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(54) OUTDOOR UNIT AND AIR CONDITIONER EQUIPPED WITH SAME

(57) An outdoor unit includes a housing having a
rectangular plan-view shape with an air outlet provided
at a top center; three outdoor heat exchangers provided
inside the housing; and an outdoor fan provided above
the three outdoor heat exchangers and configured to
blow air upward through the air outlet. The three outdoor
heat exchangers each include a flat-tube group including
a plurality of flat tubes through insides of which refrigerant
is to flow, the flat tubes extending in a top-bottom direction
and arranged side by side at flat faces of the flat tubes in
such a manner as to be parallel to one another. The
housing has four lateral faces, three of the four lateral
faces serving as permeable faces through which air is
permeable, a remaining one of the four lateral faces
serving as a sealed face through which air is nonperme-
able. The three outdoor heat exchangers extend along
the respective permeable faces. With reference to the
sealed face, letting the three outdoor heat exchangers
arranged in a direction of rotation of the outdoor fan be
denoted in order as a first outdoor heat exchanger; a
second outdoor heat exchanger; and a third outdoor heat
exchanger, the three outdoor heat exchangers are con-
nected to one another such that, in a cooling operation,
the first outdoor heat exchanger and the third outdoor
heat exchanger are located on an upstream side in a flow
of the refrigerant, and the second outdoor heat exchan-

ger is located on a downstream side in the flow of the
refrigerant.
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Description

Technical Field

[0001] The present disclosure relates to a top-flow
outdoor unit and an air-conditioning apparatus including
the same.

Background Art

[0002] A known art provides a top-flow outdoor unit
(see Patent Literature 1, for example) including in a
housing thereof outdoor heat exchangers and an outdoor
fan. The outdoor heat exchangers each include a plurality
of flat tubes, a plurality of fins, and headers. The flat tubes
extend in the vertical direction and are arranged at inter-
vals in the horizontal direction. The fins each connect
between adjacent ones of the flat tubes and transfer heat
to the flat tubes. The headers are provided at the upper
end and lower end of the plurality of flat tubes. The
outdoor fan is configured to blow air upward.
[0003] In the top-flow outdoor unit, the outdoor heat
exchangers are arranged along the periphery of the
housing, and the outdoor fan is located above the outdoor
heat exchangers and at the top of the housing.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Patent No.
6595125

Summary of Invention

Technical Problem

[0005] According to Patent Literature 1, the wind-
speed distribution varies in the peripheral direction of
the housing. That is, the speed of the wind flowing
through the heat exchangers varies, resulting in an un-
even distribution of heat load. Therefore, those outdoor
heat exchangers through which wind flows at high
speeds achieve a large amount of heat exchange, with
an increased subcooled-zone liquid. With a subcooled-
zone liquid, the temperature difference between refrig-
erant and air is small. Therefore, the subcooled-zone
liquid is less contributing in the outdoor heat exchanger.
On the other hand, those outdoor heat exchangers
through which wind flows at low speeds achieve a small
amount of heat exchange, with a reduced subcooled-
zone liquid. To achieve a desired amount of heat ex-
change by using such outdoor heat exchangers among
which the amount of heat exchange varies, an increased
pressure is unnecessarily applied to those outdoor heat
exchangers through which wind flows at high speeds and
that do not require pressure increase. Therefore, the loss
of energy increases. Consequently, the heat-exchanger

performance of the outdoor heat exchangers as a whole
is deteriorated.
[0006] The present disclosure is to solve the above
problem, and an object of the present disclosure is to
provide an outdoor unit and an air-conditioning apparatus
including the same, in which the performance of heat
exchange is less likely to be deteriorated because of the
variation in the wind-speed distribution.

Solution to Problem

[0007] An outdoor unit according to an embodiment of
the present disclosure includes a housing having a rec-
tangular plan-view shape with an air outlet provided at a
top center; three outdoor heat exchangers provided in-
side the housing; and an outdoor fan provided above the
three outdoor heat exchangers and configured to blow air
upward through the air outlet. The three outdoor heat
exchangers each include a flat-tube group including a
plurality of flat tubes through insides of which refrigerant
is to flow, the flat tubes extending in a top-bottom direction
and arranged side by side at flat faces of the flat tubes in
such a manner as to be parallel to one another. The
housing has four lateral faces, three of the four lateral
faces serving as permeable faces through which air is
permeable, a remaining one of the four lateral faces
serving as a sealed face through which air is nonperme-
able. The three outdoor heat exchangers extend along
the respective permeable faces. With reference to the
sealed face, letting the three outdoor heat exchangers
arranged in a direction of rotation of the outdoor fan be
denoted in order as a first outdoor heat exchanger; a
second outdoor heat exchanger; and a third outdoor heat
exchanger, the three outdoor heat exchangers are con-
nected to one another such that, in a cooling operation,
the first outdoor heat exchanger and the third outdoor
heat exchanger are located on an upstream side in a flow
of the refrigerant, and the second outdoor heat exchan-
ger is located on a downstream side in the flow of the
refrigerant.
[0008] An air-conditioning apparatus according to an-
other embodiment of the present disclosure includes the
above outdoor unit and an indoor unit.

Advantageous Effects of Invention

[0009] In the outdoor unit according to each of the
above embodiments of the present disclosure, the cool-
ing operation is performed such that the flows of the
refrigerant in the first outdoor heat exchanger through
which wind flows at the highest speed and in the third
outdoor heat exchanger through which wind flows at the
lowest speed are parallel to each other and are collected
together in the second outdoor heat exchanger through
which wind flows at a moderate speed. Thus, the first
outdoor heat exchanger and the third outdoor heat ex-
changer serve as upstream heat exchangers, and the
second outdoor heat exchanger through which wind
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flows at the moderate speed serves as a downstream
heat exchanger. In such a configuration, the refrigerant
takes a two-phase gas-liquid state when flowing through
the outdoor heat exchanger of the highest wind speed
and the outdoor heat exchanger of the lowest wind
speed. Therefore, the subcooled-zone liquid is less likely
to be generated. Furthermore, any subcooled-zone liquid
is handled by the outdoor heat exchanger of the moder-
ate wind speed. Consequently, the heat-exchanger per-
formance is less likely to be deteriorated because of the
variation in the wind-speed distribution.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 illustrates an air-conditioning appara-
tus including an outdoor unit according to Embodi-
ment 1.
[Fig. 2] Fig. 2 schematically illustrates the outdoor
unit according to Embodiment 1.
[Fig. 3] Fig. 3 is a perspective view of an outdoor heat
exchanger according to Embodiment 1.
[Fig. 4] Fig. 4 is a schematic plan view of the outdoor
unit according to Embodiment 1 and illustrates how
refrigerant flows in a cooling operation.
[Fig. 5] Fig. 5 is a schematic plan view of the outdoor
unit according to Embodiment 1 and illustrates how
refrigerant flows in a heating operation.
[Fig. 6] Fig. 6 illustrates the temperature distribution
in the heating operation, over outdoor heat exchan-
gers included in the outdoor unit according to Em-
bodiment 1.
[Fig. 7] Fig. 7 is a schematic plan view of a modifica-
tion of the outdoor unit according to Embodiment 1
and illustrates how refrigerant flows in the cooling
operation.
[Fig. 8] Fig. 8 is a schematic plan view of the mod-
ification of the outdoor unit according to Embodiment
1 and illustrates how refrigerant flows in the heating
operation.
[Fig. 9] Fig. 9 is a perspective view of an outdoor heat
exchanger according to Embodiment 2.
[Fig. 10] Fig. 10 is a schematic plan view of an out-
door unit according to Embodiment 2 and illustrates
how refrigerant flows in the cooling operation.
[Fig. 11] Fig. 11 illustrates the temperature difference
between air and refrigerant over relevant zones in
the cooling operation of outdoor heat exchangers
according to Embodiment 2.
[Fig. 12] Fig. 12 is a perspective view of an outdoor
heat exchanger according to Embodiment 3.
[Fig. 13] Fig. 13 is a schematic plan view of an out-
door unit according to Embodiment 3 and illustrates
how refrigerant flows in the cooling operation.
[Fig. 14] Fig. 14 is a schematic plan view of an out-
door unit according to Embodiment 5 and illustrates
how refrigerant flows in the cooling operation. De-

scription of Embodiments

[0011] Embodiments of the present disclosure will now
be described with reference to the drawings. Note that the
following embodiments do not limit the present disclo-
sure. The elements illustrated in the drawings to be
referred to below may be not to scale.

Embodiment 1

<Configuration of Air-Conditioning Apparatus>

[0012] Fig. 1 illustrates an air-conditioning apparatus
including an outdoor unit 200 according to Embodiment
1. As illustrated in Fig. 1, the air-conditioning apparatus
according to Embodiment 1 includes the outdoor unit 200
and an indoor unit 100, which are connected to each
other by a refrigerant pipe 300. The outdoor unit 200
includes a compressor 210, a flow switching device 220,
and an outdoor heat exchanger 230. The indoor unit 100
includes an indoor heat exchanger 110 and an expansion
device 120. The compressor 210, the flow switching
device 220, the outdoor heat exchanger 230, the expan-
sion device 120, and the indoor heat exchanger 110 are
connected to one another by the refrigerant pipe 300,
whereby a refrigerant circuit 1 is formed for refrigerant to
circulate therethrough. While the air-conditioning appa-
ratus according to Embodiment 1 includes a single out-
door unit 200 and a single indoor unit 100 that are con-
nected to each other by the refrigerant pipe 300, the
numbers of outdoor units 200 and indoor units 100 are
not limited thereto.
[0013] The indoor unit 100 including the indoor heat
exchanger 110 and the expansion device 120 further
includes an indoor fan 130. The expansion device 120
is configured to decompress the refrigerant and thus
expand the refrigerant. The expansion device 120 is,
for example, an electronic expansion valve whose open-
ing degree is adjustable. The opening degree of the
expansion device 120 is adjusted to control, in a cooling
operation, the pressure of the refrigerant flowing into the
indoor heat exchanger 110 and, in a heating operation,
the pressure of the refrigerant flowing into the outdoor
heat exchanger 230. The indoor heat exchanger 110 is
configured to cause the refrigerant to exchange heat with
indoor air, which is the air in an air-conditioning target
space. Specifically, in the heating operation, the indoor
heat exchanger 110 serves as a condenser and con-
denses the refrigerant into liquid. In the cooling operation,
the indoor heat exchanger 110 serves as an evaporator
and evaporates the refrigerant into gas. The indoor fan
130 is configured to cause the indoor air to flow through
the indoor heat exchanger 110 and thus supplies the
indoor space with the air having flowed through the indoor
heat exchanger 110.
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<Configuration of Outdoor Unit 200>

[0014] Fig. 2 schematically illustrates the outdoor unit
200 according to Embodiment 1. The outdoor unit 200
according to Embodiment 1 is of top-flow type in which an
air outlet 202 is provided at the top center of a housing
201, for the outdoor fan 250 to blow air upward through
the air outlet 202. While the outdoor heat exchanger 230
illustrated in Fig. 2 is only an upper part that is located in
an upper area of the housing 201 as a matter of descrip-
tion, the outdoor heat exchanger 230 included in the
outdoor unit 200 according to Embodiment 1 extends
up to a position close to the bottom of the housing 201.
[0015] The outdoor unit 200 includes the compressor
210, the flow switching device 220, the outdoor heat
exchanger 230, and an accumulator 240, which are
devices included in the refrigerant circuit 1. The com-
pressor 210 is configured to suction a low-temperature
low-pressure refrigerant, compress the suctioned refrig-
erant into a high-temperature high-pressure refrigerant,
and discharge the refrigerant. The compressor 210 is, for
example, an inverter compressor whose capacity is con-
trollable by changing the operating frequency thereof.
The capacity of the inverter compressor refers to the
amount of refrigerant delivery per unit time.
[0016] The flow switching device 220 is, for example, a
four-way valve and is configured to switch directions for
the refrigerant to flow, thereby switching the cooling
operation and the heating operation therebetween.
The flow switching device 220 may be, for example,
any combination of two-way valves and three-way
valves, instead of the four-way valve. For the heating
operation, the flow switching device 220 connects the
discharge side of the compressor 210 to the indoor heat
exchanger 110, and also connects the suction side of the
compressor 210 to the outdoor heat exchanger 230. For
the cooling operation, the flow switching device 220
connects the discharge side of the compressor 210 to
the outdoor heat exchanger 230, and also connects the
suction side of the compressor 210 to the indoor heat
exchanger 110. The accumulator 240 is provided on the
suction side of the compressor 210. The accumulator 240
allows a refrigerant in a gas state (hereinafter referred to
as a gas refrigerant) to pass therethrough but stores a
refrigerant in a liquid state (hereinafter referred to as a
liquid refrigerant) therein.
[0017] The outdoor heat exchanger 230 causes the
refrigerant to exchange heat with outdoor air. The refrig-
erant is a fluid serving as a heat-exchange medium for the
outdoor heat exchanger 230. In the heating operation,
the outdoor heat exchanger 230 serves as an evaporator
and evaporates the refrigerant into gas. In the cooling
operation, the outdoor heat exchanger 230 serves as a
condenser and as a subcooler, and subcools the refrig-
erant by condensing the refrigerant into liquid. The out-
door fan 250 is provided above the outdoor heat exchan-
ger 230. When activated, the outdoor fan 250 causes air
outside the outdoor unit 200 to flow through the outdoor

heat exchanger 230 and then blows the air upward
through the air outlet 202.

<Operation of Air-Conditioning Apparatus>

[0018] Now, how the above devices included in the air-
conditioning apparatus operate will be described, focus-
ing on the flow of the refrigerant. First, how the devices
included in the refrigerant circuit 1 operate in the heating
operation will be described, focusing on the flow of the
refrigerant. The solid-line arrows in Fig. 1 represent the
flow of the refrigerant in the heating operation. The high-
temperature high-pressure gas refrigerant obtained
through the compression by the compressor 210 and
discharged from the compressor 210 flows through the
flow switching device 220 into the indoor heat exchanger
110. While the gas refrigerant is flowing through the
indoor heat exchanger 110, the gas refrigerant ex-
changes heat with, for example, the air in the air-con-
ditioning target space, thereby being condensed into
liquid. The refrigerant thus condensed into liquid flows
through the expansion device 120. While the refrigerant
is flowing through the expansion device 120, the refrig-
erant is decompressed. The refrigerant decompressed
by the expansion device 120 takes a two-phase gas-
liquid state and flows through the outdoor heat exchanger
230. In the outdoor heat exchanger 230, the refrigerant
exchanges heat with the outdoor air supplied from the
outdoor fan 250, thereby being evaporated into gas. The
gas refrigerant then flows through the flow switching
device 220 and the accumulator 240 and is suctioned
into the compressor 210 again. The refrigerant is thus
made to circulate through the air-conditioning apparatus
and is used for heating-related air-conditioning.
[0019] The cooling operation is as follows. The broken-
line arrows in Fig. 1 represent the flow of the refrigerant in
the cooling operation. The high-temperature high-pres-
sure gas refrigerant obtained through the compression
by the compressor 210 and discharged from the com-
pressor 210 flows through the flow switching device 220
into the outdoor heat exchanger 230. The gas refrigerant
flowing through the outdoor heat exchanger 230 ex-
changes heat with the outdoor air supplied from the out-
door fan 250, thereby being condensed into liquid. The
liquid refrigerant then flows through the expansion device
120. While the refrigerant is flowing through the expan-
sion device 120, the refrigerant is decompressed. The
refrigerant decompressed by the expansion device 120
takes a two-phase gas-liquid state and flows through the
indoor heat exchanger 110. In the indoor heat exchanger
110, the refrigerant exchanges heat with, for example, the
air in the air-conditioning target space, thereby being
evaporated into gas. The gas refrigerant then flows
through the flow switching device 220 and the accumu-
lator 240 and is suctioned into the compressor 210 again.
The refrigerant is thus made to circulate through the air-
conditioning apparatus and is used for cooling-related
air-conditioning.
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<Configuration of Outdoor Heat Exchanger 230>

[0020] Fig. 3 is a perspective view of an outdoor heat
exchanger 230 according to Embodiment 1. The broken-
line arrows in Fig. 3 represent the flow of the refrigerant in
the cooling operation. The white arrow in Fig. 3 repre-
sents the flow of the air. As illustrated in Fig. 3, the outdoor
heat exchanger 230 according to Embodiment 1 includes
a pair of headers, which are two distribution headers 234.
The pair of headers are apart from each other at the upper
and lower positions in the heightwise direction.
[0021] Between the two distribution headers 234 is
provided a group of flat tubes 232 (hereinafter referred
to as a flat-tube group 231). The refrigerant is to flow
through the insides of the flat tubes 232. The flat tubes
232 extend in the top-bottom direction and are arranged
side by side at flat faces thereof in such a manner as to be
parallel to one another. The flat tubes 232 are each a heat
transfer tube having a flat cross-sectional shape. Outer
faces of the tube that extend along the respective long
sides of the flat cross section are flat, whereas the other
outer faces of the tube that extend along the respective
short sides of the flat cross section are curved. The long
sides extend in the airflow direction. The short sides are
orthogonal to the long sides. The flat tube 232 according
to Embodiment 1 is a multi-port flat tube, which has
thereinside a plurality of ports each serving as a passage-
way for the refrigerant. In Embodiment 1, the ports of the
flat tube 232 form passageways between the two dis-
tribution headers 234, and therefore extend in the height-
wise direction. Between each two adjacent flat tubes 232
is provided a fin 233. The fin 233 has a wavy shape. The
apexes of the fin 233 are joined to the flat faces of the flat
tubes 232.
[0022] The flat-tube group 231 is provided at two ends
thereof with the respective distribution headers 234. The
distribution headers 234 each receive the lower ends or
upper ends of the flat tubes 232 forming the flat-tube
group 231.
[0023] One of the distribution headers 234 has at one
end thereof a hot-gas-refrigerant inlet (not illustrated). In
Embodiment 1, referring to Fig. 3, the lower distribution
header 234 has the hot-gas-refrigerant inlet at one end
thereof. The hot-gas-refrigerant inlet is connected to the
refrigerant circuit 1 of the air-conditioning apparatus
through a gas pipe 237; for example, to the discharge
side of the compressor 210 in the cooling operation.
Therefore, the distribution header 234 that has the re-
frigerant inlet is also referred to as a gas header. The
distribution header 234 having the refrigerant inlet allows,
in the cooling operation, a high-temperature high-pres-
sure gas refrigerant (hereinafter also referred to as a hot
gas refrigerant) received from the compressor 210 to flow
into the outdoor heat exchanger 230, and, in the heating
operation, a low-temperature low-pressure gas refriger-
ant obtained through the heat exchange in the outdoor
heat exchanger 230 to be discharged to the refrigerant
circuit 1. In short, the hot-gas-refrigerant inlet serves as a

hot-gas-refrigerant-receiving part. Note that the hot gas
refrigerant is not limited to a single-phase gas refrigerant
and may alternatively be a two-phase gas-liquid refrig-
erant with a gas-phase portion that is at 0 degrees C or
above.
[0024] The other distribution header 234 has at one
end thereof a liquid-refrigerant outlet (not illustrated). In
Embodiment 1, referring to Fig. 3, the upper distribution
header 234 has the liquid-refrigerant outlet at one end
thereof. The liquid-refrigerant outlet is connected to the
refrigerant circuit 1 of the air-conditioning apparatus
through a liquid pipe 236. Therefore, the distribution
header 234 that has the liquid-refrigerant outlet is also
referred to as a liquid header. The distribution header 234
having the liquid-refrigerant outlet allows, in the heating
operation, a low-temperature low-pressure two-phase
refrigerant to flow into the outdoor heat exchanger 230,
and, in the cooling operation, a low-temperature high-
pressure liquid refrigerant obtained through the heat
exchange in the outdoor heat exchanger 230 to be dis-
charged. In short, the liquid-refrigerant outlet serves as a
liquid-refrigerant-discharging part.
[0025] The plurality of flat tubes 232, the plurality of fins
233, and the distribution headers 234 are each made of
aluminum and are joined together by brazing.
[0026] Fig. 4 is a schematic plan view of the outdoor
unit 200 according to Embodiment 1 and illustrates how
refrigerant flows in the cooling operation. Fig. 5 is a
schematic plan view of the outdoor unit 200 according
to Embodiment 1 and illustrates how refrigerant flows in
the heating operation. Fig. 6 illustrates the temperature
distribution in the heating operation, over outdoor heat
exchangers 230 included in the outdoor unit 200 accord-
ing to Embodiment 1.
[0027] As illustrated in Figs. 4 and 5, the housing 201
has a rectangular plan-view shape with four lateral faces.
Three of the four lateral faces serve as permeable faces
261, through which air is permeable. The remaining one
lateral face serves as a sealed face 260, through which
air is nonpermeable. The permeable faces 261 are pro-
vided therealong with respective outdoor heat exchan-
gers 230 (230a to 230c). That is, three outdoor heat
exchangers 230 are provided inside the housing 201.
[0028] In the cooling operation, referring to Fig. 4,
refrigerant flows through the inside of the outdoor unit
200 as represented by the diagonally hatched arrows.
With reference to the sealed face 260, the outdoor heat
exchangers 230 arranged in the direction of rotation of
the outdoor fan 250 (represented by the black broken-line
arrow) are denoted in order as a first outdoor heat ex-
changer 230a, a second outdoor heat exchanger 230b,
and a third outdoor heat exchanger 230c. The outdoor
heat exchangers 230 are connected to one another by a
refrigerant pipe 203 such that the first outdoor heat ex-
changer 230a and the third outdoor heat exchanger 230c
are located on the upstream side in the flow of the
refrigerant, and the second outdoor heat exchanger
230b is located on the downstream side in the flow of
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the refrigerant.
[0029] In the heating operation, referring to Fig. 5,
refrigerant flows through the inside of the outdoor unit
200 as represented by the diagonally hatched arrows.
Furthermore, the outdoor heat exchangers 230 are con-
nected to one another by the refrigerant pipe 203 such
that the first outdoor heat exchanger 230a and the third
outdoor heat exchanger 230c are located on the down-
stream side in the flow of the refrigerant, and the second
outdoor heat exchanger 230b is located on the upstream
side in the flow of the refrigerant.
[0030] In the known art, under a low-temperature con-
dition where frost is generated on the outdoor heat ex-
changers, the heat-exchanger performance varies with
the variation in the wind-speed distribution. The variation
causes uneven frosting on those outdoor heat exchan-
gers that exhibit lower heat-exchanger performance.
Consequently, the heating capacity is reduced. In the
heating operation according to Embodiment 1, as illu-
strated in Figs. 5 and 6, the first outdoor heat exchanger
230a, through which wind flows at the highest speed,
serves as the main heat exchanger that achieves a large
amount of heat exchange with a large difference between
the air temperature and the refrigerant temperature,
yielding high heat-exchanger performance. Such a con-
figuration suppresses the uneven frosting of the first
outdoor heat exchanger 230a of the highest wind speed,
and thus suppresses the reduction in the heating capa-
city under a low-temperature condition.
[0031] Fig. 7 is a schematic plan view of a modification
of the outdoor unit 200 according to Embodiment 1 and
illustrates how refrigerant flows in the cooling operation.
Fig. 8 is a schematic plan view of the modification of the
outdoor unit 200 according to Embodiment 1 and illus-
trates how refrigerant flows in the heating operation.
[0032] While Embodiment 1 employs a single outdoor
fan 250 that is provided at the top center of the housing
201, the outdoor fan 250 is not limited thereto. Two or
more outdoor fans 250 may be provided at the top center
of the housing 201 as illustrated in Figs. 7 and 8, as long
as all of the outdoor fans 250 are configured to rotate in
the same direction. The arrangement of the three outdoor
heat exchangers 230 in the modification of Embodiment
1 that is illustrated in Figs. 7 and 8 is the same as in
Embodiment 1 illustrated in Figs. 4 and 5.

(Advantageous Effects of Embodiment 1)

[0033] In the outdoor unit 200 in which one of the lateral
faces of the housing 201 is the sealed face 260 through
which air is nonpermeable, the wind-speed distribution
(the white arrows) varies among the permeable faces
261 of the housing 201. The wind speed is the highest
(large) for the first outdoor heat exchanger 230a, the
lowest (small) for the third outdoor heat exchanger
230c, and moderate (medium) for the second outdoor
heat exchanger 230b between the two. In Embodiment 1,
the cooling operation is performed such that the flows of

the refrigerant in the first outdoor heat exchanger 230a
through which wind flows at the highest speed and in the
third outdoor heat exchanger 230c through which wind
flows at the lowest speed are parallel to each other and
are collected together in the second outdoor heat ex-
changer 230c through which wind flows at the moderate
speed. Thus, the first outdoor heat exchanger 230a and
the third outdoor heat exchanger 230c serve as upstream
heat exchangers, and the second outdoor heat exchan-
ger 230c through which wind flows at the moderate speed
serves as a downstream heat exchanger. In such a
configuration, the refrigerant takes a two-phase gas-li-
quid state when flowing through the outdoor heat ex-
changer 230 of the highest wind speed and the outdoor
heat exchanger 230 of the lowest wind speed. Therefore,
the subcooled-zone liquid is less likely to be generated.
Furthermore, any subcooled-zone liquid is handled by
the outdoor heat exchanger 230 of the moderate wind
speed. Consequently, the heat-exchanger performance
is less likely to be deteriorated because of the variation in
the wind-speed distribution. In the heating operation, as
illustrated in Figs. 5 and 6, the first outdoor heat exchan-
ger 230a of the highest wind speed serves as the main
heat exchanger that achieves a large amount of heat
exchange with a large difference between the air tem-
perature and the refrigerant temperature, yielding high
heat-exchanger performance. Such a configuration sup-
presses the uneven frosting of the first outdoor heat
exchanger 230a of the highest wind speed, and thus
suppresses the reduction in the heating capacity under
a low-temperature condition.
[0034] To summarize, an outdoor unit 200 according to
Embodiment 1 includes a housing 201 having a rectan-
gular plan-view shape with an air outlet 202 provided at
the top center, three outdoor heat exchangers 230 pro-
vided inside the housing 201, and an outdoor fan 250
provided above the three outdoor heat exchangers 230
and configured to blow air upward through the air outlet
202. The three outdoor heat exchangers 230 each in-
clude a flat-tube group 231 and a plurality of fins 233. The
flat-tube group 231 includes a plurality of flat tubes 232
through the insides of which refrigerant is to flow. The flat
tubes 232 extend in the top-bottom direction and are
arranged side by side at the flat faces thereof in such a
manner as to be parallel to one another. The fins 233 are
each provided between corresponding two adjacent
ones of the flat tubes 232 and are each joined to the flat
faces of the corresponding two flat tubes 232. The hous-
ing 201 has four lateral faces. Three of the four lateral
faces serve as permeable faces 261 through which air is
permeable. The remaining one lateral face serves as a
sealed face 260 through which air is nonpermeable. The
three outdoor heat exchangers 230 extend along the
respective permeable faces 261. With reference to the
sealed face 260, the three outdoor heat exchangers 230
arranged in the direction of rotation of the outdoor fan 250
are denoted in order as a first outdoor heat exchanger
230a, a second outdoor heat exchanger 230b, and a third
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outdoor heat exchanger 230c. The three outdoor heat
exchangers 230 are connected to one another such that,
in the cooling operation, the first outdoor heat exchanger
230a and the third outdoor heat exchanger 230c are
located on the upstream side in the flow of the refrigerant,
and the second outdoor heat exchanger 230b is located
on the downstream side in the flow of the refrigerant.
[0035] In the outdoor unit 200 according to Embodi-
ment 1, the cooling operation is performed such that the
flows of the refrigerant in the first outdoor heat exchanger
230a through which wind flows at the highest speed and
in the third outdoor heat exchanger 230c through which
wind flows at the lowest speed are parallel to each other
and are collected together in the second outdoor heat
exchanger 230b through which wind flows at a moderate
speed. Thus, the first outdoor heat exchanger 230a and
the third outdoor heat exchanger 230c serve as upstream
heat exchangers, and the second outdoor heat exchan-
ger 230b through which wind flows at the moderate speed
serves as a downstream heat exchanger. In such a
configuration, the refrigerant takes a two-phase gas-li-
quid state when flowing through the outdoor heat ex-
changer 230 of the highest wind speed and the outdoor
heat exchanger 230 of the lowest wind speed. Therefore,
the subcooled-zone liquid is less likely to be generated.
Furthermore, any subcooled-zone liquid is handled by
the outdoor heat exchanger 230 of the moderate wind
speed. Consequently, the heat-exchanger performance
is less likely to be deteriorated because of the variation in
the wind-speed distribution.

Embodiment 2

[0036] Embodiment 2 will now be described. Any de-
scription that is redundant with Embodiment 1 is omitted,
and any elements that are the same as or equivalent to
those of Embodiment 1 are denoted by corresponding
ones of the reference signs.
[0037] Fig. 9 is a perspective view of an outdoor heat
exchanger 230 according to Embodiment 2. The broken-
line arrows in Fig. 9 represent the flow of the refrigerant in
the cooling operation. The white arrow in Fig. 9 repre-
sents the flow of the air. As illustrated in Fig. 9, the outdoor
heat exchanger 230 according to Embodiment 2 includes
a pair of headers, which are a set of two distribution
headers 234 and a row-connecting header 238. The pair
of headers are apart from each other at the upper and
lower positions in the heightwise direction.
[0038] Between the set of two distribution headers 234
and the row-connecting header 238 are provided flat-
tube groups 231, each of which includes a plurality of flat
tubes 232. The refrigerant is to flow through the insides of
the flat tubes 232. The flat tubes 232 extend in the top-
bottom direction and are arranged side by side at the flat
faces thereof in such a manner as to be parallel to one
another. The flat-tube groups 231 form two respective
rows that are side by side in the airflow direction. The flat
tubes 232 are each a heat transfer tube having a flat

cross-sectional shape. Outer faces of the tube that ex-
tend along the respective long sides of the flat cross
section are flat, whereas the other outer faces of the tube
that extend along the respective short sides of the flat
cross section are curved. The long sides extend in the
airflow direction. The short sides are orthogonal to the
long sides. The flat tubes 232 according to Embodiment 2
are each a multi-port flat tube, which has thereinside a
plurality of ports each serving as a passageway for the
refrigerant. In Embodiment 2, the ports of the flat tube 232
form passageways between the set of distribution head-
ers 234 and the row-connecting header 238, and there-
fore extend in the heightwise direction. Between each
two adjacent flat tubes 232 is provided a fin 233. The fin
233 has a wavy shape. The apexes of the fin 233 are
joined to the flat faces of the flat tubes 232.
[0039] The two flat-tube groups 231 are each provided
at one end thereof with a corresponding one of the
distribution headers 234. The two distribution headers
234 are located in the same direction in the heightwise
direction. The distribution headers 234 each receive the
lower ends or upper ends of the flat tubes 232 forming the
corresponding flat-tube group 231. In Embodiment 2, as
illustrated in Fig. 9, the distribution headers 234 each
receive the lower ends of the flat tubes 232 forming the
corresponding flat-tube group 231. The two flat-tube
groups 231 are further provided at the other ends thereof
with the row-connecting header 238. The row-connecting
header 238 receives the upper ends or lower ends of the
flat tubes 232 forming the two flat-tube groups 231. In
Embodiment 2, as illustrated in Fig. 9, the row-connecting
header 238 receives the upper ends of the flat tubes 232
forming the two flat-tube groups 231. The row-connecting
header 238 collects the refrigerant from the flat tubes 232
forming one of the flat-tube groups 231 and distributes
the collected refrigerant to the flat tubes 232 forming the
other flat-tube group 231.
[0040] One of the distribution headers 234 that is on the
downstream side (hereinafter referred to as the leeward
side) in the airflow direction has at one end thereof a hot-
gas-refrigerant inlet (not illustrated). The hot-gas-refrig-
erant inlet is connected to the refrigerant circuit 1 of the
air-conditioning apparatus through a gas pipe 237.
Therefore, the leeward one of the distribution headers
234 that has the hot-gas-refrigerant inlet is also referred
to as a gas header. The leeward distribution header 234
allows, in the cooling operation, a high-temperature high-
pressure gas refrigerant received from the compressor
210 to flow into the outdoor heat exchanger 230, and, in
the heating operation, a low-temperature low-pressure
gas refrigerant obtained through the heat exchange in the
outdoor heat exchanger 230 to be discharged to the
refrigerant circuit 1. In short, the hot-gas-refrigerant inlet
serves as a hot-gas-refrigerant-receiving part. Note that
the hot gas refrigerant is not limited to a single-phase gas
refrigerant and may alternatively be a two-phase gas-
liquid refrigerant with a gas-phase portion that is at 0
degrees C or above.
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[0041] The other of the distribution headers 234 that is
on the upstream side (hereinafter referred to as the wind-
ward side) in the airflow direction has at one end thereof a
liquid-refrigerant outlet (not illustrated). The liquid-refrig-
erant outlet is connected to the refrigerant circuit 1 of the
air-conditioning apparatus through a liquid pipe 236.
Therefore, the windward one of the distribution headers
234 that has the liquid-refrigerant outlet is also referred to
as a liquid header. The windward distribution header 234
allows, in the heating operation, a low-temperature low-
pressure two-phase refrigerant to flow into the outdoor
heat exchanger 230, and, in the cooling operation, a low-
temperature high-pressure liquid refrigerant obtained
through the heat exchange in the outdoor heat exchanger
230 to be discharged. In short, the liquid-refrigerant outlet
serves as a liquid-refrigerant-discharging part.
[0042] The plurality of flat tubes 232, the plurality of fins
233, the distribution headers 234, and the row-connect-
ing header 238 are each made of aluminum and are
joined together by brazing.
[0043] Fig. 10 is a schematic plan view of an outdoor
unit 200 according to Embodiment 2 and illustrates how
refrigerant flows in the cooling operation. As illustrated in
Fig. 10, the housing 201 has a rectangular plan-view
shape with four lateral faces. Three of the four lateral
faces serve as permeable faces 261, through which air is
permeable. The remaining one lateral face serves as a
sealed face 260, through which air is nonpermeable. The
permeable faces 261 are provided with respective out-
door heat exchangers 230 (230a to 230c). That is, three
outdoor heat exchangers 230 are provided in the housing
201.
[0044] In the cooling operation, referring to Fig. 10,
refrigerant flows through the inside of the outdoor unit
200 as represented by the diagonally hatched arrows.
With reference to the sealed face 260, the outdoor heat
exchangers 230 arranged in the direction of rotation of
each outdoor fan 250 (represented by the black broken-
line arrow) are denoted in order as a first outdoor heat
exchanger 230a, a second outdoor heat exchanger
230b, and a third outdoor heat exchanger 230c. The
outdoor heat exchangers 230 are connected to one an-
other by a refrigerant pipe 203 such that the first outdoor
heat exchanger 230a and the third outdoor heat exchan-
ger 230c are located on the upstream side in the flow of
the refrigerant, and the second outdoor heat exchanger
230b is located on the downstream side in the flow of the
refrigerant. Each of the outdoor heat exchangers 230 is
oriented such that the gas refrigerant (black solid-line
arrow) in the cooling operation acts as a counterflow to
the airflow (white arrow).

(Advantageous Effects of Embodiment 2)

[0045] Fig. 11 illustrates the temperature difference
between air and refrigerant over relevant zones in the
cooling operation of the outdoor heat exchangers 230
according to Embodiment 2. In Embodiment 2, since the

outdoor heat exchangers 230 are configured as above,
the gas refrigerant (black solid-line arrow) in the cooling
operation acts as a counterflow to the airflow (white
arrow). Therefore, as illustrated in Fig. 11, a large tem-
perature difference between air and refrigerant is pro-
duced over all of the zones for the outdoor heat exchan-
gers 230. Thus, the heat-exchanger performance is in-
creased. Furthermore, since the liquid pipe 236 serving
as a liquid-refrigerant outlet is not necessary at a portion
facing the sealed face 260, the layered width of the flat
tubes 232 included in the outdoor heat exchangers 230
may be increased, whereby the heat-exchanger perfor-
mance may be increased.
[0046] To summarize, an outdoor unit 200 according to
Embodiment 2 includes three outdoor heat exchangers
230 each of which includes flat-tube groups 231 forming
two respective rows that are side by side in the airflow
direction. The three outdoor heat exchangers 230 each
further include two distribution headers 234 and a row-
connecting header 238. The two distribution headers 234
are located in the same direction in the heightwise direc-
tion and each receive one end of a corresponding one of
the flat-tube groups 231. The row-connecting header 238
receives the other ends of the two flat-tube groups 231.
One of the distribution headers 234 that receives one end
of the leeward one of the flat-tube groups 231 has a
refrigerant inlet provided such that the gas refrigerant
in the cooling operation acts as a counterflow to the
airflow.
[0047] In the outdoor unit 200 according to Embodi-
ment 2, the gas refrigerant in the cooling operation acts
as a counterflow to the airflow. Therefore, a large tem-
perature difference between air and refrigerant is pro-
duced over all of the zones for the outdoor heat exchan-
gers 230. Thus, the heat-exchanger performance is in-
creased. Furthermore, since the liquid pipe 236 serving
as a liquid-refrigerant outlet is not necessary at a portion
facing the sealed face 260, the layered width of the flat
tubes 232 included in the outdoor heat exchangers 230
may be increased, whereby the heat-exchanger perfor-
mance may be increased.

Embodiment 3

[0048] Embodiment 3 will now be described. Any de-
scription that is redundant with Embodiment 1 or 2 is
omitted, and any elements that are the same as or
equivalent to those of Embodiment 1 or 2 are denoted
by corresponding ones of the reference signs.
[0049] Fig. 12 is a perspective view of an outdoor heat
exchanger 230 according to Embodiment 3. The broken-
line arrows in Fig. 12 represent the flow of the refrigerant
in the cooling operation. The white arrow in Fig. 12
represents the flow of the air. As illustrated in Fig. 12,
the outdoor heat exchanger 230 according to Embodi-
ment 3 includes pairs of headers. Each pair includes two
distribution headers 234. The two headers are apart from
each other at the upper and lower positions in the height-
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wise direction. The pairs of headers are arranged in two
rows that are side by side in the airflow direction.
[0050] Between each pair of distribution headers 234 is
provided a 231, which includes a plurality of flat tubes
232. The refrigerant is to flow through the insides of the
flat tubes 232. The flat tubes 232 extend in the top-bottom
direction and are arranged side by side at the flat faces
thereof in such a manner as to be parallel to one another.
In short, the flat-tube groups 231 form two respective
rows that are side by side in the airflow direction. The flat
tubes 232 are each a heat transfer tube having a flat
cross-sectional shape. Outer faces of the tube that ex-
tend along the respective long sides of the flat cross
section are flat, whereas the other outer faces of the tube
that extend along the respective short sides of the flat
cross section are curved. The long sides extend in the
airflow direction. The short sides are orthogonal to the
long sides. The flat tube 232 according to Embodiment 1
is a multi-port flat tube, which has thereinside a plurality of
ports each serving as a passageway for the refrigerant. In
Embodiment 3, the ports of the flat tube 232 form passa-
geways between the pair of distribution headers 234, and
therefore extend in the heightwise direction. Between
each two adjacent flat tubes 232 is provided a fin 233.
The fin 233 has a wavy shape. The apexes of the fin 233
are joined to the flat faces of the flat tubes 232.
[0051] The flat-tube groups 231 are each provided at
two ends thereof with corresponding ones of the distribu-
tion headers 234. The distribution headers 234 each
receive the lower ends or upper ends of the flat tubes
232 forming the corresponding flat-tube group 231.
[0052] One of the leeward distribution headers 234 has
at one end thereof a hot-gas-refrigerant inlet (not illu-
strated). In Embodiment 3, referring to Fig. 12, the lower
one of the leeward distribution headers 234 has the hot-
gas-refrigerant inlet at one end thereof. The hot-gas-
refrigerant inlet is connected to the refrigerant circuit 1
of the air-conditioning apparatus through a gas pipe 237.
Therefore, the one of the leeward distribution headers
234 that has the refrigerant inlet is also referred to as a
gas header. The one of the leeward distribution headers
234 that has the refrigerant inlet allows, in the cooling
operation, a high-temperature high-pressure gas refrig-
erant received from the compressor 210 to flow into the
outdoor heat exchanger 230, and, in the heating opera-
tion, a low-temperature low-pressure gas refrigerant ob-
tained through the heat exchange in the outdoor heat
exchanger 230 to be discharged to the refrigerant circuit
1. In short, the hot-gas-refrigerant inlet serves as a hot-
gas-refrigerant-receiving part. Note that the hot gas re-
frigerant is not limited to a single-phase gas refrigerant
and may alternatively be a two-phase gas-liquid refrig-
erant with a gas-phase portion that is at 0 degrees C or
above.
[0053] The other one of the leeward distribution head-
ers 234 is connected at one end thereof to one end of one
of the windward distribution headers 234 by an inter-row
connection pipe 239. The other one of the leeward dis-

tribution headers 234 and the one of the windward dis-
tribution headers 234 are located in the same direction in
the heightwise direction. In Embodiment 3, as illustrated
in Fig. 12, the other one of the leeward distribution head-
ers 234 and the one of the windward distribution headers
234 are both located on the upper side. Furthermore, the
inter-row connection pipe 239 allows the refrigerant in the
other one of the leeward distribution headers 234 to flow
into the one of the windward distribution headers 234.
[0054] The other one of the windward distribution
headers 234 has at one end thereof a liquid-refrigerant
outlet (not illustrated). In Embodiment 3, referring to Fig.
12, the lower one of the windward distribution headers
234 has a liquid-refrigerant outlet at one end thereof. The
liquid-refrigerant outlet is connected to the refrigerant
circuit 1 of the air-conditioning apparatus through a liquid
pipe 236. Therefore, the other one of the windward dis-
tribution headers 234 is also referred to as a liquid head-
er. The other one of the windward distribution headers
234 allows, in the heating operation, a low-temperature
low-pressure two-phase refrigerant to flow into the out-
door heat exchanger 230, and, in the cooling operation, a
low-temperature high-pressure liquid refrigerant ob-
tained through the heat exchange in the outdoor heat
exchanger 230 to be discharged. In short, the liquid-
refrigerant outlet serves as a liquid-refrigerant-dischar-
ging part. The one of the leeward distribution headers 234
and the other of the windward distribution headers 234
are located in the same direction in the heightwise direc-
tion. In Embodiment 3, as illustrated in Fig. 12, the one of
the leeward distribution headers 234 and the other of the
windward distribution headers 234 are both located on
the lower side.
[0055] The plurality of flat tubes 232, the plurality of fins
233, and the distribution headers 234 are each made of
aluminum and are joined together by brazing.
[0056] Fig. 13 is a schematic plan view of an outdoor
unit 200 according to Embodiment 3 and illustrates how
refrigerant flows in the cooling operation. As illustrated in
Fig. 13, the housing 201 has a rectangular plan-view
shape with four lateral faces. Three of the four lateral
faces serve as permeable faces 261, through which air is
permeable. The remaining one lateral face serves as a
sealed face 260, through which air is nonpermeable. The
permeable faces 261 are provided with respective out-
door heat exchangers 230 (230a to 230c). That is, three
outdoor heat exchangers 230 are provided in the housing
201.
[0057] In the cooling operation, referring to Fig. 13,
refrigerant flows through the inside of the outdoor unit
200 as represented by the diagonally hatched arrows.
With reference to the sealed face 260, the outdoor heat
exchangers 230 arranged in the direction of rotation of
each outdoor fan 250 (represented by the black broken-
line arrow) are denoted in order as a first outdoor heat
exchanger 230a, a second outdoor heat exchanger
230b, and a third outdoor heat exchanger 230c. The
outdoor heat exchangers 230 are connected to one an-
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other by a refrigerant pipe 203 such that the first outdoor
heat exchanger 230a and the third outdoor heat exchan-
ger 230c are located on the upstream side in the flow of
the refrigerant, and the second outdoor heat exchanger
230b is located on the downstream side in the flow of the
refrigerant. Each of the outdoor heat exchangers 230 is
oriented such that the gas refrigerant (black solid-line
arrow) in the cooling operation acts as a counterflow to
the airflow (white arrow).

(Advantageous Effects of Embodiment 3)

[0058] In Embodiment 3, since the outdoor heat ex-
changers 230 are configured as above, the gas refriger-
ant (black solid-line arrow) in the cooling operation acts
as a counterflow to the airflow (white arrow). Therefore,
as illustrated in Fig. 11, a large temperature difference
between air and refrigerant is produced over all of the
zones for the outdoor heat exchangers 230. Thus, the
heat-exchanger performance is increased. Furthermore,
since the liquid pipe 236 serving as a liquid-refrigerant
outlet is not necessary at a portion facing the sealed face
260, the layered width of the flat tubes 232 included in the
outdoor heat exchangers 230 may be increased, where-
by the heat-exchanger performance may be increased.
[0059] To summarize, an outdoor unit 200 according to
Embodiment 3 includes three outdoor heat exchangers
230 each of which includes flat-tube groups 231 forming
two respective rows that are side by side in the airflow
direction. The three outdoor heat exchangers 230 each
further include four distribution headers 234 that receive
both ends of the flat-tube groups 231. One of the dis-
tribution headers 234 that receives one end of a leeward
one of the flat-tube groups 231 has a refrigerant inlet
provided such that the gas refrigerant in the cooling
operation acts as a counterflow to the airflow. Another
one of the distribution headers 234 that receives the other
end of the leeward flat-tube group 231 and yet another
one of the distribution headers 234 that is located in the
same direction in the heightwise direction as the another
distribution header 234 and that receives one end of a
windward one of the flat-tube groups 231 are connected
to each other by an inter-row connection pipe 239.
[0060] In the outdoor unit 200 according to Embodi-
ment 3, the gas refrigerant in the cooling operation acts
as a counterflow to the airflow. Therefore, a large tem-
perature difference between air and refrigerant is pro-
duced over all of the zones for the outdoor heat exchan-
gers 230. Thus, the heat-exchanger performance is in-
creased. Furthermore, since the liquid pipe 236 serving
as a liquid-refrigerant outlet is not necessary at a portion
facing the sealed face 260, the layered width of the flat
tubes 232 included in the outdoor heat exchangers 230
may be increased, whereby the heat-exchanger perfor-
mance may be increased.

Embodiment 4

[0061] Embodiment 4 will now be described. Any de-
scription that is redundant with any of Embodiments 1 to 3
is omitted, and any elements that are the same as or
equivalent to those of any of Embodiments 1 to 3 are
denoted by corresponding ones of the reference signs.
[0062] In Embodiment 4, the surface area of the fins
233 included in the third outdoor heat exchanger 230c
through which wind flows at the lowest speed is smaller
than the surface area of the fins 233 included in the first
outdoor heat exchanger 230a through which wind flows
at the highest speed. Specifically, the fin pitch or flat-tube
pitch, for example, of the third outdoor heat exchanger
230c is greater than that of the first outdoor heat exchan-
ger 230a. Alternatively, the width, in the row direction, of
each of the flat-tube groups 231 in the third outdoor heat
exchanger 230c is smaller than the width, in the row
direction, of each of the flat-tube groups 231 in the first
outdoor heat exchanger 230a, or the number of rows in
the third outdoor heat exchanger 230c is smaller than the
number of rows in the first outdoor heat exchanger 230a.
Thus, the airflow resistance becomes smaller for the third
outdoor heat exchanger 230c than for the first outdoor
heat exchanger 230a, allowing wind to flow through the
third outdoor heat exchanger 230c more easily.

(Advantageous Effects of Embodiment 4)

[0063] The airflow resistances of the outdoor heat ex-
changers 230 are adjusted to reduce the variation in the
heat-exchanger performance among the outdoor heat
exchangers 230. Therefore, the heat-exchanger perfor-
mance is less likely to be deteriorated because of the
variation in the wind-speed distribution.
[0064] To summarize, in the outdoor unit 200 according
to Embodiment 4, the airflow resistance of the third out-
door heat exchanger 230c is smaller than the airflow
resistance of the first outdoor heat exchanger 230a.
[0065] In the outdoor unit 200 according to Embodi-
ment 4, the airflow resistances of the outdoor heat ex-
changers 230 are adjusted to reduce the variation in the
heat-exchanger performance among the outdoor heat
exchangers 230. Therefore, the heat-exchanger perfor-
mance is less likely to be deteriorated because of the
variation in the wind-speed distribution.

Embodiment 5

[0066] Embodiment 5 will now be described. Any de-
scription that is redundant with any of Embodiments 1 to 4
is omitted, and any elements that are the same as or
equivalent to those of any of Embodiments 1 to 4 are
denoted by corresponding ones of the reference signs.
[0067] Fig. 14 is a schematic plan view of an outdoor
unit 200 according to Embodiment 5 and illustrates how
refrigerant flows in the cooling operation. As illustrated in
Fig. 14, the housing 201 has a rectangular plan-view
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shape with four lateral faces. Three of the four lateral
faces serve as permeable faces 261, through which air is
permeable. The remaining one lateral face serves as a
sealed face 260, through which air is nonpermeable. The
permeable faces 261 are provided with respective out-
door heat exchangers 230 (230a to 230c). That is, three
outdoor heat exchangers 230 are provided in the housing
201.
[0068] In the cooling operation, referring to Fig. 14,
refrigerant flows through the inside of the outdoor unit
200 as represented by the diagonally hatched arrows.
With reference to the sealed face 260, the outdoor heat
exchangers 230 arranged in the direction of rotation of
each outdoor fan 250 (represented by the black broken-
line arrow) are denoted in order as a first outdoor heat
exchanger 230a, a second outdoor heat exchanger
230b, and a third outdoor heat exchanger 230c. The
outdoor heat exchangers 230 are connected to one an-
other by a refrigerant pipe 203 such that the first outdoor
heat exchanger 230a and the third outdoor heat exchan-
ger 230c are located on the upstream side in the flow of
the refrigerant, and the second outdoor heat exchanger
230b is located on the downstream side in the flow of the
refrigerant. Each of the outdoor heat exchangers 230 is
oriented such that the gas refrigerant (black solid-line
arrow) in the cooling operation acts as a counterflow to
the airflow (white arrow). Furthermore, as illustrated in
Fig. 14, a part of the refrigerant pipe 203 that connects the
first outdoor heat exchanger 230a and the third outdoor
heat exchanger 230c to each other is provided with an
expansion device 280.
[0069] In Embodiment 5, the refrigerant pipe 203 is
configured such that the flow resistance, R23, between
the second outdoor heat exchanger 230b and the third
outdoor heat exchanger 230c becomes greater than the
flow resistance, R21, between the second outdoor heat
exchanger 230b and the first outdoor heat exchanger
230a (R23 > R21). The way of increasing the flow resis-
tance by using the refrigerant pipe 203 may be as follows,
for example: the diameter of the refrigerant pipe 203 may
be reduced, the number of bend portions in the refrigerant
pipe 203 may be increased, or the Cv value of the
expansion device 280 may be reduced. The expansion
device 280 may be, for example, an electronic expansion
valve, and the Cv value of the electronic expansion valve
may be adjusted. In such a configuration, a larger amount
of refrigerant flows through an area where wind flows at a
higher speed, whereas a smaller amount of refrigerant
flows through an area where wind flows at a lower speed.

(Advantageous Effects of Embodiment 5)

[0070] Making the flow resistance R23 greater than the
flow resistance R21 enables the supply of the refrigerant
to the outdoor heat exchangers 230 at respective flow
rates that match the wind-speed distribution, and re-
duces the variation in the heat-exchanger performance
among the outdoor heat exchangers 230. Therefore, the

heat-exchanger performance is less likely to be deterio-
rated because of the variation in the wind-speed distribu-
tion.
[0071] To summarize, in the outdoor unit 200 according
to Embodiment 5, the flow resistance R23 between the
second outdoor heat exchanger 230b and the third out-
door heat exchanger 230c is greater than the flow resis-
tance R21 between the second outdoor heat exchanger
230b and the first outdoor heat exchanger 230a.
[0072] In the outdoor unit 200 according to Embodi-
ment 5, making the flow resistance R23 greater than the
flow resistance R21 enables the supply of the refrigerant
to the outdoor heat exchangers 230 at respective flow
rates that match the wind-speed distribution, and re-
duces the variation in the heat-exchanger performance
among the outdoor heat exchangers 230. Therefore, the
heat-exchanger performance is less likely to be deterio-
rated because of the variation in the wind-speed distribu-
tion.

Reference Signs List

[0073] 1: refrigerant circuit, 100: indoor unit, 110: in-
door heat exchanger, 120: expansion device, 130: indoor
fan, 200: outdoor unit, 201: housing, 202: air outlet, 203:
refrigerant pipe, 210: compressor, 220: flow switching
device, 230: outdoor heat exchanger, 230a: outdoor heat
exchanger, 230b: outdoor heat exchanger, 230c: outdoor
heat exchanger, 231: flat-tube group, 232: flat tube, 233:
fin, 234: distribution header, 236: liquid pipe, 237: gas
pipe, 238: row-connecting header, 239: inter-row con-
nection pipe, 240: accumulator, 250: outdoor fan, 260:
sealed face, 261: permeable face, 280: expansion de-
vice, 300: refrigerant pipe

Claims

1. An outdoor unit comprising:

a housing having a rectangular plan-view shape
with an air outlet provided at a top center;
three outdoor heat exchangers provided inside
the housing; and
an outdoor fan provided above the three outdoor
heat exchangers and configured to blow air up-
ward through the air outlet,
wherein the three outdoor heat exchangers
each include

a flat-tube group including a plurality of flat
tubes through insides of which refrigerant is
to flow, the flat tubes extending in a top-
bottom direction and arranged side by side
at flat faces of the flat tubes in such a man-
ner as to be parallel to one another,
wherein the housing has four lateral faces,
three of the four lateral faces serving as
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permeable faces through which air is
permeable, a remaining one of the four
lateral faces serving as a sealed face
through which air is nonpermeable,
wherein the three outdoor heat exchangers
extend along the respective permeable
faces, and
wherein with reference to the sealed face,
letting the three outdoor heat exchangers
arranged in a direction of rotation of the
outdoor fan be denoted in order as a first
outdoor heat exchanger; a second outdoor
heat exchanger; and a third outdoor heat
exchanger, the three outdoor heat exchan-
gers are connected to one another such
that, in a cooling operation, the first outdoor
heat exchanger and the third outdoor heat
exchanger are located on an upstream side
in a flow of the refrigerant, and the second
outdoor heat exchanger is located on a
downstream side in the flow of the refriger-
ant.

2. The outdoor unit of claim 1,
wherein the three outdoor heat exchangers each
include

flat-tube groups each being the flat-tube group,
the flat-tube groups forming two respective rows
that are side by side in an airflow direction;
two distribution headers that are located in a
same direction in a heightwise direction and
each receive one end of a corresponding one
of the flat-tube groups; and
a row-connecting header that receive other
ends of the two flat-tube groups, and
wherein one of the distribution headers that
receives one end of a leeward one of the flat-
tube groups has a refrigerant inlet provided such
that a gas refrigerant in the cooling operation
acts as a counterflow to an airflow.

3. The outdoor unit of claim 1,
wherein the three outdoor heat exchangers each
include

flat-tube groups each being the flat-tube group,
the flat-tube groups forming two respective rows
that are side by side in an airflow direction; and
four distribution headers that receive both ends
of the flat-tube groups,
wherein one of the distribution headers that
receives one end of a leeward one of the flat-
tube groups has a refrigerant inlet provided such
that a gas refrigerant in the cooling operation
acts as a counterflow to an airflow, and
wherein another one of the distribution headers
that receives an other end of the leeward flat-

tube group and yet another one of the distribu-
tion headers that is located in a same direction in
a heightwise direction as the another distribution
header and that receives one end of a windward
one of the flat-tube groups are connected to
each other by an inter-row connection pipe.

4. The outdoor unit of any one of claims 1 to 3,
wherein an airflow resistance of the third outdoor
heat exchanger is smaller than an airflow resistance
of the first outdoor heat exchanger.

5. The outdoor unit of any one of claims 1 to 4,
wherein a flow resistance between the second out-
door heat exchanger and the third outdoor heat
exchanger is greater than a flow resistance between
the second outdoor heat exchanger and the first
outdoor heat exchanger.

6. An air-conditioning apparatus comprising:

the outdoor unit of any one of claims 1 to 5; and
an indoor unit.
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