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(54) INDOOR UNIT FOR AIR CONDITIONER, AND AIR CONDITIONER

(57) An indoor unit for an air-conditioning unit that
can prevent dew condensation on an air-flow-direction
control plate in a vicinity of a heat exchanger, and in-
cludes a casing, an air inlet on the casing, an air outlet
opening in a bottom surface of the casing, a heat ex-
changer in an air passage extending from the air inlet to
the air outlet, a fan on a windward side of the heat ex-
changer in the air passage, and an air-flow-direction con-
trol plate in the air passage between the heat exchanger
and the air outlet. The heat exchanger includes a plurality
of heat exchanger blocks arranged in a front-and-rear
direction of the casing, and includes a refrigerant inlet
through which refrigerant flows into the heat exchanger,
and a refrigerant outlet through which the refrigerant
flows out of the heat exchanger. The air-flow-direction
control plate is provided in the vicinity of one of the heat
exchanger blocks, the refrigerant outlet is provided in a
heat exchanger block other than the heat exchanger
block provided in the vicinity of the air-flow-direction con-
trol plate, and the number of refrigerant outlets is larger
than the number of refrigerant inlets.
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Description

Technical Field

[0001] The present invention relates to a structure of
a heat exchanger of an indoor unit for an air-conditioning
apparatus, and an air-conditioning apparatus including
the indoor unit for an air-conditioning apparatus.

Background Art

[0002] A conventional indoor unit for an air-condition-
ing apparatus includes devices such as a heat exchang-
er, a fan, and an air-flow-direction control plate, and a
box-shaped casing that houses these devices. The in-
door unit allows refrigerant to circulate between the in-
door unit and an outdoor unit that are connected to each
other by pipes. The heat exchanger causes air flowing
through the heat exchanger and the refrigerant flowing
through the heat exchanger to reject heat or remove heat
therebetween, thereby cooling or heating the air. The
cooled or heated air is blown out from an air outlet, to
adjust the temperature of air inside a room. For such an
indoor unit for an air-conditioning apparatus, as a struc-
ture that improves the performance of an air-conditioning
apparatus by increasing heat-rejecting efficiency or heat-
removing efficiency, a structure has been proposed in
which a propeller fan is arranged on the windward side
of the heat exchanger.
[0003] According to an indoor unit for an air-condition-
ing apparatus disclosed in Patent Literature 1, for exam-
ple, a propeller fan is arranged on the upstream side of
the heat exchanger, and an air outlet is provided in a
lower portion of the casing. The heat exchanger includes
a single or a plurality of heat exchanger blocks. The air
is supplied to the heat exchanger by the propeller fan,
and the air that is heat-exchanged and conditioned is
blown out from the air outlet.
[0004] According to an indoor unit for an air-condition-
ing apparatus disclosed in Patent Literature 2, a propeller
fan is arranged on the upstream side of the heat exchang-
er, and an air outlet is provided in a lower portion of the
casing. The heat exchanger includes a plurality of heat
exchanger blocks, and the heat exchanger blocks are
arranged in a reverse V shape in side view. An air mixing
promoting element is provided so that the air passing
through each of the heat exchanger blocks is mixed.

Citation List

Patent Literature

[0005]

Patent Literature 1: WO2010/089920
Patent Literature 2: WO2016/002015

Summary of Invention

Technical Problem

[0006] However, in the indoor unit for an air-condition-
ing apparatus disclosed in Patent Literature 1, since the
propeller fan is arranged on the windward side of the heat
exchanger, the air that has passed through the heat ex-
changer is not mixed. Therefore, the variation in blow-off
temperature and humidity distribution increases due to
the air velocity difference of blown-out air at the air outlet
of the indoor unit during cooling operation. When a plu-
rality of refrigerant flow passages and a plurality of re-
frigerant outlets are provided in the heat exchanger dur-
ing the cooling operation, the refrigerant at any one of
the plurality of refrigerant outlets is brought in a dry state
due to the drift of the refrigerant and the difference in the
heat load for each refrigerant flow passage, resulting in
an increase in temperature of the refrigerant. In this case,
the temperature and humidity distribution of the blown-
out air further expands. In Patent Literature 2, the air
mixing promoting element is provided in the vicinity of
the heat exchanger, and the temperature and humidity
distribution of the blown-out air is averaged. However,
when the air-flow-direction control plate is provided in the
vicinity of the heat exchanger, the air mixing promoting
element cannot be provided, resulting in dew condensa-
tion on the air-flow-direction control plate due to the in-
fluence of the wake of the heat exchanger.
[0007] The present invention has been made to solve
the above-mentioned problems, and an object thereof is
to provide an indoor unit for an air-conditioning unit that
can suppress dew condensation on an air-flow-direction
control plate in a configuration in which the air-flow-di-
rection control plate is arranged in a vicinity of at least
one of a plurality of heat exchanger blocks of a heat ex-
changer, and the air-conditioning unit.

Solution to Problem

[0008] An indoor unit for an air-conditioning apparatus
of an embodiment of the present invention includes a
casing, an air inlet provided on the casing, an air outlet
opening in a bottom surface of the casing, a heat ex-
changer arranged in an air passage extending from the
air inlet to the air outlet, a fan arranged on a windward
side of the heat exchanger in the air passage, and an air-
flow-direction control plate provided in the air passage
between the heat exchanger and the air outlet, wherein
the heat exchanger includes a plurality of heat exchanger
blocks that are arranged in a front-and-rear direction of
the casing, and includes a refrigerant inlet through which
refrigerant flows into the heat exchanger during a cooling
operation, and a refrigerant outlet through which the re-
frigerant flows out of the heat exchanger, the air-flow-
direction control plate is provided in the vicinity of one of
the heat exchanger blocks, the refrigerant outlet is pro-
vided in a heat exchanger block other than the heat ex-
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changer block that is provided in the vicinity of the air-
flow-direction control plate, and the number of refrigerant
outlets is larger than the number of refrigerant inlets.

Advantageous Effects of Invention

[0009] According to an embodiment of the present in-
vention, the heat exchanger of the indoor unit for an air-
conditioning apparatus includes a refrigerant outlet that
is provided in the heat exchanger block other than the
heat exchanger block that is disposed in the vicinity of
the air-flow-direction control plate. Thus, the variation in
the temperature and humidity distribution of the blown-
out air passing through the air-flow-direction control plate
can be reduced, even when the refrigerant in the vicinity
of the refrigerant outlets is in the dry state. Therefore, the
dew condensation on the air-flow-direction control plate
can be suppressed.

Brief Description of Drawings

[0010]

Fig. 1 is a perspective view illustrating an indoor unit
for an air-conditioning apparatus according to Em-
bodiment 1 of the present invention.
Fig. 2 is an explanatory view illustrating a cross sec-
tion A-A perpendicular to a longitudinal direction of
the indoor unit in Fig. 1.
Fig. 3 is a view illustrating a refrigerant flow passage
of a heat exchanger 1 illustrated in FIG. 2.
Fig. 4 is a view illustrating a refrigerant flow passage
of a heat exchanger according to Embodiment 2 of
the present invention.
Fig. 5 is a cross sectional view illustrating a heat
exchanger in a modification example of the heat ex-
changer according to Embodiment 2 of the present
invention.

Description of Embodiments

[0011] Embodiments of the present invention will be
described hereinafter with reference to the drawings. In
the drawings, devices denoted by the same reference
symbols are the same or corresponding devices, and the
same applies throughout the entire text of the specifica-
tion. Further, the modes of components described in the
entire text of the specification are merely illustrative, and
the present invention is not limited to those described
herein. In particular, combinations of the components are
not limited to the combinations in embodiments, and
components described in one embodiment may be ap-
plied to other embodiments. Furthermore, with regard to
a plurality of devices of the same type that are distin-
guished by suffixes, in a case where the devices are not
particularly required to be distinguished or specified, the
suffixes are omitted in some cases. In addition, the rela-
tionship of sizes of the components in the drawings may

differ from the actual sizes.

Embodiment 1

<Configuration of Indoor Unit 100>

[0012] Fig. 1 is a perspective view of an indoor unit 100
of an air-conditioning apparatus according to Embodi-
ment 1 of the present invention. As illustrated in Fig. 1,
the indoor unit 100 includes a casing 50 having a sub-
stantially cuboid shape. The casing 50 includes a front
panel 52 on a front surface of the indoor unit 100. A sur-
face facing the front panel 52 of the casing 50 includes
a back panel 51. The indoor unit 100 has the back panel
51 that is attached and fixed to an installation wall surface
of a room. Two air inlets 60 are arranged in a top surface
of the casing 50. An air outlet 70 is provided in a bottom
surface of the casing 50.
[0013] Fig. 2 is an explanatory view illustrating a cross
section A-A perpendicular to a longitudinal direction of
the indoor unit 100 of Fig. 1. The cross section A-A is a
cross section taken along the center of an axial-flow fan
2. An internal structure and a flow of air in the indoor unit
100 of the air-conditioning apparatus according to Em-
bodiment 1 will be described with reference to Fig. 2. The
air inlet 60 is formed in the top surface of the casing 50,
and the air outlet 70 is formed in the bottom surface of
the casing 50. An air passage 55 extending from the air
inlet 60 to the air outlet 70 is formed inside the casing
50. In the air passage 55, the axial-flow fan 2 is arranged
directly below the air inlet 60. The axial-flow fan 2 rotates
to suck the air outside the casing 50 into the inside of the
air passage 55 from the air inlet 60. A heat exchanger 1
is arranged below the axial-flow fan 2. The heat exchang-
er 1 includes a plurality of heat exchanger blocks 10a to
10d arranged in a W shape in cross-section perpendic-
ular to a longitudinal direction of the casing 50. The heat
exchanger 1 is arranged between the front panel 52 and
the back panel 51, and the air delivered from the axial-
flow fan 2 exchanges heat with refrigerant that has
passed through the heat exchanger 1 and passes
through a heat transfer tube 6. The air heat-exchanged
by the heat exchanger 1 is sent toward the air outlet 70.
Note that in Embodiment 1, the heat exchanger blocks
10a to 10d are arranged in a W shape, but the arrange-
ment of the heat exchanger blocks 10a to 10d is not lim-
ited to its form. The number of the plurality of heat ex-
changer blocks 10 is not limited to four. The plurality of
heat exchanger blocks 10 are arranged in a front-and-
rear direction of the casing 50, and may be in a form such
as an N shape, an M shape, and a V shape, for example.
[0014] A drain pan 20 is arranged below the heat ex-
changer 1. The drain pan 20 includes a drain pan portion
20a and a drain pan portion 20b for receiving dew con-
densation water attached to the heat exchanger 1. The
drain pan portions 20a, 20b cover two lower apexes of
the W-shape of the heat exchanger 1 from below, re-
spectively. The air that has passed through the heat ex-
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changer 1 is divided, thereby to flow through divided air
passages formed between the drain pan portion 20a and
a front air passage wall 52a of the front panel 52, between
the drain pan portion 20a and the drain pan portion 20b,
and between the drain pan portion 20b and a rear air
passage wall 51a of the back panel 51, respectively. The
air passage formed between the drain pan portion 20a
and the front air passage wall 52a of the front panel 52
is referred to as a front air passage 56a. The air passage
formed between the drain pan portion 20a and the drain
pan portion 20b is referred to as a central air passage
56b. The air passage formed between the drain pan por-
tion 20b and a rear air passage wall 51a of the back panel
51 is referred to as a rear air passage 56c. The front air
passage 56a, the central air passage 56b, and the rear
air passage 56c in Embodiment 1 correspond to the "di-
vided air passages" of the present invention.
[0015] The air that has passed through the heat ex-
changer block 10a of the heat exchanger 1 mainly passes
through the front air passage 56a, the heat exchanger
block 10a being the closest to the front panel 52. An air-
flow-direction control plate 3 is disposed in the front air
passage 56a. The air-flow-direction control plate 3 is
formed in a thin-plate shape, and the plate-shaped flat
portion of the air-flow-direction control plate 3 is normally
disposed to be in parallel to a direction of air flowing in
the front air passage 56a. A plurality of air-flow-direction
control plates 3 are disposed along the front air passage
56 extending in the longitudinal direction of the casing
50a. The air-flow-direction control plate 3 changes the
angle of the flat portion to change the direction of air to
be blown out from the air outlet 70. Note that the front air
passage 56a in Embodiment 1 corresponds to a "first
divided air passage" in the present invention. In addition,
the heat exchanger block 10a corresponds to a "first heat
exchanger block" in the present invention. That is, the
divided air passage into which the air that has passed
through the "first heat exchanger block" flows corre-
sponds to the "first divided air passage," and the plurality
of air-flow-direction control plates 3 are disposed in the
first divided air passage.
[0016] The air that has passed through the heat ex-
changer blocks 10b and 10c at the center of the heat
exchanger 1 mainly passes through the central air pas-
sage 56b. Baffle plates 21a, 21b are arranged in the cen-
tral air passage 56b, and the air passing through the cen-
tral air passage 56b is rectified by the baffle plates 21a,
21b to flow in a predetermined direction.
[0017] The air that has passed through the heat ex-
changer block 10d of the heat exchanger 1 mainly passes
through the rear air passage 56c, the heat exchanger
block 10d being the closest to the back panel 51. The
rear air passage wall 51a has an upper portion that is
parallel to the back surface of the casing 50, and a lower
portion of the rear air passage wall 51a is formed to ex-
tend downward below the heat exchanger 1. A lower end
of the rear air passage wall 51a is disposed below the
apex disposed closer to the back panel among the two

lower apexes of the W-shape of the heat exchanger 1.
The air passing through the rear air passage 56c passes
along the rear air passage 56c, thereby being rectified
to flow obliquely downward toward the front of the casing
50.
[0018] The air outlet 70 is provided below the drain pan
20. The air outlet 70 is closed by an up-and-down airflow
direction louver 30 closer to the front surface and an up-
and-down airflow direction louver 40 closer to the back
surface during operation of an operation. As illustrated
in Fig. 2, during the operation, the up-and-down airflow
direction louvers 30, 40 rotate about respective rotation
shafts 31, 41 to thereby open the air outlet 70. The airflow
direction can be changed to the up-and-down direction
by adjusting the angles of the up-and-down airflow direc-
tion louver 30 closer to the front surface and the up-and-
down airflow direction louver 40 closer to the back sur-
face. The up-and-down airflow direction louver 30 closer
to the front surface is provided with a right-and-left airflow
direction louver 35 by which the airflow direction is
changed to the right-and-left direction. The right-and-left
airflow direction louver 35 changes the angle to a right-
and-left direction of the casing 50 to change the airflow
direction.

<Structure of Heat Exchanger 1>

[0019] Fig. 3 is a view illustrating a refrigerant flow pas-
sage 80 of the heat exchanger 1 illustrated in FIG. 2. The
heat exchanger 1 includes a plurality of heat exchanger
blocks 10a to 10d arranged in a W shape, in a cross-
section perpendicular to a longitudinal direction of the
casing 50. The heat exchanger blocks 10a to 10d each
include a primary heat exchange portion 4 and an auxil-
iary heat exchange portion 5. The auxiliary heat ex-
change portion 5 is arranged so as to be overlapped with
the windward side of the primary heat exchange portion
4. Note that the windward side means an upstream side
of the air flow generated by the rotation of the axial-flow
fan 2. The leeward side means a downstream side of the
air flow generated by the rotation of the axial-flow fan 2.
The auxiliary heat exchange portion 5 is arranged to
mainly increase a subcooled region during heating op-
eration to thereby improve the heat exchange perform-
ance. The primary heat exchange portion 4 and the aux-
iliary heat exchange portion 5 each include the heat trans-
fer tubes 6 each configured to extend linearly in the lon-
gitudinal direction of the casing 50 and be turned back
at the end thereof, and fins 7 each are a thin strip-shaped
metal plate. A plurality of fins 7 are arranged at fine in-
tervals in the longitudinal direction of the casing 50, i.e.,
in a direction in which the heat transfer tubes 6 extend
linearly. The fin 7 has holes therein through which the
heat transfer tubes 6 pass, and is assembled so that the
heat transfer tubes 6 pass through the holes.
[0020] The heat transfer tube 6 is turned back a plu-
rality of number of times at the ends in the longitudinal
direction of the heat exchanger 1 to form the refrigerant
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flow passage 80. In Embodiment 1, the primary heat ex-
change portion 4 includes the heat transfer tubes 6 that
are arrayed in two rows on the windward side and the
leeward side in a plane so that the two rows are arranged
in parallel to each other, and the heat transfer tubes 6
arrayed in the plane are connected at their ends. For
example, the plurality of heat transfer tubes 6 arrayed on
the cross section illustrated in Fig. 3 are connected to
one another at their ends by U-shaped connecting tubes.
In Embodiment 1, the auxiliary heat exchange portion 5
includes the heat transfer tubes 6 that are arrayed in a
single row in a plane. In Fig. 3, a dotted line connecting
the adjacent heat transfer tubes 6 indicates that the ad-
jacent heat transfer tubes 6 are connected to each other
at the ends on the rear side of the heat exchanger 1 as
shown in Fig. 3. In Fig. 3, a solid line connecting the
adjacent heat transfer tubes 6 indicates that the adjacent
heat transfer tubes 6 are connected to each other at the
ends on the front side of Fig. 3 of the heat exchanger 1
as shown in Fig. 3.
[0021] In the heat exchanger 1 illustrated in Fig. 3, dur-
ing a cooling operation, the auxiliary heat exchange por-
tion 5 is located on the upstream side of the refrigerant
flow passage 80 and the primary heat exchange portion
4 is located on the downstream side of the refrigerant
flow passage 80. The refrigerant delivered from the out-
door unit flows into the heat transfer tube 6 from a refrig-
erant inlet 81 in the top of an auxiliary heat exchange
portion 5a of the heat exchanger block 10a closest to the
front panel 52. The refrigerant that has flowed from the
refrigerant inlet 81 passes through the heat transfer tube
6 of the auxiliary heat exchange portion 5a of the heat
exchanger block 10a, and then passes sequentially
through an auxiliary heat exchange portion 5b of the heat
exchanger block 10b, an auxiliary heat exchange portion
5c of the heat exchanger block 10c, and an auxiliary heat
exchange portion 5d of the heat exchanger block 10d.
The refrigerant flow passage 80 is provided with a bifur-
cation portion 82 after the refrigerant flows out of the aux-
iliary heat exchange portion 5d. The refrigerant flowing
out of the auxiliary heat exchange portion 5d branches
off into two passages of a refrigerant flow passage 80a
and a refrigerant flow passage 80b from the bifurcation
portion 82. The refrigerant flowing in the one refrigerant
flow passage 80a flows into a primary heat exchange
portion 4a of the heat exchanger block 10a closest to the
front panel 52. The refrigerant flowing in the other refrig-
erant flow passage 80b flows into a primary heat ex-
change portion 4b of the heat exchanger block 10b that
is closer to the front panel 52 among the central heat
exchanger blocks.
[0022] The refrigerant that has branched off into the
refrigerant flow passage 80a flows into the primary heat
exchange portion 4a of the heat exchanger block 10a. In
the primary heat exchange portion 4a, the refrigerant
flows into a heat transfer tube 6a that is located in the
uppermost position among the heat transfer tubes 6 ar-
rayed on the windward side. The primary heat exchange

portion 4a includes the heat transfer tubes 6 that are ar-
rayed in two rows on the windward side and the leeward
side. The refrigerant that has flowed into the primary heat
exchange portion 4a passes through the row of the heat
transfer tubes 6 on the windward side and the row of the
heat transfer tubes 6 on the leeward side, and then flows
out of the primary heat exchange portion 4a. The refrig-
erant that has flowed out of the primary heat exchange
portion 4a flows into a primary heat exchange portion 4c
of the heat exchanger block 10c. The refrigerant that has
flowed into the primary heat exchange portion 4c of the
heat exchanger block 10c flows into the heat transfer
tube 6 that is located in the uppermost position on the
windward side of the primary heat exchange portion 4c.
In the primary heat exchange portion 4a, the refrigerant
flows into the heat transfer tube 6 that is located in the
uppermost position on the leeward side after the refrig-
erant has passed through the second heat transfer tube
6 from top on the windward side, and then the refrigerant
flows into the third heat transfer tube 6 from the top on
the windward side after the refrigerant has passed
through the second heat transfer tube 6 from top on the
leeward side. Then, the refrigerant passes through the
heat transfer tubes 6 that are located below the third heat
transfer tube 6 from the top on the windward side of the
primary heat exchange portion 4c, and then flows out of
the heat transfer tube 6 that is located in the lowermost
position on the windward side of the primary heat ex-
change portion 4c. Then, the refrigerant flows into the
primary heat exchange portion 4d of the heat exchanger
block 10d closest to the back panel 51. The refrigerant
that has flowed into the primary heat exchange portion
4d flows into the heat transfer tube 6 that is located in
the lowermost position on the windward side, passes
through the heat transfer tubes 6 that are located in a
lower portion on the windward side, flows into the row of
the heat transfer tubes 6 on the leeward side, and then
flows out of a refrigerant outlet 83 that is provided at the
center of the heat transfer tube 6 on the leeward side.
[0023] The refrigerant that has branched off into the
refrigerant flow passage 80b from the bifurcation portion
82 flows into the primary heat exchange portion 4b of the
heat exchanger block 10b. In the primary heat exchange
portion 4b, the refrigerant flows into the heat transfer tube
6b that is located in the uppermost position among the
heat transfer tubes 6 arrayed on the windward side. The
primary heat exchange portion 4b includes the heat
transfer tubes 6 that are arrayed in two rows on the wind-
ward side and the leeward side. The refrigerant that has
flowed into the primary heat exchange portion 4b passes
through the row of the heat transfer tubes 6 on the wind-
ward side and the row of the heat transfer tubes 6 on the
leeward side, and then flows out of the primary heat ex-
change portion 4b. The refrigerant that has flowed out of
the primary heat exchange portion 4b flows into the pri-
mary heat exchange portion 4d of the heat exchanger
block 10d. The refrigerant that has flowed into the primary
heat exchange portion 4d of the heat exchanger block
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10d flows into the heat transfer tube 6 that is located in
the uppermost position on the windward side of the pri-
mary heat exchange portion 4d. The refrigerant that has
flowed into the heat transfer tube 6 located in the upper
most portion on the windward side of the primary heat
exchange portion 4d flows into the heat transfer tube 6
that is located in the uppermost position on the leeward
side after the refrigerant has passed through the second
heat transfer tube 6 from top on the windward side, and
then the refrigerant flows into the third heat transfer tube
6 from the top on the windward side after the refrigerant
has passed through the second heat transfer tube 6 from
top on the leeward side. Then, the refrigerant passes
through the third and fourth heat transfer tubes 6 from
the top on the windward side of the primary heat ex-
change portion 4d, and then flows out of the primary heat
exchange portion 4d. Then, the refrigerant that has
flowed out of the primary heat exchange portion 4d flows
into the third heat transfer tube 6 from the top on the
leeward side of the primary heat exchange portion 4c.
Then, the refrigerant flows from the third heat transfer
tube 6 on the leeward side of the primary heat exchange
portion 4c to the heat transfer tube 6 on the lowermost
position, and flows out of the primary heat exchange por-
tion 4c. The refrigerant that has flowed out of the primary
heat exchange portion 4c flows into the heat transfer tube
6 located in the lowermost position on the leeward side
of the primary heat exchange portion 4d of the heat ex-
changer block 10d closest to the back panel 51. The re-
frigerant that has flowed into the primary heat exchange
portion 4d flows into the heat transfer tube 6 located in
the lowermost position on the windward side, passes
through the heat transfer tubes 6 that are located in a
lower portion on the windward side, is transferred to the
heat transfer tube 6 on the leeward side, and then flows
out of a refrigerant outlet 84.
[0024] As described above, during the cooling opera-
tion, the refrigerant flowing into the heat exchanger 1
flows into the heat exchanger 1 from a single refrigerant
circuit, and the refrigerant flow passage 80 branches off
midway into two refrigerant circuits of the refrigerant flow
passage 80a and the refrigerant flow passage 80b, and
flows out of the refrigerant outlet 83 and the refrigerant
outlet 84. Here, the two refrigerant outlets 83, 84 each
are connected to any one of the heat transfer tubes 6 in
the row on the most leeward side of the heat transfer
tubes 6 in the heat exchanger block 10d closest to the
back panel 51 of the heat exchanger blocks included in
the primary heat exchange portion 4 and the auxiliary
heat exchange portion 5 of the heat exchanger 1.
[0025] Since the drift of the refrigerant occurs in the
refrigerant flow passage 80 of the heat exchanger 1 and
the difference in heat load is generated for each portion
of the refrigerant flow passage 80, the refrigerant may
be dried in the refrigerant outlet 83 and the refrigerant
outlet 84. Therefore, this may cause increase in the var-
iation in the temperature and humidity distribution of the
air that passes through the heat exchanger 1 and is blown

into the air-flow-direction control plate 3. However, the
refrigerant outlet 83 and the refrigerant outlet 84 through
which the refrigerant flows out of the heat exchanger 1
are not arranged in the heat exchanger block 10a during
the cooling operation, the heat exchanger block 10a be-
ing disposed on the windward side of the air-flow-direc-
tion control plate 3, thereby enabling the air-flow-direction
control plate 3 to be arranged at a position near the heat
exchanger 1 affected by the wake of the heat transfer
tubes. In Embodiment 1, in the front air passage 56a into
which the air that has passed through the heat exchanger
block 10a flows, the variation in the temperature and hu-
midity distribution of the air that passes through the air-
flow-direction control plate 3 is not increased. Therefore,
dew condensation on the air-flow-direction control plate
3 during the cooling operation can be suppressed.
[0026] To prevent dew from being condensed on the
air-flow-direction control plate 3, the heat exchanger
block 10 in which the refrigerant outlet 83 and the refrig-
erant outlet 84 are arranged does not have to be the heat
exchanger block 10d closest to the back panel for cooling
operation, and may be the heat exchanger block 10b or
10c that is not disposed in the vicinity of the air-flow-
direction control plate 3, for example. This is because
the air that has passed through the heat exchanger block
10b and the heat exchanger block 10c mainly passes
through the central air passage 56b, and therefore the
variation in the quality of the refrigerant in the refrigerant
outlet 83 and the refrigerant outlet 84 has less effect on
the air-flow-direction control plate 3 that is disposed in
the front air passage 56a. Furthermore, a detector may
be provided to detect the quality of the refrigerant in the
refrigerant outlet 83 and the refrigerant outlet 84. For ex-
ample, the detector may detect the temperatures of pipes
at the refrigerant outlet 83 and the refrigerant outlet 84.
[0027] The indoor unit 100 of an air-conditioning ap-
paratus in which the heat exchanger 1 is provided is con-
nected with an outdoor unit. The outdoor unit is provided
with a compressor and an outdoor heat exchanger. The
indoor unit 100 and the outdoor unit are connected to
each other by a connection pipe through which the re-
frigerant flows to form a refrigeration cycle circuit.

<Effect of Embodiment 1>

[0028]

(1) The indoor unit 100 of an air-conditioning appa-
ratus according to Embodiment 1 includes the casing
50, the air inlet 60 provided on the casing 50, the air
outlet 70 opening in a bottom surface of the casing
50, the heat exchanger 1 arranged in the air passage
55 extending from the air inlet 60 to the air outlet 70,
the axial-flow fan 2 arranged on the windward side
of the heat exchanger 1 in the air passage 55, and
the air-flow-direction control plate 3 provided in the
air passage 55 between the heat exchanger 1 and
the air outlet 70. The heat exchanger 1 includes a

9 10 



EP 3 540 318 A1

7

5

10

15

20

25

30

35

40

45

50

55

plurality of heat exchanger blocks 10 that are ar-
ranged in the front-and-rear direction of the casing,
and includes the refrigerant inlet 81 through which
the refrigerant flows into the heat exchanger 1, and
the refrigerant outlets 83, 84 through which the re-
frigerant flows out of the heat exchanger 1. The air-
flow-direction control plate 3 is provided in the vicinity
of one of the heat exchanger blocks 10, the refriger-
ant outlets 83, 84 are provided in the heat exchanger
block 10d other than the heat exchanger block 10a
that is provided in the vicinity of the air-flow-direction
control plate, and the number of refrigerant outlets
83, 84 is larger than the number of refrigerant inlets
81.
Such a configuration can suppress condensation of
dew on the air-flow-direction control plate 3 even
when the air-flow-direction control plate 3 is provided
in the vicinity of the heat exchanger block 10a. When
components such as the air-flow-direction control
plate 3 are arranged in the vicinity of the heat ex-
changer block 10, dew concentration may be nor-
mally caused by differences in temperature and hu-
midity of the air that has passed through each portion
of the heat exchanger block 10a. The variation in
temperature and humidity distribution of the air that
has passed through the heat exchanger block 10d
provided with the refrigerant outlets 83, 84 increases
more largely than that of the air that has passed
through the other heat exchanger blocks 10 of the
heat exchanger 1, but the air that has passed through
the heat exchanger block 10d does not pass through
the air-flow-direction control plate 3. Since the air-
flow-direction control plate 3 is arranged in the vicin-
ity of the heat exchanger block 10a, the variation in
temperature and humidity of the air in contact with
the air-flow-direction control plate 3 is relatively
small, and hence, the dew is hardly condensed on
the air-flow-direction control plate 3. Note that in Em-
bodiment 1, the heat exchanger block 10 provided
in the vicinity of the air-flow-direction control plate 3
is the heat exchanger block 10a, and the heat ex-
changer block 10 provided with the refrigerant outlets
83, 84 is the heat exchanger block 10d, but the
present invention is not limited to the embodiment.
The heat exchanger block 10 provided in the vicinity
of the air-flow-direction control plate 3 and the heat
exchanger block 10 provided with the refrigerant out-
lets 83, 84 may be different from each other.
(2) In the indoor unit 100 of an air-conditioning ap-
paratus according to Embodiment 1, the air passage
55 is divided into a plurality of divided air passages
on the downstream side of the heat exchanger 1.
The air that has passed through the heat exchanger
block 10a provided with no refrigerant outlets 83, 84,
among the plurality of heat exchanger blocks 10,
flows into the front air passage 56a that is one of the
divided air passages, and the air-flow-direction con-
trol plate 3 is disposed in the front air passage 56a.

Note that the heat exchanger block 10a in Embodi-
ment 1 corresponds to a "first heat exchanger block"
of the present invention, and the front air passage
56a in Embodiment 1 corresponds to a "first divided
air passage" of the present invention.
With such a configuration, the air that has passed
through the heat exchanger block 10a provided with
no refrigerant outlets 83, 84 passes through the front
air passage 56a in which the air-flow-direction con-
trol plate 3 is disposed, and therefore the air-flow-
direction control plate 3 is arranged so that dew is
hardly condensed on the air-flow-direction control
plate 3. Note that the "first heat exchanger block" of
the present invention is not limited to the heat ex-
changer block 10a, and may be the other heat ex-
changer block 10 provided with no refrigerant outlets
83, 84 among the plurality of heat exchanger blocks
10. In this case, the "first divided air passage" is not
limited to the front air passage 56a. When the "first
heat exchanger block" corresponds to the heat ex-
changer block 10b or 10c, the "first divided air pas-
sage" corresponds to the central air passage 56b.
When the "first heat exchanger block" corresponds
to the heat exchanger block 10d, the "first divided
air passage" corresponds to the rear air passage
56c.
(3) In the indoor unit 100 of an air-conditioning ap-
paratus according to Embodiment 1, the heat ex-
changer block 10 includes the auxiliary heat ex-
change portion 5 and the primary heat exchange por-
tion 4. The auxiliary heat exchange portion 5 is ar-
ranged so as to be overlapped on the windward side
of the primary heat exchange portion 4 in the air pas-
sage 55. The refrigerant inlet 81 is provided in the
auxiliary heat exchange portion 5. The refrigerant
outlets 83, 84 are provided in the primary heat ex-
change portion 4.
(4) The indoor unit 100 of an air-conditioning appa-
ratus according to Embodiment 1 further includes a
detector for detecting the dry state of the refrigerant
in the refrigerant outlets 83, 84.
With such a configuration, the dry state of the refrig-
erant in the refrigerant outlets 83, 84 of the heat ex-
changer 1 is detected to adjust the opening degree
of the expansion valve of the outdoor unit, and there-
fore the dry state of the refrigerant outlets 83, 84 can
be suppressed without sacrificing the cooling effi-
ciency.
(5) An air-conditioning apparatus according to Em-
bodiment 1 includes an outdoor unit for an air-con-
ditioning apparatus that includes a compressor con-
figured to compress the refrigerant, and the indoor
unit 100 of the air-conditioning apparatus according
to Embodiment 1, to thereby constitute a refrigera-
tion cycle in which the refrigerant circulates between
the outdoor unit for an air-conditioning apparatus and
the indoor unit 100 of the air-conditioning apparatus.
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[0029] With such a configuration, even when the drift
of the refrigerant occurs in the refrigerant flow passage
80 of the heat exchanger 1 of the indoor unit 100, the
indoor unit 100 includes the configurations (1) to (4) de-
scribed above, thereby being capable of suppressing
dew condensation on the components such as the air-
flow-direction control plate 3 arranged in the vicinity of
the heat exchanger block 10.

Embodiment 2

[0030] An indoor unit 200 of an air-conditioning appa-
ratus according to Embodiment 2 is obtained by modify-
ing the structure of the refrigerant flow passage 80 of the
heat exchanger 1 in the indoor unit 100 of an air-condi-
tioning apparatus according to Embodiment 1. The fol-
lowing description is focused on differences between
Embodiment 2 and Embodiment 1. Matters that are not
particularly mentioned in Embodiment 2 are similar to
those in Embodiment 1, and the same functions and com-
ponents as those in Embodiment 1 are designated by
the same reference signs in the following description.
[0031] Fig. 4 is a view illustrating a refrigerant flow pas-
sage 80 of a heat exchanger 201 according to Embodi-
ment 2 of the present invention. As illustrated in Fig. 4,
a refrigerant inlet 281 of the heat exchanger 201 may be
arranged closer to the back panel 51, i.e., in a heat ex-
changer block 210d closest to the rear air passage wall.
When all of the refrigerant inlet 281 and refrigerant outlets
283, 284 of the heat exchanger 201 are arranged in the
same heat exchanger block 210d closest to the rear air
passage wall, a refrigerant inflow passage can be short-
ened between the heat exchanger 201 and a connection
pipe between the indoor unit and the outdoor unit that is
a flow passage through which the refrigerant flows. This
enables refrigerant pressure loss to be reduced during
the cooling operation, thereby improving the cooling per-
formance of the air-conditioning apparatus. The amount
of copper pipes used for the refrigerant inflow passage
can be reduced by shortening the refrigerant inflow pas-
sage, thereby reducing the cost.
[0032] As illustrated in Fig. 4, the heat exchanger 201
in Embodiment 2 includes a refrigerant flow passage 280
as described below. Firstly, the refrigerant flows into the
heat exchanger 201 from the refrigerant inlet 281. The
refrigerant delivered from the outdoor unit flows into the
heat transfer tube 6 from the refrigerant inlet 281 in the
top of the auxiliary heat exchange portion 5d of the heat
exchanger block 10d closest to the rear air passage wall.
The refrigerant that has flowed from the refrigerant inlet
281 passes through the heat transfer tube 6 of the aux-
iliary heat exchange portion 5d of the heat exchanger
block 10d, and then passes sequentially through the aux-
iliary heat exchange portion 5c of the heat exchanger
block 10c, the auxiliary heat exchange portion 5b of the
heat exchanger block 10b, and the auxiliary heat ex-
change portion 5a of the heat exchanger block 10a. A
bifurcation portion 282 is provided in the heat transfer

tube 6 after the auxiliary heat exchange portion 5a. The
refrigerant flowing out of the auxiliary heat exchange por-
tion 5a branches off into two passages of a refrigerant
flow passage 280a and a refrigerant flow passage 280b
from the bifurcation portion 282, and flows into the pri-
mary heat exchange portion 4a of the heat exchanger
block 10a.
[0033] The refrigerant flowing through the refrigerant
flow passage 280a flows in the row of the heat transfer
tubes 6 on the windward side of the primary heat ex-
change portion 4a in an upward direction, flows into the
row of the heat transfer tubes 6 on the leeward side from
the uppermost position of the primary heat exchange por-
tion 4a, flows in the row of the heat transfer tubes 6 on
the leeward side to the lowermost position, and then flows
out of the primary heat exchange portion 4a. The refrig-
erant in the refrigerant flow passage 280a that has flowed
out of the primary heat exchange portion 4a flows into
the primary heat exchange portion 4b of the heat ex-
changer block 10b from the lowermost position thereof,
flows in the upward direction, and then flows out of the
primary heat exchange portion 4b before the refrigerant
reaches the uppermost position.
[0034] The refrigerant flowing through the refrigerant
flow passage 280b flows in the row of the heat transfer
tubes 6 on the windward side of the primary heat ex-
change portion 4a in a downward direction, flows out of
the heat transfer tube 6 that is located in the lowermost
position, and then flows into the primary heat exchange
portion 4b of the heat exchanger block 10b. The refrig-
erant in the refrigerant flow passage 280b that has flowed
into the primary heat exchange portion 4b flows in the
row of the heat transfer tubes 6 on the windward side of
the primary heat exchange portion 4b to the uppermost
position thereof, and flows into the row of the heat transfer
tubes 6 on the leeward side from the uppermost position.
The refrigerant flowing through the refrigerant flow pas-
sage 280b flows in the heat transfer tubes 6 on the lee-
ward side of the primary heat exchange portion 4b in a
downward direction, and flows out of the primary heat
exchange portion 4b before the refrigerant reaches the
lowermost position.
[0035] The refrigerant flow passage 280a and the re-
frigerant flow passage 280b are converged after the re-
frigerant flows out of the primary heat exchange portion
4b. The refrigerant converged at a converging portion
285 branches off from a bifurcation portion 286 again
through a refrigerant flow passage 280c. The refrigerant
flowing in a refrigerant flow passage 280d and a refrig-
erant flow passage 280e branched from the bifurcation
portion 286 flows into the primary heat exchange portion
4c of the heat exchanger block 10c. The refrigerant flow-
ing through the refrigerant flow passage 280d flows into
the row of the heat transfer tubes 6 on the windward side
of the primary heat exchange portion 4c, is transferred
to the row on the leeward side of the primary heat ex-
change portion 4c from the uppermost position in the
downward direction, and flows out of the primary heat
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exchange portion 4c at the lowermost position. The re-
frigerant that has flowed out of the primary heat exchange
portion 4c flows into the lowermost position of the row of
the heat transfer tubes 6 on the leeward side of the pri-
mary heat exchange portion 4d of the heat exchanger
block 10d, flows in the upward direction, and flows out
of the refrigerant outlet 283.
[0036] The refrigerant flowing through the refrigerant
flow passage 280e flows in the row of the heat transfer
tubes 6 on the windward side of the primary heat ex-
change portion 4c in a downward direction, flows out of
the primary heat exchange portion 4c at the lowermost
position. The refrigerant that has flowed out of the primary
heat exchange portion 4c flows into the lowermost posi-
tion of the row of the heat transfer tubes 6 on the windward
side of the primary heat exchange portion 4d of the heat
exchanger block 10d, flows in the upward direction, flows
into the row of the heat transfer tubes 6 on the leeward
side at the uppermost position, flows in the downward
direction, and flows out of the refrigerant outlet 284.
[0037] As described above, the refrigerant flow pas-
sage 280 in the heat exchanger 201 includes the con-
verging portion 285 that converges some or all of the
branched refrigerant flow passages. Furthermore, the re-
frigerant flow passage 280 may include the bifurcation
portion 286 at which the refrigerant flow passage branch-
es off into the refrigerant flow passages equal in the
number of refrigerant flow passages before being con-
verged at the converging portion 285. With such a con-
figuration, the refrigerant flowing in the refrigerant flow
passage 280a and the refrigerant flow passage 280b
branched from the bifurcation portion 282 are converged
at the converging portion 285 so that the refrigerant is
mixed. In the case where the difference in heat load is
generated for each portion of the refrigerant flow passage
280, the difference in the quality of the refrigerant flowing
out of each of the refrigerant flow passage 280a and the
refrigerant flow passage 280b can be reduced. Accord-
ingly, the quality of the refrigerant branched in the heat
exchanger 201 can be averaged, thereby being capable
of reducing the variation in the temperature and humidity
distribution of the air that passes through the heat ex-
changer 201. Furthermore, the risk that dew is con-
densed on the air-flow-direction control plate 3 arranged
in the vicinity of the heat exchanger 201 can be reduced.
[0038] Note that the number of heat exchanger blocks
10 included in the heat exchanger 201 is not limited to
four. Furthermore, the number of divided flow passages
through which the air that has passed through the heat
exchanger 1 passes may be appropriately changed in
accordance with the number of heat exchanger blocks
10.
[0039] Fig. 5 is a cross sectional view illustrating a heat
exchanger 201a in a modification example of the heat
exchanger 201 according to Embodiment 2 of the present
invention. As illustrated in Fig. 5, in the heat exchanger
201a, the auxiliary heat exchange portion 5 does not
need to be included in the heat exchanger block 10. Re-

garding the primary heat exchange portion 4 and the aux-
iliary heat exchange portion 5 included in the heat ex-
changer block 10, the number of heat transfer tubes 6 in
a row, the number of rows of the heat transfer tubes 6,
and the tube diameter of the heat transfer tube 6 are not
limited. In Embodiments 1 and 2, the number of refriger-
ant inlets 281 and refrigerant outlets 283, 284 are not
limited to the number illustrated in Fig. 3 and Fig. 4. The
number of flow passages branched at the bifurcation por-
tion 286 after the refrigerant flow passage 280 is con-
verged midway is not limited to the number equal to the
number of refrigerant flow passages before being con-
verged at the converging portion 285. Furthermore, a re-
heat dehumidification valve may be provided on the
downstream side of the converging portion 285 of the
refrigerant flow passage 280.

<Effect of Embodiment 2>

[0040]

(6) In the indoor unit 200 of an air-conditioning ap-
paratus according to Embodiment 2, the refrigerant
inlet 281 and the refrigerant outlets 283, 284 are pro-
vided in the heat exchanger block 10d closest to the
rear air passage wall.
With such a configuration, a refrigerant inflow pas-
sage can be shortened between the heat exchanger
201 and a connection pipe between the outdoor unit
and the indoor unit 100. This enables refrigerant
pressure loss to be reduced during the cooling op-
eration, thereby improving the cooling performance
of the air-conditioning apparatus. The amount of cop-
per pipe used can be reduced by shortening the re-
frigerant inflow passage, thereby reducing the cost.
(7) In the indoor unit 200 of an air-conditioning ap-
paratus according to Embodiment 2, the heat ex-
changer 201 includes the converging portion 285 at
which at least one of the refrigerant flow passages
280a, 280b in which the branched refrigerant flows
is converged to the refrigerant flow passage 280 con-
tinuous from the refrigerant inlet 281 to the refriger-
ant outlets 283, 284, and the bifurcation portion 286
that is provided on the downstream side of the flow
of the refrigerant with respect to the converging por-
tion 285, at which the refrigerant branches off into
the refrigerant flow passages 280d, 280e again, the
number of the refrigerant flow passages branched
from a bifurcation portion 286 being greater than or
equal to the number of refrigerant flow passages be-
fore being converged at the converging portion 285.

[0041] With such a configuration, the refrigerant flow-
ing in the refrigerant flow passage 280a and the refrig-
erant flow passage 280b branched from the bifurcation
portion 282 can be converged at the converging portion
285 so that the refrigerant can be mixed. Thus, in the
case where the difference in heat load is generated for
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each portion of the refrigerant flow passage 280, the dif-
ference in the quality of the refrigerant flowing out of each
of the refrigerant flow passage 280a and the refrigerant
flow passage 280b can be reduced. Accordingly, the
quality of the refrigerant branched in the heat exchanger
201 can be averaged, thereby being capable of reducing
the variation in the temperature and humidity distribution
of the air that passes through the heat exchanger 201.
Furthermore, the risk that dew is condensed on the air-
flow-direction control plate 3 arranged in the vicinity of
the heat exchanger 201 can be reduced.

Reference Signs List

[0042] 1 heat exchanger 2 axial-flow fan 3 air-flow-di-
rection control plate 4 primary heat exchange portion 4a
primary heat exchange portion 4b primary heat exchange
portion 4c primary heat exchange portion 4d primary heat
exchange portion 5 auxiliary heat exchange portion 5a
auxiliary heat exchange portion 5b auxiliary heat ex-
change portion 5c auxiliary heat exchange portion 5d
auxiliary heat exchange portion 6 heat transfer tube 6a
heat transfer tube 6b heat transfer tube 7 fin 10 heat
exchanger block 10a heat exchanger block 10b heat ex-
changer block 10c heat exchanger block 10d heat ex-
changer block 20 drain pan 20a drain pan portion 20b
drain pan portion 21a baffle plate 21b baffle plate 30 up-
and-down airflow direction louver closer to front surface
31 rotation shaft 35 right-and-left airflow direction louver
40 up-and-down airflow direction louver closer to back
surface 41 rotation shaft 50 casing 51 back panel 51a
rear air passage wall 52 front panel 52a front air passage
wall 55 air passage 56 front air passage 56a front air
passage 56b central air passage 56c rear air passage
60 air inlet 70 air outlet 80 refrigerant flow passage 80a
refrigerant flow passage 80b refrigerant flow passage 81
refrigerant inlet 82 bifurcation portion 83 refrigerant outlet
84 refrigerant outlet 100 indoor unit 200 indoor unit 201
heat exchanger 201a heat exchanger 280 refrigerant flow
passage 280a refrigerant flow passage 280b refrigerant
flow passage 280c refrigerant flow passage 280d refrig-
erant flow passage 280e refrigerant flow passage 281
refrigerant inlet 282 bifurcation portion 283 refrigerant
outlet 284 refrigerant outlet 285 converging portion 286
bifurcation portion

Claims

1. An indoor unit for an air-conditioning apparatus com-
prising:

a casing;
an air inlet provided on the casing;
an air outlet opening in a bottom surface of the
casing;
a heat exchanger arranged in an air passage
extending from the air inlet to the air outlet;

a fan arranged on a windward side of the heat
exchanger in the air passage; and
an air-flow-direction control plate provided in the
air passage between the heat exchanger and
the air outlet,
wherein the heat exchanger comprises a plural-
ity of heat exchanger blocks that are arranged
in a front-and-rear direction of the casing, and
the heat exchanger includes:

a refrigerant inlet through which refrigerant
flows into the heat exchanger; and
a refrigerant outlet through which the refrig-
erant flows out of the heat exchanger,

the air-flow-direction control plate is provided in
a vicinity of one of the heat exchanger blocks,
the refrigerant outlet is provided in a heat ex-
changer block other than the heat exchanger
block that is provided in a vicinity of the air-flow-
direction control plate, and
the number of refrigerant outlets is larger than
the number of refrigerant inlets.

2. The indoor unit for an air-conditioning apparatus of
claim 1, wherein
the air passage branches off into a plurality of divided
air passages on a downstream side of the heat ex-
changer,
air that has passed through a first heat exchanger
block without the refrigerant outlet among the plural-
ity of heat exchanger blocks flows into a first divided
air passage that is one of the plurality of divided air
passages, and
the air-flow-direction control plate is disposed in the
first divided air passage.

3. The indoor unit for an air-conditioning apparatus of
claim 1 or 2, wherein
the refrigerant inlet and the refrigerant outlet are pro-
vided in a heat exchanger block closest to a rear air
passage wall.

4. The indoor unit for an air-conditioning apparatus of
any one of claims 1 to 3, wherein
the heat exchanger includes:

a converging portion, at which at least part of
the refrigerant flow passages in which the
branched refrigerant flows is converged with the
refrigerant flow passage extending from the re-
frigerant inlet to the refrigerant outlet; and
a bifurcation portion provided on a downstream
side of a flow of the refrigerant relative to the
converging portion, at which the refrigerant
branches off into refrigerant flow passages
again and the number of the refrigerant flow pas-
sages is greater than or equal to the number of
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the refrigerant flow passages before the conver-
gence.

5. The indoor unit for an air-conditioning apparatus of
any one of claims 1 to 4, wherein
the heat exchanger block includes:
an auxiliary heat exchange portion and a primary
heat exchange portion; and
the auxiliary heat exchange portion is arranged so
as to be overlapped with a windward side of the pri-
mary heat exchange portion in the air passage,
the refrigerant inlet is provided in the auxiliary heat
exchange portion, and
the refrigerant outlet is provided in the primary heat
exchange portion.

6. The indoor unit for an air-conditioning apparatus of
any one of claims 1 to 5, further comprising:
a detector configured to detect a dry state of the re-
frigerant in the refrigerant outlet.

7. An air-conditioning apparatus, comprising:

an outdoor unit for an air-conditioning apparatus
that includes a compressor configured to com-
press refrigerant; and
the indoor unit for an air-conditioning apparatus
of any one of claims 1 to 6,
wherein a refrigeration cycle in which the refrig-
erant circulates between the outdoor unit and
the indoor unit is constituted.
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