end 21 of the first flat tube 20d to
the virtual straight line L2 connecting the first end 21 of
the second flat tube 20e and the first end 21 of the third
flat tube 20c are compared, the distance from the first
end 21 of the first flat tube 20d to the virtual straight line
L2 is set large. At this time, the interval between the first
ends 21 is set equal among the plurality of flat tubes 20.
[0020] As illustrated in Fig. 6, when the distance from
the first flat tube 20a to the virtual straight line L1 and the
distance from the first flat tube 20d to the virtual straight
line L2 are set to be different from each other, the first
ends 21 of the respective flat tubes 20 are arranged on
a virtual annular line 23a surrounding the rotation center
axis 61. In the heat-exchanger unit 100a, the first ends
21 of the respective flat tubes 20 are arranged in an el-
liptical shape having the rotation center axis 61 of the air-
sending device 2 as a center. Such a configuration makes
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it possible to reduce variation in the amount of air passing
among the flat tubes 20 while improving arrangement
flexibility of the flat tubes 20 of the heat exchanger 10a.
[0021] Fig. 7 is an explanatory diagram of positional
relationship between the air-sending device 2 and a plu-
rality of flat tubes 120 of a heat exchanger 110 of a heat-
exchanger unit 1100 as a comparative example of the
heat-exchanger units 100 and 100a according to Embod-
iment 1. In Fig. 7, only a part of the plurality of flat tubes
20 is illustrated, and illustration of the other flat tubes 20
is omitted. The heat exchanger 110 is configured such
that the first ends 21 of the respective flat tubes 120 are
arranged on a virtual line 123 surrounding the rotation
center axis 61 of the air-sending device 2. The virtual line
123 has a rectangular shape, and includes straight line
portions 128 and corners 129, which are portions at ends
of each of the straight line portions 128 contacting the
other straight line portion 128.

[0022] The heat exchanger 110 includes flat tubes
120a, 120b, 120c and 120h that have the respective first
ends 121 arranged on one straight line portion 128 and
have the respective longitudinal axes 26 arranged par-
allel to one another. The air-sending device 2 is a cen-
trifugal air-sending device, and blows out the air in a di-
rection of an arrow 63 inclined outward from a tangential
direction of an outer periphery of the air-sending device
2 asillustrated in Fig. 7. Accordingly, the air enters among
the flat tubes 120a, 120b, 120c, 120f, 120h, and 120i that
have the respective firstends 21 arranged on one straight
line portion 128, from a direction oblique to the longitu-
dinal axes 26 of the flat tubes 120. At this time, an angle
formed by the flow of the air entering between the flat
tube 120a and the flat tube 120b with the longitudinal
axes 26 of the flat tubes 120a and 120b is referred to as
an angle 61. Further, an angle formed by the flow of the
air entering between the flat tube 120h and the flat tube
120i with the longitudinal axes 26 of the flat tubes 120h
and 120i is referred to as an angle 62. The angle 62 is
smaller than the angle 81. In other words, the air entering
between the flat tube 120h and the flat tube 120i is larger
in a bending angle of the flow than the air entering be-
tween the flat tube 120a and the flat tube 120b. The flat
tubes 120 arranged on one straight line portion 128 is
gradually increased in the bending angle of the flow of
the air flowing between the flat tubes 120 as approaching
the end of the straight line portion 128 in the rotation
direction of the air-sending device 2. When the bending
angle of the flow of the air flowing between the flat tubes
120 is increased, pressure loss of the flowing air is in-
creased, and a flow rate of the flowing air is reduced.
[0023] Further, the air entering between the flat tube
120a and the flat tube 120b is different from the air en-
tering between the flat tube 120h and the flat tube 120i
in distance where the air output from the air-sending de-
vice 2 reaches each flat tube 120. A flow speed of the air
is reduced between the flat tube 120h and the flat tube
120i, which are relatively far from the air-sending device
2, and the flow rate of the air flowing between the flat
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tubes 120 is lower than the flow rate of the air flowing
between the flat tube 120a and the flat tube 120b. Ac-
cordingly, the flat tubes 120 arranged on one straightline
portion 128 is gradually reduced in the flow rate of the
air flowing between the flat tubes 120 as approaching
the corner 129 of the straight line portion 128.

[0024] Asdescribed above, in the heat-exchanger unit
1100, among the plurality of flat tubes 120 of the heat
exchanger 110, the flow rate of the air flowing between
the flat tubes 120 close to each of the corners 129 of the
corresponding virtual lines 123 is reduced. Therefore,
the amount of the air flowing between the flat tubes 120
is largely varied, and the heat exchange amount between
the air and the refrigerant is also largely varied depending
on the portion of the heat exchanger 110. In contrast, in
the heat-exchanger unit 100 according to Embodiment
1, the flat tubes 20 of the heat exchanger 10 are placed
at an equal distance from the outer periphery of the air-
sending device 2 in each of the portions, and the bending
angle of the air entering between the flat tubes 20 is equal
among the portions. Therefore, the amount of the air flow-
ing between the flat tubes 20 is averaged, and the heat
exchange amount between the air and the refrigerant is
also averaged among the portions of the heat exchanger
10. Thus, when the heat exchanger 10 and the heat ex-
changer 110 have the same front surface area, the heat
exchanger 10 has a heat exchange capacity larger than
the heat exchange capacity of the heat exchanger 110.
In other words, the heat exchange efficiency of the heat
exchanger 10 is higher than the heat exchange efficiency
of the heat exchanger 110 of the heat-exchanger unit
1100 of the comparative example. In addition, the mount-
ing efficiency of the heat exchanger 10 is higher than the
mounting efficiency of the heat exchanger 110. There-
fore, the casing of the heat-exchanger unit 100 can be
made small as compared with the heat-exchanger unit
1100.

[0025] In the heat-exchanger unit 100a, setting of the
distance from the first flat tube 20a to the virtual straight
line L1 and the distance from the first flat tube 20d to the
virtual straight line L2 is appropriately changed in each
of the plurality of flat tubes 20, which makes it possible
to change the shape of the virtual annular line 23a around
the rotation center axis 61. The virtual annular line 23a
around the rotation center axis 61 may have a shape in
which a distance from the center is fixed, such as a cir-
cular shape, or a shape in which a distance from the
center is continuously changed, such as an elliptical
shape. The first ends 21 of the respective flat tubes 20
can be arranged on the virtual annular line 23a in each
of the portions. In the heat-exchanger unit 100a illustrat-
ed in Fig. 6, unlike the heat-exchanger unit 100, the first
ends 21 of the respective flat tubes 20 included in the
heat exchanger 10a are varied in distance from the outer
periphery of the air-sending device 2; however, variation
in the distance from the outer periphery of the air-sending
device 2 is small, the heat exchange efficiency is high
and the mounting efficiency is also high as compared
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with the heat-exchanger unit 1100 of the comparative
example. Further, in the heat-exchanger unit 100a, ar-
rangement of the flat tubes 20 corresponding to the struc-
ture of the air duct inside the casing is advantageously
possible because flexibility of internal arrangement of the
heat exchanger 10a is high.

[0026] Fig. 8 is an explanatory diagram of a structure
in a section perpendicular to the pipe axes of the flat
tubes 20 of a heat exchanger 10b as a modification of
the heat exchanger 10 of the heat-exchanger unit 100
according to Embodiment 1. Fig. 9 is an explanatory di-
agram of a structure in a section parallel to the pipe axis
of the flat tube 20 of the heat exchanger 10b as the mod-
ification of the heat exchanger 10 of the heat-exchanger
unit 100 according to Embodiment 1. As in the heat ex-
changer 10 or the heat exchanger 10a, the flat tubes 20
included in the heat exchanger 10b are arranged in par-
allel and surround the rotation center axis 61 of the air-
sending device 2. The heat exchanger 10b includes
strength parts 41 arranged adjacent to the respective flat
tubes 20. The strength parts 41 are placed between the
firstheader 30 and the second header 40, and are placed
on the extensions of the longitudinal axes 26 of the re-
spective flattubes 20. In Embodiment 1, as the air flowing
between the flat tubes 20 flows in a direction directed
from the first ends 21 toward the second ends 22, the
strength parts 41 are placed close to the second ends
22 of the flat tubes 20. Further, a width of each of the
strength parts 41 in a direction parallel to an extending
direction of the short axis 27 of each of the flat tubes 20
is less than or equal to a width of the short axis 27 of
each of the flat tubes 20. With such a configuration, the
strength parts 41 are positioned in a separation region
of the air flowing between the flat tubes 20. Therefore,
the strength parts 41 can improve strength of the heat
exchanger 10b without influencing the flow of the air.
[0027] In particular, in each of the heat exchangers 10,
10a, and 10b of the heat-exchanger units 100 and 100a
according to Embodiment 1, the plurality of flat tubes 20
are arranged in parallel and each have the pipe axis ex-
tending in the vertical direction, and fins by which the flat
tubes 20 are connected with each other are not provided.
Accordingly, although strength of each of the heat ex-
changers 10, 10a, and 10b depends on strength of the
flat tubes 20 connected to the first header 30 and the
second header 40, providing the strength parts 41 in the
above-described manner makes it possible to improve
the strength of each of the heat exchangers 10, 10a, and
10b.

Embodiment 2

[0028] A heat-exchangerunit200 accordingto Embod-
iment 2 has a configuration in which an extending direc-
tion of the longitudinal axes 26 of the plurality of flat tubes
20 of the heat exchanger 10 is changed from the direction
in the heat-exchanger unit 100 according to Embodiment
1. The heat-exchanger unit 200 according to Embodi-
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ment 2 is described with a focus on changes from Em-
bodiment 1. Components of the heat-exchanger unit 200
according to Embodiment 2 having the same functions
among the drawings are illustrated with the same refer-
ence signs in the drawings used for description of Em-
bodiment 1.

[0029] Fig. 10 is an explanatory diagram of positional
relationship between the air-sending device 2 and the
plurality of flat tubes 20 of a heat exchanger 210 of the
heat-exchanger unit 200 according to Embodiment 2. In
the heat-exchanger unit 100 according to Embodiment
1, the longitudinal axes 26 of the flat tubes 20 of the heat
exchanger 10 extend along the radial direction having
the rotation center axis 61 of the air-sending device 2 as
a center. In other words, the flat tubes 20 of the heat-
exchanger unit 100 according to Embodiment 1 each
have the longitudinal axis 26 extending along a virtual
straight line L4 connecting the first end 21 of the flat tube
20 and the rotation center axis 61 of the air-sending de-
vice 2. In contrast, in the heat-exchanger unit 200 ac-
cording to Embodiment 2, the extending direction of the
longitudinal axis 26 of each of the plurality of flat tubes
20 of the heat exchanger 210 is inclined from the virtual
straight line L4. In each of the plurality of flat tubes 20 of
the heat exchanger 210, the longitudinal axis 26 is in-
clined in the rotation direction of the air-sending device
2 from the first end 21, which is a starting point at which
the longitudinal axis 26 is inclined.

[0030] The air from the air-sending device 2 is blown
out in a direction of an arrow 63 as illustrated in Fig. 10.
The air is directed in a direction inclined outward in the
radial direction from the tangential direction of the outer
periphery of the air-sending device 2. Therefore, the ar-
row 63 indicating a flowing direction of the air from the
air-sending device 2 forms an angle close to a right angle
with the virtual straight line L4, which connects the rota-
tion center axis 61 and each of the first ends 21 of the
flat tubes 20. In Embodiment 2, however, the longitudinal
axis 26 of each of the flat tubes 20 is inclined from the
virtual straight line L4, and extends with an angle sub-
stantially parallel to the arrow 63, which indicates the
flowing direction of the air from the air-sending device 2.
Accordingly, the flowing direction of the air from the air-
sending device 2 is not largely bent when the air enters
between the flat tubes 20, and pressure loss and reduc-
tion of the flow speed of the air are small. Consequently,
the heat exchanger 210 of the heat-exchanger unit 200
according to Embodiment 2 can improve the heat ex-
change efficiency and the mounting efficiency, as com-
pared with the heat exchanger 10 of the heat-exchanger
unit 100 according to Embodiment 1.

[0031] Note that the arrangement of the flat tubes 20
of the heat exchanger 210 according to Embodiment 2
is applicable to the heat exchanger 10a of the heat-ex-
changer unit 100a according to Embodiment 1. At this
time, the inclination angles of the flat tubes 20 are ap-
propriately changeable depending on positions on the
virtual annular line 23a.
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Embodiment 3

[0032] A heat-exchangerunit300 accordingto Embod-
iment 3 has a configuration in which firstfins 50 are added
to the respective flat tubes 20 of the heat exchanger 10
of the heat-exchanger unit 100 according to Embodiment
1. The heat-exchanger unit 300 according to Embodi-
ment 3 is described with a focus on changes from Em-
bodiment 1. Components of the heat-exchanger unit 300
according to Embodiment 3 having the same functions
among the drawings are illustrated with the same refer-
ence signs in the drawings used for description of Em-
bodiment 1.

[0033] Fig. 11 is an explanatory diagram of positional
relationship between the air-sending device 2 and a plu-
rality of flat tubes 320 of a heat exchanger 310 of the
heat-exchanger unit 300 according to Embodiment 3.
Fig. 12 is a schematic diagram to explain a structure of
one flat tube 320 included in the heat exchanger 310 in
Fig. 11. As illustrated in Fig. 11, in the heat exchanger
310, the plurality of flat tubes 320 are arranged in a man-
ner similar to the heat exchanger 10 according to Em-
bodiment 1. On the other hand, in Embodiment 3, the
first fins 50 extend inward in the radial direction from the
respective first ends 21 of the plurality of flat tubes 320.
In other words, each of the flat tubes 320 includes the
first fin 50 having a plate shape and extending from the
first end 21 toward the inside air duct 70.

[0034] As illustrated in Fig. 11, each of the first fins 50
is inclined from the virtual straight line L4 connecting the
rotation center axis 61 and the corresponding first end
21, in a direction opposite to the rotation direction of the
air-sending device 2, from the first end 21, which is a
starting point at which the first fin 50 is inclined. The air
blown out from the air-sending device 2 travels in the
direction of the arrow 63, and an extending direction of
each of the first fins 50 and a flowing direction of the air
from the air-sending device 2 form an angle close to par-
allels. Therefore, the air from the air-sending device 2 is
small in a bending angle when entering between the first
fin 50 provided to a first flat tube 320a and the first fin 50
provided to a second flat tube 320b. As the flowing di-
rection of the air from the air-sending device 2 is notlarge-
ly bent when the air enters between the first fins 50, pres-
sure loss and reduction of the flow speed of the air are
small. Consequently, the heatexchanger 310 of the heat-
exchanger unit 300 according to Embodiment 3 can im-
prove the heat exchange efficiency and the mounting ef-
ficiency, as compared with the heat exchanger 10 of the
heat-exchanger unit 100 according to Embodiment 1.
Further, as the first fins 50 are installed, an area of the
heat exchanger 310 contacting with the air is increased
as compared with the heat exchanger 10 according to
Embodiment 1, which makes it possible to improve the
heat exchange efficiency. Note that, in Embodiment 3,
the first fins 50 are provided to all of the first flat tube
320a, the second flat tube 320b, and a third flat tube
320c; however, it is unnecessary to provide the first fins
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50 to all of the plurality of adjacent flat tubes 320, and
the first fins may be provided to only a part of the plurality
of flat tubes 320.

Embodiment 4

[0035] Aheat-exchangerunit400 according to Embod-
iment 4 has a configuration in which a fin is added to
each of the plurality of flat tubes 320 of the heat exchang-
er 310 of the heat-exchanger unit 300 according to Em-
bodiment 3. The heat-exchanger unit 400 according to
Embodiment 4 is described with a focus on changes from
Embodiment 3. Components of the heat-exchanger unit
400 according to Embodiment 4 having the same func-
tions among the drawings are illustrated with the same
reference signs in the drawings used for description of
Embodiment 1.

[0036] Fig. 13 is an explanatory diagram of positional
relationship between the air-sending device 2 and a plu-
rality of flat tubes 20 of a heat exchanger 410 of the heat-
exchanger unit 400 according to Embodiment 4. Fig. 14
is a schematic diagram to explain a structure of one flat
tube 20 included in the heat exchanger 410 in Fig. 13. In
the heat exchanger 410, second fins 51 extend outward
in the radial direction from the respective second ends
22 of the flat tubes 420. In other words, each of the flat
tubes 420includes the secondfin 51 having a plate shape
and extending from the second end 22 toward the outside
air duct 71. As illustrated in Fig. 13, each of the first fins
50 extends along the virtual straight line L4, which con-
nects the rotation center axis 61 and the firstend 21. As
the second fins 51 are installed, an area of the heat ex-
changer 410 contacting with the air is increased as com-
pared with the heat exchanger 310 according to Embod-
iment 3, which makes it possible to improve the heat ex-
change efficiency.

[0037] Fig. 15is a schematic diagram of a structure in
a section perpendicular to the rotation center axis 61 of
the air-sending device 2 of the heat-exchanger unit 400
according to Embodiment 4. The inclination angles of the
second fins 51 provided to the respective flat tubes 420
of the heat exchanger 410 according to Embodiment 4
may be appropriately changed depending on positions
of the flat tubes 20. In other words, when a shortest path
from one second end 22 to the opening port 81 through
the outside air duct 71 is defined, the corresponding sec-
ond fin 51 is inclined toward the shortest path from the
second end 22, which is a starting point at which the
second fin 51 is inclined. For example, in Fig. 15, the
second fin 51 provided to a flat tube 420x that is one of
the plurality of flat tubes 420 is inclined leftward from the
second end 22 of the flat tube 420x, which is a starting
pointatwhich the secondfin 51isinclined. As the shortest
path from the second end 22 of the flat tube 420x to the
opening port 81, which is an outlet of the outside air duct
71, through the outside air duct 71, a path R1 and a path
R2 are considered as illustrated in Fig. 15. In Fig. 15, the
path R1is shorter than the path R2, and the shortest path
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from the second end 22 of the flat tube 420x to the open-
ing port81isthe path R1. Accordingly, each of the second
fins 51 is inclined toward the path R1 from the corre-
sponding second end 22, which is a starting point at which
the second fin 51 is inclined. More specifically, a front
end of each of the second fins 51 is inclined toward the
path R1 from a virtual straight line L5 connecting the sec-
ond end 22 and the rotation center axis 61 of the air-
sending device 2.

[0038] As illustrated in Fig. 15, when each of the sec-
ond fins 51 is inclined toward the shortest path R1 from
the corresponding flat tube 420 to the opening port 81
through the outside air duct 71, the flow of the air flowing
out between the flat tubes 420 is hardly separated along
the second fins 51. This makes it possible to reduce in-
crease in pressure loss caused by addition of the second
fins 51.

[0039] The first fins 50 and the second fins 51 in Em-
bodiments 3 and 4 are applicable to the heat-exchanger
unit 200 according to Embodiment 2. In this case, the
inclination angles of the first fins 50 and the second fins
51 are appropriately changeable to reduce increase in
pressure loss of the air flow. Further, in each of the heat-
exchanger units 100, 100a, 100b, 200, 300, and 400 ac-
cording to Embodiments 1 to 4, not only the centrifugal
air-sending device but also an axial flow air-sending de-
vice or other air-sending device is applicable to the air-
sending device 2. At this time, the shapes of the inside
air duct 70 and the outside air duct 71 are also appropri-
ately changeable.

Reference Signs List

[0040] 1 refrigeration cycle apparatus 2 air-sending de-
vice 3 compressor 4 four-way valve 5 outdoor heat ex-
changer 6 expansion device 7 indoor heat exchanger 8
outdoor unit 9 indoor unit 10 heat exchanger 10a heat
exchanger 10b heat exchanger 20 flat tube 20a first flat
tube 20b second flat tube 20c third flat tube 20d first flat
tube 20e second flat tube 20f third flat tube 21 first end
22 second end 23 virtual line 23a virtual line 24 refrigerant
flow path 26 longitudinal axis 27 short axis 30 first header
40 second header 41 strength part 50 first fin 51 second
fin 60 air-sending device 61 rotation center axis 63 arrow
70 inside air duct 71 outside air duct 80 casing 81 opening
port 82 opening port90 refrigerant pipe 100 heat-ex-
changer unit 100a heat-exchanger unit 100b heat-ex-
changer unit 110 heat exchanger 120 flat tube 120a flat
tube 120b flat tube 120c flat tube 120f flat tube 120h flat
tube 120iflattube 121 firstend 123 virtual line 128 straight
line portion 129 corner 200 heat-exchanger unit 210 heat
exchanger 300 heat-exchanger unit 310 heat exchanger
320 flat tube 320a first flat tube 320b second flat tube
320c third flat tube 400 heat-exchanger unit 410 heat
exchanger 420 flat tube 420x flat tube 1100 heat-ex-
changer unit L virtual straight line L1 virtual straight line
L2 virtual straight line L4 virtual straight line L5 virtual
straightline R1 (shortest) path R2 path 61 angle 62 angle
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Claims

1.

A heat-exchanger unit, comprising:

an air-sending device configured to send out-
side air into a casing; and

aheatexchanger laterally surrounding a rotation
center axis of the air-sending device,

the heat exchanger including

a plurality of flat tubes arranged in parallel and
surrounding the rotation center axis of the air-
sending device, the plurality of flat tubes each
having a pipe axis extending in a vertical direc-
tion, and

a header connecting the plurality of flat tubes,
the plurality of flat tubes including a first flat tube,
a second flat tube, and a third flat tube,

each of the second flat tube and the third flat
tube being placed adjacent to the first flat tube,
where a radial direction through each of the first
flat tube, the second flat tube, and the third flat
tube has the rotation center axis of the air-send-
ing device as a center of the radial direction,
each of the first flat tube, the second flat tube,
and the third flat tube having, among two ends
of a longitudinal axis of a section perpendicular
to the pipe axis, a first end positioned closer to
the center of the radial direction than is an other
end,

the first ends being arranged on a virtual annular
line surrounding the rotation center axis,

the first end of the first flat tube being placed
further away from the center of the radial direc-
tion than is a virtual straight line connecting the
first end of the second flat tube and the first end
of the third flat tube.

The heat-exchanger unit of claim 1, wherein a first
virtual line that is an extension of the longitudinal axis
of the section perpendicular to the pipe axis of the
first flat tube intersects with each of a second virtual
line that is an extension of the longitudinal axis of
the second flat tube and a third virtual line that is an
extension of the longitudinal axis of the third flat tube
ata position close to the center of the radial direction.

The heat-exchanger unit of claim 1 or 2, wherein the
first ends of the first flat tube, the second flat tube,
and the third flat tube are each arranged at an equal
distance from the rotation center axis.

The heat-exchanger unit of any one of claims 1 to 3,
wherein sets of the first flat tube, the second flat tube,
and the third flat tube are arranged on an entire cir-
cumference around the air-sending device.

The heat-exchanger unit of any one of claims 1 to 4,
wherein the plurality of flat tubes consist of the first
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10.

1.

flat tube, the second flat tube, and the third flat tube.

The heat-exchanger unit of any one of claims 1 to 5,
further comprising an inside air duct provided with
the air-sending device, the inside air duct being pro-
vided inside the heat exchanger in the radial direc-
tion, wherein

at least one of the plurality of flat tubes includes a
first fin having a plate shape and extending toward
the inside air duct from the first end.

The heat-exchanger unit of claim 6, wherein

the air-sending device is a centrifugal air-sending
device, and

the first fin is inclined from a virtual straight line con-
necting the rotation center axis and the first end, in
a direction opposite to a rotation direction of the air-
sending device, from the first end, which is a starting
point at which the first fin is inclined.

The heat-exchanger unit of any one of claims 1 to 6,
further comprising an outside air duct provided out-
side the heat exchanger in the radial direction,
wherein

at least one of the plurality of flat tubes includes a
second fin having a plate shape and extending to-
ward the outside air duct from a second end posi-
tioned outward in the radial direction among the two
ends of the longitudinal axis of the section perpen-
dicular to the pipe axis.

The heat-exchanger unit of claim 8, wherein the sec-
ond fin is inclined from the longitudinal axis of the
section perpendicular to the pipe axis.

The heat-exchanger unit of claim 9, wherein

the outside air duct is provided between an air duct
outer wall surrounding the heat exchanger and
placed away from the center of the radial direction
and an outer periphery of the heat exchanger,

the air duct outer wall includes an opening port
through which the outside air duct communicates
with an outside of the outside air duct, and

when a shortest path from the second end to the
opening port through the outside air duct is defined,
the second fin is inclined toward the shortest path
from the second end, which is a starting point at
which the second fin is inclined.

The heat-exchanger unit of any one of claims 1 to
10, wherein

the air-sending device is a centrifugal air-sending
device, and

in each of the first flat tube, the second flat tube, and
the third flat tube, the longitudinal axis of the section
perpendicular to the pipe axis is inclined from a
straight line connecting the rotation center axis and
the first end, in a rotation direction of the air-sending
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device, from the first end, which is a starting point at
which the longitudinal axis is inclined.

12. Arefrigeration cycle apparatus comprising the heat-
exchanger unit of any one of claims 1 to 11.
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