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(57)  Arefrigerant leakage determination device (60)
includes a calculator (66) and a determination unit (67).
The calculator (66) calculates a deviation degree of a
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related to operation of a refrigeration apparatus (1). The
determination unit (67) determines refrigerant leakage or
estimates refrigerant leakage occurrence time based on
a calculation result of the calculator (66). The calculator
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mination unit (67) determines refrigerant leakage or es-
timates refrigerant leakage occurrence time based on
the deviation degree of the refrigerant circuit (20) from
the normal state.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a refrigerant
leakage determination device, a refrigeration apparatus
including the refrigerant leakage determination device,
and a method for determining refrigerant leakage.

BACKGROUND ART

[0002] A typical air conditioner includes a refrigeration
cycle in which an outdoor unit including a compressor is
connected to an indoor unit by a refrigerant pipe. The air
conditioner has a configuration that determines whether
a refrigerant has leaked (refer to, for example, Patent
Document 1). In such an air conditioner, whether the re-
frigerant has leaked is determined by comparing an out-
side temperature when the compressor is activated at an
initial stage after installation of the air conditioner, a dis-
charge side temperature of the compressor when the air
conditioner is operated under a predetermined condition,
anoutside temperature when the compressoris activated
later, and a discharge side temperature of the compres-
sor when the air conditioner is operated in the same pre-
determined condition.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 2013-204871

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

[0004] In the typical air conditioner, to determine
whether the refrigerant has leaked, the operation condi-
tion of the air conditioner at the initial stage after instal-
lation of the air conditioner needs to conform to a later
operation condition of the air conditioner. Therefore, a
special operation for determining whether the refrigerant
has leaked needs to be performed. In this configuration,
the air conditioner cannot perform a normal operation
while determining whether the refrigerant has leaked.
This drawback is not limited to an air conditioner and also
occurs in any refrigeration apparatus including a refrig-
erant circuit.

[0005] It is an object of the present disclosure to pro-
vide a refrigerant leakage determination device, a refrig-
eration apparatus including the refrigerant leakage de-
termination device, and a method for determining refrig-
erant leakage that dispense with a special operation for
determining whether the refrigerant has leaked.
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Means for Solving the Problems

[0006] According to the present disclosure, a refriger-
ant leakage determination device determines a refriger-
ant leakage of a refrigeration apparatus (1). The refrig-
eration apparatus (1) includes a refrigerant circuit (20).
The refrigerant circuit (20) includes a compressor, a con-
denser, a decompression device, and an evaporator and
is configured so that a refrigerant circulates through the
compressor, the condenser, the decompression device,
and the evaporator. The refrigerant leakage determina-
tion device includes a calculator and a determination unit.
The calculator calculates a deviation degree of the re-
frigerant circuit from a normal state based on data related
to operation of the refrigeration apparatus. The determi-
nation unit determines whether the refrigerant has leaked
or estimates a refrigerantleakage occurrence time based
on a calculation result of the calculator. The data related
to operation of the refrigeration apparatus include data
related to operation of the refrigeration apparatus in a
first period and data related to operation of the refriger-
ation apparatus in a second period that differs in length
from the first period. The calculator is configured to cal-
culate afirstindex value from the data related to operation
of the refrigeration apparatus in the first period and cal-
culate a second index value from the data related to op-
eration of the refrigeration apparatus in the second peri-
od. The calculator is configured to calculate the deviation
degree of the refrigerant circuit from the normal state
based onthefirstindex value and the second index value.
The determination unitis configured to determine wheth-
er the refrigerant has leaked or estimate the refrigerant
leakage occurrence time based on the deviation degree
of the refrigerant circuit from the normal state.

[0007] With this configuration, the deviation degree of
the refrigerant circuit from the normal state is calculated
based on the deviation degree between the first index
value and the second index value that are calculated us-
ing data related to operation of the refrigeration appara-
tus including operation of the refrigeration apparatus in
the pre-trip inspection and normal operations of the re-
frigeration apparatus. This allows for the determination
of whether the refrigerant has leaked or the estimation
of arefrigerantleakage occurrence time. The datarelated
to operation of the refrigeration apparatus is obtained
from, for example, operations including normal opera-
tions of the refrigeration apparatus and a pre-trip inspec-
tion operation of the refrigeration apparatus. Thus, the
determination of whether the refrigerant has leaked or
the estimation of a refrigerant leakage occurrence time
is performed without performing a special operation for
determining whether the refrigerant has leaked.

[0008] According to the present disclosure, a refriger-
ant leakage determination method determines a refrig-
erant leakage of a refrigeration apparatus (1). The refrig-
eration apparatus (1) includes a refrigerant circuit (20).
The refrigerant circuit (20) includes a compressor, a con-
denser, a decompression device, and an evaporator and
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is configured so that a refrigerant circulates through the
compressor, the condenser, the decompression device,
and the evaporator. The refrigerant leakage determina-
tion method includes storing data related to operation of
the refrigeration apparatus. The refrigerant leakage de-
termination method further includes calculating a first in-
dex value from data related to operation of the refriger-
ation apparatus in a first period and calculating a second
index value from data related to operation of the refrig-
eration apparatus in a second period that differs in length
from the first period. The refrigerant leakage determina-
tion method further includes calculating a deviation de-
gree of the refrigerant circuit from a normal state based
on the first index value and the second index value. The
refrigerant leakage determination method further in-
cludes determining whether the refrigerant has leaked or
estimating a refrigerant leakage occurrence time based
on the deviation degree of the refrigerant circuit from the
normal state.

[0009] With this configuration, the deviation degree of
the refrigerant circuit from the normal state is calculated
based on the deviation degree between the first index
value and the second index value that are calculated us-
ing data related to operation of the refrigeration appara-
tus including operation of the refrigeration apparatus in
the pre-trip inspection and normal operations of the re-
frigeration apparatus. This allows for the determination
of whether the refrigerant has leaked or the estimation
of arefrigerantleakage occurrence time. The datarelated
to operation of the refrigeration apparatus is obtained
from, for example, operations including normal opera-
tions of the refrigeration apparatus and a pre-trip inspec-
tion operation of the refrigeration apparatus. Thus, the
determination of whether the refrigerant has leaked or
the estimation of a refrigerant leakage occurrence time
is performed without performing a special operation for
determining whether the refrigerant has leaked.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a conceptual diagram showing the present
embodiment of a refrigeration apparatus.

Fig. 2 is a block diagram showing electrical config-
urations of the refrigeration apparatus.

Fig. 3 is a block diagram showing electrical config-
urations of a refrigerant leakage determination de-
vice for the refrigeration apparatus.

Fig. 4A is a graph showing an example of changes
in a discharge side refrigerant temperature ratio of
the refrigeration apparatus, and Fig. 4B is a graph
showing an example of changes in a deviation de-
gree of a firstindex value from a second index value.
Fig. 5 is a flowchart showing an example of proce-
dures of arefrigerant leakage determination process
executed by the refrigerant leakage determination
device.
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Fig. 6 is a conceptual diagram showing a modified
example of a refrigeration apparatus.

MODES FOR CARRYING OUT THE INVENTION

[0011] A transporting refrigeration apparatus, which is
an example of a refrigeration apparatus (hereafter, sim-
ply referred to as "refrigeration apparatus 1"), will be de-
scribed below with reference to the drawings. The refrig-
eration apparatus 1 is configured to refrigerate the inside
of storage, for example, a shipping container or a road
transportation trailer container. The inside of a casing of
the refrigeration apparatus 1 is divided into an interior
accommodation space that circulates the air in the stor-
age and an exterioraccommodation space that circulates
the air outside the storage.

[0012] As shown in Fig. 1, the refrigeration apparatus
1 includes a refrigerant circuit 20 in which, for example,
a compressor 11, a condenser 12, and an evaporator 13
are connected by arefrigerant pipe. The refrigerant circuit
20 includes a main circuit 21, a hot gas bypass circuit
22, and a liquid refrigerant bypass circuit 31.

[0013] In the main circuit 21, the compressor 11 that
is motor-driven, the condenser 12, afirst expansion valve
14Athat is an example of a decompression device, and
the evaporator 13 are sequentially connected in series
by the refrigerant pipe.

[0014] Asshownin Fig. 1, the exterior accommodation
space accommodates the compressor 11, the condenser
12, the first expansion valve 14A, and an exterior fan 15
that circulates the air outside the storage to the condens-
er 12. The interioraccommodation space accommodates
the evaporator 13 and an interior fan 16 that circulates
the air in the storage to the evaporator 13.

[0015] The compressor 11 may be, for example, a ro-
tary compressor or a scroll compressor. The compressor
11 is configured so that the operating capacity is variable
when an inverter controls the operating frequency to con-
trol the rotational speed.

[0016] The condenser 12 and the evaporator 13 may
be afin-and-tube heat exchanger. The condenser 12 ex-
changes heat between the air outside the storage sup-
plied by the exterior fan 15 and the refrigerant circulating
in the condenser 12. The evaporator 13 exchanges heat
between the air in the storage supplied by the interior fan
16 and the refrigerant circulating in the evaporator 13.
An example of the exterior fan 15 and the interior fan 16
is a propeller fan. A drain pan 28 is disposed below the
evaporator 13. The drain pan 28 collects, for example,
frost and ice blocks falling from the evaporator 13 and
water condensed from the air.

[0017] The first expansion valve 14A may be, for ex-
ample, an electric expansion valve having an opening
degree that is variable using a pulse motor.

[0018] The compressor 11 and the condenser 12 are
connected by a high pressure gas pipe 23 that includes
a first opening-closing valve 17Aand a check valve 18
sequentially arranged in a direction in which the refriger-
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ant flows. The first opening-closing valve 17A may be,
for example, an electric expansion valve having an open-
ing degree thatis variable using a pulse motor. The check
valve 18 allows the refrigerant to flow in the directions of
the arrows shown in Fig. 1.

[0019] The condenser 12 and the first expansion valve
14A are connected by a high pressure liquid pipe 24 that
includes a receiver 29, a second opening-closing valve
17B, a dryer 30, and a supercooling heat exchanger 27
sequentially arranged in the direction in which the refrig-
erant flows. The second opening-closing valve 17B may
be, for example, an electromagnetic valve capable of
opening and closing.

[0020] The supercooling heat exchanger 27 includes
a primary passage 27a and a secondary passage 27b
configured to exchange heat with each other. The prima-
ry passage 27ais disposed in the main circuit21 between
the dryer 30 and the first expansion valve 14A. The sec-
ondary passage 27b is disposed in the liquid refrigerant
bypass circuit 31. The liquid refrigerant bypass circuit 31
is a bypass circuit that connects the high pressure liquid
pipe 24 and an intermediate-pressure portion (not
shown) of a compression mechanism of the compressor
11. A third opening-closing valve 17C and a second ex-
pansion valve 14B, which is an example of a metering
device, are sequentially connected in the direction in
which the high pressure liquid refrigerant flows to the
liquid refrigerantbypass circuit 31 between the high pres-
sure liquid pipe 24 and the secondary passage 27b. In
this configuration, when the liquid refrigerant flows into
the liquid refrigerant bypass circuit 31 from the high pres-
sure liquid pipe 24, the second expansion valve 14B ex-
pands the liquid refrigerant to an intermediate pressure,
so that the liquid refrigerant has a lower temperature than
the liquid refrigerant flowing through the high pressure
liquid pipe 24 and flows to the secondary passage 27b.
Thus, the high pressure liquid refrigerant flowing through
the primary passage 27a is supercooled by the refriger-
antflowing through the secondary passage 27b. The third
opening-closing valve 17C may be, for example, an elec-
tromagnetic valve capable of opening and closing. The
second expansion valve 14B may be, for example, an
electric expansion valve having an opening degree that
can be varied using a pulse motor.

[0021] The hot gas bypass circuit 22 connects the high
pressure gas pipe 23 and the inlet side of the evaporator
13 and sends the high-pressure high-temperature gas
refrigerant discharged from the compressor 11 to the inlet
side of the evaporator 13. The hot gas bypass circuit 22
includes a main passage 32, and a first branch passage
33 and a second branch passage 34 divided from the
main passage 32. The first branch passage 33 and the
second branch passage 34 are configured to be a parallel
circuit in which one end of each of the first branch pas-
sage 33 and the second branch passage 34 is connected
to the main passage 32 and the other end is connected
to the inlet side of the evaporator 13, that is, a low pres-
sure connection pipe 25 that extends between the first
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expansion valve 14A and the evaporator 13. The main
passage 32 includes a fourth opening-closing valve 17D.
The fourth opening-closing valve 17D may be, for exam-
ple, an electromagnetic valve capable of opening and
closing. The first branch passage 33 includes only a pipe.
The second branch passage 34 includes a drain pan
heater 35. The drain pan heater 35 is disposed at the
bottom of the drain pan 28 to heat the drain pan 28 with
the refrigerant having a high temperature.

[0022] The refrigeration apparatus 1 includes various
sensors. In an example, as shown in Figs. 1 and 2, the
refrigeration apparatus 1 includes a discharge tempera-
ture sensor41, adischarge pressure sensor42, an intake
temperature sensor 43, an intake pressure sensor 44, a
current sensor 45, a rotation sensor 46, a condensation
temperature sensor 47, and an evaporation temperature
sensor 48. The sensors 41 to 48 may be, for example,
known sensors.

[0023] The discharge temperature sensor 41 and the
discharge pressure sensor 42 are arranged, for example,
on the high pressure gas pipe 23 in the vicinity of a dis-
charge port of the compressor 11. The discharge tem-
perature sensor 41 outputs a signal corresponding to the
temperature of a discharge gas refrigerant discharged
from the compressor 11. The discharge pressure sensor
42 outputs a signal corresponding to the pressure of the
discharge gas refrigerant discharged from the compres-
sor 11. The intake temperature sensor 43 and the intake
pressure sensor 44 are arranged, for example, on an
intake pipe of the compressor 11, namely, alow pressure
gas pipe 26 in the vicinity of the intake port of the com-
pressor 11. The intake temperature sensor 43 outputs a
signal corresponding to the temperature of an intake gas
refrigerant drawn into the compressor 11. The intake
pressure sensor 44 outputs a signal corresponding to the
pressure of the intake gas refrigerant drawn into the com-
pressor 11. The current sensor 45 is arranged, for exam-
ple, on an inverter circuit that drives the motor of the
compressor 11. The current sensor 45 outputs a signal
corresponding to the amount of current flowing to the
inverter circuit. The rotation sensor 46 is arranged, for
example, on the motor of the compressor 11. The rotation
sensor 46 outputs a signal corresponding to the rotational
speed of the motor.

[0024] The condensation temperature sensor 47 is ar-
ranged, for example, on the condenser 12 and outputs
a signal corresponding to the condensation temperature
of the refrigerant flowing through the condenser 12. In
the present embodiment, the condensation temperature
sensor 47 is attached to, for example, an intermediate
portion of the condenser 12. In this case, the condensa-
tion temperature sensor 47 obtains the temperature of
the refrigerant in the intermediate portion of the condens-
er 12 as the condensation temperature and outputs a
signal corresponding to the condensation temperature.
The attachment position of the condensation tempera-
ture sensor 47 to the condenser 12 may be changed in
any manner.
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[0025] The evaporation temperature sensor 48 is ar-
ranged, for example, on the evaporator 13 and outputs
a signal corresponding to the evaporation temperature
of the refrigerant flowing through the evaporator 13. In
the present embodiment, the evaporation temperature
sensor 48 is attached to, for example, an intermediate
portion of the evaporator 13. In this case, the evaporation
temperature sensor 48 obtains the temperature of the
refrigerant in the intermediate portion of the evaporator
13 as the evaporation temperature and outputs a signal
corresponding to the evaporation temperature. The at-
tachment position of the evaporation temperature sensor
48 to the evaporator 13 may be changed in any manner.
[0026] As shown in Fig. 2, the refrigeration apparatus
1 includes a notification unit 52 and a control device 50
that controls operation of the refrigeration apparatus 1.
The control device 50 is electrically connected to each
of the discharge temperature sensor 41, the discharge
pressure sensor 42, the intake temperature sensor 43,
the intake pressure sensor 44, the current sensor 45, the
rotation sensor 46, the condensation temperature sensor
47, and the evaporation temperature sensor 48. The con-
trol device 50 is also electrically connected to the com-
pressor 11, the first expansion valve 14A, the second
expansion valve 14B, the exterior fan 15, the interior fan
16, the first opening-closing valve 17A, the second open-
ing-closing valve 17B, the third opening-closing valve
17C, the fourth opening-closing valve 17D, and the no-
tification unit 52. The notification unit 52 notifies informa-
tion related to the refrigeration apparatus 1 to the outside
of the refrigeration apparatus 1. The notification unit 52
includes, for example, a display 53 that shows informa-
tion related to the refrigeration apparatus 1. The notifica-
tion unit 52 may include a speaker instead of orin addition
to the display 53. In this case, the notification unit 52 may
issue notification of information related to the refrigera-
tion apparatus 1 with sound.

[0027] The control device 50 includes a controller 51.
The controller 51 includes, for example, an arithmetic
unit that executes a predetermined control program and
a storage unit. The arithmetic unit includes, for example,
a central processing unit (CPU) or a micro processing
unit (MPU). The storage unit stores various control pro-
grams and information used for various control process-
es. The storage unit includes, for example, nonvolatile
memory and volatile memory. The controller 51 controls
the compressor 11, the expansion valves 14A and 14B,
the exterior fan 15, the interior fan 16, and the opening-
closing valves 17A to 17D based on detection results of
the sensors 41 to 48. The refrigeration apparatus 1 per-
forms a refrigerating-cooling operation and a defrosting
operation using the controller 51.

Refrigerating-Cooling Operation
[0028] In the refrigerating-cooling operation, the first

opening-closing valve 17A, the second opening-closing
valve 17B, and the third opening-closing valve 17C are
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open, and the fourth opening-closing valve 17D is closed.
The opening degree of each of the first expansion valve
14A and the second expansion valve 14B is appropriately
adjusted. Also, the compressor 11, the exterior fan 15,
and the interior fan 16 are operated.

[0029] During the refrigerating-cooling operation, the
refrigerant circulates as indicated by the solid arrows
shown in Fig. 1. More specifically, a high-pressure gas
refrigerant compressed in the compressor 11 is con-
densed to become a liquid refrigerant in the condenser
12 and then is stored in the receiver 29. The liquid refrig-
erant stored in the receiver 29 flows through the second
opening-closing valve 17B and the dryer 30. The liquid
refrigerantis supercooled to become a supercooled liquid
refrigerant in the primary passage 27a of the supercool-
ing heat exchanger 27 and flows to the first expansion
valve 14A. As indicated by the wave arrows shown in
Fig. 1, some of the liquid refrigerant discharged from the
receiver 29 flows as a supercooling source through the
third opening-closing valve 17C and the second expan-
sion valve 14B to become an intermediate-pressure re-
frigerant. The intermediate-pressure refrigerant flows to
the secondary passage 27b of the supercooling heat ex-
changer 27 to cool the liquid refrigerant in the primary
passage 27a. The liquid refrigerant supercooled in the
supercooling heat exchanger 27 is decompressed in the
firstexpansion valve 14A and then flows to the evaporator
13. In the evaporator 13, a low-pressure liquid refrigerant
absorbs heat from the air in the storage and evaporates.
As a result, the air in the storage is cooled. The low-
pressure gas refrigerant evaporated in the evaporator 13
is drawn into the compressor 11 and compressed again.

Defrosting Operation

[0030] When therefrigerating-cooling operationis con-
tinuously performed, frost collects on a surface of, for
example, a heat transfer tube of the evaporator 13. The
frost gradually develops and enlarges. The controller 51
performs the defrosting operation, that is, an operation
for defrosting the evaporator 13.

[0031] As indicted by the broken arrows shown in Fig.
1, the defrosting operation allows a high-temperature
high-pressure gas refrigerant that is compressed in the
compressor 11 to flow to the inlet side of the evaporator
13 through a bypass to defrost the evaporator 13. In the
defrosting operation, the fourth opening-closing valve
17D is open, and the first opening-closing valve 17A, the
second opening-closing valve 17B, the third opening-
closing valve 17C, and the second expansion valve 14B
are fully closed. While the compressor 11 is operated,
the exterior fan 15 and the interior fan 16 are stopped.
[0032] The high-pressure high-temperature gas refrig-
erant compressed in the compressor 11 flows through
the main passage 32 and then the fourth opening-closing
valve 17D and is divided into the first branch passage 33
and the second branch passage 34. The refrigerant di-
vided into the second branch passage 34 flows through
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the drain pan heater 35. The refrigerant discharged from
the drain pan heater 35 joins the refrigerant that has
passed through the first branch passage 33 and flows to
the evaporator 13. In the evaporator 13, a high-pressure
gasrefrigerant (so-called hot gas) flows in the heat trans-
fer tube. Thus, in the evaporator 13, the frost collected
on the heat transfer tube and the fin is gradually heated
by the high-temperature gas refrigerant. As a result, the
drain pan 28 gradually receives the frost from the evap-
orator 13. The refrigerant used to defrost the evaporator
13 is drawn into the compressor 11 and compressed
again. The drain pan 28 receives, for example, an ice
block that falls from the surface of the evaporator 13 in
addition to water, that is, melted frost. The ice block is
heated and melted by the refrigerant flowing in the drain
pan heater 35. The melted water is discharged out of the
storage through a predetermined flow passage.

[0033] Asshownin Fig. 2, the control device 50 further
includes a refrigerant leakage determination device 60
that determines whether the refrigerant has leaked or
estimates a refrigerant leakage occurrence time. When
the refrigerant has leaked, an abnormality occurs in the
refrigeration apparatus 1. An example of such an abnor-
mality is a decrease in the compression efficiency of the
compressor 11 due to a shortage of the refrigerant. The
refrigerant leakage determination device 60 monitors the
temperature of the discharge gas refrigerant discharged
from the compressor 11 (hereafter, referred to as "dis-
charge side refrigerant temperature") to determine
whether the refrigerant has leaked or estimate a refrig-
erant leakage occurrence time.

[0034] As shown in Fig. 3, the refrigerant leakage de-
termination device 60 includes a data obtainment unit
61, data storage 62, a pre-processing unit 63, a refriger-
ant leakage determination unit 64, and an output unit 65.
[0035] The data obtainmentunit 61 is connected to the
sensors 41 to 48 to communicate with the sensors 41 to
48. The data obtainment unit 61 receives time series data
from the sensors 41 to 48. In an example, each of the
sensors 41 to 48 outputs a detection result to the refrig-
erant leakage determination device 60 in each predeter-
mined time TX. An example of the predetermined time
TX is one hour. In an example, each of the sensors 41
to 48 stores detection results detected in apredetermined
sampling cycle for the predetermined time TX and out-
puts an average of the detection results in the predeter-
mined time TX to the refrigerant leakage determination
device 60. Each of the sensors 41 to 48 may output a
detection result detected at a point in time specified in
each predetermined time TX to the refrigerant leakage
determination device 60.

[0036] The data storage 62 is electrically connected to
the data obtainmentunit61. The data storage 62 receives
data from the data obtainment unit 61. The data storage
62 stores data from the data obtainment unit 61. In an
example, the data storage 62 sequentially stores data
from the data obtainment unit 61 in time order. In the
present embodiment, the data storage 62 is configured
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to be a memory medium incorporated in the refrigerant
leakage determination device 60. In this case, the data
storage 62 may include, for example, nonvolatile memory
and volatile memory. The data storage 62 may be amem-
ory medium provided outside the refrigerant leakage de-
termination device 60 or outside the refrigeration appa-
ratus 1. In this case, the data storage 62 may include at
least one of universe serial bus (USB) memory, a secure
digital (SD) memory card, and a hard disk drive (HDD)
memory medium.

[0037] The pre-processing unit 63 removes, from the
time series data, data that act as noise when determining
whether the refrigerant has leaked or estimating a refrig-
erant leakage occurrence time and replaces the section
corresponding to the removed data with alternative data.
The pre-processing unit 63 includes a first processor 63a
and a second processor 63b. The noise datainclude data
having momentary variations that occur, for example, im-
mediately after activation of the compressor 11 and data
in temporally noncontinuous sections.

[0038] Thefirstprocessor63ais electrically connected
to the data storage 62. The second processor 63b is elec-
trically connected to the first processor 63a. The first
processor 63a extracts a section that is replaced with
alternative data. Such a section includes, for example,
at least one of a section in which the refrigeration appa-
ratus 1 is stopped, a section immediately after activation
of the compressor 11, a section immediately after deac-
tivation of the compressor 11, or a section immediately
after operation of the compressor 11 is switched. In the
present embodiment, the first processor 63a extracts all
of the section in which the refrigeration apparatus 1 is
stopped, a section immediately after activation of the
compressor 11, the section immediately after deactiva-
tion of the compressor 11, and the section immediately
after the operation of the compressor 11 is switched.
[0039] The second processor 63b inputs alternative
data into the section extracted by the first processor 63a.
The alternative data is a value before or after the section
extracted by the first processor 63a or a predetermined
representative value. For example, when the first proc-
essor 63a extracts the section in which the refrigeration
apparatus 1 is stopped, the second processor 63b uses
a value in the section before or after the section in which
the refrigeration apparatus 1 is stopped as the alternative
data. Data in sections being stopped, that is, temporally
noncontinuous sections, are assumed to be, forexample,
zero. When the first processor 63a extracts the section
immediately after activation of the compressor 11, the
second processor 63b uses the value after the section
immediately after activation of the compressor 11 as the
alternative data. The value after the section immediately
after activation of the compressor 11 may be an average
value of data obtained during a predetermined period
after the section immediately after activation of the com-
pressor 11 or data obtained at a time immediately after
the section immediately after activation of the compres-
sor 11. When the first processor 63a extracts the section



11 EP 3 859 249 A1 12

immediately after deactivation of the compressor 11, the
second processor 63b uses a value in a section before
the section immediately after deactivation of the com-
pressor 11 as the alternative data. The section before
the section immediately after deactivation of the com-
pressor 11 may be the section immediately before deac-
tivation of the compressor 11. The value in the section
before the section immediately after deactivation of the
compressor 11 may be an average value of data in the
section immediately before deactivation of the compres-
sor 11 or may be data related to time immediately before
deactivation of the compressor 11. When the first proc-
essor 63a extracts the section immediately after opera-
tion of the compressor 11 is switched, the second proc-
essor 63b uses a value in the section before or after the
section immediately after operation of the compressor
11 is switched as the alternative data. The value in the
section before or after the section immediately after op-
eration of the compressor 11 is switched may be an av-
erage value of data in the section before or after the sec-
tion immediately after operation of the compressor 11 is
switched or may be data related to a predetermined time
in the section before or after the section immediately after
operation of the compressor 11 is switched. As the proc-
ess for calculating alternative data, data obtained before
and after the section that is replaced with the alternative
data may be interpolated (e.g., linearly interpolated), and
the calculated value may be used as the alternative data.
[0040] The refrigerant leakage determination unit 64
is electrically connected to the pre-processing unit 63.
The refrigerant leakage determination unit 64 uses the
data that has been processed by the pre-processing unit
63 to determine whether the refrigerant has leaked or
estimate a refrigerant leakage occurrence time. The re-
frigerant leakage determination unit 64 includes a calcu-
lator 66 and a determination unit 67.

[0041] The calculator 66 calculates a first index value
and a second index value to calculate a deviation degree
of the refrigerant circuit 20 from a normal state. The nor-
mal state of the refrigerant circuit 20 is, for example, that
the amount of refrigerant enclosed in the refrigerant cir-
cuit 20 (refrigerant contained amount) is in an appropriate
range. The calculator 66 calculates the first index value
from data related to operation of the refrigeration appa-
ratus 1 in a first period. The calculator 66 calculates the
second index value from data related to operation of the
refrigeration apparatus 1 in a second period that differs
in length from the first period. The calculator 66 calculates
the deviation degree of the refrigerant circuit 20 from the
normal state based on the first index value and the sec-
ond index value. In the present embodiment, the calcu-
lator 66 calculates the deviation degree of the refrigerant
circuit 20 from the normal state based on a deviation
degree between the first index value and the second in-
dexvalue. The calculator 66 outputs the calculation result
to the determination unit 67.

[0042] The determination unit 67 determines whether
the refrigerant has leaked or estimates a refrigerant leak-
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age occurrence time based on the deviation degree of
the refrigerant circuit 20 from the normal state calculated
by the calculator 66. The determination unit 67 outputs
the determination result or the estimation result to the
output unit 65.

[0043] Determination of whether the refrigerant has
leaked is made based on the refrigerant leak amount per
unit time being greater than or equal to a first threshold
value and not based on a small amount of refrigerant
leak. In an example, the first threshold value is an amount
of refrigerant leak that causes the refrigeration apparatus
1 to have an abnormality and is determined in advance
by experiments or the like. An example of the abnormality
of the refrigeration apparatus 1 is an excessive increase
inthe temperature of the compressor 11 that occurs when
the refrigerant contained amount is less than a lower limit
value of the appropriate range and results in a failure to
cool the compressor 11. The refrigerant leakage occur-
rence time may be, for example, a time at which the re-
frigerant contained amount becomes less than the lower
limit value of the appropriate range or a time at which the
temperature of the compressor 11 becomes greater than
or equal to a second threshold value due to the refrigerant
contained amount becoming less than the lower limit val-
ue of the appropriate range and resulting in a failure to
cool the compressor 11. An example of the second
threshold value is a temperature that increases the pos-
sibility of producing an abnormality such as galling of the
compression mechanism of the compressor 11 and is
determined in advance by experiments or the like.
[0044] The output unit 65 is electrically connected to
the data storage 62 and the notification unit 52. The out-
put unit 65 outputs the determination result of whether
the refrigerant has leaked or the estimation result of a
refrigerant leakage occurrence time to the data storage
62 and the notification unit 52. The notification unit 52
uses, for example, the display 53 to show the determi-
nation result of whether the refrigerant has leaked or the
estimation result of a refrigerant leakage occurrence
time. The output unit 65 further includes a wireless com-
municator including an antenna. The output unit 65 is
configured to communicate with a terminal of a manager
(manager terminal 70) through the wireless communica-
tor. The output unit 65 outputs the determination result
of whether the refrigerant has leaked or the estimation
result of a refrigerant leakage occurrence time to the
manager terminal 70. The manager terminal 70 may be
a mobile communication device such as a smartphone
or a tablet computer or may be a desktop personal com-
puter.

[0045] The determination of whether the refrigerant
has leaked and the estimation of a refrigerant leakage
occurrence time, which are performed by the refrigerant
leakage determination unit 64, will now be described in
detail.

[0046] The calculator 66 uses data stored in the data
storage 62 and related to operation of the refrigeration
apparatus 1 to calculate the first index value from a mov-
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ing average of data related to operation of the refrigera-
tion apparatus 1 in the first period and calculate the sec-
ond index value from a moving average of data related
to operation of the refrigeration apparatus 1 in the second
period. The calculator 66 calculates the first index value
and the second index value using data in the first period
and the second period that are before execution of the
process. Then, the calculator 66 calculates the deviation
degree between the first index value and the second in-
dex value. In the present embodiment, data in the first
period include data for one day, and data in the second
period include data for ten days. In the present embodi-
ment, a sampling cycle is one hour, and data related to
operation of the refrigeration apparatus 1 is obtained per
hour. Hence, data in the first period and data in the sec-
ond period may be expressed by the number of data sets
as well as the length of a period. Data for one day include
twenty-four data sets, and data for ten days include two
hundred and forty data sets.

[0047] Each of the first index value and the second
index value is a discharge side refrigerant temperature
ratio. The discharge side refrigerant temperature ratio is
an example of a discharge side refrigerant temperature
index and is expressed by a ratio of an actual value of
the discharge side refrigerant temperature of the com-
pressor 11 to an estimated value of the discharge side
refrigerant temperature of the compressor 11. In the
present embodiment, the ratio of the actual value of the
discharge side refrigerant temperature of the compressor
11 to the estimated value of the discharge side refrigerant
temperature of the compressor 11 is defined as the dis-
charge side refrigerant temperature ratio.

[0048] The calculator 66 calculates the discharge side
refrigerant temperature ratio as data related to operation
of the refrigeration apparatus 1. More specifically, the
calculator 66 calculates the estimated value of the dis-
charge side refrigerant temperature of the compressor
11 and the actual value of the discharge side refrigerant
temperature of the compressor 11 and calculates the dis-
charge side refrigerant temperature ratio as a ratio of the
calculated actual value of the discharge side refrigerant
temperature of the compressor 11 to the calculated es-
timated value of the discharge side refrigerant tempera-
ture of the compressor 11.

[0049] The calculator 66 calculates an estimated value
of the discharge side refrigerant temperature of the com-
pressor 11 for each power source frequency and power
source voltage of a power source, which is a source of
power supplied to the refrigeration apparatus 1, using a
regression analysis. A variable for the regression analy-
sis is, for example, at least one of the condensation tem-
perature, the evaporation temperature, the opening de-
gree of the first expansion valve 14A, the opening degree
of the second expansion valve 14B, the operating fre-
quency of the compressor 11, or the rotational speed of
the compressor 11 when the refrigerant contained
amount of the refrigerant circuit 20 is in the appropriate
range.
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[0050] More specifically, in a transporting refrigeration
apparatus such as a shipping container, the power
source frequency and the power source voltage of a pow-
er source arranged at a terminal such as a harbor may
differ from the power source frequency and the power
source voltage of a power source arranged in a ship. In
an example, the power source arranged at a terminal has
a power source frequency of 50 Hz and a power source
rated voltage of 380 V = 10%. The power source ar-
ranged in a ship has a power source frequency of 60 Hz
and a power source rated voltage of 440 V = 10%. Ex-
amples of combination of a power source frequency and
a power source voltage include first to sixth combina-
tions. In the first combination, the power source frequen-
cy is 50 Hz, and the power source voltage is 342 V (lower
limit value of the power source voltage when the power
source frequency is 50 Hz). In the second combination,
the power source frequency is 50 Hz, and the power
source voltage is 380 V (median of the power source
voltage when the power source frequency is 50 Hz). In
the third combination, the power source frequency is 50
Hz, and the power source voltage is 418 V (upper limit
value of the power source voltage when the power source
frequency is 50 Hz). In the fourth combination, the power
source frequency is 60 Hz, and the power source voltage
is 396 V (lower limit value of the power source voltage
when the power source frequency is 60 Hz). In the fifth
combination, the power source frequency is 60 Hz, and
the power source voltage is 440 V (median of the power
source voltage when the power source frequency is 60
Hz). In the sixth combination, the power source frequency
is 60 Hz, and the power source voltage is 484 V (upper
limit value of the power source voltage when the power
source frequency is 60 Hz). The calculator 66 calculates
an estimated value of the discharge side refrigerant tem-
perature of the compressor 11 for each of the first to sixth
combinations. The combinations of the power source fre-
quency and the power source voltage may be changed
in any manner.

[0051] The calculator 66 calculates an actual value of
the discharge side refrigerant temperature of the com-
pressor 11 from a signal from the discharge temperature
sensor 41. The actual value of the discharge side refrig-
erant temperature of the compressor 11 increases rela-
tive to the estimated value of the discharge side refrig-
erant temperature of the compressor 11, for example, as
the refrigerant leak amount of the refrigerant circuit 20
per unit time increases per unit time. The refrigerant leak
amount per unit time is correlated with the deviation de-
gree of the actual value of the discharge side refrigerant
temperature of the compressor 11 from the estimated
value of the discharge side refrigerant temperature of the
compressor 11.

[0052] The calculator 66 calculates the discharge side
refrigerant temperature ratio obtained in the first period
(hereafter, referred to as "first refrigerant temperature ra-
tio") as the first index value and calculates the discharge
side refrigerant temperature ratio obtained in the second
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period (hereafter, referred to as "second refrigerant tem-
perature ratio") as the second index value. Fig. 4A is a
graph showing an example of changes in the first refrig-
erant temperature ratio and the second refrigerant tem-
perature ratio. As shown in Fig. 4A, on and before July
9th, the deviation degree between the first refrigerant
temperature ratio and the second refrigeranttemperature
ratio is small. From July 9th, the deviation degree grad-
ually increases.

[0053] The calculator 66 calculates, for example, the
degree of difference between the first refrigerant temper-
ature ratio and the second refrigerant temperature ratio.
In the present embodiment, the degree of difference be-
tween the first refrigerant temperature ratio and the sec-
ond refrigerant temperature ratio is expressed by a ratio
of the first refrigerant temperature ratio to the second
refrigerant temperature ratio. As the ratio increases, the
degree of difference between the first refrigerant temper-
ature ratio and the second refrigerant temperature ratio
increases. Alternatively, the degree of difference be-
tween the first refrigerant temperature ratio and the sec-
ond refrigerant temperature ratio may be expressed by
a difference between the first refrigerant temperature ra-
tio and the second refrigerant temperature ratio. As the
difference increases, the degree of difference between
the first refrigerant temperature ratio and the second re-
frigerant temperature ratio increases. Fig. 4B is a graph
showing an example of changes in the degree of differ-
ence between the first refrigerant temperature ratio and
the second refrigerant temperature ratio. As shown in
Fig. 4B, on and before July 9th, the degree of difference
between the first refrigerant temperature ratio and the
second refrigeranttemperature ratiois substantially 1.00.
From July 9th, the degree of difference between the first
refrigerant temperature ratio and the second refrigerant
temperature ratio gradually increases.

[0054] When the degree of difference between the first
refrigerant temperature ratio and the second refrigerant
temperature ratio is greater than or equal to a threshold
value XT, the determination unit 67 determines that the
refrigerant has leaked. The threshold value XT is set in
advance by experiments or the like and is used to deter-
mine an occurrence of the refrigerant leakage that may
provoke an abnormality of the refrigeration apparatus 1.
[0055] The determination unit 67 estimates a refriger-
ant leakage occurrence time based on a change tenden-
cy of the degree of difference between the first refrigerant
temperature ratio and the second refrigerant temperature
ratio. More specifically, the calculator 66 calculates, for
example, a degree of difference between the first refrig-
erant temperature ratio and the second refrigerant tem-
perature ratio for each day and outputs the degree of
difference to the determination unit67. The determination
unit 67 obtains a change tendency of the degree of dif-
ference, for example, based on the degree of difference
between the first refrigerant temperature ratio and the
second refrigerant temperature ratio of each day. The
determination unit 67 estimates a refrigerant leakage oc-
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currence time based on information indicating that the
degree of difference has an increasing tendency and the
slope of the degree of difference. More specifically, the
determination unit 67 estimates a time in which the de-
gree of difference reaches the threshold value XT based
on the slope of the degree of difference between the first
refrigerant temperature ratio and the second refrigerant
temperature ratio. The determination unit 67 may calcu-
late the slope of the degree of difference using, for ex-
ample, regression analysis or a straightline that connects
degrees of difference in two predetermined periods. In
an example, as shown in Fig. 4B, the determination unit
67 estimates the degree of difference from July 16th
based on changes in the degree of difference between
the first refrigerant temperature ratio and the second re-
frigerant temperature ratio until July 16th (broken line in
Fig. 4B). The determination unit 67 estimates a refriger-
ant leakage occurrence time based on a comparison of
the threshold value XT with changes in the degree of
difference from July 16th.

[0056] Procedures of determining whether the refrig-
erant has leaked or estimating a refrigerant leakage oc-
currence time performed by the refrigerant leakage de-
termination device 60 will be described in detail with ref-
erence to Fig. 5. This process is executed, for example,
at least one of when there is a user request, when the
transporting refrigeration apparatus 1 or the refrigerant
leakage determination device 60 is powered on, when
transportation of the refrigeration apparatus 1is complet-
ed, or when the pre-trip inspection of the refrigeration
apparatus 1 is conducted. In the present embodiment,
at each of when there is a user request, when the refrig-
eration apparatus 1 or the refrigerant leakage determi-
nation device 60 is powered on, when transportation of
the refrigeration apparatus 1 is completed, and when the
pre-trip inspection of the refrigeration apparatus 1 is con-
ducted, the refrigerant leakage determination device 60
determines whether the refrigerant has leaked or esti-
mates a refrigerant leakage occurrence time.

[0057] In step S11, the refrigerant leakage determina-
tion device 60 calculates a first refrigerant temperature
ratio and a second refrigerant temperature ratio from data
related to operation of the refrigeration apparatus 1 and
then proceeds to step S12. In step S12, the refrigerant
leakage determination device 60 calculates a degree of
difference between the first refrigerant temperature ratio
and the second refrigerant temperature ratio and then
proceeds to step S13.

[0058] In step S13, the refrigerant leakage determina-
tion device 60 determines whether the degree of differ-
ence between the first refrigerant temperature ratio and
the second refrigerant temperature ratio is greater than
or equal to the threshold value XT. When an affirmative
determination is made in step S13, the refrigerant leak-
age determination device 60 proceeds to step S14 to
determine that the refrigerant has leaked and then pro-
ceeds to step S15. In step S15, the refrigerant leakage
determination device 60 transmits the determination re-
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sult to at least one of the display 53 or the manager ter-
minal 70 and then temporarily ends the process. In step
S15, the display 53 and the manager terminal 70 issue
notification of the determination result of whether the re-
frigerant has leaked or notification of the estimation result
of a refrigerant leakage occurrence time at least one of
when there is a user request, when the refrigeration ap-
paratus 1 or the refrigerant leakage determination device
60 is powered on, when transportation of the refrigeration
apparatus 1is completed, or when the pre-trip inspection
of the refrigeration apparatus 1 is conducted. In the
present embodiment, the display 53 and the manager
terminal 70 issue notification of the determination result
of whether the refrigerant has leaked or notification of
the estimation result of a refrigerant leakage occurrence
time each of when there is a user request, when the re-
frigeration apparatus 1 or the refrigerant leakage deter-
mination device 60 is powered on, when transportation
of the refrigeration apparatus 1 is completed, and when
the pre-trip inspection of the refrigeration apparatus 1 is
conducted. In step S15, the result may be transmitted to
the notification unit 52 instead of the display 53. When
the notification unit 52 includes a speaker, the notification
unit 52 may issue, using the speaker, notification of the
determination result of whether the refrigeranthas leaked
or notification of the estimation result of a refrigerantleak-
age occurrence time.

[0059] When a negative determination is made in step
S13, the refrigerantleakage determination device 60 pro-
ceeds to step S16 to calculate a change tendency of the
degree of difference between the first refrigerant temper-
ature ratio and the second refrigerant temperature ratio
and then proceeds to step S17.

[0060] In step S17, the refrigerant leakage determina-
tion device 60 estimates arefrigerantleakage occurrence
time based on a slope of changes in the degree of differ-
ence between the first refrigerant temperature ratio and
the second refrigerant temperature ratio and then pro-
ceeds to step S18. In step S18, the refrigerant leakage
determination device 60 transmits the estimation result
to at least one of the display 53 or the manager terminal
70 and then temporarily ends the process. As shown in
the flowchart of Fig. 5, the refrigerant leakage determi-
nation device 60 estimates a refrigerant leakage occur-
rence time after determining whether the refrigerant has
leaked.

[0061] The methodfordetermining the refrigerantleak-
age executed by the refrigerant leakage determination
device 60 and described above includes a data storing
step, a first calculating step, a second calculating step,
and a determining step. The steps will be described be-
low.

[0062] The data storing step is a step of storing data
related to operation of the refrigeration apparatus 1. In
an example, the data storing step stores data related to
operation of the refrigeration apparatus 1 and obtained
from the data obtainment unit 61 in the data storage 62
as time series data.

10

15

20

25

30

35

40

45

50

55

10

[0063] The first calculating step is a step of calculating
the firstindex value from data related to operation of the
refrigeration apparatus 1inthefirst period and calculating
the second index value from data related to operation of
the refrigeration apparatus 1 in the second period. In an
example, the first calculating step is executed by the cal-
culator 66. The first calculating step is a step of calculat-
ing the first index value from a moving average of data
related to operation of the refrigeration apparatus 1 in
the first period and calculating the second index value
from a moving average of data related to operation of the
refrigeration apparatus 1 in the second period. In an ex-
ample, the first calculating step includes a pre-processing
step that removes data that act as noise when determin-
ing whether the refrigerant has leaked or estimating a
refrigerant leakage occurrence time and replaces it with
alternative data with the pre-processing unit 63. The re-
lationship of the first calculating step with Fig. 5 is that
step S11inFig. 5 corresponds to the first calculating step.
[0064] The second calculating step is a step of calcu-
lating a deviation degree of the refrigerant circuit 20 from
the normal state based on the first index value and the
second index value. In an example, the second calculat-
ing step is executed by the calculator 66. The relationship
of the second calculating step with Fig. 5 is that step S12
in Fig. 5 corresponds to the second calculating step.
[0065] The determining step is a step of determining
whether the refrigerant has leaked or estimating a refrig-
erant leakage occurrence time based on the deviation
degree of the refrigerant circuit 20 from the normal state.
In an example, in the determining step, when the second
index value refers to the normal state of the refrigerant
circuit 20 and the deviation degree of the first index value
from the second index value becomes greater than or
equal to a threshold value, it is determined that the re-
frigerant has leaked. In the determining step, a time at
which the deviation degree reaches the threshold value
is estimated based on a change tendency of the deviation
degree of the first index value from the second index
value, so that a refrigerant leakage occurrence time is
estimated. The relationship of the determining step with
Fig. 5is that steps S13 to S18 in Fig. 5 correspond to the
determining step.

[0066] The operation of the present embodiment will
now be described.

[0067] The refrigerant leakage determination device
60 calculates the second index value from a moving av-
erage of data related to operation of the refrigeration ap-
paratus 1 in the second period and uses the calculated
second index value as reference. In the present embod-
iment, data in the second period is related to operation
of the refrigeration apparatus 1 obtained during a long
period of ten days to thirty days and thus is subtly affected
by variations related to operation of the refrigeration ap-
paratus 1 obtained in a short period such as one day.
[0068] The refrigerant leakage determination device
60 also calculates the first index value from a moving
average of data related to operation of the refrigeration
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apparatus 1inthefirstperiod. Inthe presentembodiment,
data in the first period is related to operation of the re-
frigeration apparatus 1 in a short period, that is, one day,
and thus is greatly affected by recent variations related
to operation of the refrigeration apparatus 1.

[0069] As described above, the second index value,
which is subtly affected by recent variations related to
operation of the refrigeration apparatus 1, is used as ref-
erence to monitor how much the first index value, which
is greatly affected by variations related to operation of
the refrigeration apparatus 1, is deviated from the second
index value. This facilitates extraction of variations relat-
ed to operation of the refrigeration apparatus 1. With this
configuration, when the refrigerant has leaked, the first
index value is prominently deviated from the second in-
dex value so that the refrigerant leakage determination
device 60 determines that the refrigerant has leaked. In
addition, the refrigerant leakage determination device 60
obtains a change tendency of the deviation degree of the
first index value from the second index value and esti-
mates changes in the deviation degree to estimate a re-
frigerant leakage occurrence time.

[0070] The present embodiment has the following ad-
vantages.

(1) In data related to operation of the refrigeration
apparatus 1, the calculator 66 calculates a firstindex
value from data related to operation of the refriger-
ation apparatus 1 in the first period and calculates a
second index value from data related to operation of
the refrigeration apparatus 1 in the second period
that differs length from the first period. Then, the cal-
culator 66 calculates a deviation state of the refrig-
erant circuit 20 from the normal state based on the
first index value and the second index value. The
determination unit 67 determines whether the refrig-
erant has leaked or estimates a refrigerant leakage
occurrence time based on the deviation degree of
the refrigerant circuit 20 from the normal state. With
this configuration, the deviation state of the refriger-
ant circuit 20 from the normal state is calculated
based on the state of difference between the first
index value and the second index value calculated
using data related to operation of the refrigeration
apparatus 1 including the pre-trip inspection opera-
tion of the refrigeration apparatus 1 and normal op-
erations of the refrigeration apparatus 1 such as the
cooling operation and the defrosting operation. The
determination of whether the refrigerant has leaked
or the estimation of a refrigerant leakage occurrence
time is performed based on the deviation state of the
refrigerant circuit 20 from the normal state. Thus, the
determination of whether the refrigerant has leaked
or the estimation of a refrigerant leakage occurrence
time is performed without performing a special op-
eration for determining whether the refrigerant has
leaked.

(2) The second index value, which is calculated from
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the long second period, is subtly affected by varia-
tions related to operation of the refrigeration appa-
ratus 1. The first index value, which is calculated
from the short first period, is greatly affected by var-
iations related to operation of the refrigeration appa-
ratus 1. In the present embodiment, the calculator
66 calculates a first index value and a second index
value and calculates a deviation degree of the refrig-
erant circuit 20 from the normal state based on the
degree of difference between the first index value
and the second index value. This facilitates extrac-
tion of variations in operation of the refrigeration ap-
paratus 1. The determination of whether the refrig-
erant has leaked or the estimation of a refrigerant
leakage occurrence time is performed based on the
variations in operation of the refrigeration apparatus
1.

(3) The first index value is calculated from a moving
average of data related to operation of the refriger-
ation apparatus 1 in the first period. The second in-
dex value is calculated from a moving average of
data related to operation of the refrigeration appara-
tus 1 in the second period. With this configuration,
the determination of whether the refrigerant has
leaked or the estimation of a refrigerant leakage oc-
currence time is performed based on a degree of
difference between variations in operation of the re-
frigeration apparatus 1 during a long period and var-
iations in operation of the refrigeration apparatus 1
in a short period.

(4) When the amount of refrigerant enclosed in the
refrigerant circuit 20 (refrigerant contained amount)
is less than the appropriate range, suction pressure
of the compressor 11 decreases and the cooling the
inside of the compressor 11 with the refrigerant may
become insufficient. As a result, the temperature of
the compressor 11 may be excessively increased.
More specifically, when the amount of refrigerant en-
closed in the refrigerant circuit 20 is less than the
lower limit value of the appropriate range, the dis-
charge side refrigerant temperature of the compres-
sor 11 is higher than when the amount of refrigerant
enclosed in the refrigerant circuit 20 is in the appro-
priate range. In the present embodiment, the dis-
charge side refrigerant temperature ratio, which is a
ratio of the actual value of the discharge side refrig-
erant temperature of the compressor 11 to the esti-
mated value of the discharge side refrigerant tem-
perature, is used as each of the first index value and
the second index value. Thus, the determination of
whether the refrigerant has leaked or the estimation
of arefrigerantleakage occurrence timeis performed
with high accuracy.

(5) The calculator 66 calculates an estimated refrig-
erant temperature for each power source frequency
and power source voltage and calculates the first
refrigerant temperature ratio and the second refrig-
erant temperature ratio for each power source fre-
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quency and power source voltage. Since the first re-
frigerant temperature ratio and the second refriger-
ant temperature ratio are calculated with higher ac-
curacy, the determination of whether the refrigerant
has leaked or the estimation of a refrigerant leakage
occurrence time is performed with high accuracy.
(6) The pre-processing unit 63 eliminates data relat-
ed to operation of the refrigeration apparatus 1 and
acting as noise when determining whether the refrig-
erant has leaked or estimating a refrigerant leakage
occurrence time, and replaces it with alternative da-
ta. This allows for an accurate determination of
whether the refrigerant has leaked or an accurate
estimation of a refrigerant leakage occurrence time.
(7) When the first processor 63a extracts a section
immediately after activation of the compressor 11,
the second processor 63b uses a value after the sec-
tion immediately after activation of the compressor
11 as the alternative data. When the first processor
63a extracts the section immediately after deactiva-
tion of the compressor 11, the second processor 63b
uses a value in a section before the section imme-
diately after deactivation of the compressor 11 as
the alternative data. When the first processor 63a
extracts the section immediately after operation of
the compressor 11 is switched, the second proces-
sor 63b uses a value in the section before or after
the section immediately after operation of the com-
pressor 11 is switched as the alternative data. This
configuration uses data temporally close to the sec-
tion extracted by the first processor 63a as alterna-
tive data, so that the deviation degree of the alter-
native data from the actual data related to operation
of the refrigeration apparatus 1 is decreased. Thus,
the determination of whether the refrigerant has
leaked or the estimation of a refrigerant leakage oc-
currence time is performed with high accuracy.

(8) The notification unit 52 indicates occurrence of
refrigerant leakage or a refrigerant leakage occur-
rence time in the display 53 of the refrigeration ap-
paratus 1 or the manager terminal 70. This allows
the manager or the operator of the refrigeration ap-
paratus 1 to recognize the occurrence of refrigerant
leakage or the refrigerant leakage occurrence time.

Modified Examples

[0071] The description related to the above embodi-
ment exemplifies, without any intention to limit, applicable
forms of a refrigerant leakage determination device, a
refrigeration apparatus including the refrigerant leakage
determination device, and a method for determining a
refrigerant leakage according to the present disclosure.
The refrigerant leakage determination device, the refrig-
eration apparatus including the refrigerant leakage de-
termination device, and the method for determining a re-
frigerant leakage according to the present disclosure can
be applicable to, for example, modified examples of the
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embodiment that are described below and combinations
of at least two of the modified examples that do not con-
tradict each other. In the following modified examples,
the same reference characters are given to those ele-
ments that are the same as the corresponding elements
of the above embodiment. Such elements will not be de-
scribed in detail.

[0072] Inthe embodiment, the degree of difference be-
tween the first index value and the second index value
is expressed by the ratio of the first index value to the
second index value. However, there is no limit to such a
configuration. The process of calculating the degree of
difference between the first index value and the second
index value may be changed in any manner. In an ex-
ample, the calculator 66 may calculate the degree of dif-
ference between the first index value and the second
index value based on atleast one of a standard deviation,
skewness, likelihood, kurtosis, or an average that is ob-
tained using the first index value and the second index
value.

[0073] Inthe embodiment, the refrigerant leakage de-
termination device 60 performs both the determination
of whether the refrigerant has leaked and the estimation
of a refrigerant leakage occurrence time. Instead, the re-
frigerant leakage determination device 60 may perform
only the determination of whether the refrigerant has
leaked. When the degree of difference between the first
index value and the second index value is less than the
threshold value XT, the refrigerantleakage determination
device 60 may estimate a refrigerantleakage occurrence
time. In this case, the refrigerant leakage determination
device 60 may omit the determination of whether the re-
frigerant has leaked.

[0074] In the embodiment, the pre-processing unit 63
removes, from time series data, data that act as noise
when determining whether the refrigerant has leaked or
estimating a refrigerant leakage occurrence time, and
replaces the section corresponding to the removed data
with alternative data. However, there is no limitation to
such a configuration. For example, the pre-processing
unit 63 may only remove, from time series data, data that
act as noise when determining whether the refrigerant
has leaked or estimating a refrigerant leakage occur-
rence time. This configuration accurately determines
whether the refrigerant has leaked or accurately esti-
mates a refrigerant leakage occurrence time.

[0075] Inthe embodiment, the firstindex value and the
second index value may be calculated from the estimated
value of the discharge side refrigerant temperature or the
actual value of the discharge side refrigerant temperature
instead of the discharge side refrigerant temperature ra-
tio. In an example, the calculator 66 calculates the first
index value from a moving average of estimated values
of the discharge side refrigerant temperature in the first
period and calculates the second index value from a mov-
ing average of estimated values of the discharge side
refrigerant temperature in the second period. In an ex-
ample, the calculator 66 calculates the first index value
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from a moving average of actual values of the discharge
side refrigerant temperature in the first period and calcu-
lates the second index value from a moving average of
actual values of the discharge side refrigerant tempera-
ture in the second period.

[0076] Inthe embodiment, the firstindex value and the
second index value may be a discharge side refrigerant
pressure ratio, which is a ratio of an actual value of a
discharge side refrigerant pressure of the compressor 11
to an estimated value of the discharge side refrigerant
pressure of the compressor 11, instead of the discharge
side refrigerant temperature ratio. The calculator 66 cal-
culates a discharge side refrigerant pressure ratio in the
first period (hereafter, referred to as "first refrigerant pres-
sure ratio") as the first index value and a discharge side
refrigerant pressure ratio in the second period (hereafter,
referred to as "second refrigerant pressure ratio") as the
second index value. The calculator 66 calculates a de-
gree of difference between the first refrigerant pressure
ratio and the second refrigerant pressure ratio. When the
degree of difference between the first refrigerant pres-
sure ratio and the second refrigerant pressure ratio is
greater than or equal to a predetermined threshold value,
the determination unit 67 determines that the refrigerant
has leaked. The determination unit 67 also estimates a
refrigerant leakage occurrence time based on a change
tendency of the degree of difference between the first
refrigerant pressure ratio and the second refrigerant
pressure ratio. The discharge side cooling temperature
ratio may be replaced with a ratio of an actual value of a
degree of superheating the intake gas refrigerant drawn
into the compressor 11 to an estimated value of the de-
gree of superheating the intake gas refrigerant or a ratio
of an actual value of a degree of subcooling the liquid
refrigerant at an outlet of the condenser 12 to an estimat-
ed value of the degree of subcooling the liquid refrigerant
at the outlet of the condenser 12.

[0077] In the modified example, the first index value
and the second index value may be calculated from an
estimated value of the discharge side refrigerant pres-
sure of the compressor 11 or an actual value of the dis-
charge side refrigerant pressure of the compressor 11
instead of the discharge side refrigerant pressure ratio.
In an example, the calculator 66 calculates the first index
value from a moving average of estimated values of the
discharge side refrigerant pressure of the compressor 11
in the first period and calculates the second index value
from a moving average of estimated values of the dis-
charge side refrigerant pressure of the compressor 11 in
the second period. In an example, the calculator 66 cal-
culates the first index value from a moving average of
actual values of the discharge side refrigerant pressure
of the compressor 11 in the first period and calculates
the second index value from a moving average of actual
values of the discharge side refrigerant pressure of the
compressor 11 in the second period.

[0078] Inthe embodiment, the data storage 62 may be
an external server of the refrigeration apparatus 1 con-
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nected to the refrigeration apparatus 1 to communicate
with the refrigeration apparatus 1. An example of the
server includes a cloud server. More specifically, the re-
frigerant leakage determination device 60 transmits data
obtained in the data obtainment unit 61 to the server so
that the server stores the data.

[0079] Inthe embodiment, the refrigerant leakage de-
termination device 60 and the notification unit 52 are sep-
arately arranged. Instead, the refrigerant leakage deter-
mination device 60 may include the notification unit 52.
[0080] Inthe embodiment, the configuration of a trans-
porting refrigeration apparatus is described as the refrig-
eration apparatus 1. However, the refrigeration appara-
tus is not limited to this configuration. For example, a
refrigeration apparatus may be used for a stationary stor-
age. When the refrigeration apparatus 1 is used as a
refrigeration apparatus other than a transporting refrig-
eration apparatus, the refrigerant leakage determination
device 60 determines whether the refrigerant has leaked
or estimates a refrigerant leakage occurrence time at
least one of when there is a user request, when the re-
frigeration apparatus 1 or the refrigerant leakage deter-
mination device 60 is powered on, or when the pre-trip
inspection of the refrigeration apparatus 1 is conducted.
In addition, the notification unit 52 issues notification of
a determination result of whether the refrigerant has
leaked or notification of an estimation result of a refrig-
erant leakage occurrence time at least one of when there
is a user request, when the refrigeration apparatus 1 or
the refrigerant leakage determination device 60 is pow-
ered on, or when the pre-trip inspection of the refrigera-
tion apparatus 1 is conducted.

[0081] Inthe embodiment, the refrigeration apparatus
1 is configured to be installed on a container. However,
the refrigeration apparatus is not limited to this the con-
figuration. For example, as shown in Fig. 6, arefrigeration
apparatus may be used as an air conditioner 80. The air
conditioner 80 includes a refrigerant circuit 90 in which
an outdoor unit 80A and a wall-mounted indoor unit 80B
are connected by a refrigerant pipe 91. The outdoor unit
80Ais arranged outdoors. The indoor unit 80B is installed
on an indoor wall surface.

[0082] The outdoor unit80A includes a compressor 81
having a variable displacement varied by a change in an
operating frequency, a four-way switching valve 82, an
outdoor heat exchanger 83, an expansion valve 84, an
outdoor fan 85, and an outdoor control device 86. The
compressor 81 is, for example, arocking piston compres-
sor and includes, for example, a compression mecha-
nism, a motor, and a crankshaft that transmits driving
power of the motor to the compression mechanism. The
outdoor heat exchanger 83 exchanges heats between
the outside air and the refrigerant and may be, for exam-
ple, a fin-and-tube heat exchanger. The expansion valve
84 is, for example, an electronic expansion valve. The
outdoor fan 85 includes a motor, which is a drive source
having a changeable number of revolutions, and an im-
peller connected to an output shaft of the motor. An ex-
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ample of the impelleris a propellerfan. When the impeller
is rotated by the motor, the outdoor fan 85 generates an
airflow of outdoor air flowing through the outdoor heat
exchanger 83. The outdoor control device 86 is electri-
cally connected to the motor of the compressor 81, the
four-way switching valve 82, the expansion valve 84, and
the motor of the outdoor fan 85 to control their operations.
[0083] Theindoor unit80B includes an indoor heat ex-
changer 87, an indoor fan 88, and an indoor control de-
vice 89. The indoor heat exchanger 87 exchanges heat
between the inside air and the refrigerant and may be,
for example, a fin-and-tube heat exchanger. The indoor
fan 88 includes a motor, which is a drive source having
achangeable number of revolutions, and animpeller con-
nected to an output shaft of the motor. An example of the
impeller is a cross-flow fan. The indoor control device 89
is electrically connected to the indoor fan 88 to control
operation of the indoor fan 88.

[0084] The refrigerant circuit 90 is formed by connect-
ing the compressor 81, the four-way switching valve 82,
the outdoor heat exchanger 83, and the expansion valve
84 to the indoor heat exchanger 87 and an accumulator
81 a with the refrigerant pipe 91 as a loop. The refrigerant
circuit 90 is configured to execute a vapor compression
refrigeration cycle that reversibly circulates the refriger-
ant by switching the four-way switching valve 82.
[0085] More specifically, when the four-way switching
valve 82 is switched to a cooling mode connection state
(illustrated with solid line), the refrigerant circuit 90 forms
a cooling cycle in which the refrigerant circulates in the
order of the compressor 81, the four-way switching valve
82, the outdoor heat exchanger 83, the expansion valve
84, the indoor heat exchanger 87, the four-way switching
valve 82, the accumulator 81a, and the compressor 81.
As aresult, the air conditioner 80 performs a cooling op-
eration in which the outdoor heat exchanger 83 acts as
a condenser, and the indoor heat exchanger 87 acts as
an evaporator. When the four-way switching valve 82 is
switched to a heating mode connection state (illustrated
with broken lines), the refrigerant circuit 90 forms a heat-
ing cycle in which the refrigerant circulates in the order
of the accumulator 81a, the compressor 81, the four-way
switching valve 82, the indoor heat exchanger 87, the
expansion valve 84, the outdoor heat exchanger 83, the
four-way switching valve 82, and the compressor 81. As
a result, the air conditioner 80 performs a heating oper-
ation in which the indoor heat exchanger 87 acts as a
condenser and the outdoor heat exchanger 83 acts as
an evaporator.

[0086] In the air conditioner 80, for example, the refrig-
erant leakage determination device 60 (not shown in Fig.
6) is arranged on one of the outdoor control device 86
and the indoor control device 89. The notification unit 52
(not shown in Fig. 6) is arranged on, for example, a re-
mote controller of the air conditioner 80.

[0087] Inthe embodiment, the refrigeration apparatus
1 includes the refrigerant leakage determination device
60. However, the refrigeration apparatus 1 is not limited
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to this configuration. For example, the refrigerantleakage
determination device 60 may be omitted from the refrig-
eration apparatus 1. The refrigerant leakage determina-
tion device 60 and the refrigeration apparatus 1 may be
separately arranged. In an example, the refrigerant leak-
age determination device 60 may be arranged on a server
configured to communicate with the refrigeration appa-
ratus 1. In this case, the refrigeration apparatus 1 com-
municates with the refrigerant leakage determination de-
vice 60 to obtain a determination result of whether the
refrigerant has leaked or an estimation result of a refrig-
erant leakage occurrence time.

[0088] While the embodiments ofthe device have been
described herein above, it is to be appreciated that var-
ious changes in form and detail may be made without
departing from the spirit and scope of the device presently
or hereafter claimed.

Claims

1. Avrefrigerant leakage determination device (60) that
determines a refrigerant leakage of a refrigeration
apparatus (1), the refrigeration apparatus (1) includ-
ing a refrigerant circuit (20), the refrigerant circuit
(20) including a compressor (11), a condenser (12),
a decompression device (14A, 14B), and an evapo-
rator (13) and being configured so that a refrigerant
circulates through the compressor (11), the con-
denser (12), the decompression device (14A, 14B),
and the evaporator (13), the refrigerant leakage de-
termination device (60) comprising:

a calculator (66) that calculates a deviation de-
gree of the refrigerant circuit (20) from a normal
state based on data related to operation of the
refrigeration apparatus (1); and

a determination unit (67) that determines wheth-
er the refrigerant has leaked or estimates a re-
frigerant leakage occurrence time based on a
calculation result of the calculator (66), wherein
the data related to operation of the refrigeration
apparatus (1) include data related to operation
of the refrigeration apparatus (1) in a first period
and data related to operation of the refrigeration
apparatus (1) in a second period that differs in
length from the first period,

the calculator (66) is configured to calculate a
first index value from the data related to opera-
tion of the refrigeration apparatus (1) in the first
period and calculate a second index value from
the data related to operation of the refrigeration
apparatus (1) in the second period,

the calculator (66) is configured to calculate the
deviation degree of the refrigerant circuit (20)
from the normal state based on the first index
value and the second index value, and

the determination unit (67) is configured to de-
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termine whether the refrigerant has leaked or
estimate the refrigerant leakage occurrence
time based on the deviation degree of the refrig-
erant circuit (20) from the normal state.

The refrigerant leakage determination device (60)
according to claim 1, wherein the calculator (66) is
configured to detect the deviation degree of the re-
frigerant circuit (20) from the normal state based on
adeviation degree between the first index value and
the second index value.

The refrigerant leakage determination device (60)
according to claim 1 or 2, wherein

the data related to operation of the refrigeration ap-
paratus (1) in the first period include data for one
day, and

the data related to operation of the refrigeration ap-
paratus (1) in the second period include data for ten
days or more and thirty days or less.

The refrigerant leakage determination device ac-
cording to claim 3, wherein

the data related to operation of the refrigeration ap-
paratus (1) in the first period include twenty-four data
sets, and

the data related to operation of the refrigeration ap-
paratus (1) in the second period include two hundred
and forty data sets or more and seven hundred and
twenty data sets or less.

The refrigerant leakage determination device ac-
cording to any one of claims 1 to 4, wherein

the calculator (66) is configured to calculate the first
index value from a moving average of the data re-
lated to operation of the refrigeration apparatus (1)
in the first period, and

the calculator (66) is configured to calculate the sec-
ond index value from a moving average of the data
related to operation of the refrigeration apparatus (1)
in the second period.

The refrigerant leakage determination device ac-
cording to any one of claims 1 to 5, wherein each of
the first index value and the second index value in-
cludes one of an estimated value of a discharge side
refrigerant temperature of the compressor (11), an
actual value of the discharge side refrigerant tem-
perature of the compressor (11), or a discharge side
refrigerant temperature index that is calculated
based on the estimated value of the discharge side
refrigerant temperature of the compressor (11) and
the actual value of the discharge side refrigerant tem-
perature of the compressor (11).

The refrigerant leakage determination device ac-
cording to claim 5, wherein the calculator (66) is con-
figured to calculate an estimated value of adischarge
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side refrigerant temperature of the compressor (11)
for each power source frequency and power source
voltage of a power source, whichis a source of power
supplied to the refrigeration apparatus (1), using a
regression analysis, wherein a variable for the re-
gression analysis is at least one of a condensation
temperature, an evaporation temperature, an open-
ing degree of an expansion valve (14A, 14B) that is
the decompression device, an operating frequency
of the compressor (11), or a rotational speed of the
compressor (11) when an amount of refrigerant con-
tained in the refrigerant circuit (20) is in an appropri-
ate range.

The refrigerant leakage determination device ac-
cording to any one of claims 1 to 7, wherein the cal-
culator (66) is configured to calculate the first index
value and the second index value from data exclud-
ing at least one of data in a section in which the re-
frigeration apparatus (1) is stopped, data in a section
immediately after activation of the compressor (11),
data in a section immediately after deactivation of
the compressor (11), ordata in a sectionimmediately
after operation of the compressor (11) is switched.

The refrigerant leakage determination device ac-
cording to any one of claims 1 to 7, wherein the cal-
culator (66) is configured to calculate the first index
value and the second index value using alternative
data to at least one of data in a section in which the
refrigeration apparatus (1) is stopped, data in a sec-
tion immediately after activation of the compressor
(11), data in a section immediately after deactivation
of the compressor (11), or data in a section immedi-
ately after operation of the compressor (11) is
switched.

The refrigerant leakage determination device ac-
cording to claim 9, wherein the alternative data is a
predetermined representative value or a value be-
fore or after the section that uses the alternative data
among the section in which the refrigeration appa-
ratus (1) is stopped, the section immediately after
activation of the compressor (11), the section imme-
diately after deactivation of the compressor (11), or
the section immediately after operation of the com-
pressor (11) is switched.

The refrigerant leakage determination device ac-
cording to any one of claims 1 to 10, wherein the
calculator (66) is configured to calculate a deviation
degree between the firstindex value and the second
index value based on at least one of a standard de-
viation, skewness, likelihood, kurtosis, oran average
that is obtained using the first index value and the
second index value.

The refrigerant leakage determination device ac-
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cording to any one of claims 1 to 11, wherein

the refrigeration apparatus (1) further includes a no-
tification unit (52) that issues a notification of a de-
termination result of whether the refrigerant has
leaked or a notification of an estimation result of the
refrigerant leakage occurrence time, and

the notification unit (52) is configured to issue a no-
tification of a determination result of whether the re-
frigerant has leaked or a notification of an estimation
result of the refrigerant leakage occurrence time at
least one of when there is a user request, when the
refrigeration apparatus (1) or the refrigerant leakage
determination device (60) is powered on, or when a
pre-trip inspection of the refrigeration apparatus (1)
is conducted.

Arefrigeration apparatus, comprising: the refrigerant
leakage determination device (60) according to any
one of claims 1 to 12.

The refrigeration apparatus according to claim 13,
wherein

the refrigeration apparatus is a transporting refriger-
ation apparatus (1),

the transporting refrigeration apparatus (1) further
includes a notification unit (52) configured to issue
a notification of a determination result of whether the
refrigerant has leaked or a notification of an estima-
tion result of the refrigerant leakage occurrence time,
and

the notification unit (52) is configured to issue a no-
tification of a determination result of whether the re-
frigerant has leaked or a notification of an estimation
result of the refrigerant leakage occurrence time at
least one of when there is a user request, when the
transporting refrigeration apparatus (1) or the refrig-
erant leakage determination device (60) is powered
on, when transportation of the transporting refriger-
ation apparatus (1) is completed, or when a pre-trip
inspection of the transporting refrigeration apparatus
(1) is conducted.

A method for determining a refrigerant leakage of a
refrigeration apparatus (1), the refrigeration appara-
tus (1) including a refrigerant circuit (20), and the
refrigerant circuit (20) including a compressor (11),
a condenser (12), a decompression device (14A,
14B), and an evaporator (13) and being configured
so that a refrigerant circulates through the compres-
sor (11), the condenser (12), the decompression de-
vice (14A, 14B), and the evaporator (13), the method
comprising:

storing data related to operation of the refriger-
ation apparatus (1);

calculating a first index value from data related
to operation of the refrigeration apparatus (1) in
afirst period and calculating a second index val-
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ue from data related to operation of the refriger-
ation apparatus (1) in a second period that dif-
fers in length from the first period;

calculating a deviation degree of the refrigerant
circuit (20) from a normal state based on the first
index value and the second index value; and
determining whether the refrigerant has leaked
or estimating a refrigerant leakage occurrence
time based on the deviation degree of the refrig-
erant circuit (20) from the normal state.
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