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(54) AIR CONDITIONER AND INDOOR UNIT

(57) An air-conditioner (1) includes an outdoor unit
(2) and an indoor unit (3). The indoor unit includes a first
connection port (121) connected to the outdoor unit and
configured such that refrigerant flows therethrough, a
second connection port (122) connected to the outdoor
unit and configured such that refrigerant flows there-
through, a first path (92 to 94) provided between the first
connection port and the second connection port, a sec-
ond path (95 to 97) provided between the first connection
port and the second connection port in parallel to the first
path, a first indoor heat exchanger (71) provided in the
first path, a first expansion valve (42) provided in the first
path between the first indoor heat exchanger and the
second connection port, a second indoor heat exchanger
(72) provided in the second path, and a second expan-
sion valve (43) provided in the second path between the
second indoor heat exchanger and the first connection
port. The first indoor heat exchanger is located on a wind-
ward side in a direction of flow of air taken into the indoor
unit. The second indoor heat exchanger is located on a
leeward side in the direction of flow of air taken into the
indoor unit.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an air-condi-
tioner and an indoor unit.

BACKGROUND ART

[0002] An air-conditioner to control a temperature and
a humidity of air blown into an indoor space has conven-
tionally been known.
[0003] Japanese Patent Laying-Open No. 2001-82761
(PTL 1) discloses an air-conditioner in which two indoor
heat exchangers connected in series are provided in an
indoor unit and a flow rate control valve to control a flow
rate of refrigerant is provided between the two indoor
heat exchangers. This air-conditioner is configured to
produce, by means of the flow rate control valve, a pres-
sure difference between the indoor heat exchanger lo-
cated on an upstream side in a direction of flow of refrig-
erant and the indoor heat exchanger located on a down-
stream side in the direction of flow of refrigerant. The air-
conditioner thus configured has the indoor heat exchang-
er on the upstream side function as a reheater and has
the indoor heat exchanger on the downstream side func-
tion as an evaporator, to thereby control a temperature
and a humidity of air blown into the indoor space from
the indoor unit.

CITATION LIST

PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No.
2001-82761

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] The air-conditioner disclosed in Japanese Pat-
ent Laying-Open No. 2001-82761 decreases an opening
of the flow rate control valve during a dehumidification
operation to mix air heated in the indoor heat exchanger
on the downstream side and air dehumidified in the indoor
heat exchanger on the downstream side, and blows re-
sultant air into the indoor space to achieve dehumidifica-
tion while a room temperature is prevented from exces-
sively becoming lower than a setting temperature. De-
crease in opening of the flow rate control valve, however,
may cause a large amount of liquid refrigerant to remain
in the indoor heat exchanger on the upstream side.
Therefore, refrigerant in an amount in consideration of
remaining refrigerant should be sealed in advance in a
refrigerant circuit, which disadvantageously increases
cost.
[0006] The present disclosure was made to solve the

problem above, and an object thereof is to provide an
air-conditioner and an indoor unit capable of controlling
a temperature and a humidity of air blown into an indoor
space while cost is suppressed.

SOLUTION TO PROBLEM

[0007] An air-conditioner according to the present dis-
closure includes an outdoor unit and an indoor unit. The
indoor unit includes a first connection port connected to
the outdoor unit, through which refrigerant flows, a sec-
ond connection port connected to the outdoor unit,
through which refrigerant flows, a first path provided be-
tween the first connection port and the second connec-
tion port, a second path provided between the first con-
nection port and the second connection port in parallel
to the first path, a first indoor heat exchanger provided
in the first path, a first expansion valve provided in the
first path between the first indoor heat exchanger and
the second connection port, a second indoor heat ex-
changer provided in the second path, and a second ex-
pansion valve provided in the second path between the
second indoor heat exchanger and the first connection
port. The first indoor heat exchanger is located on a wind-
ward side in a direction of flow of air taken into the indoor
unit. The second indoor heat exchanger is located on a
leeward side in the direction of flow of air taken into the
indoor unit.
[0008] An indoor unit according to the present disclo-
sure includes a first connection port connected to an out-
door unit, through which refrigerant flows, a second con-
nection port connected to the outdoor unit, through which
refrigerant flows, a first path provided between the first
connection port and the second connection port, a sec-
ond path provided between the first connection port and
the second connection port in parallel to the first path, a
first indoor heat exchanger provided in the first path, a
first expansion valve provided in the first path between
the first indoor heat exchanger and the second connec-
tion port, a second indoor heat exchanger provided in
the second path, and a second expansion valve provided
in the second path between the second indoor heat ex-
changer and the first connection port. The first indoor
heat exchanger is located on a windward side in a direc-
tion of flow of air taken into the indoor unit. The second
indoor heat exchanger is located on a leeward side in
the direction of flow of air taken into the indoor unit.
[0009] According to the present disclosure, a temper-
ature and a humidity of air blown into an indoor space
can be controlled while cost is suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a diagram showing a configuration of an air-
conditioner according to an embodiment.
Fig. 2 is a diagram showing a configuration of an air-
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conditioner according to a comparative example.
Fig. 3 is a diagram showing change in quantity of
exchanged heat in a first indoor heat exchanger and
a second indoor heat exchanger in accordance with
an open and closed state of an expansion valve in
the air-conditioner according to the comparative ex-
ample.
Fig. 4 is a pressure-enthalpy chart of a refrigeration
cycle in the air-conditioner according to the compar-
ative example.
Fig. 5 is a pressure-enthalpy chart of a refrigeration
cycle in the air-conditioner according to the compar-
ative example.
Fig. 6 is a diagram showing change in SHF of air in
accordance with an open and closed state of the
expansion valve in the air-conditioner according to
the comparative example.
Fig. 7 is a diagram showing change in amount of
refrigerant that remains in an indoor unit, in accord-
ance with the open and closed state of the expansion
valve in the air-conditioner according to the compar-
ative example.
Fig. 8 is a diagram showing a configuration of the
indoor unit according to the embodiment.
Fig. 9 is a diagram showing change in quantity of
exchanged heat in the first indoor heat exchanger
and the second indoor heat exchanger in accord-
ance with the open and closed state of a first expan-
sion valve and a second expansion valve in the air-
conditioner according to the embodiment.
Fig. 10 is a pressure-enthalpy chart of a refrigeration
cycle in the air-conditioner according to the embod-
iment.
Fig. 11 is a diagram showing change in SHF of air
in accordance with the open and closed state of the
first expansion valve and the second expansion
valve in the air-conditioner according to the embod-
iment.
Fig. 12 is a diagram showing change in amount of
refrigerant in accordance with the open and closed
state of the first expansion valve and the second ex-
pansion valve in the air-conditioner according to the
embodiment.
Fig. 13 is a flowchart for illustrating processing per-
formed by a control device in the air-conditioner ac-
cording to the embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] An embodiment of the present disclosure will
be described in detail below with reference to the draw-
ings. Though a plurality of embodiments will be described
below, combination of features described in the embod-
iments as appropriate is originally intended. The same
or corresponding elements in the drawings have the
same reference characters allotted and description
thereof will not be repeated.

<Overview of Air-Conditioner>

[0012] Overview of an air-conditioner will be described
with reference to Fig. 1. Fig. 1 is a diagram showing a
configuration of an air-conditioner 1 according to an em-
bodiment. Fig. 1 functionally shows connection relation
and an arrangement configuration of elements in air-con-
ditioner 1, and does not necessarily show arrangement
in a physical space.
[0013] As shown in Fig. 1, air-conditioner 1 includes a
refrigerant circuit 4 and a control device 6. Refrigerant
circuit 4 includes an outdoor unit 2 and an indoor unit 3.
Indoor unit 3 includes a connection port 121 and a con-
nection port 122. Outdoor unit 2 includes a connection
port 112 and a connection port 111. Connection port 121
of indoor unit 3 is connected to connection port 112 of
outdoor unit 2 through an extension pipe 113. Connection
port 122 of indoor unit 3 is connected to connection port
111 of outdoor unit 2 through an extension pipe 123. In-
door unit 3 is thus constructed as being connectable to
outdoor unit 2 through extension pipe 113 and extension
pipe 123.
[0014] Outdoor unit 2 includes a compressor 10, a four-
way valve 20, an outdoor heat exchanger 30, and an
expansion valve 41.
[0015] Four-way valve 20 includes a connection port
21, a connection port 22, a connection port 23, and a
connection port 24. Connection port 21 of four-way valve
20 is connected to a suction port 11 of compressor 10
through a pipe 85. Connection port 22 of four-way valve
20 is connected to connection port 111 of outdoor unit 2
through a pipe 86. Connection port 23 of four-way valve
20 is connected to a discharge port 12 of compressor 10
through a pipe 81. Connection port 24 of four-way valve
20 is connected to a one end side of outdoor heat ex-
changer 30 through a pipe 82. Outdoor heat exchanger
30 has the other end side connected to a one end side
of expansion valve 41 through a pipe 83. Expansion valve
41 has the other end side connected to connection port
112 of outdoor unit 2 through a pipe 84.
[0016] Air-conditioner 1 is controlled to any one of a
plurality of types of air-conditioning modes including a
cooling mode in which an indoor space to be air-condi-
tioned is cooled and a heating mode in which the indoor
space is heated.
[0017] In the cooling mode, a state of communication
in the inside of four-way valve 20 is such that connection
port 21 communicates with connection port 22 and con-
nection port 23 communicates with connection port 24
as shown with a solid line in Fig. 1. In other words, in the
cooling mode, suction port 11 of compressor 10 commu-
nicates with indoor unit 3 and discharge port 12 of com-
pressor 10 communicates with outdoor heat exchanger
30. Refrigerant thus flows through in the order of com-
pressor 10, outdoor heat exchanger 30, expansion valve
41, and indoor unit 3.
[0018] In the heating mode, a state of communication
in the inside of four-way valve 20 is such that connection
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port 21 communicates with connection port 24 and con-
nection port 22 communicates with connection port 23
as shown with a dashed line in Fig. 1. In other words, in
the heating mode, suction port 11 of compressor 10 com-
municates with outdoor heat exchanger 30 and discharge
port 12 of compressor 10 communicates with indoor unit
3. Refrigerant thus flows through in the order of compres-
sor 10, indoor unit 3, expansion valve 41, and outdoor
heat exchanger 30.
[0019] Air-conditioner 1 is not limited to an air-condi-
tioner capable of switching between the cooling mode
and the heating mode by switching of four-way valve 20.
Air-conditioner 1 does not have to include four-way valve
20 and refrigerant circuit 4 may be in a circuit configura-
tion dedicated for the cooling mode.
[0020] Control device 6 includes a processor 61 and a
memory 62. Processor 61 is a processing entity that con-
trols refrigerant circuit 4 by executing various programs.
Processor 61 is implemented, for example, by at least
any one of a central processing unit (CPU), a field pro-
grammable gate array (FPGA), and a graphics process-
ing unit (GPU). Processor 61 may be implemented by
processing circuitry. Memory 62 is implemented by a vol-
atile memory such as a dynamic random access memory
(DRAM) and a static random access memory (SRAM) or
a non-volatile memory such as a read only memory
(ROM). Memory 62 may include a solid state drive (SSD)
or a hard disk drive (HDD).
[0021] In the cooling mode, compressor 10 increases
a pressure of gas refrigerant that flows from indoor unit
3 by suctioning gas refrigerant through suction port 11
and compressing suctioned gas refrigerant. Compressor
10 discharges gas refrigerant at a high temperature and
a high pressure obtained by compression from discharge
port 12 to outdoor heat exchanger 30. Compressor 10 is
configured to be activated and deactivated and further
to change in rotation speed during operations under the
control by control device 6. Control device 6 changes a
drive frequency of compressor 10 to any drive frequency
by outputting a control signal to compressor 10. Com-
pressor 10 changes in rotation speed with change in drive
frequency to thereby adjust an amount of discharge of
refrigerant. Various types of compressors can be adopt-
ed as compressor 10, and for example, a compressor of
a scroll type, a rotary type, or a screw type can be adopt-
ed.
[0022] Outdoor heat exchanger 30 has heat ex-
changed between gas refrigerant at the high temperature
and the high pressure that flows from compressor 10 and
outdoor air taken from an outdoor space by a fan 35.
Refrigerant that has radiated heat to air by heat exchange
in outdoor heat exchanger 30 changes to liquid refriger-
ant at the high temperature and the high pressure by
condensing in outdoor heat exchanger 30. Liquid refrig-
erant at the high temperature and the high pressure ob-
tained as a result of heat exchange in outdoor heat ex-
changer 30 flows out to expansion valve 41.
[0023] Expansion valve 41 is, for example, a solenoid

expansion valve, and lowers a pressure of liquid refrig-
erant at the high temperature and the high pressure that
flows from outdoor heat exchanger 30. Refrigerant in a
gas-liquid two-phase state obtained by pressure reduc-
tion by expansion valve 41 flows out to indoor unit 3.
[0024] Indoor unit 3 has heat exchanged between re-
frigerant in the gas-liquid two-phase state that flows from
outdoor unit 2 and air taken from the indoor space by a
fan 75. Refrigerant that has absorbed heat from air as a
result of heat exchange in indoor unit 3 evaporates in
indoor unit 3 to change to gas refrigerant. Gas refrigerant
at a low temperature and a low pressure obtained by heat
exchange in indoor unit 3 flows out to compressor 10. Air
from which heat has been absorbed by refrigerant in in-
door unit 3 is blown again into the indoor space.
[0025] As set forth above, air-conditioner 1 can cool
the indoor space as refrigerant circulates through refrig-
erant circuit 4.

<Configuration of Air-Conditioner According to Compar-
ative Example>

[0026] An air-conditioner 100 according to a compar-
ative example will be described with reference to Fig. 2.
Fig. 2 is a diagram showing a configuration of air-condi-
tioner 100 according to the comparative example. In Fig.
2, features provided in air-conditioner 100 the same in
function as the features provided in air-conditioner 1 ac-
cording to the embodiment described above are given
reference numerals the same as those of air-conditioner
1 according to the embodiment, and detailed description
thereof will not be provided below.
[0027] As shown in Fig. 2, air-conditioner 100 includes
a refrigerant circuit 400 including outdoor unit 2 and an
indoor unit 300. Indoor unit 300 is connected to outdoor
unit 2 through extension pipe 113 and extension pipe
123. Indoor unit 300 includes a first indoor heat exchang-
er 171, a second indoor heat exchanger 172, an expan-
sion valve 142, and a fan 175.
[0028] Connection port 121 of indoor unit 300 is con-
nected to a one end side of first indoor heat exchanger
171 through a pipe 101. First indoor heat exchanger 171
has the other end side connected to a one end side of
expansion valve 142 through a pipe 102. Expansion
valve 142 has the other end side connected to a one end
side of second indoor heat exchanger 172 through a pipe
103. Second indoor heat exchanger 172 has the other
end side connected to connection port 122 of indoor unit
300 through a pipe 104.
[0029] Thus, in air-conditioner 100 according to the
comparative example, two indoor heat exchangers of first
indoor heat exchanger 171 and second indoor heat ex-
changer 172 are connected in series and expansion
valve 142 is provided between first indoor heat exchang-
er 171 and second indoor heat exchanger 172.
[0030] First indoor heat exchanger 171 is located on
the windward side in the direction of flow of air taken into
indoor unit 300 from the indoor space by fan 175. Second
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indoor heat exchanger 172 is located on the leeward side
in the direction of flow of air taken into indoor unit 300
from the indoor space by fan 175. Air taken into indoor
unit 300 from the indoor space thus passes through first
indoor heat exchanger 171 and thereafter through sec-
ond indoor heat exchanger 172, and is blown again into
the indoor space.

<Control of Temperature and Humidity of Air by Air-Con-
ditioner According to Comparative Example>

[0031] Control of a temperature and a humidity of air
by air-conditioner 100 according to the comparative ex-
ample will be described with reference to Figs. 3 to 7.
[0032] Fig. 3 is a diagram showing change in quantity
of exchanged heat in first indoor heat exchanger 171 and
second indoor heat exchanger 172 in accordance with
an open and closed state of expansion valve 142 in air-
conditioner 100 according to the comparative example.
In Fig. 3, the abscissa represents the open and closed
state of expansion valve 142 and the ordinate represents
the quantity of exchanged heat in each of first indoor heat
exchanger 171 and second indoor heat exchanger 172.
[0033] In the cooling mode, air-conditioner 100 can
control the temperature and the humidity of air blown
from indoor unit 300 into the indoor space by adjusting
an opening of expansion valve 142. As shown in Fig. 3,
as expansion valve 142 changes from the closed state
to the open state, the quantity of exchanged heat in first
indoor heat exchanger 171 increases, whereas the quan-
tity of exchanged heat in second indoor heat exchanger
172 decreases.
[0034] For example, when a state of opening of expan-
sion valve 142 falls under a state P, the quantity of ex-
changed heat in first indoor heat exchanger 171 is sub-
stantially equal to the quantity of exchanged heat in sec-
ond indoor heat exchanger 172. State P can also be said
as a state in which expansion valve 142 is open at such
an opening that the quantity of exchanged heat in first
indoor heat exchanger 171 is equal to the quantity of
exchanged heat in second indoor heat exchanger 172.
[0035] When expansion valve 142 is in a state Q in
which it is closed to a further extent as compared with
state P, the quantity of exchanged heat in second indoor
heat exchanger 172 is larger than the quantity of ex-
changed heat in first indoor heat exchanger 171.
[0036] Figs. 4 and 5 are pressure-enthalpy charts of
the refrigeration cycle in air-conditioner 100 according to
the comparative example. Fig. 4 shows the pressure-
enthalpy chart in an example where expansion valve 142
of indoor unit 300 is in state P. Fig. 5 shows the pressure-
enthalpy chart in an example where expansion valve 142
of indoor unit 300 is in state Q. In Figs. 4 and 5, the
abscissa represents specific enthalpy and the ordinate
represents a pressure of refrigerant.
[0037] In the refrigeration cycles in Figs. 4 and 5,
change of the graph from a point a until a point b repre-
sents change in state of refrigerant in compressor 10.

Change of the graph from point b until a point c represents
change in state of refrigerant in outdoor heat exchanger
30. Change of the graph from point c until a point d rep-
resents change in state of refrigerant in expansion valve
41. Change of the graph from point d until a point e rep-
resents change in state of refrigerant in first indoor heat
exchanger 171. Change of the graph from point e until a
point f represents change in state of refrigerant in expan-
sion valve 142. Change of the graph from point f until
point a represents change in state of refrigerant in second
indoor heat exchanger 172.
[0038] As shown with change of the graph from point
a to point b, compressor 10 raises the pressure of gas
refrigerant that flows from indoor unit 3 by compressing
gas refrigerant. Gas refrigerant at the high temperature
and the high pressure obtained by compression by com-
pressor 10 flows out to outdoor heat exchanger 30.
[0039] As shown with change of the graph from point
b to point c, outdoor heat exchanger 30 has heat ex-
changed between gas refrigerant at the high temperature
and the high pressure that flows from compressor 10 and
air taken from the outdoor space by fan 35. Liquid refrig-
erant at the high temperature and the high pressure ob-
tained by heat exchange in outdoor heat exchanger 30
flows out to expansion valve 142.
[0040] As shown with change of the graph from point
c to point d, expansion valve 41 lowers the pressure of
liquid refrigerant at the high temperature and the high
pressure that flows from outdoor heat exchanger 30. Re-
frigerant in the gas-liquid two-phase state at an interme-
diate temperature and an intermediate pressure obtained
by pressure reduction by expansion valve 41 flows out
to indoor unit 300.
[0041] As shown with change of the graph from point
d to point e, first indoor heat exchanger 171 has heat
exchanged between refrigerant in the gas-liquid two-
phase state that flows from expansion valve 41 in outdoor
unit 2 and air taken from the indoor space by fan 175.
Refrigerant in the gas-liquid two-phase state obtained by
heat exchange in first indoor heat exchanger 171 flows
out to expansion valve 142.
[0042] Air taken into indoor unit 300 from the indoor
space is cooled within a range equal to or higher than a
dew point as a result of heat exchange in first indoor heat
exchanger 171. Thus, in heat exchange in first indoor
heat exchanger 171, sensible heat that contributes to
change in temperature of air is mainly exchanged.
[0043] As shown with change of the graph from point
e to point f, expansion valve 142 lowers the pressure of
refrigerant in the gas-liquid two-phase state at the inter-
mediate temperature and the intermediate pressure that
flows from first indoor heat exchanger 171. Refrigerant
reduced in pressure by expansion valve 142 becomes
refrigerant in the gas-liquid two-phase state at a low tem-
perature and a low pressure and flows out to second
indoor heat exchanger 172.
[0044] As shown with change of the graph from point
f to point a, second indoor heat exchanger 172 has heat
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exchanged between refrigerant in the gas-liquid two-
phase state that flows from expansion valve 142 and air
that has exchanged heat in first indoor heat exchanger
171. Refrigerant in the gas-liquid two-phase state that
has absorbed heat from air as a result of heat exchange
in second indoor heat exchanger 172 changes to gas
refrigerant. Gas refrigerant at the low temperature and
the low pressure obtained by heat exchange in second
indoor heat exchanger 172 flows out to compressor 10.
[0045] Air taken into indoor unit 300 from the indoor
space is cooled to a temperature lower than the dew point
as a result of heat exchange in second indoor heat ex-
changer 172. Air taken into indoor unit 300 is thus dehu-
midified and blown again into the indoor space. Thus, in
heat exchange in second indoor heat exchanger 172,
latent heat that contributes to change in state of moisture
in air (dehumidification) is mainly exchanged.
[0046] As shown in Fig. 3, when expansion valve 142
is in state P, the quantity of exchanged heat in first indoor
heat exchanger 171 is substantially equal to the quantity
of exchanged heat in second indoor heat exchanger 172.
Therefore, as shown in Fig. 4, an amount of change in
specific enthalpy is substantially the same between
change of the graph from point d to point e and change
of the graph from point f to point a.
[0047] On the other hand, as shown in Fig. 3, when
expansion valve 142 is in state Q, the quantity of ex-
changed heat in second indoor heat exchanger 172 is
larger than the quantity of exchanged heat in first indoor
heat exchanger 171. Therefore, as shown in Fig. 5,
change of the graph from point f to point a is larger in
amount of change in specific enthalpy than change of
the graph from point d to point e.
[0048] More specifically, when expansion valve 142 is
in state Q, expansion valve 142 is substantially in the
closed state, and hence the temperature of refrigerant
that flows through second indoor heat exchanger 172 is
not different from the temperature of air taken from the
indoor space. Therefore, heat is not substantially ex-
changed between refrigerant and air taken from the in-
door space in first indoor heat exchanger 171.
[0049] Fig. 6 is a diagram showing change in SHF of
air in accordance with the open and closed state of ex-
pansion valve 142 in air-conditioner 100 according to the
comparative example. The SHF represents an indicator
indicating air-conditioning capability of the air-conditioner
and it is also referred to as a sensible heat factor. The
SHF is expressed by a ratio occupied by sensible heat
to total heat which is total of sensible heat and latent heat.
In Fig. 6, the abscissa represents the open and closed
state of expansion valve 142 and the ordinate represents
the SHF of air that passes through indoor unit 300.
[0050] As shown in Fig. 6, when expansion valve 142
is in state P, the quantity of exchanged heat in first indoor
heat exchanger 171 where sensible heat is mainly ex-
changed is substantially equal to the quantity of ex-
changed heat in second indoor heat exchanger 172
where latent heat is mainly exchanged. Therefore, re-

garding the SHF of air, a ratio of sensible heat to total
heat is substantially equal to a ratio of latent heat to total
heat. For example, a value of the SHF is approximately
0.5.
[0051] On the other hand, when expansion valve 142
is in state Q, the quantity of exchanged heat in second
indoor heat exchanger 172 where latent heat is mainly
exchanged is larger than the quantity of exchanged heat
in first indoor heat exchanger 171 where sensible heat
is mainly exchanged. Therefore, regarding the SHF of
air, the ratio of latent heat to total heat is higher than the
ratio of sensible heat to total heat. For example, the value
of SHF is smaller than approximately 0.5. Furthermore,
when heat is substantially not exchanged in first indoor
heat exchanger 171 as in this example, the value of SHF
is close to 0.
[0052] Air-conditioner 100 can thus control heat ex-
change in first indoor heat exchanger 171 where sensible
heat is mainly exchanged and heat exchange in second
indoor heat exchanger 172 where latent heat is mainly
exchanged by adjusting the opening of expansion valve
142, to thereby control the temperature and the humidity
of air blown into the indoor space from indoor unit 300.
[0053] Fig. 7 is a diagram showing change in amount
of refrigerant that remains in indoor unit 300, in accord-
ance with the open and closed state of expansion valve
142 in air-conditioner 100 according to the comparative
example. In Fig. 7, the abscissa represents the open and
closed state of expansion valve 142 and the ordinate
represents the amount of refrigerant that remains in each
of first indoor heat exchanger 171 and second indoor
heat exchanger 172.
[0054] As shown in Fig. 7, the amount of refrigerant
that remains in the indoor unit is larger when expansion
valve 142 is in state Q than when expansion valve 142
is in state P. In particular, when heat is substantially not
exchanged in first indoor heat exchanger 171 as in the
case where expansion valve 142 is in state Q, most of
liquid refrigerant remains in first indoor heat exchanger
171.
[0055] Thus, in change of the quantity of exchanged
heat in each of first indoor heat exchanger 171 and sec-
ond indoor heat exchanger 172, in air-conditioner 100
according to the comparative example, an amount of re-
frigerant that flows through each of first indoor heat ex-
changer 171 and second indoor heat exchanger 172 can-
not be adjusted to an appropriate amount. In particular,
when air-conditioner 100 according to the comparative
example performs such a dehumidification operation as
lowering the SHF of air, most of liquid refrigerant remains
in first indoor heat exchanger 171. Refrigerant in an
amount in consideration of remaining refrigerant should
thus be sealed in advance in refrigerant circuit 400 in air-
conditioner 100 according to the comparative example,
which increases cost.
[0056] Air-conditioner 1 according to the embodiment
is configured to be able to control the temperature and
the humidity of air blown into the indoor space while cost
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is suppressed. Air-conditioner 1 according to the embod-
iment will specifically be described below.

<Configuration of Air-Conditioner According to Embodi-
ment>

[0057] Air-conditioner 1 according to the embodiment
will be described with reference to Figs. 1 and 8. Fig. 1
is a diagram showing the configuration of air-conditioner
1 according to the embodiment. Fig. 8 is a diagram show-
ing a configuration of indoor unit 3 according to the em-
bodiment.
[0058] As shown in Fig. 1, air-conditioner 1 includes
indoor unit 3 connected to outdoor unit 2 through exten-
sion pipe 113 and extension pipe 123. Indoor unit 3 in-
cludes first indoor heat exchanger 71, second indoor heat
exchanger 72, a first expansion valve 42, a second ex-
pansion valve 43, and fan 75.
[0059] Connection port 121 of indoor unit 3 is connect-
ed to the one end side of first indoor heat exchanger 71
through a pipe 91 and a pipe 92. First indoor heat ex-
changer 71 has the other end side connected to the one
end side of first expansion valve 42 through a pipe 93.
First expansion valve 42 has the other end side connect-
ed to connection port 122 of indoor unit 3 through a pipe
94 and a pipe 98.
[0060] Connection port 121 of indoor unit 3 is connect-
ed to a one end side of second expansion valve 43
through pipe 91 and a pipe 95. Second expansion valve
43 has the other end side connected to a one end side
of second indoor heat exchanger 72 through a pipe 96.
Second indoor heat exchanger 72 has the other end side
connected to connection port 122 of indoor unit 3 through
a pipe 97 and pipe 98.
[0061] Thus, in air-conditioner 1 according to the em-
bodiment, a first path including pipe 92 to pipe 94 and a
second path including pipe 95 to pipe 97 are connected
in parallel between connection port 121 and connection
port 122. In other words, two indoor heat exchangers of
first indoor heat exchanger 71 and second indoor heat
exchanger 72 are connected in parallel between connec-
tion port 121 and connection port 122.
[0062] First expansion valve 42 is provided between
first indoor heat exchanger 71 and connection port 122.
In the cooling mode, first indoor heat exchanger 71 is
located on the upstream side in the direction of flow of
refrigerant and first expansion valve 42 is located on the
downstream side in the direction of flow of refrigerant.
First expansion valve 42 is a solenoid expansion valve
that is opened and closed under the control (a control
signal C2) by control device 6. Second expansion valve
43 is provided between connection port 121 and second
indoor heat exchanger 72. In the cooling mode, second
expansion valve 43 is located on the upstream side in
the direction of flow of refrigerant and second indoor heat
exchanger 72 is located on the downstream side in the
direction of flow of refrigerant. Second expansion valve
43 is a solenoid expansion valve that is opened and

closed under the control (a control signal C3) by control
device 6.
[0063] Air-conditioner 1 further includes a temperature
sensor 51, a temperature sensor 52, a temperature sen-
sor 53, a temperature sensor 54, and a humidity sensor
55.
[0064] Temperature sensor 51 measures a tempera-
ture of refrigerant that flows between expansion valve 41
and connection port 112 and outputs a temperature T1
obtained as a result of measurement to control device 6.
Temperature sensor 52 measures a temperature of re-
frigerant that flows between second expansion valve 43
and second indoor heat exchanger 72 and outputs a tem-
perature T2 obtained as a result of measurement to con-
trol device 6. Temperature sensor 53 measures a tem-
perature of refrigerant that flows between first indoor heat
exchanger 71 and first expansion valve 42 and outputs
a temperature T3 obtained as a result of measurement
to control device 6. Temperature sensor 54 measures a
temperature of refrigerant that flows between connection
port 111 and compressor 10 and outputs a temperature
T4 obtained as a result of measurement to control device
6. Humidity sensor 55 measures a humidity of air blown
from indoor unit 3 and outputs a humidity H obtained as
a result of measurement to control device 6.
[0065] Control device 6 controls the opening of expan-
sion valve 41 by outputting a control signal C1 to expan-
sion valve 41. Control device 6 controls the opening of
first expansion valve 42 by outputting control signal C2
to first expansion valve 42. Control device 6 controls the
opening of second expansion valve 43 by outputting con-
trol signal C3 to second expansion valve 43.
[0066] Fig. 8 is a diagram showing the configuration of
indoor unit 3 according to the embodiment. As shown in
Fig. 8, indoor unit 3 includes first indoor heat exchanger
71 on the windward side and second indoor heat ex-
changer 72 on the leeward side such that first indoor heat
exchanger 71 and second indoor heat exchanger 72 sur-
round fan 75 from the windward side toward the leeward
side in the direction of flow of air taken into indoor unit 3.
First indoor heat exchanger 71 includes a plurality of in-
door heat exchangers such as an indoor heat exchanger
71a, an indoor heat exchanger 71b, an indoor heat ex-
changer 71c, and an indoor heat exchanger 71d. Second
indoor heat exchanger 72 includes a plurality of indoor
heat exchangers such as an indoor heat exchanger 72a,
an indoor heat exchanger 72b, an indoor heat exchanger
72c, and an indoor heat exchanger 72d.
[0067] Air that has taken into indoor unit 3 from the
indoor space by fan 75 passes through first indoor heat
exchanger 71 (indoor heat exchangers 71a to 71d) and
thereafter passes through second indoor heat exchanger
72 (indoor heat exchangers 72a to 71d) and is blown
again into the indoor space.
[0068] Though indoor unit 3 shown in Fig. 8 includes
a line flow fan (trademark) as fan 75, it may include an
axial fan as fan 75. When the axial fan is employed as
fan 75, fan 75 may be arranged on the windward side of
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first indoor heat exchanger 71 and second indoor heat
exchanger 72.

<Control of Temperature and Humidity of Air by Air-Con-
ditioner According to Embodiment>

[0069] Control of the temperature and the humidity of
air by air-conditioner 1 according to the embodiment will
be described with reference to Figs. 9 to 13.
[0070] Fig. 9 is a diagram showing change in quantity
of exchanged heat in first indoor heat exchanger 71 and
second indoor heat exchanger 72 in accordance with the
open and closed state of first expansion valve 42 and
second expansion valve 43 in air-conditioner 1 according
to the embodiment. In Fig. 9, the abscissa represents the
open and closed state of first expansion valve 42 and
second expansion valve 43 and the ordinate represents
the quantity of exchanged heat in each of first indoor heat
exchanger 71 and second indoor heat exchanger 72.
[0071] In the cooling mode, air-conditioner 1 can con-
trol the temperature and the humidity of air blown into
the indoor space from indoor unit 3 by adjusting the open-
ing of each of first expansion valve 42 and second ex-
pansion valve 43. As shown in Fig. 9, as first expansion
valve 42 changes from the closed state to the open state
and second expansion valve 43 changes from the open
state to the closed state, the quantity of exchanged heat
in first indoor heat exchanger 71 increases whereas the
quantity of exchanged heat in second indoor heat ex-
changer 72 decreases.
[0072] For example, when the state of opening of each
of first expansion valve 42 and second expansion valve
43 falls under a state R, the quantity of exchanged heat
in first indoor heat exchanger 71 is substantially equal to
the quantity of exchanged heat in second indoor heat
exchanger 72. State R can also be said as a state in
which first expansion valve 42 and second expansion
valve 43 are open at such an opening that the quantity
of exchanged heat in first indoor heat exchanger 71 is
equal to the quantity of exchanged heat in second indoor
heat exchanger 72.
[0073] When the state falls under a state S in which
first expansion valve 42 is closed to a further extent as
compared with state R and second expansion valve 43
is open to a further extent as compared with state R, the
quantity of exchanged heat in second indoor heat ex-
changer 72 is larger than the quantity of exchanged heat
in first indoor heat exchanger 71.
[0074] Fig. 10 is a pressure-enthalpy chart of the re-
frigeration cycle in air-conditioner 1 according to the em-
bodiment. Fig. 10 shows the pressure-enthalpy chart in
an example where first expansion valve 42 and second
expansion valve 43 in indoor unit 3 are in state R or state
S. In Fig. 10, the abscissa represents specific enthalpy
and the ordinate represents a pressure of refrigerant.
[0075] In the refrigeration cycle in Fig. 10, change of
the graph from a point A until a point B represents change
in state of refrigerant in compressor 10. Change of the

graph from point B until a point C represents change in
state of refrigerant in outdoor heat exchanger 30. Change
of the graph from point C until a point D represents
change in state of refrigerant in expansion valve 41.
Change of the graph from point D until a point E1 repre-
sents change in state of refrigerant in first indoor heat
exchanger 71. Change of the graph from point E 1 until
a point F 1 represents change in state of refrigerant in
first expansion valve 42. Change of the graph from point
D until a point E2 represents change in state of refrigerant
in second expansion valve 43. Change of the graph from
point E2 to a point F2 represents change in state of re-
frigerant in second indoor heat exchanger 72.
[0076] As shown with change of the graph from point
A to point B, compressor 10 raises the pressure of gas
refrigerant that flows from indoor unit 3 by compressing
gas refrigerant. Gas refrigerant at the high temperature
and the high pressure obtained by compression by com-
pressor 10 flows out to outdoor heat exchanger 30.
[0077] As shown with change of the graph from point
B to point C, outdoor heat exchanger 30 has heat ex-
changed between gas refrigerant at the high temperature
and the high pressure that flows from compressor 10 and
air taken from the outdoor space by fan 35. Liquid refrig-
erant at the high temperature and the high pressure ob-
tained by heat exchange in outdoor heat exchanger 30
flows out to expansion valve 142.
[0078] As shown with change of the graph from point
C to point D, expansion valve 41 lowers the pressure of
liquid refrigerant at the high temperature and the high
pressure that flows from outdoor heat exchanger 30. Re-
frigerant in the gas-liquid two-phase state at the interme-
diate temperature and the intermediate pressure ob-
tained by pressure reduction by expansion valve 41 flows
out to indoor unit 3.
[0079] As shown with change of the graph from point
D to point E1, first indoor heat exchanger 71 has heat
exchanged between refrigerant in the gas-liquid two-
phase state that flows from expansion valve 41 in outdoor
unit 2 and air taken from the indoor space by fan 75.
Refrigerant in the gas-liquid two-phase state that has ab-
sorbed heat from air as a result of heat exchange in first
indoor heat exchanger 71 changes to gas refrigerant.
Gas refrigerant at the intermediate temperature and the
intermediate pressure obtained by heat exchange in first
indoor heat exchanger 71 flows out to first expansion
valve 42.
[0080] Air taken into indoor unit 3 from the indoor space
is cooled within a range equal to or higher than the dew
point as a result of heat exchange in first indoor heat
exchanger 71. Thus, in heat exchange in first indoor heat
exchanger 71, sensible heat that contributes to change
in temperature of air is mainly exchanged.
[0081] As shown with change of the graph from point
E1 to point F1, first expansion valve 42 lowers the pres-
sure of gas refrigerant at the intermediate temperature
and the intermediate pressure that flows from first indoor
heat exchanger 71. Refrigerant reduced in pressure by
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first expansion valve 42 becomes gas refrigerant at the
low temperature and the low pressure and flows out to
compressor 10.
[0082] As shown with change of the graph from point
D to point E2, second expansion valve 43 lowers the
pressure of refrigerant in the gas-liquid two-phase state
that flows from expansion valve 41 in outdoor unit 2. Re-
frigerant reduced in pressure by second expansion valve
43 becomes refrigerant in the gas-liquid two-phase state
at the low temperature and the low pressure and flows
out to second indoor heat exchanger 72.
[0083] As shown with change of the graph from point
E2 to point F2, second indoor heat exchanger 72 has
heat exchanged between refrigerant in the gas-liquid
two-phase state that flows from second expansion valve
43 and air that has exchanged heat in first indoor heat
exchanger 71. Refrigerant in the gas-liquid two-phase
state that has absorbed heat from air as a result of heat
exchange in second indoor heat exchanger 72 changes
to gas refrigerant. Gas refrigerant at the low temperature
and the low pressure obtained by heat exchange in sec-
ond indoor heat exchanger 72 flows out to compressor
10.
[0084] Air taken into indoor unit 3 from the indoor space
is cooled to a temperature lower than the dew point as a
result of heat exchange in second indoor heat exchanger
72. Air taken into indoor unit 3 is thus dehumidified and
blown again into the indoor space. Thus, in heat ex-
change in second indoor heat exchanger 72, latent heat
that contributes to change in state of moisture in air (de-
humidification) is mainly exchanged.
[0085] Gas refrigerant at the low temperature and the
low pressure that flows out of first expansion valve 42
and gas refrigerant at the low temperature and the low
pressure that flows out of second indoor heat exchanger
72 merge in pipe 98 and flow out to compressor 10.
[0086] Fig. 11 is a diagram showing change in SHF of
air in accordance with the open and closed state of first
expansion valve 42 and second expansion valve 43 in
air-conditioner 1 according to the embodiment. In Fig.
11, the abscissa represents the open and closed state
of first expansion valve 42 and second expansion valve
43 and the ordinate shows the SHF of air that flows
through indoor unit 3.
[0087] As shown in Fig. 11, when first expansion valve
42 and second expansion valve 43 are in state R, the
quantity of exchanged heat in first indoor heat exchanger
71 where sensible heat is mainly exchanged is substan-
tially equal to the quantity of exchanged heat in second
indoor heat exchanger 72 where latent heat is mainly
exchanged. Therefore, regarding the SHF of air, the ratio
of sensible heat to total heat is substantially equal to the
ratio of latent heat to total heat. For example, the value
of the SHF is approximately 0.5.
[0088] On the other hand, when first expansion valve
42 and second expansion valve 43 are in state S, the
quantity of exchanged heat in second indoor heat ex-
changer 72 where latent heat is mainly exchanged is larg-

er than the quantity of exchanged heat in first indoor heat
exchanger 71 where sensible heat is mainly exchanged.
Therefore, regarding the SHF of air, the ratio of latent
heat to total heat is higher than the ratio of sensible heat
to total heat. For example, the value of SHF is smaller
than approximately 0.5. Furthermore, when heat is sub-
stantially not exchanged in first indoor heat exchanger
71 as in this example, the value of SHF is close to 0.
[0089] Air-conditioner 1 can thus control heat ex-
change in first indoor heat exchanger 71 where sensible
heat is mainly exchanged and heat exchange in second
indoor heat exchanger 72 where latent heat is mainly
exchanged by adjusting the opening of each of first ex-
pansion valve 42 and second expansion valve 43, to
thereby control the temperature and the humidity of air
blown into the indoor space from indoor unit 3.
[0090] Fig. 12 is a diagram showing change in amount
of refrigerant that remains in indoor unit 3, in accordance
with the open and closed state of first expansion valve
42 and second expansion valve 43 in air-conditioner 1
according to the embodiment. In Fig. 12, the abscissa
represents the open and closed state of first expansion
valve 42 and second expansion valve 43 and the ordinate
represents an amount of refrigerant that remains in each
of first indoor heat exchanger 71 and second indoor heat
exchanger 72.
[0091] As shown in Fig. 12, the amount of refrigerant
that remains in indoor unit 3 is substantially the same
between the example where first expansion valve 42 and
second expansion valve 43 are in state S and the exam-
ple where first expansion valve 42 and second expansion
valve 43 are in state S. In particular, the amount of re-
frigerant that remains in first indoor heat exchanger 71
is smaller when first expansion valve 42 and second ex-
pansion valve 43 are in state S than when first expansion
valve 42 and second expansion valve 43 are in state R.
Though Fig. 12 shows also the amount of refrigerant that
remains in first indoor heat exchanger 171 of air-condi-
tioner 100 according to the comparative example, first
indoor heat exchanger 71 of air-conditioner 1 according
to the embodiment can be smaller in amount of refrigerant
that remains than first indoor heat exchanger 171 of air-
conditioner 100 according to the comparative example.
[0092] Thus, in change of the quantity of exchanged
heat in each of first indoor heat exchanger 71 and second
indoor heat exchanger 72, in air-conditioner 1 according
to the embodiment, an amount of refrigerant that flows
through each of first indoor heat exchanger 71 and sec-
ond indoor heat exchanger 72 can be adjusted to an ap-
propriate amount. In particular, even when air-condition-
er 1 according to the embodiment performs such a de-
humidification operation as lowering the SHF of air, it can
minimize refrigerant that remains in first indoor heat ex-
changer 71 and second indoor heat exchanger 72. Thus,
in air-conditioner 1 according to the embodiment, refrig-
erant in an amount in consideration of remaining refrig-
erant does not have to be sealed in advance in the re-
frigerant circuit, and air-conditioner 1 can control the tem-
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perature and the humidity of air blown into the indoor
space while cost is suppressed.
[0093] Fig. 13 is a flowchart for illustrating processing
performed by control device 6 in air-conditioner 1 accord-
ing to the embodiment. Control device 6 performs
processing in the flowchart shown in Fig. 13 by executing
a control program stored in memory 62. Processing in
this flowchart is performed as being invoked from a main
control routine of air-conditioner 1 every certain time pe-
riod. "S" in the figure is used as an abbreviation of
"STEP".
[0094] Control device 6 determines whether or not hu-
midity H of air blown from indoor unit 3 that is obtained
from humidity sensor 55 is higher than a setting value h
(S1). When humidity H is equal to or lower than setting
value h (NO in S1), control device 6 decreases the open-
ing of expansion valve 41 in outdoor unit 2 (S2). Air-con-
ditioner 1 can thus decrease the amount of refrigerant
that flows in indoor unit 3 to suppress dehumidification
in indoor unit 3, and can thus appropriately achieve de-
humidification.
[0095] When humidity H is higher than setting value h
(YES in S1), control device 6 increases the opening of
expansion valve 41 in outdoor unit 2 (S3). Air-conditioner
1 can thus increase the amount of refrigerant that flows
in indoor unit 3 to promote dehumidification in indoor unit
3 so that dehumidification can appropriately be achieved.
[0096] Control device 6 calculates a temperature dif-
ference A between temperature T3 of refrigerant that
flows between first indoor heat exchanger 71 and first
expansion valve 42 that is obtained from temperature
sensor 53 and temperature T1 of refrigerant that flows
between expansion valve 41 and connection port 112
that is obtained from temperature sensor 51 (S4).
[0097] Control device 6 determines whether or not cal-
culated temperature difference A is larger than a setting
value a (S5). When temperature difference A is equal to
or smaller than setting value a (NO in S5), control device
6 decreases the opening of first expansion valve 42 (S6).
Air-conditioner 1 can thus decrease the amount of refrig-
erant that flows through first indoor heat exchanger 71
and can have heat appropriately exchanged in first indoor
heat exchanger 71.
[0098] When temperature difference A is larger than
setting value a (YES in S5), control device 6 increases
the opening of first expansion valve 42 (S7). For example,
when temperature T3 of refrigerant that flows between
first indoor heat exchanger 71 and first expansion valve
42 is excessively higher than temperature T1 of refriger-
ant that flows between expansion valve 41 and connec-
tion port 112, heat may excessively be exchanged in first
indoor heat exchanger 71. Therefore, control device 6
increases the amount of refrigerant that flows through
first indoor heat exchanger 71 by increasing the opening
of first expansion valve 42. Air-conditioner 1 can thus
have heat appropriately exchanged in first indoor heat
exchanger 71 and can set a constant degree of overheat-
ing at a flow outlet of first indoor heat exchanger 71.

[0099] Control device 6 calculates a temperature dif-
ference B between temperature T4 of refrigerant that
flows between connection port 111 and compressor 10
that is obtained from temperature sensor 54 and temper-
ature T2 of refrigerant that flows between second expan-
sion valve 43 and second indoor heat exchanger 72 that
is obtained from temperature sensor 52 (S8).
[0100] Control device 6 determines whether or not cal-
culated temperature difference B is larger than a setting
value b (S9). When temperature difference B is equal to
or smaller than setting value b (NO in S9), control device
6 decreases the opening of second expansion valve 43
(S10). For example, when the difference between tem-
perature T4 of refrigerant that flows between connection
port 111 and compressor 10 and temperature T2 of re-
frigerant that flows between second expansion valve 43
and second indoor heat exchanger 72 is excessively
small, heat exchange may be insufficient and liquid re-
frigerant may flow out to compressor 10. Therefore, con-
trol device 6 decreases the amount of refrigerant that
flows through second indoor heat exchanger 72 by de-
creasing the opening of first expansion valve 42. Air-con-
ditioner 1 can thus have heat appropriately exchanged
in second indoor heat exchanger 72 and can prevent
liquid refrigerant from flowing out to compressor 10 as
much as possible.
[0101] When temperature difference B is larger than
setting value b (YES in S9), control device 6 increases
the opening of second expansion valve 43 (S 11). Air-
conditioner 1 can thus increase the amount of refrigerant
that flows through second indoor heat exchanger 72 and
can have heat appropriately exchanged in second indoor
heat exchanger 72. After processing in S10 or S11, con-
trol device 6 has control return to the main control routine.
[0102] As set forth above, air-conditioner 1 controls
each of expansion valve 41, first expansion valve 42, and
second expansion valve 43 to thereby appropriately ad-
just the temperature and the humidity of air blown into
the indoor space while heat is efficiently exchanged in
indoor unit 3 between refrigerant and air taken from the
indoor space.

(Summary)

[0103] The present disclosure relates to air-conditioner
1. Air-conditioner 1 includes outdoor unit 2 and indoor
unit 3. Indoor unit 3 includes connection port 121 con-
nected to outdoor unit 2 and configured such that refrig-
erant flows therethrough, connection port 122 connected
to outdoor unit 2 and configured such that refrigerant
flows therethrough, a first path provided between con-
nection port 121 and connection port 122, the first path
including pipe 92 to pipe 94, a second path provided be-
tween connection port 121 and connection port 122 in
parallel to pipe 92 to pipe 94, the second path including
pipe 95 to pipe 97, first indoor heat exchanger 71 provid-
ed in the first path, first expansion valve 42 provided in
the first path between first indoor heat exchanger 71 and

17 18 



EP 4 269 897 A1

11

5

10

15

20

25

30

35

40

45

50

55

connection port 122, second indoor heat exchanger 72
provided in the second path, and second expansion valve
43 provided in the second path between second indoor
heat exchanger 72 and connection port 121. First indoor
heat exchanger 71 is located on the windward side in the
direction of flow of air taken into indoor unit 3. Second
indoor heat exchanger 72 is located on the leeward side
in the direction of flow of air taken into the indoor unit.
[0104] According to such a configuration, in change of
the quantity of exchanged heat in each of first indoor heat
exchanger 71 and second indoor heat exchanger 72, air-
conditioner 1 can adjust the amount of refrigerant that
flows through each of first indoor heat exchanger 71 and
second indoor heat exchanger 72 to an appropriate
amount. Therefore, refrigerant in an amount in consider-
ation of remaining refrigerant does not have to be sealed
in advance in the refrigerant circuit and the temperature
and the humidity of air blown into the indoor space can
be controlled while cost is suppressed.
[0105] Preferably, air-conditioner 1 further includes
control device 6 to control first expansion valve 42 and
second expansion valve 43.
[0106] According to such a configuration, air-condition-
er 1 adjusts the opening of each of first expansion valve
42 and second expansion valve 43 to thereby appropri-
ately adjust the temperature and the humidity of air blown
into the indoor space while heat is efficiently exchanged
in indoor unit 3 between refrigerant and air taken from
the indoor space.
[0107] Preferably, outdoor unit 2 includes connection
port 112 connected to connection port 121, connection
port 111 connected to connection port 122, and compres-
sor 10, outdoor heat exchanger 30, and expansion valve
41 arranged sequentially from connection port 111 to-
ward connection port 112. Control device 6 further con-
trols expansion valve 41.
[0108] According to such a configuration, air-condition-
er 1 can adjust the amount of refrigerant that flows
through indoor unit 3 by adjusting the opening of expan-
sion valve 41, and thus can efficiently exchange heat in
indoor unit 3.
[0109] Preferably, the control device controls expan-
sion valve 41 based on the humidity of air blown from
indoor unit 3 as shown in S1 to S3 in Fig. 13.
[0110] According to such a configuration, air-condition-
er 1 can adjust the amount of refrigerant that flows
through indoor unit 3 by adjusting the opening of expan-
sion valve 41 based on the humidity of air blown from
indoor unit 3, and thus can have indoor unit 3 appropri-
ately achieve dehumidification.
[0111] Preferably, the control device controls first ex-
pansion valve 42 based on a temperature of refrigerant
that flows out of first indoor heat exchanger 71 and a
temperature of refrigerant that flows out of expansion
valve 41 as shown in S4 to S7 in Fig. 13.
[0112] According to such a configuration, air-condition-
er 1 can adjust the amount of refrigerant that flows
through first indoor heat exchanger 71 by adjusting the

opening of first expansion valve 42, and can thus have
heat appropriately exchanged in first indoor heat ex-
changer 71.
[0113] Preferably, the control device controls second
expansion valve 43 based on a temperature of refrigerant
that flows into compressor 10 and a temperature of re-
frigerant that flows out of second expansion valve 43 as
shown in S8 to S11 in Fig. 13.
[0114] According to such a configuration, air-condition-
er 1 can adjust the amount of refrigerant that flows
through second indoor heat exchanger 72 by adjusting
the opening of second expansion valve 43, and can thus
have heat appropriately exchanged in second indoor
heat exchanger 72.
[0115] In another aspect, the present disclosure re-
lates to indoor unit 3 of air-conditioner 1. Indoor unit 3
includes connection port 121 connected to outdoor unit
2 and configured such that refrigerant flows therethrough,
connection port 122 connected to outdoor unit 2 and con-
figured such that refrigerant flows therethrough, a first
path provided between connection port 121 and connec-
tion port 122, the first path including pipe 92 to pipe 94,
a second path provided between connection port 121
and connection port 122 in parallel to pipe 92 to pipe 94,
the second path including pipe 95 to pipe 97, first indoor
heat exchanger 71 provided in the first path, first expan-
sion valve 42 provided in the first path between first indoor
heat exchanger 71 and connection port 122, second in-
door heat exchanger 72 provided in the second path, and
second expansion valve 43 provided in the second path
between second indoor heat exchanger 72 and connec-
tion port 121. First indoor heat exchanger 71 is located
on the windward side in the direction of flow of air taken
into indoor unit 3. Second indoor heat exchanger 72 is
located on the leeward side in the direction of flow of air
taken into the indoor unit.
[0116] According to such a configuration, in change of
the quantity of exchanged heat in each of first indoor heat
exchanger 71 and second indoor heat exchanger 72, in-
door unit 3 can adjust the amount of refrigerant that flows
through each of first indoor heat exchanger 71 and sec-
ond indoor heat exchanger 72 to an appropriate amount.
Therefore, refrigerant in an amount in consideration of
remaining refrigerant does not have to be sealed in ad-
vance in the refrigerant circuit and the temperature and
the humidity of air blown into the indoor space can be
controlled while cost is suppressed.
[0117] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the terms of the claims, rather than the de-
scription of the embodiments above, and is intended to
include any modifications within the scope and meaning
equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0118] 1, 100 air-conditioner; 2 outdoor unit; 3, 300 in-
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door unit; 4, 400 refrigerant circuit; 6 control device; 10
compressor; 11 suction port; 12 discharge port; 20 four-
way valve; 21, 22, 23, 24, 111, 112, 121, 122 connection
port; 30 outdoor heat exchanger; 35, 75, 175 fan; 41, 142
expansion valve; 42 first expansion valve; 43 second ex-
pansion valve; 51, 52, 53, 54 temperature sensor; 55
humidity sensor; 61 processor; 62 memory; 71, 171 first
indoor heat exchanger; 71a, 71b, 71c, 71d, 72a, 72b,
72c, 72d indoor heat exchanger; 72, 172 second indoor
heat exchanger; 81, 82, 83, 84, 85, 86, 91, 92, 93, 94,
95, 96, 97, 98, 101, 102, 103, 104 pipe; 113, 123 exten-
sion pipe

Claims

1. An air-conditioner comprising:

an outdoor unit; and
an indoor unit, wherein
the indoor unit comprises

a first connection port connected to the out-
door unit, through which refrigerant flows,
a second connection port connected to the
outdoor unit, through which refrigerant
flows,
a first path provided between the first con-
nection port and the second connection
port,
a second path provided between the first
connection port and the second connection
port in parallel to the first path,
a first indoor heat exchanger provided in the
first path,
a first expansion valve provided in the first
path between the first indoor heat exchang-
er and the second connection port,
a second indoor heat exchanger provided
in the second path, and
a second expansion valve provided in the
second path between the second indoor
heat exchanger and the first connection
port,

the first indoor heat exchanger is located on a
windward side in a direction of flow of air taken
into the indoor unit, and
the second indoor heat exchanger is located on
a leeward side in the direction of flow of air taken
into the indoor unit.

2. The air-conditioner according to claim 1, further com-
prising a control device to control the first expansion
valve and the second expansion valve.

3. The air-conditioner according to claim 2, wherein

the outdoor unit comprises

a third connection port connected to the first
connection port,
a fourth connection port connected to the
second connection port, and
a compressor, an outdoor heat exchanger,
and a third expansion valve arranged se-
quentially from the fourth connection port
toward the third connection port, and

the control device further controls the third ex-
pansion valve.

4. The air-conditioner according to claim 3, wherein
the control device controls the third expansion valve
based on a humidity of the air blown from the indoor
unit.

5. The air-conditioner according to claim 3, wherein
the control device controls the first expansion valve
based on a temperature of refrigerant that flows out
of the first indoor heat exchanger and a temperature
of refrigerant that flows out of the third expansion
valve.

6. The air-conditioner according to claim 3, wherein
the control device controls the second expansion
valve based on a temperature of refrigerant that
flows into the compressor and a temperature of re-
frigerant that flows out of the second expansion
valve.

7. An indoor unit of an air-conditioner, the indoor unit
comprising:

a first connection port connected to an outdoor
unit, through which refrigerant flows;
a second connection port connected to the out-
door unit, through which refrigerant flows;
a first path provided between the first connection
port and the second connection port;
a second path provided between the first con-
nection port and the second connection port in
parallel to the first path;
a first indoor heat exchanger provided in the first
path;
a first expansion valve provided in the first path
between the first indoor heat exchanger and the
second connection port;
a second indoor heat exchanger provided in the
second path; and
a second expansion valve provided in the sec-
ond path between the second indoor heat ex-
changer and the first connection port, wherein
the first indoor heat exchanger is located on a
windward side in a direction of flow of air taken
into the indoor unit, and
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the second indoor heat exchanger is located on
a leeward side in the direction of flow of air taken
into the indoor unit.
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