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Description
Technical Field

[0001] The present disclosure relates to an air condi-
tioner, a control method, and a program.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2020-066032, filed April 1, 2020, the content of
which is incorporated herein by reference.

Background Art

[0003] Various types ofrefrigerants are used in air con-
ditioners. From the viewpoint of preventing global warm-
ing, the use of refrigerants with a low global warming
potential (GWP) is being promoted.

[0004] PTL 1discloses, as arelated technique, a tech-
nique relating to a refrigerating cycle device for storing a
refrigerant such that a pipe having a low design pressure
can be used.

Citation List
Patent Literature

[0005] [PTL 1] International Publication No.

2017/175299
Summary of Invention
Technical Problem

[0006] By the way, among the refrigerants having a
low GWP, there are refrigerants having higher combus-
tibility than the refrigerants having a high GWP. When
such a refrigerant leaks to the outside of the air condi-
tioner, it is necessary to ensure that the refrigerant does
not burn.

[0007] Therefore, when a refrigerant leaks in an air
conditioner, there is a demand for a technique capable
of reducing the leakage.

[0008] An object of the present disclosure is to provide
an air conditioner, a control method and a program ca-
pable of solving the above-described problems.

Solution to Problem

[0009] Inorderto solve the above problems, an air con-
ditioner according to the present disclosure includes: a
condenser that condenses a refrigerant; an evaporator
that evaporates the condensed refrigerant; a compressor
that compresses the evaporated refrigerant; a receiver
capable of recovering the compressed refrigerant; and a
switching valve capable of switching a discharge desti-
nation of the compressed refrigerant from the condenser
to the receiver.

[0010] A control method according to the present dis-
closure performed by an air conditioner including a con-
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denser that condenses a refrigerant, an evaporator that
evaporates the condensed refrigerant, a compressor that
compresses the evaporated refrigerant, a receiver capa-
ble of recovering the compressed refrigerant, and a
switching valve capable of switching a discharge desti-
nation of the compressed refrigerant from the condenser
to the receiver, the method including: controlling a flow
path in the switching valve.

[0011] A program according to the present disclosure
causes a computer in an air conditioner to control a flow
path in a switching valve, the air conditioner including a
condenser that condenses a refrigerant, an evaporator
that evaporates the condensed refrigerant, acompressor
that compresses the evaporated refrigerant, a receiver
capable of recovering the compressed refrigerant, and
the switching valve capable of switching a discharge des-
tination of the compressed refrigerant from the condens-
er to the receiver.

Advantageous Effects of Invention

[0012] According to the air conditioner, the control
method, and the program according to the embodiment
of the present disclosure, when the refrigerant leaks in
the air conditioner, the leakage can be reduced.

Brief Description of Drawings
[0013]

Fig. 1 is a diagram showing an example of a config-
uration of an air conditioner according to a first em-
bodiment of the present disclosure.

Fig. 2 is a diagram showing an example of a config-
uration of a control device according to the first em-
bodiment of the present disclosure.

Fig. 3 is afirst diagram for explaining a determination
whether recovery of a refrigerant has been complet-
ed in the first embodiment of the present disclosure.
Fig. 4 is a second diagram for explaining a determi-
nation whether the recovery of the refrigerant has
been completed in the first embodiment of the
present disclosure.

Fig. 5is adiagram showing an example of a process-
ing flow of the air conditioner according to the first
embodiment of the present disclosure.

Fig. 6 is a diagram showing an example of a config-
uration of an air conditioner according to a second
embodiment of the present disclosure.

Fig. 7 is adiagram showing an example of a process-
ing flow of the air conditioner according to the second
embodiment of the present disclosure.

Fig. 8 is a schematic block diagramiillustrating a con-
figuration of a computer according to at least one
embodiment.
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Description of Embodiments
<First Embodiment>

[0014] Hereinafter, embodiments will be described in
detail with reference to the drawings.

(Configuration of air conditioner)

[0015] The configuration of an air conditioner 1 accord-
ing to a first embodiment of the present disclosure will
be described.

[0016] The air conditioner 1 according to the first em-
bodiment of the present disclosure is an air conditioner
that recovers the refrigerant in the receiver, when the
leakage of the refrigerant from the air conditioner is de-
tected. As shown in Fig. 1, the air conditioner 1 includes
an outdoor unit 10, an indoor unit 20, and a control device
30.

[0017] In the firstembodiment, the air conditioner 1 will
be described by using the operation during the cooling
operation as an example (that is, by using the case of
operating as a refrigerating cycle device as an example)
among the heating and cooling operations of the air con-
ditioner 1, and the operation during the heating operation
will be described at the end of the first embodiment.

(Configuration of outdoor unit)

[0018] As shownin Fig. 1, the outdoor unit 10 includes
acompressor 101, an accumulator 102, a switching valve
103 (an example of a switching valve), a four-way valve
104, ablowerfan 105, a heat exchanger 106 (an example
of a condenser, an example of a compressor), a throttle
mechanism 107 (an example of an expansion valve), a
check valve 108, a receiver 109, an on/off valve 110, a
discharge temperature sensor 111, a receiver tempera-
ture sensor 112, and a gas sensor 113 (an example of a
gas sensor).

[0019] The compressor 101 is a device that compress-
es a gaseous refrigerant. The refrigerant compressed by
the compressor 101 is normally sent to the heatexchang-
er 106 via the switching valve 103 and the four-way valve
104.

[0020] The accumulator 102 is a device that separates
a liquid refrigerant and a gaseous refrigerant. Only the
gaseous refrigerant among the refrigerants separated by
the accumulator 102 is sent to the compressor 101.
[0021] The switchingvalve 103 is a valve that switches
the destination of the refrigerant discharged from the
compressor 101.

[0022] For example, the switching valve 103 normally
sets the destination of the refrigerant discharged from
the compressor 101 to the heat exchanger 106. Further,
when the leakage of the refrigerant is detected, the
switching valve 103 uses the receiver 109 as the desti-
nation of the refrigerant discharged from the compressor
101.
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[0023] The four-way valve 104 is a valve that switches
between a cooling operation and a heating operation of
the air conditioner 1. The four-way valve 104 uses the
heat exchanger 106 as the destination of the refrigerant
discharged from the compressor 101, during the cooling
operation of the air conditioner 1. During the heating op-
eration, the destination of the refrigerant is the heat ex-
changer 201.

[0024] The blowerfan 105 is a fan that sends air to the
heat exchanger 106.

[0025] The heat exchanger 106 operates as a con-
denser during the cooling operation of the air conditioner
1. That is, the gaseous refrigerant exchanges heat with
the air sent by the blower fan 105 and becomes a liquid
refrigerant. The liquid refrigerant in the heat exchanger
106 is sent to the throttle mechanism 107.

[0026] The throttle mechanism 107 includes a mech-
anism for reducing the pressure of the refrigerant and
expanding the refrigerant. The throttle mechanism 107
reduces the temperature of the refrigerant. The throttle
mechanism 107 is provided between the heat exchanger
106 and the heat exchanger 201, which will be described
later. The throttle mechanism 107 is, for example, an
electronic expansion valve.

[0027] The check valve 108 is a valve that prevents
the backflow of the refrigerant. For example, when leak-
age of a refrigerant is detected and the receiver 109 is
set as the destination of the refrigerant discharged from
the compressor 101 by the switching valve 103, the check
valve 108 sends the refrigerant only in the direction from
the compressor 101 to the receiver 109.

[0028] The receiver 109 is a container that recovers
and stores the refrigerant inside, when the leakage of the
refrigerant is detected.

[0029] The on/off valve 110 is a valve that opens and
closes the flow path of the refrigerant. For example, the
on/off valve 110 is an electromagnetic valve.

[0030] Thedischargetemperature sensor111isasen-
sor that measures the temperature in the refrigerant dis-
charge unit of the compressor 101. The discharge tem-
perature sensor 111 is provided in the refrigerant dis-
charge unit of the compressor 101.

[0031] The receiver temperature sensor 112 is a sen-
sor that measures the temperature at the receiver 109.
The receiver temperature sensor 112 is provided above
the receiver 109.

[0032] The gas sensor 113 is a sensor that detects a
gaseous refrigerant. For example, the gas sensor 113 is
provided in the vicinity of the heat exchanger 106.

(Configuration of indoor unit)

[0033] As shown in Fig. 1, the indoor unit 20 includes
a heat exchanger 201 (an example of a compressor and
an example of a condenser), a blower fan 202, and a gas
sensor 203 (an example of a gas sensor).

[0034] The blowerfan 202 is a fan that sends air to the
heat exchanger 201. The heat exchanger 201 operates
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as an evaporator during the cooling operation of the air
conditioner 1. That is, the refrigerant of which tempera-
tureis reduced by the throttle mechanism 107 exchanges
heat with the air sent by the blower fan 202 and becomes
a gaseous refrigerant. That is, the air conditioner 1 op-
erates as a cooling cycle device.

[0035] The gas sensor 203 is a sensor that detects a
gaseous refrigerant. For example, the gas sensor 203 is
provided in the vicinity of the heat exchanger 201.

(Configuration of control device)

[0036] As shown in Fig. 2, the control device 30 in-
cludes a sensor information acquisition unit 301, a refrig-
erant leakage determination unit 302, a valve control unit
303 (an example of a first control unit and an example of
a second control unit), a recovery completion determina-
tion unit 304 (an example of a determination unit), a fan
control unit 305, and a storage unit 308.

[0037] The sensor information acquisition unit 301 ac-
quires the measurement result of the temperature meas-
ured by the discharge temperature sensor 111 or the
receiver temperature sensor 112. Further, the sensor in-
formation acquisition unit 301 acquires the detection re-
sult of the refrigerant from the gas sensor 113 and the
gas sensor 203.

[0038] The refrigerant leakage determination unit 302
determines whether or not the refrigerant is leaking in
the air conditioner 1, based on the detection result of the
gas sensor 113 or the gas sensor 203.

[0039] For example, when the gas sensor 113 detects
the refrigerant, the refrigerant leakage determination unit
302 determines that the refrigerant is leaking in the out-
door unit 10.

[0040] Further, for example, when the gas sensor 203
detects the refrigerant, the refrigerant leakage determi-
nation unit 302 determines that the refrigerant is leaking
in the indoor unit 20.

[0041] The valve control unit 303 controls the switching
valve 103, the four-way valve 104, the throttle mecha-
nism 107, and the on/off valve 110.

[0042] For example, during the normal cooling opera-
tion of the air conditioner 1, the valve control unit 303
controls the flow path of the refrigerant in the switching
valve 103 to connect the compressor 101 and the four-
way valve 104, and connect the check valve 108 and the
on/off valve 110. Further, the valve control unit 303 con-
trols the flow path of the refrigerant in the four-way valve
104 to connect the switching valve 103 and the heat ex-
changer 106 and connect the accumulator 102 and the
heat exchanger 201. Further, the valve control unit 303
performs control such that the opening degree of the
throttle mechanism 107 becomes an appropriate open-
ing degree. Further, the valve control unit 303 controls
the on/off valve 110 to be shut off.

[0043] Further, for example, when the leakage of a re-
frigerant is detected in the cooling operation of the air
conditioner 1, the valve control unit 303 controls the flow
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path of the refrigerant in the switching valve 103 to con-
nect the compressor 101 and the check valve 108, and
connect the four-way valve 104 and the on/off valve 110.
Further, the valve control unit 303 controls the flow path
of the refrigerant in the four-way valve 104 to connect
the switching valve 103 and the heat exchanger 106 and
connect the accumulator 102 and the heat exchanger
201. Further, the valve control unit 303 controls the open-
ing degree of the throttle mechanism 107 to full open.
Further, the valve control unit 303 controls the on/off
valve 110 to be shut off.

[0044] Therecovery completion determination unit304
determines whether or not the recovery of the refrigerant
in the receiver 109 has been completed, based on the
measurementresult of the discharge temperature sensor
111 or the measurement result of the receiver tempera-
ture sensor 112.

[0045] For example, when the refrigerant is recovered
in the receiver 109, as shown in Fig. 3, the temperature
measured by the receiver temperature sensor 112 rises,
and then the temperature rise slows down. Therefore,
the recovery completion determination unit 304 deter-
mines that the recovery of the refrigerant has been com-
pleted, when the measurementresult of the receiver tem-
perature sensor 112 determines that the rise has slowed
down after the rise.

[0046] Further, for example, when the refrigerant is re-
covered in the receiver 109, the temperature measured
by the discharge temperature sensor 111 decreases as
shown in Fig. 4. The measurement result of the discharge
temperature sensor 111 reaches the lower limit of the
temperature when the refrigerant runs out, and then the
temperature rises due to the heat of the motor of the
compressor 101. Therefore, when it is determined that
the measurement result of the discharge temperature
sensor 111 decreases to the lower limit of the tempera-
ture and then increases, the recovery completion deter-
mination unit 304 determines that the recovery of the
refrigerant has been completed.

[0047] The fan control unit 305 controls the rotation of
the blower fan 105 and the blower fan 202.

[0048] The compressor control unit 306 controls the
operation of the compressor 101.

[0049] For example, the compressor control unit 306
controls the compressor 101 to be in an operating state
or a stopped state.

[0050] The error notification unit 307 makes a notifica-
tion of the leakage of the refrigerant.

[0051] For example, the error notification unit 307 dis-
plays the leakage of the refrigerant on a display unit pro-
vided in the room or a display unit of the remote controller.
[0052] The storage unit 308 stores various types of in-
formation necessary for the process performed by the
control device 30.

[0053] For example, the storage unit 308 stores the
temperature threshold value used by the recovery com-
pletion determination unit 304 to determine whether or
not the recovery of the refrigerant in the receiver 109 has
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been completed.

[0054] With the above-described configuration, during
the normal cooling operation of the air conditioner 1, the
refrigerant flows through a flow path that circulates in the
order of the compressor 101, the switching valve 103,
the four-way valve 104, the heatexchanger 106, the throt-
tle mechanism 107, the heat exchanger 201, the four-
way valve 104, the accumulator 102, and the compressor
101.

(Process performed by the air conditioner)

[0055] Next, the process of the air conditioner 1 ac-
cording to the first embodiment of the present disclosure
will be described.

[0056] Here, the processing flow of the air conditioner
1 when the leakage of the refrigerant is detected in the
heat exchanger 106 that operates as a condenser during
the normal cooling operation of the air conditioner 1
shown in Fig. 5 will be described.

[0057] The air conditioner 1 is in a state of the normal
cooling operation. That is, the valve control unit 303 con-
trols the flow path of the refrigerant in the switching valve
103 to connect the compressor 101 and the four-way
valve 104, and connectthe check valve 108 and the on/off
valve 110. Further, the valve control unit 303 controls the
flow path of the refrigerant in the four-way valve 104 to
connect the on/off valve 110 and the heat exchanger 106
and connect the accumulator 102 and the heat exchang-
er 201. Further, the valve control unit 303 performs con-
trol such that the opening degree of the throttle mecha-
nism 107 becomes an appropriate opening degree. Fur-
ther, the valve control unit 303 controls the on/off valve
110 to be shut off.

[0058] In this state, the refrigerant leakage determina-
tion unit 302 determines whether or not the refrigerant is
leaking in the air conditioner 1, based on the detection
result of the gas sensor 113 or the gas sensor 203.
[0059] Specifically, the refrigerant leakage determina-
tion unit 302 determines that the refrigerant is leaking
when the gas sensor 113 or the gas sensor 203 detects
the refrigerant.

[0060] Here, the gas sensor 113 detects the refriger-
ant.

[0061] The sensor information acquisition unit 301 ac-
quires a detection result indicating that the refrigerant
has been detected from the gas sensor 113.

[0062] When acquiring a detection result indicating
that the sensor information acquisition unit 301 has de-
tected the refrigerant from the gas sensor 113, the refrig-
erantleakage determination unit 302 determines that the
refrigerant is leaking in the outdoor unit 10 (step S1).
[0063] The valve control unit 303 controls the flow path
of the refrigerant in the switching valve 103 to connect
the compressor 101 and the check valve 108, and con-
nect the four-way valve 104 and the on/off valve 110 (step
S2).

[0064] The valve control unit 303 controls the opening
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degree of the throttle mechanism 107 to full open (step
S3). The fan control unit 305 stops the rotation of the
blower fan 202 (step S4). In addition, the process of step
S3and step S4 reduces the gasification of the refrigerant,
so that the density of the refrigerant is increased. As a
result, the refrigerant can be efficiently recovered in the
receiver 109.

[0065] Therecovery completion determination unit304
determines whether or not the recovery of the refrigerant
in the receiver 109 has been completed, based on the
measurementresult of the discharge temperature sensor
111 or the measurement result of the receiver tempera-
ture sensor 112 (step S5).

[0066] When the recovery completion determination
unit 304 determines that the recovery of the refrigerant
in the receiver 109 has not been completed (NO in step
S5), the process returns to the process of step S5.
[0067] Further, when the recovery completion deter-
mination unit 304 determines that the recovery of the
refrigerant in the receiver 109 has been completed (YES
in step S5), the compressor control unit 306 controls the
compressor 101 to stop (from the operating state) (step
S6). Then, the error natification unit 307 notifies the leak-
age of the refrigerant (step S7).

[0068] In this way, when the refrigerant leaks in the
heat exchanger 106 that operates as a condenser, the
air conditioner 1 can reduce the leakage of the refrigerant
from the heat exchanger 106. In this case, the air condi-
tioner 1 can recover the refrigerant on the inlet side of
the heat exchanger 106. Therefore, the air conditioner 1
can recover the refrigerant more safely than the case
where the refrigerant is recovered on the outlet side of
the heat exchanger 106.

[0069] Further, in the cooling operation of the air con-
ditioner 1, even when the refrigerant leaks from the heat
exchanger 201 operating as an evaporator, and other
places, and the gas sensor 113 or the gas sensor 203
detects the refrigerant, similarly, the receiver 109 may
recover the refrigerant.

[0070] Further, in the heating operation of the air con-
ditioner 1, the heat exchanger 106 operates as an evap-
orator, the heat exchanger 201 operates as a condenser,
and the valve control unit 303 controls the flow path of
the refrigerant in the four-way valve 104 to connect the
switching valve 103 and the heat exchanger 201 and
connect the accumulator 102 and the heat exchanger
106. The rotation of the blower fan 105 is stopped in step
S4.

[0071] Then, in the heating operation of the air condi-
tioner 1, even when the refrigerant leaks from the heat
exchanger 201 operating as a condenser, the heat ex-
changer 106 operating as an evaporator, and other plac-
es, and the gas sensor 113 or the gas sensor 203 detects
the refrigerant, similarly, the receiver 109 may recover
the refrigerant.

[0072] When the refrigerantleaks in the heat exchang-
er 201 during the heating operation of the air conditioner
1, the air conditioner 1 can recover the refrigerant on the
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inlet side of the heat exchanger 201. Therefore, the air
conditioner 1 can recover the refrigerant more safely than
the case where the refrigerant is recovered on the outlet
side of the heat exchanger 201.

(Action and effect of air conditioner)

[0073] The air conditioner 1 according to the first em-
bodiment of the present disclosure has been described
above.

[0074] The air conditioner (1) according to the first em-
bodiment of the present disclosure includes a condenser
(106, 201) that condenses a refrigerant, an evaporator
(201, 106) that evaporates the condensed refrigerant, a
compressor (101) that compresses the evaporated re-
frigerant, areceiver (109) capable of recovering the com-
pressed refrigerant, and a switching valve (103) capable
of switching a discharge destination of the compressed
refrigerant from the condenser (106, 201) to the receiver
(109).

[0075] By the air conditioner (1), when the leakage of
the refrigerant is detected, the refrigerant can be recov-
ered on the inlet side of the condenser (106, 201). As a
result, the air conditioner (1) can reduce the leakage,
when the refrigerant leaks in the air conditioner.

<Second Embodiment>
(Configuration of air conditioner)

[0076] The configuration of the air conditioner 1 ac-
cording to the second embodiment of the present disclo-
sure will be described.

[0077] The air conditioner 1 according to the second
embodiment of the present disclosure is an air condition-
er that uses areceiver as a substitute for an accumulator
as well as for the recovery of a refrigerant. As shown in
Fig. 6, the air conditioner 1 includes the outdoor unit 10,
the indoor unit 20, and the control device 30. Hereinafter,
the air conditioner 1 will be described with a focus on the
differences from the first embodiment.

[0078] In the second embodiment, the air conditioner
1 will be described by using the operation during the cool-
ing operation as an example (that is, by using the case
of operating as a refrigerating cycle device as an exam-
ple) among the heating and cooling operations of the air
conditioner 1, and the operation during the heating op-
eration will be described at the end of the second em-
bodiment.

(Configuration of outdoor unit)

[0079] As shownin Fig. 6, the outdoor unit 10 includes
the compressor 101, the switching valve 103, the four-
way valve 104, the blower fan 105, the heat exchanger
106, the throttle mechanism 107, the check valve 108,
the receiver 109, a first on/off valve 110, a discharge
temperature sensor 111, a receiver temperature sensor
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112, a gas sensor 113, a second on/off valve 114, a first
three-way valve 115 (an example of a switching valve),
and a second three-way valve 116 (an example of a
switching valve).

[0080] The first three-way valve 115 and the second
three-way valve 116 are valves added to operate the re-
ceiver 109 as an accumulator in addition to recovering
the refrigerant.

[0081] The valve control unit 303 controls the switching
valve 103, the four-way valve 104, the throttle mecha-
nism 107, the first on/off valve 110, the second on/off
valve 114, the first three-way valve 115, and the second
three-way valve 116.

[0082] For example, during the normal cooling opera-
tion of the air conditioner 1, the valve control unit 303
controls the flow path of the refrigerant in the switching
valve 103 to connect the compressor 101 and the four-
way valve 104, and connect the check valve 108 and the
second on/off valve 114. Further, the valve control unit
303 controls the flow path of the refrigerant in the four-
way valve 104 to connect the switching valve 103 and
the heat exchanger 106 and connect the first three-way
valve 115 and the heat exchanger 201. Further, the valve
controlunit 303 controls the opening degree of the throttle
mechanism 107 to an appropriate opening degree. Fur-
ther, the valve control unit 303 controls the first on/off
valve 110 to open. Further, the valve control unit 303
controls the second on/off valve 114 to be shut off. Fur-
ther, the valve control unit 303 controls the first three-
way valve 115 to connect the four-way valve 104 and the
first on/off valve 110. Further, the valve control unit 303
controls the second three-way valve 116 to connect the
compressor 101 and the receiver 109.

[0083] Further, for example, when the leakage of a re-
frigerant is detected in the cooling operation of the air
conditioner 1, the valve control unit 303 controls the flow
path of the refrigerant in the switching valve 103 to con-
nect the compressor 101 and the check valve 108, and
connect the four-way valve 104 and the second on/off
valve 114. Further, the valve control unit 303 controls the
flow path of the refrigerant in the four-way valve 104 to
connect the switching valve 103 and the heat exchanger
106 and connect the first three-way valve 115 and the
heat exchanger 201. Further, the valve control unit 303
controls the opening degree of the throttle mechanism
107 to full open. Further, the valve control unit 303 con-
trols the first on/off valve 110 to be shut off. Further, the
valve control unit 303 controls the second on/off valve
114 to be shut off. Further, the valve control unit 303
controls the first three-way valve 115 to connect the com-
pressor 101 and the four-way valve 104. Further, the
valve control unit 303 controls the second three-way
valve 116 to connect the check valve 108 and the receiver
109.

[0084] With the above-described configuration, during
the normal cooling operation of the air conditioner 1, the
refrigerant flows through a flow path that circulates in the
order of the compressor 101, the switching valve 103,
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the four-way valve 104, the heatexchanger 106, the throt-
tle mechanism 107, the heat exchanger 201, the four-
way valve 104, the first three-way valve 115, the first
on/off valve 110, the receiver 109, the second three-way
valve 116, and the compressor 101.

[0085] In Fig. 6, the arrow indicated by the solid line
indicates the flow of the refrigerant during the normal
cooling operation of the air conditioner 1. Further, the
arrow shown by the broken line indicates the flow of the
refrigerant when the leakage of the refrigerant is detected
in the cooling operation of the air conditioner 1.

(Process performed by the air conditioner)

[0086] Next, the process of the air conditioner 1 ac-
cording to the second embodiment of the present disclo-
sure will be described.

[0087] Here, the processing flow of the air conditioner
1 when the leakage of the refrigerant is detected in the
heat exchanger 106 that operates as a condenser during
the normal cooling operation of the air conditioner 1
shown in Fig. 7 will be described.

[0088] The air conditioner 1 is in a state of the normal
cooling operation. That is, the valve control unit 303 con-
trols the flow path of the refrigerant in the switching valve
103 to connect the compressor 101 and the four-way
valve 104, and connect the check valve 108 and the sec-
ond on/off valve 114. Further, the valve control unit 303
controls the flow path of the refrigerant in the four-way
valve 104 to connect the switching valve 103 and the
heatexchanger 106 and connect the first three-way valve
115 and the heat exchanger 201. Further, the valve con-
trol unit 303 performs control such that the opening de-
gree of the throttle mechanism 107 becomes an appro-
priate opening degree. Further, the valve control unit 303
controls the first on/off valve 110 to open. Further, the
valve control unit 303 controls the second on/off valve
114 to be shut off. Further, the valve control unit 303
controls the first three-way valve 115 to connect the four-
way valve 104 and the first on/off valve 110. Further, the
valve control unit 303 controls the second three-way
valve 116 to connect the compressor 101 and the receiv-
er 109.

[0089] In this state, the refrigerant leakage determina-
tion unit 302 determines whether or not the refrigerant is
leaking in the air conditioner 1, based on the detection
result of the gas sensor 113 or the gas sensor 203.
[0090] Specifically, the refrigerant leakage determina-
tion unit 302 determines that the refrigerant is leaking
when the gas sensor 113 or the gas sensor 203 detects
the refrigerant.

[0091] Here, the gas sensor 113 detects the gaseous
refrigerant.
[0092] The sensor information acquisition unit 301 ac-

quires a detection result indicating that the refrigerant
has been detected from the gas sensor 113.

[0093] When acquiring a detection result indicating
that the sensor information acquisition unit 301 has de-
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tected the refrigerant from the gas sensor 113, the refrig-
erant leakage determination unit 302 determines that the
refrigerant is leaking in the outdoor unit 10 (step S1).
[0094] The valve control unit 303 controls the flow path
of the refrigerant in the switching valve 103 to connect
the compressor 101 and the check valve 108, and con-
nect the four-way valve 104 and the second on/off valve
114, controls the first on/off valve 110 to be shut off, con-
trols the first three-way valve 115 to connect the com-
pressor 101 and the four-way valve 104, and controls the
second three-way valve 116 to connect the check valve
108 and the receiver 109 (step S11).

[0095] The valve control unit 303 controls the opening
degree of the throttle mechanism 107 to full open (step
S3). The fan control unit 305 stops the rotation of the
blower fan 202 (step S4).

[0096] Therecovery completion determination unit304
determines whether or not the recovery of the refrigerant
in the receiver 109 has been completed, based on the
measurementresult of the discharge temperature sensor
111 or the measurement result of the receiver tempera-
ture sensor 112 (step S5).

[0097] When the recovery completion determination
unit 304 determines that the recovery of the refrigerant
in the receiver 109 has not been completed (NO in step
S5), the process returns to the process of step S5.
[0098] Further, when the recovery completion deter-
mination unit 304 determines that the recovery of the
refrigerant in the receiver 109 has been completed (YES
in step S5), the compressor control unit 306 controls the
compressor 101 to stop (from the operating state) (step
S6). Then, the error naotification unit 307 notifies the leak-
age of the refrigerant (step S7).

[0099] In this way, when the refrigerant leaks in the
heat exchanger 106 that operates as a condenser, the
air conditioner 1 can reduce the leakage of the refrigerant
from the heat exchanger 106. In this case, the air condi-
tioner 1 can recover the refrigerant on the inlet side of
the heat exchanger 106. Therefore, the air conditioner 1
can recover the refrigerant more safely than the case
where the refrigerant is recovered on the outlet side of
the heat exchanger 106.

[0100] Further, in the cooling operation of the air con-
ditioner 1, even when the refrigerant leaks from the heat
exchanger 201 operating as an evaporator, and other
places, and the gas sensor 113 or the gas sensor 203
detects the refrigerant, similarly, the receiver 109 may
recover the refrigerant.

[0101] Further, in the heating operation of the air con-
ditioner 1, the heat exchanger 106 operates as an evap-
orator, the heat exchanger 201 operates as a condenser,
and the valve control unit 303 controls the flow path of
the refrigerant in the four-way valve 104 to connect the
switching valve 103 and the heat exchanger 201 and
connect the accumulator 102 and the heat exchanger
106. The rotation of the blower fan 105 is stopped in step
S4.

[0102] Then, in the heating operation of the air condi-



13 EP 4 113 038 A1 14

tioner 1, even when the refrigerant leaks from the heat
exchanger 201 operating as a condenser, the heat ex-
changer 106 operating as an evaporator, and other plac-
es, and the gas sensor 113 or the gas sensor 203 detects
the refrigerant, similarly, the receiver 109 may recover
the refrigerant.

[0103] When the refrigerantleaks in the heat exchang-
er 201 during the heating operation of the air conditioner
1, the air conditioner 1 can recover the refrigerant on the
inlet side of the heat exchanger 201. Therefore, the air
conditioner 1 can recover the refrigerant more safely than
the case where the refrigerant is recovered on the outlet
side of the heat exchanger 201.

(Action and effect of air conditioner)

[0104] The air conditioner 1 according to the second
embodiment of the present disclosure has been de-
scribed above.

[0105] The air conditioner (1) according to the second
embodiment of the presentdisclosure includes areceiver
(109) that operates as an accumulator that separates a
liquid refrigerant and a gaseous refrigerant.

[0106] This air conditioner (1) eliminates the need for
an accumulator, and the air conditioner 1 can be manu-
factured easily and inexpensively.

[0107] In another embodiment of the present disclo-
sure, the control device 30 may be provided in the outdoor
unit 10 or the indoor unit 20.

[0108] In the process according to the embodiment of
the present disclosure, the order of processing may be
changed as long as appropriate processing is performed.
[0109] Each of the storage unit 308 and the storage
device (including a register and a latch) in the embodi-
ment of the present disclosure may be provided any-
where within a range in which appropriate information is
transmitted and received. Further, a plurality of the stor-
age units 308 and the storage devices may be present
in places within a range in which appropriate information
is transmitted and received, and may distribute and store
data.

[0110] Although the embodiment of the present disclo-
sure has been described, the above-described control
device 30 and other control devices may have a computer
system inside. Then, the procedures of the processes
described above are stored in a computer-readable re-
cording medium in the form of a program, and the above
processes are performed by the program being read and
executed by the computer. A specific example of a com-
puter is shown below.

[0111] Fig. 8 is a schematic block diagram illustrating
a configuration of a computer according to at least one
embodiment.

[0112] As shown in Fig. 8, a computer 5 includes a
CPU 6, amainmemory 7, a storage 8, and an interface 9.
[0113] Forexample, each of the above-described con-
trol device 30 and other control devices is mounted on
the computer 5. The operation of each processing unit
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described above is stored in the storage 8 in the form of
a program. The CPU 6 reads a program from the storage
8, expands the read program into the main memory 7,
and executes the above process according to the pro-
gram. Further, CPU 6 secures a storage area corre-
sponding to each of the above-described storage units
in the main memory 7, according to the program.
[0114] Examples of the storage 8 include a Hard Disk
Drive (HDD), a Solid State Drive (SSD), a magnetic disk,
an optical magnetic disk, a Compact Disc Read Only
Memory (CD-ROM), a Digital Versatile Disc Read Only
Memory (DVD-ROM), a semiconductor memory, and the
like. The storage 8 may be an internal medium directly
connected to the bus of the computer 5, or may be an
external medium connected to the computer 5 through
the interface 9 or a communication line. Further, when
this program is delivered to the computer 5 through a
communication line, the computer 5 receiving the deliv-
ered program may develop the program in the main mem-
ory 7 and execute the above process. In at least one
embodiment, the storage 8 is a non-transitory tangible
storage medium.

[0115] Further, the above program may implement a
part of the above-described functions. Further, the pro-
gram may be a so-called difference file (difference pro-
gram), which can implement the above-described func-
tions in combination with a program already recorded in
the computer system.

[0116] Although some embodiments of the presentdis-
closure have been described, these embodiments are
examples and do not limit the scope of the disclosure.
These embodiments may be subject to various additions,
various omissions, various replacements, and various
changes without departing from the gist of the disclosure.

<Additional Notes>

[0117] The air conditioner (1), the control method, and
the program described in each embodiment of the
present disclosure are understood as follows, for exam-
ple.

[0118]

(1) An air conditioner (1) according to a first aspect
includes a condenser (106, 201) that condenses a
refrigerant, an evaporator (201, 106) that evaporates
the condensed refrigerant, a compressor (101) that
compresses the evaporated refrigerant, a receiver
(109) capable of recovering the compressed refrig-
erant, and a switching valve (103, 115, 116) capable
of switching a discharge destination of the com-
pressed refrigerant from the condenser (106, 201)
to the receiver (109).

[0119] By the air conditioner (1), when the leakage of
the refrigerant is detected, the refrigerant can be recov-
ered on the inlet side of the condenser (106, 201). As a
result, the air conditioner (1) can reduce the leakage,
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when the refrigerant leaks in the air conditioner.

[0120] (2) Theairconditioner (1) according to a second
aspect is the air conditioner (1) according to (1) and may
furtherinclude a gas sensors (113, 203) that detects leak-
age of the refrigerant, in which the switching valve (103,
115, 116) may switch the discharge destination from the
condenser (106, 201) to the receiver (109), when the gas
sensor (113, 203) detects the leakage.

[0121] The air conditioner (1) makes it possible to de-
tect the leakage of the refrigerant and appropriately
switch the discharge destination.

[0122] (3) The air conditioner (1) according to a third
aspect is the air conditioner (1) according to (1) or (2), in
which the receiver (109) may operate as an accumulator
that separates a liquid refrigerant and a gaseous refrig-
erant.

[0123] This air conditioner (1) eliminates the need for
an accumulator, and the air conditioner 1 can be manu-
factured easily and inexpensively.

[0124] (4) The air conditioner (1) according to a fourth
aspect is the air conditioner (1) according to any one of
(1) to (3) and may further include a first control unit (303)
that controls a flow path in the switching valve (103, 115,
116).

[0125] The air conditioner (1) makes it possible to ap-
propriately control the flow path in the switching valve
(103, 115, 116).

[0126] (5) The air conditioner (1) according to a fifth
aspect is the air conditioner (1) according to any one of
(1) to (4) and may further include an expansion valve
(107) provided between the evaporator (201, 106) and
the condenser (106, 201) and capable of controlling a
valve opening degree to full open, when the discharge
destination is switched from the condenser (106, 201) to
the receiver.

[0127] With this air conditioner (1), the temperature of
the refrigerant is reduced and the density of the refriger-
antisincreased. As a result, the refrigerant can be safely
recovered to the receiver (109).

[0128] (6) The air conditioner (1) according to a sixth
aspect is the air conditioner (1) according to (5) and may
further include a second control unit (303) that controls
the valve opening degree.

[0129] The air conditioner (1) makes it possible to ap-
propriately control the valve opening degree.

[0130] (7) The air conditioner (1) according to a sev-
enth aspect is the air conditioner (1) according to any
one of (1) to (6), and may further include a determination
unit (304) that determines whether or not recovery of the
refrigerant by the receiver (109) has been completed.
[0131] The air conditioner (1) makes it possible to de-
termine the completion of the recovery of the refrigerant.
As a result, it is not necessary to perform unnecessary
control after the recovery of the refrigerant has been com-
pleted.

[0132] (8) Theairconditioner (1) according to an eighth
aspect is the air conditioner (1) according to (7), in which
the determination unit (304) may determine whether or
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not the recovery has been completed, based on a tem-
perature at a discharge unit of the compressor (101) or
a temperature at the receiver (109).

[0133] The air conditioner (1) makes it possible to de-
termine the completion of the recovery of the refrigerant
by using an easy method. As a result, it is not necessary
to perform unnecessary control after the recovery of the
refrigerant has been completed.

[0134] (9)A control method according to a ninth aspect
performed by an air conditioner (1) including a condenser
(106, 201) that condenses a refrigerant, an evaporator
(201, 106) that evaporates the condensed refrigerant, a
compressor (101) that compresses the evaporated re-
frigerant, a receiver (109) capable of recovering the com-
pressedrefrigerant, and a switching valve (103, 115, 116)
capable of switching a discharge destination of the com-
pressed refrigerant from the condenser (106, 201) to the
receiver (109), the method including: controlling a flow
path in the switching valve (103, 115, 116).

[0135] According to this control method, it is possible
to recover the refrigerant on the inlet side of the condens-
er (106, 201), when the leakage of the refrigerant is de-
tected. As a result, the control method can reduce the
leakage, when the refrigerant leaks in the air conditioner.
[0136] (10) A program according to a tenth aspect
causes a computer (5) in an air conditioner to control a
flow path in a switching valve (103, 115, 116), the air
conditioner (1) including a condenser (106, 201) that con-
denses arefrigerant, an evaporator (201, 106) that evap-
orates the condensed refrigerant, a compressor (101)
that compresses the evaporated refrigerant, a receiver
(109) capable of recovering the compressed refrigerant,
and the switching valve (103, 115, 116) capable of switch-
ing adischarge destination of the compressed refrigerant
from the condenser (106, 201) to the receiver (109).
[0137] According to this program, it is possible to re-
cover the refrigerant on the inlet side of the condenser
(106, 201), when the leakage of the refrigerant is detect-
ed. As a result, the program can reduce the leakage,
when the refrigerant leaks in the air conditioner.

Industrial Applicability

[0138] According to the air conditioner, the control
method, and the program according to the embodiment
of the present disclosure, when the refrigerant leaks in
the air conditioner, the leakage can be reduced.

Reference Signs List
[0139]

Air conditioner
Computer
CPU

Main memory
Storage
Interface

© 00N O =
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10 Outdoor unit

20 Indoor unit

30 Control device

101 Compressor

102 Accumulator

103 Switching valve

104 Four-way valve

105,202 Blower fan

106, 201 Heat exchanger

107 Throttle mechanism

108 Check valve

109 Receiver

110, 114  On/off valve

111 Discharge temperature sensor
112 Receiver temperature sensor
113,203 Gas sensor

301 Sensor information acquisition unit
302 Refrigerant leakage determination unit
303 Valve control unit

304 Recovery completion determination unit
305 Fan control unit

306 Compressor control unit

307 Error notification unit

308 Storage unit

Claims

1. An air conditioner comprising:

a condenser that condenses a refrigerant;

an evaporator that evaporates the condensed

refrigerant;

a compressor that compresses the evaporated

refrigerant;

a receiver capable of recovering the com-

pressed refrigerant; and

a switching valve capable of switching a dis-
charge destination of the compressed refriger-

ant from the condenser to the receiver.

2. Theair conditioner according to claim 1, further com-

prising:

a gas sensor that detects leakage of the refrig-

erant, wherein

the switching valve switches the discharge des-
tination from the condenser to the receiver,
when the gas sensor has detected the leakage.

3. Theairconditioneraccording to claim 1 or 2, wherein
the receiver operates as an accumulator that sepa-

rates a liquid refrigerant and a gaseous refrigerant.

4. The air conditioner according to any one of claims 1

to 3, further comprising:

a first control unit that controls a flow path in the

switching valve.
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10

10.

The air conditioner according to any one of claims 1
to 4, further comprising:

an expansion valve provided between the evapora-
tor and the condenser and capable of controlling a
valve opening degree to full open, when the dis-
charge destination is switched from the condenser
to the receiver.

The air conditioner according to claim 5, further com-
prising:

a second control unit that controls the valve opening
degree of the expansion valve.

The air conditioner according to any one of claims 1
to 6, further comprising:

a determination unit that determines whether or not
recovery of the refrigerant by the receiver has been
completed.

The air conditioner according to claim 7, wherein
the determination unit determines whether or not the
recovery has been completed, based on a temper-
ature at a discharge unit of the compressor or a tem-
perature at the receiver.

A control method performed by an air conditioner
including a condenser that condenses a refrigerant,
an evaporator that evaporates the condensed refrig-
erant, a compressor that compresses the evaporat-
ed refrigerant, a receiver capable of recovering the
compressed refrigerant, and a switching valve ca-
pable of switching a discharge destination of the
compressed refrigerant from the condenser to the
receiver, the method comprising:

controlling a flow path in the switching valve.

A program causing a computer in an air conditioner
to control a flow path in a switching valve, the air
conditioner including a condenser that condenses a
refrigerant, an evaporator that evaporates the con-
densed refrigerant, a compressor that compresses
the evaporated refrigerant, a receiver capable of re-
covering the compressed refrigerant, and the switch-
ing valve capable of switching a discharge destina-
tion of the compressed refrigerant from the condens-
er to the receiver.
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