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REFRIGERANT LEAKAGE DETERMINATION DEVICE, CONTROL DEVICE, REFRIGERANT

LEAKAGE DETERMINATION PROGRAM, AND REFRIGERANT LEAKAGE DETERMINATION

METHOD

(57)  Arefrigerantleak determination apparatus (300)
is provided with a refrigeration cycle device (100), con-
nection devices (105A and 105B), and a control device
(200). The refrigeration cycle device (100) is configured
with an indoor unit (100A) and an outdoor unit (100B).
Therefrigeration cycle device (100) includes a refrigerant
circuit (120), and performs a refrigeration cycle in which
a refrigerant circulates through the refrigerant circuit
(120). Each of the connection devices (105A and 105B)
has a communication opening to an internal space of the
refrigerant circuit (120), and is connected to a pressure
sensor (104) that measures a refrigerant pressure in the
internal space. The control device (200) causes the re-
frigeration cycle device (100) to perform oil recovery op-
eration to collect oil inside the refrigerant circuit (120) in
a compressor (109), and determines a leak of the refrig-
erant from the refrigerant circuit (120), by comparing a
reference pressure with the refrigerant pressure meas-
ured by the pressure sensor (104) after the oil recovery
operation.
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Description
Technical Field

[0001] The present disclosure relates to a refrigerant
leak determination apparatus, a control device, a refrig-
erant leak determination program, and a refrigerant leak
determination method.

Background Art

[0002] Conventionally, there is a technique to diag-
nose based on a pressure reduction, presence or ab-
sence of a refrigerant leak in a refrigeration device, by
comparing a vapor-liquid equilibrium pressure to be cal-
culated from a measured ambient temperature with a
pressure measured using a pressure detection means
(for example, Patent Literature 1).

Citation List
Patent Literature

[0003] Patent Literature 1: JP H04-225769 A

Summary of Invention
Technical Problem

[0004] When the method of Patent Literature 1 is used
to detect arefrigerant leak in a refrigeration device during
suspension of operation, for example, a distribution of oil
for a refrigerator in a refrigerant circuit differs depending
on an installation environment of the refrigerator. An
amount of the oil and an environmental temperature af-
fect an amount of a refrigerant to be dissolved in the oil.
Therefore, depending on a situation of the distribution of
the oil for the refrigerator, there is a risk that an amount
of pressure reduction to be detected may be uncertain,
the amount of pressure reduction being a basis for de-
termining the refrigerantleak. Accordingly, with the meth-
od of diagnosing the refrigerant leak disclosed in Patent
Literature 1, depending on the distribution of the oil in the
refrigeration device, there is a risk that dispersion of
measured pressure occurs, and a measurement error in
a pressure OCCurs.

[0005] The present disclosure aims to reduce a meas-
urement error in measured pressure.

Solution to Problem

[0006] A refrigerant leak determination apparatus ac-
cording to the present disclosure includes:

arefrigeration cycle device thatincludes a refrigerant
circuit in which a compressor, a condenser, an ex-
pansion valve and an evaporator are connected, and
that performs a refrigeration cycle in which a refrig-
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erant circulates through the refrigerant circuit;

a connection device that includes a communication
opening to an internal space of the refrigerant circuit,
and that is connected to a pressure sensor that
measures a refrigerant pressure in the internal
space; and

a control device including:

an operation control unit that causes the refrig-
eration cycle device to perform oil recovery op-
eration to collect oil inside the refrigerant circuit
in the compressor; and

a determination unit to determine a leak of the
refrigerant from the refrigerant circuit, by com-
paring a reference pressure for comparison,
with the refrigerant pressure measured by the
pressure sensor after the oil recovery operation.

Advantageous Effects of Invention

[0007] In a refrigerant leak determination apparatus
according to the present disclosure, a control device
causes a refrigeration cycle device to perform oil recov-
ery operation. After the oil recovery operation, a pressure
of a refrigerant is measured. Accordingly, it is possible
to suppress dispersion of the measured pressure, and
to detect a refrigerant leak more reliable than before.

Brief Description of Drawings
[0008]

Fig. 1 is a diagram of Embodiment 1 and a configu-
ration diagram of a refrigerant leak determination ap-
paratus 300.

Fig. 2 is a diagram of Embodiment 1 and a block
configuration diagram of a control device 200.

Fig. 3 is a diagram of Embodiment 1 and a hardware
configuration diagram of the control device 200.
Fig. 4 is a diagram of Embodiment 1 and a flowchart
illustrating operation of the refrigerant leak determi-
nation apparatus 300.

Fig. 5 is a diagram of Embodiment 1 and a configu-
ration diagram of the refrigerant leak determination
apparatus 300 of Modification 1.

Fig. 6 is a diagram of Embodiment 1 and a lowchart
illustrating operation of Modification 1.

Fig. 7 is a diagram of Embodiment 1 and a lowchart
illustrating operation of Modification 2.

Description of Embodiments

[0009] In the description and drawings of embodi-
ments, the same or equivalent portions are denoted by
the same reference sign. A description of a portion de-
noted by the same reference sign will be suitably omitted
or simplified. In the following embodiments, "unit" may

procedure", "process",

be interpreted as "circuit", "step”,
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or "circuitry", as necessary.
Embodiment 1.

[0010] A refrigeration cycle device 100 illustrated
through Figs. 1 to 4 is assumed to be the refrigeration
cycle device 100 in which pressure in a refrigerant circuit
is equalized during suspension of operation. In Figs. 5
and 6 of Modification 1, the refrigeration cycle device 100
is assumed to be the refrigeration cycle device 100 in
which pressure in the refrigerant circuit is not equalized
during suspension of operation. Further, while a refrig-
erant leak determination apparatus 300 illustrated
through Figs. 1to 4 and the refrigerantleak determination
apparatus 300 of Modification 1 calculate saturation pres-
sure, Modification 2 indicates a configuration where the
saturation pressure is not calculated.

[0011] Fig. 1is a configuration diagram of the refriger-
ant leak determination apparatus 300 of Embodiment 1.
A configuration of the refrigerant leak determination ap-
paratus 300 will be described with reference to Fig. 1.
The refrigerant leak determination apparatus 300 is pro-
vided with the refrigeration cycle device 100 and a control
device 200. The refrigeration cycle device 100 is config-
ured with an indoor unit 100A and an outdoor unit 100B.
Fig. 1 illustrates a configuration of a refrigerant circuit
120 of the refrigeration cycle device 100, and installation
positions of a temperature sensor 101and a pressure
sensor 104, which are detection means.

[0012] The refrigeration cycle device 100 includes the
refrigerant circuit 120 in which a compressor 109, a con-
denser, expansion valves 107A and 107B, and an evap-
orator are connected. The refrigeration cycle device 100
performs a refrigeration cycle in which a refrigerant cir-
culates through the refrigerant circuit 120. As described
below, an indoor heat exchanger 102 functions as the
evaporator during cooling operation and functions as the
condenser during heating operation. An outdoor heat ex-
changer 103 functions as the condenser during the cool-
ing operation and functions as the evaporator during the
heating operation.

<Refrigerant Circuit 120>

[0013] In the refrigeration cycle device 100, the com-
pressor 109, a four-way valve 110, the outdoor heat ex-
changer 103, the expansion valve 107B, the expansion
valve 107A, and the indoor heat exchanger 102 are con-
nected with pipes, and form the refrigerant circuit 120 in
which the refrigerant circulates. A plurality of temperature
sensors 101 are installed in the refrigerant circuit 120.
Further, connection devices 105A and 105B to be de-
scribed below are installed in the refrigerant circuit 120.

<Indoor Unit 100A>

[0014] The indoor unit 100A includes a temperature
sensor 101A, the indoor heat exchanger 102, the expan-

10

15

20

25

30

35

40

45

50

55

sion valve 107A, and a temperature sensor 101B, in the
refrigerant circuit 120.

<Outdoor Unit 100B>

[0015] The outdoor unit 100B includes the connection
device 105A, the compressor 109, a temperature sensor
101C, the four-way valve 110, a temperature sensor
101D, the outdoor heat exchanger 103, the expansion
valve 107B, a temperature sensor 101E, the connection
device 105B, and the pressure sensor 104, in the refrig-
erant circuit 120.

<Temperature Sensor 101>

[0016] The temperature sensors 101A to 101E meas-
ure a temperature of the refrigerant in the refrigerant cir-
cuit 120. Since the temperature sensors 101A to 101E
have the same function, the temperature sensors 101A
to 101E may be referred to as the temperature sensor
101 when there is no need to distinguish between them.
The temperature sensor 101 is preferably a thermistor.
Further, the temperature sensor 101 is preferably cov-
ered with a heat insulating material in order to prevent
the temperature sensor 101 from being affected by out-
side air temperature. As a measurement principle, as
temperature rises, a resistance value of the thermistor
decreases by a constant value. The temperature can be
detected by measuring the resistance value.

<Indoor Heat Exchanger 102>

[0017] Inthe indoor heat exchanger 102, indoor air ex-
changes heat with the refrigerant that passes through
the indoor heatexchanger 102. The indoor heat exchang-
er 102 functions as the evaporator during the cooling
operation by the refrigeration cycle device 100, and func-
tions as the condenser during the heating operation by
the refrigeration cycle device 100.

<Outdoor Heat Exchanger 103>

[0018] In the outdoor heat exchanger 103, outdoor air
exchanges heat with the refrigerant that passes through
the outdoor heat exchanger 103. By switching the four-
way valve 110, the outdoor heat exchanger 103 functions
as the condenser during the cooling operation by the re-
frigeration cycle device 100, and functions as the evap-
orator during the heating operation by the refrigeration
cycle device 100.

<Pressure Sensor 104>

[0019] The pressure sensor 104 measures a refriger-
ant pressure. As the pressure sensor 104, it is preferable
to use a fine pressure sensor. It is assumed that a pres-
sure reduction due to a reduction in solubility of refriger-
ator oil (hereinafter referred to as oil) is about several
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tens of kPa. Accordingly, many of pressure gauges for
conventional gauge manifolds have a pressure range of
0OkPato5MPa, and aresolution ofabout 100 KPa. There-
fore, the pressure reduction of several tens of kPa cannot
be detected. Accordingly, as the pressure sensor 104, it
is preferable to use the fine pressure sensor that main-
tains a resolution of 5 to 10 kPa. In Embodiment 1, the
pressure sensor 104 has a resolution in a range from 5
kPa inclusive to 10 kPa inclusive.

<Connection Device 105A and Connection Device
105B>

[0020] Each of the connection device 105A and the
connection device 105B has a communication opening
to an internal space of the refrigerant circuit 120, and is
connected to the pressure sensor 104 that measures the
refrigerant pressure in the internal space.

[0021] Each of the connection device 105A and the
connection device 105B is a pressure sensor connecting
opening to which the pressure sensor 104 is connected.
Since the connection device 105A and the connection
device 105B have the same function, the connection de-
vice 105A and the connection device 105B is referred to
as a connection device 105 when there is no need to
distinguish between them. The connection device 105
communicates with the inside of the refrigerant circuit.
The connection device 105 is preferably, for example, a
service port. Pressure measurement is performed in a
pressure equalization state in which the refrigeration cy-
cle device 100 is suspended. Therefore, there is no con-
sideration on a position of the connection device 105,
which is the service port to which the pressure sensor
104 is connected. Either of the connection devices 105
is used in the pressure equalization state.

<Expansion Valve 107A and Expansion Valve 107B>

[0022] Each of the expansion valve 107A and the ex-
pansion valve 107B is an electronic expansion valve.
Since the expansion valve 107A and the expansion valve
107B have the same function, it is referred to as an ex-
pansion valve 107 when there is no need to distinguish
between them. The expansion valve 107 is controlled by
the control device 200, and efficiently controls an amount
of refrigerant flow. During oil recovery operation to be
described below, each of the expansion valve 107A and
the expansion valve 107B is opened at a certain opening
degree, and flows into a gas pipe 121, a gas-liquid two-
phase refrigerant that includes a liquid refrigerant. By
flowing the liquid refrigerant into the gas pipe 121, the oil
is recovered inside the compressor 109 together with the
liquid refrigerant.

[0023] The gas pipe will be described. The oil recovery
operation will be described below in step S301. In Em-
bodiment 1, the indoor unit 100A is assumed to be a
refrigerator. That is, the cooling operation in which the
indoor heat exchanger 102 functions as the evaporator
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is normal operation. In the cooling operation, a gas re-
frigerant flows out from the indoor heat exchanger 102
which is the evaporator, and the outflowed gas refrigerant
flows into the compressor 109 via the gas pipe 121 and
the four-way valve 110. During the cooling operation, the
liquid refrigerantflows through a liquid pipe 122 illustrated
below the gas pipe 121, from the outdoor unit 100B to
the indoor unit 100A.

<Compressor 109>

[0024] The compressor 109 circulates the refrigerant
in the refrigerant circuit 120 by increasing the pressure
of the refrigerant.

<Four-Way Valve 110>

[0025] The four-way valve 110 is a value that switches
the refrigeration cycle device 100 between the cooling
operation and the heating operation. Fig. 1 illustrates a
time of the cooling operation in which the indoor heat
exchanger 102 functions as the evaporator. A case
where the indoor heat exchanger 102 functions as the
condenser is a time of the heating operation.

<Control Device 200>
*** Description of Configuration ***

[0026] Fig. 2 illustrates a functional block of the control
device 200. Fig. 3 illustrates a hardware configuration of
the control device 200. First, Fig. 2 will be described. The
control device 200 is provided with an operation control
unit 211, a leak determination unit 212, and a storage
unit 213.

[0027] The operation control unit 211 causes the re-
frigeration cycle device 100 to perform the oil recovery
operation in which the oil inside the refrigerant circuit 120
is collected in the compressor. The leak determination
unit 212 which is a determination unit, determines wheth-
er or not the refrigerant leaks from the refrigerant circuit
120, by comparing a reference pressure P1 which is a
subject to comparison, with a refrigerant pressure P2
measured by the pressure sensor 104 after the oil recov-
ery operation. A specific description will be given below.

<Operation Control Unit 211>

[0028] The operation control unit 211 controls opera-
tion of the refrigeration cycle device 100. The operation
control unit 211 controls the expansion valves 107A and
107B, the compressor 109, and the four-way valve 110
of the refrigeration cycle device 100. The operation con-
trol unit 211 controls, for example, the opening degrees
of the expansion valves 107A and 107B. Further, the
operation control unit 211 obtains a suspension signal to
suspend the refrigeration cycle device 100. The opera-
tion control unit 211 obtains the number of rotations of
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the compressor 109, as the suspension signal. Suspen-
sion in the suspension signal is a state in which the com-
pressor 109 suspends and the refrigerant does not cir-
culate through the refrigerant circuit 120.

<Storage Unit 213>

[0029] The storage unit 213 stores various data such
as the actual measured value P2 measured by the pres-
sure sensor 104 and the saturation pressure P1 to be
described below.

<Leak Determination Unit 212>

[0030] The leak determination unit 212 obtains from
the temperature sensor 101 and the pressure sensor
104, measurement data on the temperature sensor 101
and the pressure sensor 104, and stores the obtained
measurement data into the storage unit 213. The leak
determination unit 212 extracts the lowest temperature
data from among pieces of temperature data obtained
by the temperature sensor 101. The leak determination
unit 212 calculates the saturation pressure P1 from the
lowest temperature among the pieces of temperature da-
ta obtained by the temperature sensor 101. The leak de-
termination unit 212 calculates a difference P1-P2 be-
tween the saturation pressure P1 and the pressure value
P2 measured by the pressure sensor 104. When the dif-
ference between the saturation pressure P1 and the
pressure value P2 is greater than a resolution of a differ-
ential pressure gauge, the leak determination unit 212
determines that there is a leak. When the difference be-
tween the saturation pressure P1 and the pressure value
P2 is smaller than the resolution of the differential pres-
sure gauge, the leak determination unit 212 determines
that there is no leak. In Embodiment 1, the resolution is
assumed to be 5 kPa. The leak determination unit 212
notifies a user or a worker of refrigerant leak abnormality.
[0031] The hardware configuration of the control de-
vice 200 will be described with reference to Fig. 3. The
control device 200 is a computer. The control device 200
is provided with a processor 210. The control device 200
is provided with, in addition to the processor 210, other
pieces of hardware such as a main storage device 220,
an auxiliary storage device 230, aninput IF 240, an output
IF 250, and a communication IF 260. IF is an abbreviation
forinterface. The processor 210 is connected to the other
pieces of hardware via a signal line 270, and controls the
other pieces of hardware.

[0032] The control device 200 is provided with the op-
eration control unit 211 and the leak determination unit
212, as functional components. Functions of the opera-
tion control unit 211 and the leak determination unit 212
are implemented by a refrigerant leak determination pro-
gram 201.

[0033] Theprocessor210is adevice thatexecutes the
refrigerant leak determination program 201. The refrig-
erant leak determination program 201 is a program that
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implements the functions of the operation control unit211
and the leak determination unit 212. The processor 210
is an Integrated Circuit (IC) that performs arithmetic
processing. A specific example of the processor 210 is
a Central Processing Unit (CPU), a Digital Signal Proc-
essor (DSP), or a Graphics Processing Unit (GPU).
[0034] A specific example of the main storage device
220 is a Static Random Access Memory (SRAM), or a
Dynamic Random Access Memory (DRAM). The main
storage device 220 retains arithmetic results of the proc-
essor 210.

[0035] The auxiliary storage device 230 is a storage
device that stores data in a nonvolatile manner. A specific
example of the auxiliary storage device 230 is a Hard
Disk Drive (HDD). Alternatively, the auxiliary storage de-
vice 230 may be a portable recording medium such as a
Secure Digital(SD) (registered trademark) memory card,
a NAND flash, a flexible disk, an optical disc, a compact
disc, a Blu-ray (registered trademark) disc, or a Digital
Versatile Disk (DVD). The auxiliary storage device 230
implements the storage unit 213. Further, the auxiliary
storage device 230 stores the refrigerant leak determi-
nation program 201.

[0036] The input IF 240 is a port to which data is input
from each device. The input IF 240 is connected to the
temperature sensor 101 and the pressure sensor 104.
The output IF 250 is a port to which each of various de-
vices is connected, and from which data is output by the
processor 210 to the each of various devices. The output
IF 250 is connected to a notification device 500. The com-
munication IF 260 is a communication port for the proc-
essor 210 to communicate with other devices. The com-
munication IF 260 is connected to the compressor 109,
the four-way valve 110, and the expansion valves 107A
and 107B.

[0037] The processor 210 loads the refrigerant leak
determination program 201 from the auxiliary storage de-
vice 230 to the main storage device 220, reads the re-
frigerant leak determination program 201 from the main
storage device 220, and executes the refrigerant leak
determination program 201. The main storage device
220 stores notonly the refrigerant leak determination pro-
gram 201 but also an Operating System (OS). The proc-
essor 210 executes the refrigerant leak determination
program 201 while executing the OS. The control device
200 may be provided with a plurality of processors in
place of the processor 210. The plurality of processors
share execution of the refrigerant leak determination pro-
gram 201. Each of the plurality of processors is, like the
processor 210, a device that executes the refrigerantleak
determination program 201. Data, information, a signal
value, and a variable value that are used, processed, or
output by the refrigerant leak determination program 201
are stored in the main storage device 220, the auxiliary
storage device 230, or stored in a register or a cache
memory in the processor 210.

[0038] The refrigerantleak determination program 201
is a program that causes the computer to execute each
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process, each procedure, or each step, where "unit" in
each of the operation control unit 211 and the leak de-
termination unit 212 is interpreted as "process", "proce-
dure", or "step".

[0039] Further, a refrigerant leak determination meth-
od is a method to be performed by the control device 200
which is the computer, executing the refrigerant leak de-
termination program 201. The refrigerant leak determi-
nation program 201 may be provided as being stored in
a computer readable recording medium or may be pro-
vided as a program product.

*** Description of Operation ***

[0040] Fig. 4 is a flowchart illustrating operation of the
refrigerant leak determination apparatus 300. The oper-
ation of the refrigerant leak determination apparatus 300
will be described with reference to Fig. 4. An operation
procedure of the control device 200 in the refrigerant leak
determination apparatus 300 is equivalent to a control
method. A program that implements operation of the con-
trol device 200 is equivalent to the refrigerant leak deter-
mination program 201.

<Step S300>

[0041] In step S300, the operation control unit 211 re-
ceives as the number of rotations of the compressor 109
of the refrigeration cycle device 100, the suspension sig-
nal of the cooling operation or the heating operation of
the refrigeration cycle device 100. Fig. 1 illustrates the
state of the cooling operation. After receiving the sus-
pension signal, the operation control unit 211 opens the
expansion valve 107A and the expansion valve 107B,
and shifts a heating operation mode or a cooing operation
mode to an oil recovery operation mode.

<Step S301: Oil Recovery Operation>

[0042] When the operation control unit 211 causes the
refrigeration cycle device 100 to perform operation in a
mode different from the oil recovery operation, the oper-
ation control unit 211 causes the refrigeration cycle de-
vice 100 to continue to perform the oil recovery operation
from the mode different from the oil recovery operation,
and to suspend the operation of the refrigeration cycle
device 100 after the oil recovery operation is performed.
A specific description will be given below.

[0043] In step S301, the operation control unit 211
opens the expansion valves 107A and 107B, and starts
the oil recovery operation.

[0044] Here, the oil recovery operation will be de-
scribed. During the cooling operation, some of oil inside
the compressor 109 flow out from the compressor 109
slightly, together with the gas refrigerant. A large amount
of oil that has flowed out from the compressor 109 espe-
cially stay between an outlet of the indoor heat exchanger
102 which is the evaporator and a suction opening of the
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compressor 109. That is, during the cooling operation,
the large amount of oil stay in the gas pipe 121. In the
cooling operation, the gas refrigerant flows out from the
outletofthe indoor heatexchanger 102 which is the evap-
orator. Therefore, in the oil recovery operation, the op-
eration control unit 211 controls the opening degrees of
the expansion valves 107A and 107B, so that the gas-
liquid two-phase refrigerant flows out from the indoor heat
exchanger 102. The liquid refrigerant of the gas-liquid
two-phase refrigerant recovers the oil to the compressor
109 with shearing force like dragging the oil inside the
gas pipe 121. The liquid refrigerant also flows into the
compressor 109, but its amountis small. Therefore, there
is no problem such as failure in the compressor 109. The
oil is recovered to the compressor 109 by the oil recovery
operation, and a trouble such as poor lubrication of the
compressor 109 is avoided.

[0045] As described above, the operation control unit
211 recovers the oil inside the refrigerant circuit 120 by
the oil recovery operation, to the compressor 109 in-
stalled inside the outdoor unit 100B. The operation con-
trol unit 211 controls the opening degrees of the expan-
sion valves during the oil recovery operation, so that the
liquid refrigerant flows through a pipe in an area where
the refrigerant flows from the evaporator to the compres-
sor, and a pipe in an area where the refrigerant flows
from the compressor to the condenser, in the refrigerant
circuit 120. A specific description will be given below.
[0046] Specifically, the operation control unit 211 per-
forms oil recovery by widening the opening degrees of
the expansion valves 107A and 107B, increasing an in-
verter frequency of the compressor 109, and increasing
a supply amount of the liquid refrigerant into the gas pipe.
The operation control unit 211 ends the oil recovery op-
eration after ten minutes pass from start of the oil recov-
ery operation.

<Step S302>

[0047] In step S302, when ten minutes have passed
from the start of the oil recovery operation, the operation
control unit211 suspends the oil recovery operation. That
is, the operation control unit 211 suspends operation of
the compressor 109, and suspends the operation of the
refrigeration cycle device 100.

<Step S303>

[0048] In step S303, the leak determination unit 212
measures the temperature by the temperature sensor
101 installed in the refrigerant circuit 120, and stores the
measured temperature in the storage unit 213.

<Step S304>
[0049] In step S304, the leak determination unit 212

determines whether or not the temperature measured in
the refrigerant circuit 120 is stable. The leak determina-
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tion unit 212 determines that, for example, the tempera-
ture is stable when the temperature of the refrigerant cir-
cuit 120 is periodically measured, and a temperature
change value is less than or equal to = 0.5 °C.

<Step S305>

[0050] In step S305, the leak determination unit 212
extracts the lowest measured value in the refrigerant cir-
cuit 120 from among pieces of measured temperature
data, and stores the lowest measured value in the storage
unit 213.

<Step S306>

[0051] The refrigeration cycle device 100 is provided
with the temperature sensor 101 that measures the re-
frigerant temperature of the refrigerant circuit 120. The
leak determination unit 212 which is the determination
unit, calculates from the refrigerant temperature meas-
ured by the temperature sensor 101, the saturation pres-
sure of the refrigerant, and uses the calculated saturation
pressure as the reference pressure P1. A specific de-
scription will be given below.

[0052] In step S306, the leak determination unit 212
calculates the saturation pressure P1 using the lowest
temperature stored in step S305, and stores the calcu-
lated saturation pressure P1 in the storage unit 213. The
saturation pressure P1 is a function of the temperature
t. The leak determination unit 212 calculates P1(tmin) of
the measured lowest temperature tmin, using P1(t). A
formula of P1(t) is stored in the auxiliary storage device
230.

<Step S307>

[0053] In step S307, the pressure sensor 104 is con-
nected to the connection device 105 by a maintenance
worker. The pressure sensor 104 may be connected to
either the connection device 105A or the connection de-
vice 105B.

<Step S308>

[0054] The leak determination unit 212 which is the
determination unit, uses the measured value of the pres-
sure sensor 104 at the suspended state of the refrigera-
tion cycle device 100 after the oil recovery operation is
performed. A specific description will be given below.
[0055] In step S308, the leak determination unit 212
obtains from the pressure sensor 104, the reiterant pres-
sure P2 when at the operation suspended state of the
refrigeration cycle device 100. The leak determination
unit 212 stores the measured value P2 into the storage
unit 213.

10

15

20

25

30

40

45

50

55

<Step S309>

[0056] In step S309, the leak determination unit 212
calculates P1-P2 which is the difference between the sat-
uration pressure P1 measured in step S306 and the
measured pressure P2 obtained in step S308. The leak
determination unit 212 determines whether or not the dif-
ference is greater than the resolution of the pressure sen-
sor 104. The resolution is assumed to be 5 kPa. When
the difference in the pressure is greater than 5 kPa which
is the resolution, the leak determination unit 212 deter-
mines in step S310 that "there is refrigerant leak". When
the difference in the pressure is less than or equal to the
resolution, the leak determination unit 212 determines if
the state in which the difference in the pressure is less
than or equal to the resolution has passed for one or
more hours from the start of the measurement by the
pressure sensor 104 (step S311). When one or more
hours have not passed, steps S308, S309, and S311 are
repeated. When one or more hours have passed, the
leak determination unit 212 determines that "there is no
refrigerant leak" in step S312.

<Step S313>

[0057] In step S313, the leak determination unit 212
issues a notification of a result of step S310 or step S312
by the notification device 500.

[0058] The refrigerant leak determination apparatus
300 has been described above. The operation of the re-
frigerant leak determination apparatus 300 can be
grasped as a refrigerant leak determination method as
follows:

Thatis, the operation of the refrigerant leak determi-
nation apparatus 300 can be grasped as
"a refrigerant determination method including:

a step (step S300) to connect the pressure sen-
sor 104 to the connection devices 105A and
105B after the oil recovery operation to collect
oil inside the refrigerant circuit 120 in the com-
pressor 109, the oil recovery operation being
performed by the refrigeration cycle device 100
including the refrigerant circuit 120 in which the
compressor, a condenser, an expansion valve,
and an evaporator are connected, performing a
refrigeration cycle in which a refrigerant circu-
lates through the refrigerant circuit, and includ-
ing the connection devices 105A and 105B each
of which includes a communication opening to
an internal space of the refrigerant circuit 120,
and each of which is connected to the pressure
sensor 104 thatmeasures a refrigerant pressure
in the internal space; and

a step (steps S309 and S311) to determine a
leak of the refrigerant from the refrigerant circuit
120, by comparing the reference pressure P1
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for comparison, with the refrigerant pressure P2
measured by the pressure sensor 104".

[0059] Although a plurality of temperature sensors 101
are illustrated in Fig. 1, at least one temperature sensor
101 is sufficient for calculating the saturation pressure in
step S306. When there is one temperature sensor 101,
the leak determination unit 212 treats the measurement
data ofthe only one temperature sensor 101 as the lowest
temperature.

*** Description of Effects of Embodiment 1 ***
[0060]

(1) Therefrigerant leak determination apparatus 300
calculates the saturation pressure from the lowest
temperature data among the pieces of temperature
data obtained by the temperature sensor 101. Then,
the refrigerant leak determination apparatus 300 di-
agnoses arefrigerantleak from a pressure difference
between the calculated saturation pressure and the
actual measured value measured by the pressure
sensor 104. As a result, the refrigerant leak can be
diagnosed even when the refrigeration cycle device
100 is suspended. Therefore, a leak can be deter-
mined throughout a year.

(2) The refrigerant leak determination apparatus 300
performs the oil recovery operation before suspend-
ing the cooling operation or the heating operation,
and suspends the operation of the refrigeration cycle
device 100 after the oil is recovered to the compres-
sor 109 by the oil recovery operation. Accordingly,
the refrigerant leak determination apparatus 300 can
reduce a measurement error caused by dispersion
of the distribution of the oil when measuring the pres-
sure reduction due to dissolution of the refrigerant
gas into the oil.

(3) The pressure sensor 104 connected to the con-
nection device 105 is capable of detecting even a
minute pressure of about several tens of kPa, and
uses a high-precision sensor with a resolution of 5
kPa to 10 kPa. As a result, it is possible to detect
even a minute pressure changes due to the disso-
lution of the refrigerant gas into the oil.

(4) The pressure sensor 104 connected to the con-
nection device 105 starts to measure a pressure at
a stage when the operation of the refrigeration cycle
device 100 is suspended, oil recovery in the refrig-
erant circuit 120 is completed, and the temperature
of the refrigerant circuit 120 is stable. As a result, it
is possible to reliably detect a reduction in the refrig-
erant pressure, and prevent erroneous detection or
undetection of the refrigerant leak.

(5) Each of the expansion valves 107A and 107B
provided in the refrigeration cycle device 100 is
opened at a certain opening degree in the oil recov-
ery operation, and returns the oil to the condenser
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together with the liquid refrigerant by flowing the lig-
uid refrigerant into the gas pipe. As a result, the oil
inside the refrigerant circuit 120 can be recovered
smoothly and in a short time.

(6) At least one or more temperature sensors 101
are preferably provided in the refrigerant circuit 120,
on each of the indoor unit 100A side and the outdoor
unit 100B side. In this case, the temperature sensor
101 obtains the temperature of the side surface of
the pipe that forms the refrigerant circuit 120. As are
result, the temperature of the refrigerant inside the
refrigerant circuit 120 can be detected.

(7) When the leak determination unit 212 of the con-
trol device 200 determines that there is a refrigerant
leak, the leak determination unit 212 displays an ab-
normality code on the notification device 500, and
notifies a user or a worker of the abnormality code.
As aresult, even when the refrigeration cycle device
100 is in a suspension period, the user or the worker
can be aware of abnormality due to the refrigerant
leak, and can take an immediate response.

(8) After recovering the oil, the control device 200 of
Embodiment 1 performs determination for the refrig-
erant leak using the pressure. Accordingly, in any of
a plurality of refrigeration devices, there is no disper-
sion of the distribution of the oil when the oil is re-
covered to the compressor. Therefore, by measuring
the pressure after the oil is recovered, there is no
dispersion in the measured pressure between each
of the refrigeration devices. Thus, the determination
for the refrigerant leak is possible with high accuracy.

<Modification 1>

[0061] Modification 1 of the refrigerant leak determina-
tion apparatus 300 of Embodiment 1 will be described
with reference to Figs. 5 and 6. In Modification 1, it is
assumed to have the refrigeration cycle device 100 in
which the pressure in the refrigerant circuit 120 differs
between the indoor unit 100A side and the outdoor unit
100B side when the operation of the refrigeration cycle
device 100 is suspended.

[0062] In the refrigeration cycle device 100 such as a
refrigerator, there is a model in which the pressure is
separated between the outdoor unit 100B side and the
indoor unit 100A side, by pump-down operation, and the
pressure differs between a high-pressure side and a low-
pressure side. In this case, when the pressure is meas-
ured on the indoor unit 100A side, it may be determined
that the pressure reduction that exceeds the resolution
is undetected. Therefore, a position for measuring the
pressure is limited to the outdoor unit 100B side.

<Configurations of Refrigerant Circuit and Connection
Positions of Temperature Senor 101 and Pressure Sen-
sor 104>

[0063] Fig. 5 illustrates a configuration of the refriger-
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antleak determination apparatus 300 of the embodiment.
A configuration of a refrigerant circuit of the refrigeration
cycle device 100, and installation positions of the tem-
perature sensor 101 and the pressure sensor 104, in the
refrigerant leak determination apparatus 300 of Modifi-
cation 1 are basically the same as those in the refrigerant
leak determination apparatus 300 of Embodiment 1. The
configuration of Fig. 5 is the same as the configuration
of Fig. 1. However, in Modification 1, the connection de-
vice 105 to which a pressure sensor 404 is to be con-
nected is limited to the connection device 105B installed
at a connecting opening to the inside of a system on the
outdoor unit 100B side. In Fig. 5, this matter is cleanly
indicated by enclosing the connection device 105B using
a frame 400 of a dashed line.

The control device 200 is also the same as that in Em-
bodiment 1.

[0064] Fig. 6 is a flowchart illustrating operation of the
refrigerant leak determination apparatus 300 of Modifi-
cation 1. The operation of the refrigerant leak determi-
nation apparatus 300 of Modification 1 will be described
with reference to Fig. 6. The flowchart of Fig. 6 differs
from the flowchart of Fig. 4 of Embodiment 1 in that step
S301A is added, and in the content of step S307. Since
other steps are the same as those in Fig. 4, a description
thereof will be omitted.

<Step S301A>

[0065] The refrigeration cycle device 100 of the mod-
ification requires the pump-down operation before the
operation is suspended. The connection device 105B to
which the pressure sensor 104 is connected, communi-
cates with the inside of a system of the outdoor heat
exchanger 103 that functions as the condenser. A spe-
cific description will be given below.

[0066] In step S301A, the operation control unit 211
performs the pump-down operation, and recovers the lig-
uid refrigerant to the compressor 109 installed inside the
outdoor unit 100B. The operation control unit 211 fully
opens the expansion valves 107A and 107B, performs
forced cooling operation, and recovers the liquid refrig-
erant to the compressor 109. After a certain period of
time passes from the start of the operation, processing
ends.

[0067] In step S302, after the pump-down operation is
completed, the operation control unit 211 suspends the
operation of the refrigeration cycle device 100.

[0068] In step S307, a maintenance worker connects
the pressure sensor 404 to the connection device 105B
that communicates with the inside of the system on the
outdoor unit 100B side. Steps after step S307 are the
same as those in Fig. 4.
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*** Effects of Modification 1 ***

[0069] According to the refrigerant leak determination
apparatus 300 of Modification 1, when connecting to a
model that performs the pump-down operation before
the operation of the refrigeration cycle device 100 is sus-
pended, the pressure sensor 104 is connected to a con-
nection device that communicates with the inside of the
system on the outdoor unit 100B side.

[0070] As aresult, in addition to the effects of Embod-
iment 1, it is possible to prevent the pressure reduction
from not being detected in the model that performs the
pump-down operation.

<Modification 2>

[0071] Fig. 7 is a flowchart illustrating operation of the
refrigerant leak determination apparatus 300 of Modifi-
cation 2. Maodification 2 will be described with reference
to Fig. 7. The configuration of the refrigerant leak deter-
mination apparatus 300 is the same as that in Embodi-
ment 1. That is, the refrigeration cycle device 100 and
the control device 200 are the same as those in Embod-
iment 1. The flowchart of Fig. 7 differs from the flowchart
of Fig. 7 in that there are no steps S305 and S306, and
in the content of step S309. Other than these, Fig. 7 is
the same as Fig. 4. This is because the refrigerant pres-
sure at suspension time in the refrigerant circuit 120 at
time of factory shipment is used in place of the saturation
pressure P1 as follows.

[0072] A refrigeration leak may be detected from a
pressure difference between a refrigerant pressure at
suspension time in the refrigerant circuit 120 of the re-
frigeration cycle device 100 at the time of factory ship-
ment, and a refrigerant pressure measured by a pressure
sensor 1004. The refrigerant pressure at the suspension
time at the time of factory shipment is stored in the aux-
iliary storage device 230. This pressure is referred to as
P1.

[0073] The flowchart of Fig. 7 is the same as the flow-
chart of Fig. 4 of Embodiment 1 except that steps S305
and S306 have been deleted, ant the content of step
S309 differs. Therefore, step S309 will be described, and
a description of other steps will be omitted.

<Step S309>

[0074] The leak determination unit 212 which is the
determination unit, uses as the reference pressure P1,
the refrigerant pressure retained in advance at the time
of factory shipment. A specific description will be given
below.

[0075] In step S309, the leak determination unit 212
calculates the difference (P1-P2) between the pressure
P1 at the time of factory shipment stored in the auxiliary
storage device 230 and the pressure P2 obtained in step
S308. Steps after step S309 are the same as those in
Fig. 4.
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*** Effects of Modification 2 ***

[0076] In Modification 2, itis possible to omit step S305
in which the lowest temperature sensor value in the re-
frigerant circuit 120 is extracted, and step S306 in which
the saturation pressure is calculated. Therefore, Modifi-
cation 2 can determine a refrigerant leak faster than usu-
al.

[0077] Embodiment 1 that includes Modification 1 and
Modification 2 has been described above. Two or more
technical matters of these embodiments may be com-
bined for implementation. Alternatively, one technical
matter of Embodiment 1 may be partially implemented.

Reference Signs List

[0078] 100: refrigeration cycle device; 100A: indoor
unit; 100B: outdoor unit; 101A, 101B, 101C, 101D, 101E:
temperature sensor; 102: indoor heat exchanger; 103:
outdoor heat exchanger; 104: pressure sensor; 105A,
105B: connection device; 107A, 107B: expansion valve;
109: compressor; 110: four-way valve; 120: refrigerant
circuit; 121: gas pipe; 122: liquid pipe; 200: control device;
201: refrigerant leak determination program; 210: proc-
essor; 211: operation control unit; 212: leak determina-
tion unit; 213: storage unit; 220: main storage device;
230: auxiliary storage device; 240: input IF; 250: output
IF; 260: communication IF; 270: signal line; 300: refrig-
erant leak determination apparatus; 400: frame; 500: no-
tification device.

Claims

1. Arefrigerant leak determination apparatus compris-
ing:

a refrigeration cycle device that includes a re-
frigerant circuit in which a compressor, a con-
denser, an expansion valve and an evaporator
are connected, and that performs a refrigeration
cycle in which a refrigerant circulates through
the refrigerant circuit;

a connection device that includes a communi-
cation opening to an internal space of the refrig-
erant circuit, and that is connected to a pressure
sensor that measures a refrigerant pressure in
the internal space; and

a control device including:

an operation control unit that causes the re-
frigeration cycle device to perform oil recov-
ery operation to collect oil inside the refrig-
erant circuit in the compressor; and

a determination unit to determine a leak of
the refrigerant from the refrigerant circuit,
by comparing a reference pressure for com-
parison, with the refrigerant pressure meas-
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ured by the pressure sensor after the oil re-
covery operation.

2. A control device comprising:

an operation control unit that causes a refriger-
ation cycle device to perform oil recovery oper-
ation to collect oil inside a refrigerant circuit of
the refrigeration cycle device in a compressor,
the refrigeration cycle device including the re-
frigerant circuit in which the compressor, a con-
denser, an expansion valve, and an evaporator
are connected, performing a refrigeration cycle
in which a refrigerant circulates through the re-
frigerant circuit, and including a connection de-
vice that includes a communication opening to
an internal space of the refrigerant circuit, and
that is connected to a pressure sensor that
measures a refrigerant pressure in the internal
space; and

a determination unit to determine a leak of the
refrigerant from the refrigerant circuit, by com-
paring a reference pressure for comparison,
with the refrigerant pressure measured by the
pressure sensor after the oil recovery operation.

3. The control device according to claim 2, wherein
when causing the refrigeration cycle device to per-
form operation in a mode different from the oil recov-
ery operation, the operation control unit causes the
refrigeration cycle device to continuously perform
the oil recovery operation from the mode different
from the oil recovery operation, and causes the re-
frigeration cycle device to suspend operation of the
refrigeration cycle device after the oil recovery op-
eration is performed.

4. The control device according to claim 2 or claim 3,
wherein
a resolution of the pressure sensor is in arange from
5 kPa inclusive to 10 kPa inclusive.

5. The control device according to claim 3, wherein
the determination unit uses a measured value of the
pressure sensor in a suspended state of the refrig-
eration cycle device after the oil recovery operation
is performed.

6. The control device according to any one of claims 2
to 5, wherein

the refrigeration cycle device requires pump-
down operation before operation is suspended,
and

the connection device to which the pressure
sensor is connected, communicates with inside
of a system in the condenser in the refrigerant
circuit.
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The control device according to any one of claims 2
to 6, wherein

the operation control unit controls an opening degree
of the expansion valve during the oil recovery oper-
ation, so that a liquid refrigerant flows into a pipe in
an area where the refrigerant is directed from the
evaporator to the compressor, and a pipe from the
compressor to the condenser, in the refrigerant cir-
cuit.

The control device according to any one of claims 2
to 7, wherein

the refrigeration cycle device includes a temper-
ature sensor that measures a refrigerant tem-
perature of the refrigerant circuit, and

the determination unit calculates a saturation
pressure of the refrigerant from the refrigerant
temperature measured by the temperature sen-
sor, and uses the calculated saturation pressure
as the reference pressure.

The control device according to any one of claims 2
to 7, wherein

the determination unit uses as the reference pres-
sure, a refrigerant pressure retained in advance at
time of factory shipment.

10. A refrigerant leak determination program causing a

computer to execute:

an operation control process that causes a re-
frigeration cycle device to perform oil recovery
operation to collect oil inside a refrigerant circuit
ofthe refrigeration cycle device in acompressor,
the refrigeration cycle device including the re-
frigerant circuit in which the compressor, a con-
denser, an expansion valve, and an evaporator
are connected, performing a refrigeration cycle
in which a refrigerant circulates through the re-
frigerant circuit, and including a connection de-
vice that includes a communication opening to
an internal space of the refrigerant circuit, and
that is connected to a pressure sensor that
measures a refrigerant pressure in the internal
space; and

a determination process to determine a leak of
the refrigerant from the refrigerant circuit, by
comparing areference pressure forcomparison,
with the refrigerant pressure measured by the
pressure sensor after the oil recovery operation.

11. Arefrigerantleak determination method comprising:

connecting a pressure sensor to a connection
device after oil recovery operation to collect oil
inside a refrigerant circuit in a compressor, the
oil recovery operation being performed by a re-
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frigeration cycle device including the refrigerant
circuit in which the compressor, a condenser,
an expansion valve, and an evaporator are con-
nected, performing a refrigeration cycle in which
a refrigerant circulates through the refrigerant
circuit, and including a connection device that
includes a communication opening to aninternal
space of the refrigerant circuit, and that is con-
nected to the pressure sensor that measures a
refrigerant pressure in the internal space; and
determining a leak of the refrigerant from the
refrigerant circuit, by comparing a reference
pressure for comparison, with the refrigerant
pressure measured by the pressure sensor.
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