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(54) AIR-CONDITIONING DEVICE

(567)  An air-conditioning apparatus includes a refrig-
erant circuit including: a compressor; a high-pressure
pipe for high-pressure refrigerant discharged from the
compressor; a low-pressure pipe for low-pressure refrig-
erantto be sucked into the compressor; a first flow switch-
ing valve; an indoor heat exchanger; an expansion valve,
a first outdoor heat exchanger; a second outdoor heat
exchanger; and a second flow switching valve. The sec-
ond flow switching valve switches flow passages for re-
frigerant flowing to the first outdoor heat exchanger and
the second outdoor heat exchanger. The second flow
switching valve includes a first chamber, a second cham-
ber, and a slide valve that is moved by a differential pres-
sure between the first and second chambers. At least
one of the first and second chambers is connected with
the high-pressure pipe or the low-pressure pipe.
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Description
Technical Field

[0001] The present disclosure relates to an air condi-
tioning apparatus capable of performing a simultaneous
heating and defrosting operation.

Background Art

[0002] In the past, air-conditioning apparatuses capa-
ble of performing a heating operation and a defrosting
operation at the same time have been known. Patent
Literature 1 discloses an air-conditioning apparatus in
which a first heat exchange unit and a second heat ex-
change unit provided in an outdoor heat exchanger are
alternately defrosted, whereby the outdoor heat ex-
changer can be defrosted without stopping a heating op-
eration.

Citation List
Patent Literature

[0003] Patent Literature 1: International Publication
No. 2019/003291

Summary of Invention
Technical Problem

[0004] An existing air-conditioning apparatus uses a
differential pressure drive type of flow switching valve
that switches a flow passage between a flow passage to
afirst heat exchange unit and a flow passage to a second
heat exchange unit. In this case, in an operation in which
high-pressure refrigerant flows in the entire region of the
flow switching valve as in a cooling operation or low-pres-
sure refrigerant flows in the entire region of the flow
switching valve as in a heating operation, itis not possible
to ensure a sufficient differential pressure necessary for
the flow switching valve to switch the flow passage and
to be fixed.

[0005] The present disclosure is applied to solve the
above problem, and an object according to the present
disclosure is to ensure a differential pressure in a flow
switching valve in an air-conditioning apparatus capable
of performing a simultaneous heating and defrosting op-
eration.

Solution to Problem

[0006] An air-conditioning apparatus according to an
embodiment of the present disclosure includes a refrig-
erant circuit that includes a compressor, a high-pressure
pipe through which high-pressure refrigerant discharged
from the compressor flows, a low-pressure pipe through
which low-pressure refrigerant to be sucked into the com-
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pressor flows, a first flow switching valve, an indoor heat
exchanger, an expansion valve, a first outdoor heat ex-
changer, a second outdoor heat exchanger, and a sec-
ond flow switching valve. The second flow switching
valve switches flow passages for refrigerant flowing to
the first outdoor heat exchanger and the second outdoor
heat exchanger. The second flow switching valve in-
cludes a first chamber, a second chamber, and a slide
valve configured to be moved by a differential pressure
between the first chamber and the second chamber. At
least one of the first chamber and the second chamber
is connected with the high-pressure pipe or the low-pres-
sure pipe.

Advantageous Effects of Invention

[0007] According to the present disclosure, one of the
first chamber and the second chamber, between which
a differential pressure is generated in the second flow
switching valve, is connected with the high-pressure pipe
or the low-pressure pipe, whereby itis possible to ensure
a sufficient differential pressure for switching and fixation
of the second flow switching valve.

Brief Description of Drawings
[0008]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrat-
ing a configuration of an air-conditioning apparatus
according to Embodiment 1.

[Fig. 2] Fig. 2 is an explanatory view for explanation
of how the air-conditioning apparatus according to
Embodiment 1 is operated when the air-conditioning
apparatus 100 is in a cooling operation.

[Fig. 3] Fig. 3 is an explanatory view for explanation
of how the air-conditioning apparatus 100 according
to Embodiment 1 is operated when the air-condition-
ing apparatus 100 is in a heating operation.

[Fig. 4] Fig. 4 is an explanatory view for explanation
of how the air-conditioning apparatus according to
Embodiment 1 is operated when the air-conditioning
apparatus is in a first operation of a simultaneous
heating and defrosting operation.

[Fig. 5] Fig. 5 is an explanatory view for explanation
of how the air-conditioning apparatus according to
Embodiment 1 is operated when the air-conditioning
apparatus is in a second operation of the simultane-
ous heating and defrosting operation.

[Fig. 6] Fig. 6 is a sectional view schematically illus-
trating a configuration of a second flow switching
valve according to Embodiment 1.

[Fig. 7] Fig. 7 is a p-h diagram of the air-conditioning
apparatus according to Embodiment 1.

[Fig. 8] Fig. 8 is a sectional view schematically illus-
trating a configuration of a second flow switching
valve according to Embodiment 2.

[Fig. 9] Fig. 9 is a sectional view schematically illus-
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trating a configuration of a second flow switching
valve according to Embodiment 3.

[Fig. 10] Fig. 10 is a sectional view schematically
illustrating a configuration of a second flow switching
valve according to Embodiment 4.

[Fig. 11] Fig. 11 is a refrigerant circuit diagram illus-
trating a configuration of an air-conditioning appara-
tus according to Embodiment 5.

Description of Embodiments
Embodiment 1

[0009] An air-conditioning apparatus 100 according to
Embodiment 1 will be described. The air-conditioning ap-
paratus 100 is a room air conditioner installed at a wall
in an air-conditioning target space or an all-in-on air-con-
ditioning system installed at a ceiling located above the
air-conditioning target space. The air-conditioning appa-
ratus 100 is capable of performing a cooling operation,
a heating operation, a reverse cycle defrosting operation
(hereinafter simply referred to as "defrosting operation"),
and a simultaneous heating and defrosting operation.

(Configuration of Air-Conditioning Apparatus)

[0010] Fig. 1is a refrigerant circuit diagram illustrating
a configuration of the air-conditioning apparatus 100 ac-
cording to Embodiment 1. As illustrated in Fig. 1, the air-
conditioning apparatus 100 includes a refrigerant circuit
10 and a controller 50 that controls the refrigerant circuit
10. The refrigerant circuit 10 includes a compressor 1, a
first flow switching valve 2, an indoor heat exchanger 3,
an expansion valve 4, a first pressure reducing device
5a, a second pressure reducing device 5b, a first outdoor
heat exchanger 6a, a second outdoor heat exchanger
6b, a second flow switching valve 7, a first valve 8, and
a second valve 9.

[0011] The compressor 1 is a fluid machine that sucks
low-pressure gas refrigerant, compresses the low-pres-
sure gas refrigerant to change it into high-pressure gas
refrigerant, and discharges the high-pressure gas refrig-
erant. The compressor 1 is an inverter drive compressor
whose operating frequency can be adjusted. The oper-
ating frequency of the compressor 1 is controlled by the
controller 50. The compressor 1 has a suction inlet 11a
through which refrigerant is sucked and a discharge out-
let through which compressed refrigerant is discharged.
The suction inlet 11a is kept at a suction pressure, that
is, a low pressure, and the discharge outlet 11b is kept
at a discharge pressure, that is, a high pressure.
[0012] The first flow switching valve 2 is a four-way
valve that switches a flow passage for refrigerant dis-
charged from the compressor 1 between a plurality of
flow passages. The first flow switching valve 2 has a first
port A, a second port B, a third port C, and a fourth port
D. The first port A is a low-pressure port that is kept at a
low pressure whichever of the cooling operation, the
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heating operation, the defrosting operation, and the si-
multaneous heating and defrosting operation is per-
formed. The third port C is a high-pressure port that is
kept at a high pressure whichever of the cooling opera-
tion, the heating operation, the defrosting operation, and
the simultaneous heating and defrosting operation is per-
formed. The first flow switching valve 2 can enter a first
state indicated by solid lines in Fig. 1 and a second state
indicated by broken lines in Fig. 1. When the first flow
switching valve 2 is in the first state, the first port A and
the fourth port D communicate with each other and the
second port B and the third port C communicate with
each other. When the first flow switching valve 2 is in the
second state, the first port A and the second port B com-
municate with each other and the third port C and the
fourth port D communicate with each other. In the cooling
operation or the defrosting operation, the controller 50
sets the state of the first flow switching valve 2 to the first
state, and in the heating operation or the simultaneous
heating and defrosting operation, the controller 50 sets
the state of the first flow switching valve 2 to the second
state.

[0013] Theindoor heatexchanger 3 is a heatexchang-
er that transfers heat between refrigerant that flows in
the indoor heat exchanger 3 and air send by an indoor
fan (notillustrated) provided in an indoor unit. The indoor
heat exchanger 3 operates as a condenser in the heating
operation and operates as an evaporator in the cooling
operation.

[0014] The expansion valve 4 is an electronic expan-
sion valve that reduces the pressure of the refrigerant.
The opening degree of the expansion valve 4 is adjusted
by the controller 50.

[0015] The first pressure reducing device 5a and the
second pressure reducing device 5b are respective cap-
illary tubes that reduce the pressure of refrigerant flowing
between the expansion valve 4 and the first outdoor heat
exchanger 6a and the pressure of refrigerant flowing be-
tween the expansion valve 4 and the second outdoor
heat exchanger 6b. The first pressure reducing device
5a is provided at the first outdoor heat exchanger 6a on
an outflow side for the refrigerant in the cooling operation,
and the second pressure reducing device 5b is provided
at the second outdoor heat exchanger 6b on an outflow
side for the refrigerant in the cooling operation.

[0016] The first outdoor heat exchanger 6a and the
second outdoor heat exchanger 6b are each a heat ex-
changer that transfers heat between refrigerant flowing
in the heat exchanger and air sent by an outdoor fan (not
illustrated) provided in an outdoor unit. Each of the first
outdoor heat exchanger 6a and the second outdoor heat
exchanger 6b operates as an evaporator in the heating
operation and operates as a condenser in the cooling
operation. The first outdoor heat exchanger 6a and the
second outdoor heat exchanger 6b are connected in par-
allel with each other in the refrigerant circuit 10. The first
outdoor heat exchanger 6a and the second outdoor heat
exchanger 6b are outdoor heat exchangers into which,
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for example, a single heat exchanger is divided, and
which are arranged one above the other. For example,
the first outdoor heat exchanger 6a is located on a lower
side, and the second outdoor heat exchanger 6b is lo-
cated on an upper side. In this case, the first outdoor heat
exchanger 6a and the second outdoor heat exchanger
6b are also arranged in parallel with each other for the
flow of air.

[0017] The second flow switching valve 7 switches the
flow passage for the refrigerant between a flow passage
through which the refrigerant flows to the first outdoor
heat exchanger 6a and a flow passage through which
the refrigerant flows to the second outdoor heat exchang-
er 6b. The second flow switching valve 7 is a differential
pressure drive type of four-way valve that is operated by
a differential pressure. The second flow switching valve
7 has a first port E, a second port F, a third port G, and
a fourth port H. The second flow switching valve 7 can
enter a first state indicated by solid lines in Fig. 1 and a
second state indicated by broken lines in Fig. 1. When
the second flow switching valve 7 is in the first state, the
first port E and the fourth port H communicate with each
other and the second port F and the third port G commu-
nicate with each other. When the second flow switching
valve 7 is in the second state, the first port E and the
second port F communicate with each other and the third
port G and the fourth port Hcommunicate with each other.
In the simultaneous heating and defrosting operation, the
controller 50 sets the state of the second flow switching
valve 7 to the first state or the second state.

[0018] The first valve 8 is a solenoid valve or an elec-
tronic expansion valve that adjusts the flow rate of refrig-
erant that flows from the discharge outlet 11b of the com-
pressor 1 to the third port G of the second flow switching
valve 7. The opening degree of the first valve 8 is adjusted
by the controller 50.

[0019] The second valve 9 is a solenoid valve or an
electronic expansion valve that adjusts the flow rate of
refrigerant that flows from the third port G of the second
flow switching valve 7 to the suction inlet 11a of the com-
pressor 1. The opening degree of the second valve 9 is
adjusted by the controller 50.

[0020] The discharge outlet 11b of the compressor 1
is connected with the third port C of the first flow switching
valve 2 by afirst high-pressure pipe 12a. In the first high-
pressure pipe 12a, high-pressure refrigerant discharged
from the discharge outlet 11b of the compressor 1 flows
whichever ofthe cooling operation, the heating operation,
the defrosting operation, and the simultaneous heating
and defrosting operation is performed.

[0021] Abranch portion 14 provided at anintermediate
portion of the first high-pressure pipe 12a is connected
with the first valve 8 by a second high-pressure pipe 12b.
Also, in the second high-pressure pipe 12b, the high-
pressure refrigerant discharged from the discharge outlet
11b of the compressor 1 flows whichever of the cooling
operation, the heating operation, the defrosting opera-
tion, and the simultaneous heating and defrosting oper-
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ation is performed. The first valve 8 is connected with the
third port G of the second flow switching valve 7 by a first
pipe 15a. That is, the third port G of the second flow
switching valve 7 is connected with the discharge outlet
11b of the compressor 1 by the first pipe 15a, the first
valve 8, the second high-pressure pipe 12b, and the first
high-pressure pipe 12a. A branch portion 16 provided at
an intermediate portion of the first pipe 15a is connected
with the second valve 9 by a second pipe 15b.

[0022] The suction inlet 11a of the compressor 1 is
connected with the second valve 9 by a first low-pressure
pipe 13a. In the first low-pressure pipe 13a, low-pressure
refrigerant that is to be sucked from the suction inlet 11a
of the compressor 1 flows whichever of the cooling op-
eration, the heating operation, the defrosting operation,
and the simultaneous heating and defrosting operation
is performed. Furthermore, to the first low-pressure pipe
13a, a pilot pipe 713 of the second flow switching valve
7 is connected. A branch portion 17 provided at an inter-
mediate portion of the first low-pressure pipe 13a is con-
nected with the first port A of the first flow switching valve
2 by a second low-pressure pipe 13b.

[0023] The fourth port D of the first flow switching valve
2is connected with one port of the indoor heat exchanger
3 by a refrigerant pipe, and the other port of the indoor
heat exchanger 3 is connected with one port of the ex-
pansion valve 4 by a refrigerant pipe.

[0024] The other port of the expansion valve 4 is con-
nected with the first pressure reducing device 5a and the
second pressure reducing device 5b by respective refrig-
erant pipes. The first pressure reducing device 5a and
the second pressure reducing device 5b are connected
with the first outdoor heat exchanger 6a and the second
outdoor heat exchanger 6b, respectively. Thatis, the oth-
er port of the expansion valve 4 is connected with one
port of the first outdoor heat exchanger 6a and one port
of the second outdoor heat exchanger 6b via the refrig-
erant pipes and the first pressure reducing device 5a and
the second pressure reducing device 5b. Furthermore,
the one port of the first outdoor heat exchanger 6a is
connected with the one port of the second outdoor heat
exchanger 6b by a refrigerant pipe.

[0025] The other port of the first outdoor heat exchang-
er 6a is connected with the fourth port H of the second
flow switching valve 7 by a refrigerant pipe. The other
port of the second outdoor heat exchanger 6b is connect-
ed with the second port F of the second flow switching
valve 7 by a refrigerant pipe. The first port E of the second
flow switching valve 7 is connected with the second port
B of the first flow switching valve 2 by a refrigerant pipe.
[0026] The controller 50includes a microcomputer pro-
vided with a CPU, a ROM, a RAM, an I/O port, etc. The
controller 50 controls components of the air-conditioning
apparatus 100 to cause any of the cooling operation, the
heating operation, the defrosting operation, and the si-
multaneous heating and defrosting operation to be per-
formed, based on detection signals sent from various
sensors (not illustrated) provided in the air-conditioning
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apparatus 100 and set information input from the remote
controller. To be more specific, the controller 50 controls
the operating frequency of the compressor 1, switching
of the state of each of the first flow switching valve 2 and
the second flow switching valve 7, the opening degree
of each of the expansion valve 4, the first valve 8, and
the second valve, and the rotating speed of each of the
fans. The various sensors provided in the air-conditioning
apparatus 100 are an indoor temperature sensor that de-
tects the temperature of the air-conditioning target space,
an outside air temperature sensor that detects an outside
air temperature, sensors that detect the temperatures or
pressures of refrigerant flowing in the respective heat
exchangers, a sensor that detects presence or absence
of a person or persons in the air-conditioning target
space, etc.

(Operation of Air-Conditioning Apparatus)
(Cooling Operation)

[0027] It will be described how the air-conditioning ap-
paratus 100 is operated when the air-conditioning appa-
ratus 100 is in the cooling operation. Fig. 2 is an explan-
atory view for explanation of how the air-conditioning ap-
paratus 100 according to Embodiment 1 is operated
when the air-conditioning apparatus 100 is in the cooling
operation. Asillustrated in Fig. 2, in the cooling operation,
the firstflow switching valve 2 and the second flow switch-
ing valve 7 are both set in the first state. Furthermore,
the first valve 8 is opened to a predetermined opening
degree, and the second valve 9 is closed.

[0028] At the branch portion 14 of the first high-pres-
sure pipe 12a, high-pressure gas refrigerant discharged
from the compressor 1 branches into gas refrigerant that
flows into the third port C of the first flow switching valve
2 and gas refrigerant that flows into the second high-
pressure pipe 12b. The gas refrigerant that has flowed
into the third port C of the first flow switching valve 2
passes through the second port B of the first flow switch-
ing valve 2 and the first port E and the fourth port H of
the second flow switching valve 7, and flows into the first
outdoor heat exchanger 6a. The gas refrigerant that has
flowed into the second high-pressure pipe 12b passes
through the first valve 8, the first pipe 15a, and the third
port G and the second port F of the second flow switching
valve 7, and flows into the second outdoor heat exchang-
er 6b. In the cooling operation, the first outdoor heat ex-
changer 6a and the second outdoor heat exchanger 6b
both operate as condensers. The gas refrigerant that has
flowed into the first outdoor heat exchanger 6a and the
gas refrigerant that has flowed into the second outdoor
heat exchanger 6b condense to change into liquid refrig-
erant.

[0029] The liquid refrigerant that has flowed out of the
first outdoor heat exchanger 6a is reduced in pressure
at the first pressure reducing device 5a and flows into
the expansion valve 4. The liquid refrigerant that has
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flowed out of the second outdoor heat exchanger 6b is
reduced in pressure at the second pressure reducing de-
vice 5b, joins the liquid refrigerant that has flowed out of
the first outdoor heat exchanger 6a, and then flows into
the expansion valve 4. The liquid refrigerant that has
flowed into the expansion valve 4 is reduced in pressure
to change into low-pressure two-phase refrigerant. The
two-phase refrigerant that has flowed out of the expan-
sion valve 4 flows into the indoor heat exchanger 3. In
the cooling operation, the indoor heat exchanger 3 op-
erates as an evaporator. That is, at the indoor heat ex-
changer 3, the refrigerant that flows in the indoor heat
exchanger 3 receives heat from indoor air as evaporation
heat. As a result, the two-phase refrigerant that has
flowed into the indoor heat exchanger 3 evaporates to
change into low-pressure gas refrigerant. On the other
hand, the indoor air sent by the indoor fan transfers heat
to the refrigerant and is thus cooled. The gas refrigerant
that has flowed out of the indoor heat exchanger 3 passes
through the fourth port D and the first port A of the first
flow switching valve 2, the second low-pressure pipe 13b,
and the first low-pressure pipe 13a, and is sucked into
the compressor 1. The gas refrigerant that has sucked
into the compressor 1 is compressed to change into high-
pressure gas refrigerant. In the cooling operation, the
above cycle is continuously repeated.

(Heating Operation)

[0030] It will be described how the air-conditioning ap-
paratus 100 is operated when the air-conditioning appa-
ratus 100 is in the heating operation. Fig. 3 is an explan-
atory view for explanation of how the air-conditioning ap-
paratus 100 according to Embodiment 1 is operated
when the air-conditioning apparatus 100 is in the heating
operation. Asillustrated in Fig. 3, in the heating operation,
the first flow switching valve 2 is set in the second state,
and the second flow switching valve 7 is set in the first
state. Furthermore, the second valve 9 is opened to a
predetermined opening degree, and the first valve 8 is
closed.

[0031] High-pressure gas refrigerant discharged from
the compressor 1 passes through the first high-pressure
pipe 12a and the third port C and the fourth port D of the
first flow switching valve 2, and flows into the indoor heat
exchanger 3. In the heating operation, the indoor heat
exchanger 3 operates as a condenser. That is, at the
indoor heat exchanger 3, the refrigerant that flows in the
indoor heat exchanger 3 exchanges heat with indoor air
sent by the indoor fan, and transfers heat to the indoor
air as condensation heat. As a result, the gas refrigerant
that has flowed into the indoor heat exchanger 3 con-
denses to change into high-pressure liquid refrigerant.
The indoor air sent by the indoor fan is heated by the
heat transferred from the refrigerant.

[0032] The liquid refrigerant that flowed out of the in-
door heat exchanger 3 flows into the expansion valve 4.
The liquid refrigerant that has flowed into the expansion
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valve 4 is reduced in pressure to change into low-pres-
sure two-phase refrigerant. The two-phase refrigerant
that has flowed out of the expansion valve 4 branch into
two-phase refrigerant that flows into the first pressure
reducing device 5a and two-phase refrigerant that flows
into the second pressure reducing device 5b. The two-
phase refrigerant that has flowed into the first pressure
reducing device 5a is further reduced in pressure and
flows into the first outdoor heat exchanger 6a. The two-
phase refrigerant that has flowed into the second pres-
sure reducing device 5b is further reduced in pressure
and flows into the second outdoor heat exchanger 6b.
[0033] In the heating operation, the first outdoor heat
exchanger 6a and the second outdoor heat exchanger
6b both operate as condensers. At each of the first out-
door heat exchanger 6a and the second outdoor heat
exchanger 6b, refrigerant that flows in the outdoor heat
exchanger exchanges heat with outdoor air sent by the
outdoor fan and receives heat from the outdoor air as
evaporation heat. As a result, the two-phase refrigerant
that has flowed into each of the first outdoor heat ex-
changer 6a and the second outdoor heat exchanger 6b
evaporates to change into low-pressure gas refrigerant.
[0034] The gas refrigerant that has flowed out of the
firstoutdoor heat exchanger 6a passes through the fourth
port H and the first port E of the second flow switching
valve 7, the second port B and the first port A of the first
flow switching valve 2, the second low-pressure pipe 13b,
and the first low-pressure pipe 13a, and is sucked into
the compressor 1. The gas refrigerant that has flowed
out of the second outdoor heat exchanger 6b passes
through the second port F and the third port G of the
second flow switching valve 7, the first pipe 15a, the sec-
ond pipe 15b, and the second valve 9, joints the gas
refrigerant that has flowed out of the first outdoor heat
exchanger 63, in the first low-pressure pipe 13a, and is
sucked into the compressor 1. The gas refrigerant that
has sucked into the compressor 1 is compressed to
change into high-pressure gas refrigerant. In the heating
operation, the above cycle is continuously repeated.

(Simultaneous Heating and Defrosting Operation)

[0035] It will be described how the air-conditioning ap-
paratus 100 is operated when the air-conditioning appa-
ratus 100 is in the simultaneous heating and defrosting
operation. The simultaneous heating and defrosting op-
erationincludes a first operation and a second operation.
In the first operation, the first outdoor heat exchanger 6a
and the indoor heat exchanger 3 operate as condensers,
and the second outdoor heat exchanger 6b operates as
an evaporator. As aresult, the first outdoor heat exchang-
er 6ais defrosted while heating is being continued. In the
second operation, the second outdoor heat exchanger
6b and the indoor heat exchanger 3 operate as condens-
ers, and the first outdoor heat exchanger 6a operates as
an evaporator. As a result, the second outdoor heat ex-
changer 6b is defrosted while heating is being continued.
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[0036] In the case where the heating operation is per-
formed, when a requirement for a start of the simultane-
ous heating and defrosting operation is satisfied, the con-
troller 50 causes the simultaneous heating and defrosting
operation to be performed. As the requirement for the
start of the simultaneous heating and defrosting opera-
tion, for example, the following conditions are present:
time that elapses from the start of the heating operation
exceeds a threshold time, or the temperature of each of
the first outdoor heat exchanger 6a and the second out-
door heatexchanger 6b reaches a threshold temperature
or less. When the requirement for the start of the simul-
taneous heating and defrosting operation is satisfied, the
controller 50 first causes the first operation to be per-
formed, and then when elapsed time reaches predeter-
mined time, or when the temperature of the first outdoor
heat exchanger 6a exceeds the threshold temperature,
the controller 50 causes the second operation to be per-
formed.

[0037] Fig. 4 is an explanatory view for explanation of
how the air-conditioning apparatus 100 according to Em-
bodiment 1 is operated when the air-conditioning appa-
ratus 100is in the first operation of the simultaneous heat-
ing and defrosting operation. As illustrated in Fig. 4, in
the first operation, the first flow switching valve 2 and the
second flow switching valve 7 are both set in the second
state. Furthermore, the first valve 8 is opened to a pre-
determined opening degree, and the second valve 9 is
closed.

[0038] High-pressure gas discharged from the com-
pressor 1 branches into gas refrigerant that flows into the
third port C of the first flow switching valve 2 and gas
refrigerant that flows into the second high-pressure pipe
12b. The gas refrigerant that has flowed into the second
high-pressure pipe 12b passes through the first valve 8,
the first pipe 15a, and the third port G and the fourth port
H of the second flow switching valve 7, and flows into the
first outdoor heat exchanger 6a. At the first outdoor heat
exchanger 6a, frost adhering to the first outdoor heat ex-
changer 6a is molten by heat transferred from the refrig-
erant that flows in the first outdoor heat exchanger 6a.
Thus, the first outdoor heat exchanger 6a is defrosted.
The gas refrigerant that has flowed into the first outdoor
heat exchanger 6a condenses to change into intermedi-
ate-pressure liquid refrigerant or two-phase refrigerant,
flows out of the first outdoor heat exchanger 6a, and is
reduced in pressure at the first pressure reducing device
5a.

[0039] Ofthe high-pressure gas refrigerant discharged
from the compressor 1, the gas refrigerantthat has flowed
into the third port C of the first flow switching valve 2
passes through the fourth port D of the first flow switching
valve 2 and flows into the indoor heat exchanger 3. At
the indoor heat exchanger 3, the refrigerant that flows in
the indoor heat exchanger 3 exchanges heat with indoor
air sent by the indoor fan, and transfers heat to the indoor
air as condensation heat. As a result, the gas refrigerant
that has flowed into the indoor heat exchanger 3 con-
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denses to change into high-pressure liquid refrigerant.
On the other hand, the indoor air sent by the indoor fan
is heated by heat transferred from the refrigerant.
[0040] The liquid refrigerant that has flowed out of the
indoor heat exchanger 3 flows into the expansion valve
4. Theliquid refrigerant that has flowed into the expansion
valve 4 is reduced in pressure to change into low-pres-
sure two-phase refrigerant. The two-phase refrigerant
that has flowed out of the expansion valve 4 joins the
liquid refrigerant or two-phase refrigerant that has been
reduced in pressure at the first pressure reducing device
5a, is further reduced in pressure at the second pressure
reducing device 5b, and flows into the second outdoor
heat exchanger 6b. At the second outdoor heat exchang-
er 6b, the refrigerant that flows in the second outdoor
heat exchanger 6b exchanges heat with outdoor air sent
by the outdoor fan, and receives heat from the outdoor
air as evaporation heat. As a result, the two-phase re-
frigerant that has flowed into the second outdoor heat
exchanger 6b evaporates to change into low-pressure
gas refrigerant. The gas refrigerant that has flowed out
ofthe second outdoor heat exchanger 6b passes through
the second port F and the first port E of the second flow
switching valve 7, the second port B and the first port A
of the first flow switching valve 2, the second low-pres-
sure pipe 13b, and the first low-pressure pipe 13a, and
is sucked into the compressor 1. The gas refrigerant that
has been sucked into the compressor 1 is compressed
to change into high-pressure gas refrigerant. In the first
operation of the simultaneous heating and defrosting op-
eration, the above cycle is continuously repeated, where-
by the first outdoor heat exchanger 6a is defrosted while
heating is being continued.

[0041] Fig. 5 is an explanatory view for explanation of
how the air-conditioning apparatus 100 according to Em-
bodiment 1 is operated when the air-conditioning appa-
ratus 100 is in the second operation of the simultaneous
heating and defrosting operation. As illustrated in Fig. 5,
in the second operation of the simultaneous heating and
defrosting operation, the first flow switching valve 2 is set
in the second state, and the second flow switching valve
7 is set in the first state. Furthermore, the first valve 8 is
opened to a predetermined opening degree, and the sec-
ond valve 9 is closed.

[0042] High-pressure gas refrigerant discharged from
the compressor 1 branches, at the branch portion 14 of
the first high-pressure pipe 12a, into gas refrigerant that
flows into the third port C of the first flow switching valve
2 and gas refrigerant that flows into the second high-
pressure pipe 12b. The gas refrigerant that has flowed
into the second high-pressure pipe 12b passes through
the first valve 8, the first pipe 15a, and the third port G
and the second port F of the second flow switching valve
7, and flows into the second outdoor heat exchanger 6b.
At the second outdoor heat exchanger 6b, frost adhering
to the second outdoor heat exchanger 6b is molten by
heat transferred from the refrigerant that flows in the sec-
ond outdoor heat exchanger 6b. As a result, the second
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outdoor heat exchanger 6b is defrosted. The gas refrig-
erant that has flowed into the second outdoor heat ex-
changer 6b condenses to change into intermediate-pres-
sure liquid refrigerant or two-phase refrigerant, flows out
of the second outdoor heat exchanger 6b as the inter-
mediate-pressure liquid refrigerant or two-phase refrig-
erant, and is reduced in pressure at the second pressure
reducing device 5b.

[0043] Ofthe high-pressure gas refrigerant discharged
from the compressor 1, the gas refrigerantthat has flowed
into the third port C of the first flow switching valve 2
passes through the fourth port D of the first flow switching
valve 2 and flows into the indoor heat exchanger 3. At
the indoor heat exchanger 3, the refrigerant that flows in
the indoor heat exchanger 3 exchanges heat with indoor
air sent by the indoor fan, and transfers heat to the indoor
air as condensation heat. As a result, the gas refrigerant
that has flowed into the indoor heat exchanger 3 con-
denses to change into high-pressure liquid refrigerant.
Furthermore, the indoor air sent by the indoor fan is heat-
ed by the heat transferred from the refrigerant.

[0044] The liquid refrigerant that has flowed out of the
indoor heat exchanger 3 flows into the expansion valve
4. Theliquid refrigerantthat has flowed into the expansion
valve 4 is reduced in pressure to change into low-pres-
sure two-phase refrigerant. The two-phase refrigerant
that has flowed out of the expansion valve 4 joins the
liquid refrigerant or two-phase refrigerant that has been
reduced in pressure at the second pressure reducing de-
vice 5b, is furtherreduced in pressure at the first pressure
reducing device 5a, and flows into the first outdoor heat
exchanger 6a. At the first outdoor heat exchanger 6a,
the refrigerant that flows in the first outdoor heat exchang-
er 6a exchanges heat with outdoor air sent by the outdoor
fan, and receives heat from the outdoor fan as evapora-
tion heat. As a result, the two-phase refrigerant that has
flowed into the first outdoor heat exchanger 6a evapo-
rates to change into low-pressure gas refrigerant. The
gas refrigerant that has flowed out of the first outdoor
heat exchanger 6a passes through the fourth port H and
the first port E of the second flow switching valve 7, the
second port B and the first port A of the first flow switching
valve 2, the second low-pressure pipe 13b, and the first
low-pressure pipe 13a, and is sucked into the compres-
sor 1. The gas refrigerant that has been sucked into the
compressor 1 is compressed to change into high-pres-
sure gas refrigerant. In the second operation of the si-
multaneous heating and defrosting operation, the above
cycle is continuously repeated, whereby the second out-
door heat exchanger 6b is defrosted while heating is be-
ing continued.

(Defrosting Operation)

[0045] It will be described how the air-conditioning ap-
paratus 100 is operated when the air-conditioning appa-
ratus 100 is in the defrosting operation. In the case where
the heating operation is operated, when a requirement
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for a start of the defrosting operation is satisfied, the con-
troller 50 causes the defrosting operation to be per-
formed. As the requirement for the start of the defrosting
operation, for example, the following conditions are
present: a condition in which the heating load is low or
no person is present in the air-conditioning target space,
in addition to a condition in which the requirement for the
start of the simultaneous heating and defrosting opera-
tion is satisfied. The operation of the air-conditioning ap-
paratus 100 in the defrosting operation is the same as
that in the cooling operation, which is illustrated in Fig.
2. In the defrosting operation, the first outdoor heat ex-
changer 6a and the second outdoor heat exchanger 6b
both operate as condensers. That is, at each of the first
outdoor heat exchanger 6a and the second outdoor heat
exchanger 6b, frost adhering to the outdoor heat ex-
changer is molten by heat transferred by the refrigerant
that flows in the outdoor heat exchanger. As a result, the
first outdoor heat exchanger 6a and the second outdoor
heat exchanger 6b are defrosted.

(Configuration of Second Flow Switching Valve)

[0046] A configuration of the second flow switching
valve 7 according to Embodiment 1 will be described.
Fig. 6 is a sectional view schematically illustrating a con-
figuration of the second flow switching valve 7 according
to Embodiment 1. As illustrated in Fig. 6, the second flow
switching valve 7 includes a main valve 70 and a pilot
valve 71.

[0047] The main valve 70 includes a cylinder 701, a
slide rack 702 provided at part of an inner wall of the
cylinder 701, and a slide valve 703 that is slid over the
slide rack 702 along a central axis of the cylinder 701. At
a central portion of the slide rack 702 in a direction along
the central axis of the cylinder 701, the first port E is
provided. The second port F and the fourth port H are
located opposite to each other with respect to the first
port E in the direction along the central axis of the cylinder
701. The third port G is located opposite to the first port
E with respect to the central axis of the cylinder 701.
[0048] The slide valve 703 is formed in the shape of a
dome having an opening thatfaces a side where the slide
rack 702 is located. On one end side of the slide valve
703, a piston 704 is provided such that the piston 704 is
coupled to the slide valve 703. Between one end of the
cylinder 701 and the piston 704, a first chamber 706 is
provided. On the other end side of the slide valve 703 in
the direction along the central axis of the cylinder 701, a
piston 705 is provided such that the piston 705 is coupled
to the slide valve 703. Between the other end of the cyl-
inder 701 and the piston 705, a second chamber 707 is
provided. The pistons 704 and 705 are provided such
that the pistons 704 and 705 are slidable along an inner
wall surface of the cylinder 701. The pistons 704 and 705
are moved together with the slide valve 703 in the direc-
tion along the central axis of the cylinder 701.

[0049] The pilot valve 71 includes four pilot pipes 710,
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711,712, and 713. The pilot pipe 710 is connected with
the third port G of the main valve 70; the pilot pipe 711
is connected with the first chamber 706 of the main valve
70; the pilot pipe 712 is connected with the second cham-
ber 707 of the main valve 70; and the pilot pipe 713 is
connected with the first low-pressure pipe 13a.

[0050] The state of the pilot valve 71 is switched by the
controller 50 between a first state and a second state. In
the first state of the pilot valve 71, the pilot pipe 710 and
the pilot pipe 711 communicate with each other in the
pilot valve 71, and the pilot pipe 713 and the pilot pipe
712 communicate with each other in the pilot valve 71.
Thus, in the first state, the third port G and the first cham-
ber 706 communicate with each other, whereby the pres-
sure in the first chamber 706 is substantially equalized
to thatin the third port G. Furthermore, the first low-pres-
sure pipe 13aand the second chamber 707 communicate
with each other, whereby the pressure in the second
chamber 707 is substantially equalized to that in the first
low-pressure pipe 13a. The slide valve 703 is moved by
adifferential pressure between the firstchamber 706 and
the second chamber 707. In the first state, the slide valve
703 is moved toward the second chamber 707, which is
lower in pressure than the first chamber 706. As a result,
the first port E and the fourth port H communicate with
each other, the third port G and the second port F com-
municate with each other, and the state of the second
flow switching valve 7 is switched to the first state.
[0051] In the second state, the pilot pipe 710 and the
pilot pipe 712 communicate with each other in the pilot
valve 71, and the pilot pipe 711 and the pilot pipe 713
communicate with each other in the pilot valve 71. Thus,
in the first state, the third port G and the second chamber
707 communicate with each other, whereby the pressure
in the second chamber 707 is substantially equalized to
thatin the third port G. Furthermore, the first low-pressure
pipe 13a and the first chamber 706 communicate with
each other, whereby the pressure in the first chamber
706 is substantially equalized to that in the first low-pres-
sure pipe 13a. In the second state, the slide valve 703 is
moved toward the first chamber 706, which is lower in
pressure than the second chamber 707. As a result, the
first port E and the second port F communicate with each
other, the third port G and the fourth port H communicate
with each other, and the state of the second flow switch-
ing valve 7 is switched to the second state.

[0052] Fig. 7 is a p-h diagram of the air-conditioning
apparatus 100 according to Embodiment 1. In an existing
differential pressure drive type of four-way valve, the pilot
pipe 713 of the pilot valve 71 is connected with the first
port E of the main valve 70. In this case, especially in the
cooling operation, high-pressure refrigerant flows into the
third port G and the first port E, and as indicated in Fig.
7, a differential pressure Dpo between the third port G
and the first port E is thus a pressure loss in the second
flow switching valve 7 and decreases. Consequently, it
is not possible to ensure a sufficient differential pressure
for movement and fixation of the slide valve 703. Thus,
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for example, the following failure may occur: the state of
the slide valve 703 cannot be switched, or the position
of the slide valve 703 is shifted during the operation.
[0053] By contrast,in Embodiment 1, the pilot pipe 713
of the second flow switching valve 7 is connected with
the first low-pressure pipe 13a, whereby in the cooling
operation also, it is possible to obtain a great differential
pressure Dp1 between the third port G and the first low-
pressure pipe 13a. As a result, it is possible to ensure a
differential pressure between the first chamber 706 and
the second chamber 707 and reliably move and fix the
slide valve 703.

[0054] As described above, according to Embodiment
1, the first chamber 706 or the second chamber 707 of
the second flow switching valve 7 is connected with the
first low-pressure pipe 13a in which low-pressure refrig-
erant flows, via the pilot valve 71, whereby it is possible
to ensure a minimum operating differential pressure in
the second flow switching valve 7. As aresult, the second
flow switching valve 7 can be normally operated.

Embodiment 2

[0055] An air-conditioning apparatus 100 according to
Embodiment 2 will be described. In the air-conditioning
apparatus 100 according to Embodiment 2, the configu-
ration of the second flow switching valve 7 is different
from that in Embodiment 1. The other configurations and
controls in the air-conditioning apparatus 100 according
to Embodiment 2 are the same as those in Embodiment 1.
[0056] Fig. 8 is a sectional view schematically illustrat-
ing a configuration of a second flow switching valve 7A
according to Embodiment 2. As illustrated in Fig. 8, in
Embodiment 2, the pilot pipe 713 of the second flow
switching valve 7A is connected with the first port E; and
the second chamber 707 of the main valve 70 of the sec-
ond flow switching valve 7A is connected with the first
low-pressure pipe 13a by a pipe 721 and a third valve
722. That is, in Embodiment 2, the second chamber 707
of the second flow switching valve 7A is connected with
the first low-pressure pipe 13a without communicating
with the pilot valve 71.

[0057] The third valve 722 is a solenoid valve or an
electronic expansion valve that adjusts the flow rate of
refrigerant flowing from the first low-pressure pipe 13a
to the second chamber 707, and the opening degree of
the third valve 722 is controlled by the controller 50. When
the third valve 722 is opened by the controller 50, the
first low-pressure pipe 13a and the second chamber 707
communicate with each other, and as a result, the pres-
sure in the second chamber 707 is substantially equal-
ized to that in the first low-pressure pipe 13a. As aresult,
the slide valve 703 is moved by a differential pressure
between the first chamber 706 and the second chamber
707, and the state of the second flow switching valve 7A
is switched.

[0058] In Embodiment 2, the second chamber 707 is
connected with the first low-pressure pipe 13a without
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communicating with the pilot valve 71. In this case also,
it is possible to ensure a minimum operating differential
pressure in the second flow switching valve 7A, and re-
liably move and fix the slide valve 703. Thus, the second
flow switching valve 7A can be normally operated.
[0059] Itshould be noted that although Fig. 8 illustrates
an example in which the second chamber 707 is con-
nected with the first low-pressure pipe 13a without com-
municating with the pilot valve 71, this illustration is not
limiting. The first chamber 706 may be connected with
the first low-pressure pipe 13a without communicating
with the pilot valve 71, or each of the first chamber 706
and the second chamber 707 may be connected with the
first low-pressure pipe 13a without communicating with
the pilot valve 71.

Embodiment 3

[0060] An air-conditioning apparatus 100 according to
Embodiment 3 will be described. In the air-conditioning
apparatus 100 according to Embodiment 3, the configu-
ration of the second flow switching valve 7 is different
from thatin Embodiment 1. The other configurations and
controls in the air-conditioning apparatus 100 according
to Embodiment 3 are the same as those in Embodiment 1.
[0061] Fig. 9is a sectional view schematically illustrat-
ing a configuration of a second flow switching valve 7B
according to Embodiment 3. As illustrated in Fig. 9, in
Embodiment 3, the pilot pipe 713 of the second flow
switching valve 7B is connected with the first port E, and
the pilot pipe 710 of the second flow switching valve 7B
is connected with the second high-pressure pipe 12b of
the refrigerant circuit 10.

[0062] In the heating operation of the air-conditioning
apparatus 100, low-pressure refrigerant flows into both
the third port G and the first port E. In the existing differ-
ential pressure drive type of four-way valve, the pilot pipe
710 of the pilot valve 71 is connected with the third port
G of the main valve 70. In this case, the differential pres-
sure between the third port G and the first port E is only
the differential pressure loss in the second flow switching
valve 7 and it may be impossible to ensure a sufficient
differential pressure for movement and fixation of the
slide valve 703.

[0063] By contrast, in Embodiment 3, the first chamber
706 or the second chamber 707 of the second flow
switching valve 7B is connected with the first low-pres-
sure pipe 13a via the pilot valve 71, whereby in the heat-
ing operation also, it is possible to ensure a great differ-
ential pressure between the first port E and the second
high-pressure pipe 12b. Thus, it is possible to ensure a
differential pressure between the first chamber 706 and
the second chamber 707, and reliably move and fix the
slide valve 703. As a result, the second flow switching
valve 7B can be normally operated.
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Embodiment 4

[0064] An air-conditioning apparatus 100 according to
Embodiment 4 will be described. In the air-conditioning
apparatus 100 according to Embodiment 4, the configu-
ration of the second flow switching valve 7 is different
from that in Embodiment 1. In Embodiment 4, the other
configurations and controls in the air-conditioning appa-
ratus 100 are the same as those in Embodiment 1.
[0065] Fig. 10 is a sectional view schematically illus-
trating a configuration of a second flow switching valve
7C according to Embodiment 4. As illustrated in Fig. 10,
in Embodiment 4, in the second flow switching valve 7C,
the pilot pipe 710 is connected with the third port G, and
the pilot pipe 713 is connected with the first port E. Also,
in the second flow switching valve 7C, the first chamber
706 of the main valve 70 is connected with the second
high-pressure pipe 12b by a pipe 731 and a fourth valve
732. That is, in Embodiment 4, the first chamber 706 of
the second flow switching valve 7C is connected with the
second high-pressure pipe 12b without communicating
with a pilot valve 41.

[0066] The fourth valve 732 is a solenoid valve or an
electronic expansion valve that adjusts the flow rate of
refrigerant flowing from the second high-pressure pipe
12b into the first chamber 706, and the opening degree
of the fourth valve 732 is controlled by the controller 50.
When the fourth valve 732 is opened by the controller
50, the second high-pressure pipe 12b and the first cham-
ber 706 communicate with each other, and as a result,
the pressure in the first chamber 706 is substantially
equalized to that in the second high-pressure pipe 12b.
Thus, the slide valve 703 is moved by the differential
pressure between the first chamber 706 and the second
chamber 707, and the state of the second flow switching
valve 7C is switched.

[0067] In Embodiment 4, the first chamber 706 is con-
nected with the second high-pressure pipe 12b without
communicating with the pilot valve 71. In this case also,
it is possible to ensure a minimum operating differential
pressure in the second flow switching valve 7C, and re-
liably move and fix the slide valve 703. As a result, the
second flow switching valve 7C can be normally operat-
ed.

[0068] Itshould be noted that although Fig. Qillustrates
an example in which the first chamber 706 of the second
flow switching valve 7C is connected with the second
high-pressure pipe 12b without communicating with the
pilot valve 71, this illustration is not limiting. The second
chamber 707 may be connected with the second high-
pressure pipe 12b without communicating with the pilot
valve 71, or each of the first chamber 706 and the second
chamber 707 may be connected with the second high-
pressure pipe 12b without communicating with the pilot
valve 71.
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Embodiment 5

[0069] An air-conditioning apparatus 100A according
to Embodiment 5 will be described. In the air-conditioning
apparatus 100A according to Embodiment 5, the config-
uration of the second flow switching valve 7 is different
from thatin Embodiment 1. The other configurations and
controls of the air-conditioning apparatus 100A accord-
ing to Embodiment 5 are the same as those in Embodi-
ment 1.

[0070] Fig. 11isarefrigerantcircuitdiagramillustrating
a configuration of the air-conditioning apparatus 100A
according to Embodiment 5. As illustrated in Fig. 11, the
air-conditioning apparatus 100A of Embodiment 5 does
not include the second valve 9. Furthermore, the suction
inlet 11a of the compressor 1 and the first port A of the
first flow switching valve 2 are connected with each other
by the first low-pressure pipe 13a. In addition, the air-
conditioning apparatus 100A includes a second flow
switching valve 7D that switches a flow passage for the
refrigerant between a flow passage through the refriger-
ant flows to the first outdoor heat exchanger 6a and a
flow passage through the refrigerant flows to the second
outdoor heat exchanger 6b.

[0071] The second flow switching valve 7D is a differ-
ential pressure drive type of four-way valve that is oper-
ated by a differential pressure as in the second flow
switching valve according to each of Embodiments 1 to
4. The second flow switching valve 7D has a first port E,
a second port F, a third port G, and a fourth port H. The
second flow switching valve 7D of Embodiment 5 can
enter a first state, a second state, and a third state. In
the first state, the first port E, the second port F, and the
fourth port H communicate with each other, and the third
port G is closed. In the second state, the first port E and
the second port F communicate with each other, and the
third port G and the fourth port H communicate with each
other. In the third state, the second port F and the third
port G communicate with each other, and the first port E
and the fourth port H communicate with each other.
[0072] In each of the cooling operation, the defrosting
operation, and the heating operation, the second flow
switching valve 7D is set in the first state; in the first op-
eration of the simultaneous heating and defrosting oper-
ation, the second flow switching valve 7D is set in the
second state; and in the second operation of the simul-
taneous heating and defrosting operation, the second
flow switching valve 7D is set in the third state.

[0073] In the second flow switching valve 7D, at least
one of the first chamber 706 and the second chamber
707, between which a differential pressure is generated,
is connected with the first low-pressure pipe 13a or the
second high-pressure pipe 12b. To be more specific, the
pilot pipe 713 of the second flow switching valve 7D is
connected with the first low-pressure pipe 13a, or the
second chamber 707 of the second flow switching valve
7D is connected with the first low-pressure pipe 13a. Al-
ternatively, the pilot pipe 710 of the second flow switching
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valve 7D is connected with the second high-pressure
pipe 12b, or the first chamber 706 of the second flow
switching valve 7D is connected with the second high-
pressure pipe 12b.

[0074] Also, in the case where the second flow switch-
ing valve 7D can enter three states as in Embodiment 5,
by connecting at least one of the first chamber 706 and
the second chamber 707 with the first low-pressure pipe
13a or the second high-pressure pipe 12b, it is possible
to ensure a minimum operating differential pressure in
the second flow switching valve 7D. As a result, the sec-
ond flow switching valve 7D can be normally operated.

[0075] The above descriptions are made with respect
to the embodiments, but they are not limiting. Various
modifications can be made or the embodiments can be
variously combined, without departing from the gist of
the present disclosure. For example, regarding connec-
tion of the pilot pipe 713 of Embodiment 1 and the second
chamber 707 of Embodiment 2, it suffices that the pilot
pipe 713 of Embodiment 1 and the second chamber 707
of Embodiment 2 are each connected to a low-pressure
portion whichever of the operations is performed in the
refrigerant circuit 10, and the pilot pipe 713 of Embodi-
ment 1 and the second chamber 707 of Embodiment 2
may be each connected with the second low-pressure
pipe 13b or any of the other low-pressure pipes, instead
of with the first low-pressure pipe 13a. Also, regarding
connection of the pilot pipe 710 of Embodiment 3 and
the first chamber 706 of Embodiment 4, it suffices that
the pilot pipe 710 of Embodiment 3 and the first chamber
706 of Embodiment 4 are each connected to a low-pres-
sure portion whichever of the operations is performed in
the refrigerant circuit 10, and the pilot pipe 710 of Em-
bodiment 3 and the first chamber 706 of Embodiment 4
may be connected with the first high-pressure pipe 12a
or any of the other high-pressure pipes, instead of with
the second high-pressure pipe 12b.

[0076] Embodiments 1 to 5 can be combined arbitrar-
ily. To be more specific, the second flow switching valve
7 may be configured such that the pilot pipe 713 is con-
nected with the first low-pressure pipe 13a and the pilot
pipe 710 is connected with the second high-pressure pipe
12b. Alternatively, the second flow switching valve 7 may
be configured such the second chamber 707 is connect-
ed with the first low-pressure pipe 13a and the first cham-
ber 706 is connected with the second high-pressure pipe
12b. Alternatively, the second flow switching valve 7 may
be configured such that the pilot pipe 713 is connected
with the first low-pressure pipe 13a and the first chamber
706 is connected with the second high-pressure pipe
12b. Alternatively, the second flow switching valve 7 may
be configured such that the second chamber 707 is con-
nected with the first low-pressure pipe 13a and the pilot
pipe 710 is connected with the second high-pressure pipe
12b. Thatis, it suffices that part of the second flow switch-
ing valve 7 that is other than the ports is connected to
any one of the low-pressure pipes and the high-pressure
pipes in the refrigerant circuit 10.
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Reference Signs List

[0077] 1: compressor, 2: first flow switching valve, 3:
indoor heat exchanger, 4: expansion valve, 5a: first pres-
sure reducing device, 5b: second pressure reducing de-
vice, 6a: first outdoor heat exchanger, 6b: second out-
door heat exchanger, 7, 7A, 7B, 7C, 7D: second flow
switching valve, 8: first valve, 9: second valve, 10: refrig-
erant circuit, 11a: suction inlet, 11b: discharge outlet,
12a: first high-pressure pipe, 12b: second high-pressure
pipe, 13a: first low-pressure pipe, 13b: second low-pres-
sure pipe, 14: branch portion, 15a: first pipe, 15b: second
pipe, 16: branch portion, 17: branch portion, 50: control-
ler, 70: main valve, 71: pilot valve, 100, 100A: air-condi-
tioning apparatus, 701: cylinder, 702: slide rack, 703:
slide valve, 704; piston, 705: piston, 706: first chamber,
707: second chamber, 710, 711, 712, 713: pilot pipe,
721, 731: pipe, 722: third valve, 732: fourth valve

Claims
1. An air-conditioning apparatus comprising:

a refrigerant circuit including a compressor, a
high-pressure pipe through which high-pressure
refrigerant discharged from the compressor
flows, a low-pressure pipe through which low-
pressure refrigerant to be sucked into the com-
pressor flows, a first flow switching valve, an in-
door heat exchanger, an expansion valve, a first
outdoor heat exchanger, a second outdoor heat
exchanger, and a second flow switching valve,
wherein the second flow switching valve is con-
figured to switch flow passages for refrigerant
flowing to the first outdoor heat exchanger and
the second outdoor heat exchanger,

wherein the second flow switching valve in-
cludes a first chamber, a second chamber, and
a slide valve configured to be moved by a differ-
ential pressure between the first chamber and
the second chamber, and

wherein atleast one of the first chamber and the
second chamber is connected with the high-
pressure pipe or the low-pressure pipe.

2. The air-conditioning apparatus of claim 1,

wherein the second flow switching valve in-
cludes a main valve and a pilot valve, and
wherein atleast one of the first chamber and the
second chamber is connected with the high-
pressure pipe or the low-pressure pipe via the
pilot valve.

3. The air-conditioning apparatus of claim 1,

wherein the second flow switching valve in-



4.

21 EP 4 283 171 A1

cludes a main valve and a pilot valve, and
wherein at least one of the first chamber and the
second chamber is connected with the high-
pressure pipe or the low-pressure pipe without
communicating with the pilot valve.

The air-conditioning apparatus of claim 3, further
comprising:

a pipe connecting at least one of the first cham-
ber and the second chamber with the high-pres-
sure pipe or the low-pressure pipe; and

a valve provided at the pipe.

The air-conditioning apparatus of any one of claims
1 to 4, wherein the second flow switching valve in-
cludes

afirst port connected with the first flow switching
valve,

a second port connected with the second out-
door heat exchanger,

a third port connected with a discharge outlet of
the compressor, and

a fourth port connected with the first outdoor
heat exchanger.

The air-conditioning apparatus of claim 5, further
comprising a controller configured to switch a state
of the second flow switching valve between a first
state in which the first port and the fourth port com-
municate with each other and the second port and
the third port communicate with each other and a
second state in which the first port and the second
port communicate with each other and the third port
and the fourth port communicate with each other.

The air-conditioning apparatus of claim 5, further
comprising a controller configured to switch a state
of the second flow switching valve between a first
state in which the first port, the second port, and the
fourth port communicate with each other and the
third port G is closed, a second state in which the
firstportand the second port communicate with each
other and the third port and the fourth port commu-
nicate with each other, and a third state in which the
second port and the third port communicate with
each other and the first port and the fourth port com-
municate with each other.

The air-conditioning apparatus of claim 6 or 7,
wherein

the controller is configured to perform

a cooling operation in which the first outdoor
heat exchanger and the second outdoor heat
exchanger operate as condensers and the in-
door heatexchanger operates as an evaporator,
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a heating operation in which the first outdoor
heat exchanger and the second outdoor heat
exchanger operate as the evaporators and the
indoor heat exchanger operates as the con-
denser, and

asimultaneous heating and defrosting operation
in which one of the first outdoor heat exchanger
and the second outdoor heat exchanger oper-
ates as the evaporator and the other of the first
outdoor heat exchanger and the second outdoor
heat exchanger and the indoor heat exchanger
operate as the condensers.
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