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(57) A management system (100) targets a refrigera-
tion cycle apparatus (1) having an outdoor unit (10) and a
cooling unit (60). The management system (100) has a
processor (111) and a storage (116). The processor (111)
is configured to acquire a physical quantity relating to a
refrigerant in a refrigerant circuit at an acquisition time

and calculate an acquisition-time capacity of the outdoor
unit (10) based on the physical quantity acquired. The
storage (116) is configured to store operating information
that is based on an acquisition-time outdoor air tempera-
ture and the acquisition-time capacity.

EP
4

81
8

59
2

A
1

Processed by Luminess, 75001 PARIS (FR)



2

1 EP 4 818 592 A1 2

Description

TECHNICAL FIELD

[0001] The present disclosure relates to a manage-
ment system and a management method for a refrigera-
tion cycle apparatus.

BACKGROUND ART

[0002] Refrigeration cycle apparatuses including a
heat-source-side unit and a utilization-side unit have
been known. Patent Document 1 discloses a refrigeration
cycle apparatus including one outdoor unit (heat-source-
side unit) and a plurality of display cases (utilization-side
units). The refrigeration cycle apparatus of Patent Docu-
ment 1 includes a controller that communicates with the
outdoor unit and the display cases.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2022‑43465

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0004] When configuring a refrigeration cycle appara-
tus, a heat-source-side unit having a cooling capacity
adapted to the usage conditions of the refrigeration cycle
apparatus is selected. Examples of the usage conditions
of the refrigeration cycle apparatus include the number of
the utilization-side units, the model of the utilization-side
units, and the climate at the installation site of the refrig-
eration cycle apparatus.
[0005] The actual usage conditions after the installa-
tion of the refrigeration cycle apparatus include items that
are unknown prior to the installation of the refrigeration
cycle apparatus. Thus, when configuring a refrigeration
cycle apparatus, a heat-source-side unit having an ex-
cessive cooling capacity relative to the expected cooling
load is often selected to avoid insufficient cooling capa-
city of the heat-source-side unit. As a result, the heat-
source-side unit of the refrigeration cycle apparatus after
installation is considered to operate at a cooling capacity
significantly lower than its maximum capacity for most of
the year. However, until now, the state of the heat-source-
side unit in the refrigeration cycle apparatus after instal-
lation has not been accurately determined.
[0006] It is an object of the present disclosure to de-
termine the state of a heat-source-side unit in an installed
refrigeration cycle apparatus.

SOLUTION TO THE PROBLEM

[0007] A first aspect of the present disclosure is direc-
ted to a management system (100) targeting a refrigera-
tion cycle apparatus (1) having a refrigerant circuit (6) that
includes a heat-source-side unit (10) and at least one
utilization-side unit (60), the heat-source-side unit (10)
including a heat exchanger (13) configured to allow heat
exchange between outdoor air and a refrigerant, the
management system (100) including: a processor (111)
configured to acquire a physical quantity relating to the
refrigerant in the refrigerant circuit (6) and calculate an
acquisition-time capacity based on the physical quantity
acquired, the acquisition-time capacity being a cooling
capacity exhibited by the heat-source-side unit (10) at an
acquisition time at which the physical quantity is ac-
quired; and a storage (116) configured to store operating
information that is based on an acquisition-time outdoor
air temperature, which is a temperature of the outdoor air
at the acquisition time, and on the acquisition-time ca-
pacity calculated by the processor (111).
[0008] According to the first aspect, the processor
(111) calculates the acquisition-time capacity of the
heat-source-side unit (10) at the acquisition time. The
storage (116) stores the operating information. The op-
erating information is information based on the acquisi-
tion-time outdoor air temperature and the acquisition-
time capacity both at the acquisition time. Thus, the state
of the heat-source-side unit (10) of the refrigeration cycle
apparatus (1), which is installed and in actual operation,
can be determined.
[0009] A second aspect of the present disclosure is an
embodiment of the first aspect. In the second aspect, a
maximum value of the cooling capacity that can be ex-
hibited by the heat-source-side unit (10) at the acquisi-
tion-time outdoor air temperature is an acquisition-time
maximum capacity, and the operating information in-
cludes a capacity index indicating a relationship between
the acquisition-time capacity and the acquisition-time
maximum capacity.
[0010] According to the second aspect, the storage
(116) stores the operating information including the ca-
pacity index.
[0011] A third aspect of the present disclosure is an
embodiment of the second aspect. In the third aspect, the
capacity index is a ratio of the acquisition-time capacity to
the acquisition-time maximum capacity, or a difference
between the acquisition-time maximum capacity and the
acquisition-time capacity.
[0012] According to the third aspect, the capacity index
included in the operating information is the "ratio of the
acquisition-time capacity to the acquisition-time maxi-
mum capacity" or the "difference between the acquisi-
tion-time maximum capacity and the acquisition-time
capacity."
[0013] A fourth aspect of the present disclosure is an
embodiment of any one of the first to third aspects. In the
fourth aspect, the processor (111) acquires the physical
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quantity at each of a plurality of the acquisition times and
calculates the acquisition-time capacity at each of the
plurality of acquisition times, and the operating informa-
tion is information based on the acquisition-time outdoor
air temperature and the acquisition-time capacity at each
of the plurality of acquisition times.
[0014] According to the fourth aspect, the processor
(111) calculates the acquisition-time capacity at each of
the plurality of acquisition times. The storage (116) stores
the operating information that is based on the acquisition-
time outdoor air temperature and the acquisition-time
capacity both at each of the plurality of acquisition times.
[0015] A fifth aspect of the present disclosure is an
embodiment of the second or third aspect. In the fifth
aspect, the processor (111) acquires the physical quan-
tity at each of a plurality of the acquisition times and
calculates the acquisition-time capacity at each of the
plurality of acquisition times, and the operating informa-
tion is a bivariate frequency distribution of the acquisition-
time outdoor air temperature and the capacity index at
each of the plurality of acquisition times, in which the
acquisition-time outdoor air temperature is a first variate
and the capacity index is a second variate.
[0016] According to the fifth aspect, the processor
(111) calculates the acquisition-time capacity at each
of the plurality of acquisition times. The storage (116)
stores the bivariate frequency distribution of the acquisi-
tion-time outdoor air temperature and the capacity index
at each of the plurality of acquisition times as the operat-
ing information.
[0017] A sixth aspect of the present disclosure is an
embodiment of the fourth or fifth aspect. In the sixth
aspect, the processor (111) acquires the physical quan-
tity periodically.
[0018] According to the sixth aspect, the processor
(111) acquires the physical quantity relating to the refrig-
erant in the refrigerant circuit (6) periodically.
[0019] A seventh aspect of the present disclosure is an
embodiment of the fourth, fifth, or sixth aspect. In the
seventh aspect, the refrigerant circuit (6) of the refrigera-
tion cycle apparatus (1) as a target includes a plurality of
utilization-side units (60), each of the plurality of utiliza-
tion-side units (60) switches between a cooling state in
which an object is cooled and an inactive state in which
the object is not cooled, and each of the acquisition times
is a time at which all the utilization-side units (60) are in
the cooling state.
[0020] According to the seventh aspect, the processor
(111) acquires the physical quantity relating to the refrig-
erant in the refrigerant circuit (6) at the acquisition time at
which all the utilization-side units (60) are in the cooling
state.
[0021] An eighth aspect of the present disclosure is an
embodiment of the second, third, or fifth aspect. In the
eighth aspect, the storage (116) stores characteristic
information indicating a correlation between the tem-
perature of the outdoor air and the cooling capacity of
the heat-source-side unit (10), and the processor (111)

calculates the acquisition-time maximum capacity based
on the acquisition-time outdoor air temperature and the
characteristic information.
[0022] According to the eighth aspect, the processor
(111) calculates the acquisition-time maximum capacity
based on the characteristic information stored by the
storage (116) and the acquisition-time outdoor air tem-
perature.
[0023] A ninth aspect of the present disclosure is an
embodiment of any one of the first to eighth aspects. In
the ninth aspect, the management system further in-
cludes: a control unit (110) configured to communicate
with the heat-source-side unit (10) based on a first com-
munication protocol and to communicate with the utiliza-
tion-side unit (60) based on a second communication
protocol, wherein the control unit (110) includes the pro-
cessor (111), and the processor (111) communicates with
the heat-source-side unit (10) to acquire the physical
quantity.
[0024] According to the ninth aspect, the management
system (100) has the control unit (110). The processor
(111) provided in the control unit (110) communicates
with the heat-source-side unit (10) to acquire the physical
quantity relating to the refrigerant in the refrigerant circuit
(6).
[0025] A tenth aspect of the present disclosure is
directed to a management method targeting a refrigera-
tion cycle apparatus (1) having a refrigerant circuit (6) that
includes a heat-source-side unit (10) and a utilization-
side unit (60), the heat-source-side unit (10) including a
heat exchanger (13) configured to allow heat exchange
between outdoor air and a refrigerant, the method includ-
ing: a processing step of acquiring a physical quantity
relating to the refrigerant in the refrigerant circuit (6) at an
acquisition time, and calculating an acquisition-time ca-
pacity based on the physical quantity acquired, the ac-
quisition-time capacity being a cooling capacity exhibited
by the heat-source-side unit (10) at the acquisition time;
and a storage step of storing, in a storage medium,
operating information that is based on an acquisition-
time outdoor air temperature, which is a temperature of
the outdoor air at the acquisition time, and on the acquisi-
tion-time capacity calculated in the processing step.
[0026] According to the tenth aspect, in the processing
step, the acquisition-time capacity of the heat-source-
side unit (10) at the acquisition time is calculated. In the
storage step, the operating information is recorded on the
storage medium. The operating information is informa-
tion based on the acquisition-time outdoor air tempera-
ture and the acquisition-time capacity both at the acquisi-
tion time. Thus, the state of the heat-source-side unit (10)
of the refrigeration cycle apparatus (1), which is installed
and in actual operation, can be determined.

BRIEF DESCRIPTION OF THE DRAWINGS
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[FIG. 1] FIG. 1 is a configuration diagram showing
schematic configurations of a management system
and a refrigeration cycle apparatus.
[FIG. 2] FIG. 2 is a piping diagram illustrating a
configuration of a refrigerant circuit of the refrigera-
tion cycle apparatus.
[FIG. 3] FIG. 3 is a Mollier diagram (pressure-en-
thalpy diagram) showing a refrigeration cycle per-
formed by the refrigeration cycle apparatus.
[FIG. 4] FIG. 4 is a block diagram showing a config-
uration of the management system.
[FIG. 5] FIG. 5 is a flowchart illustrating processes
performed by the management system.
[FIG. 6] FIG. 6 shows an exemplary bivariate fre-
quency distribution stored as operating information
by a storage of the management system.
[FIG. 7] FIG. 7 is a piping diagram illustrating a
configuration of a refrigerant circuit of a refrigeration
cycle apparatus according to a first variation.

DESCRIPTION OF EMBODIMENTS

[0028] An embodiment will be described.
[0029] As illustrated in FIG. 1, a management system
(100) of this embodiment includes a control unit (110) and
a storage unit (115). The management system (100) of
this embodiment targets a refrigeration cycle apparatus
(1).

‑ Refrigeration Cycle Apparatus -

[0030] The refrigeration cycle apparatus (1) to be man-
aged by the management system (100) of this embodi-
ment will be described with reference to FIG. 1 and FIG. 2.
[0031] The refrigeration cycle apparatus (1) is installed
in a store such as a supermarket. The refrigeration cycle
apparatus (1) includes one outdoor unit (10) and a plur-
ality of cooling units (60). The number of the cooling units
(60) illustrated in FIG. 1 and FIG. 2 is merely an example.
[0032] The outdoor unit (10) is a heat-source-side unit
installed outdoors. The cooling units (60) are utilization-
side units installed indoors. The cooling units (60) cool air
as a target. Examples of the cooling units (60) include a
refrigeration display case, a freezing display case, and a
unit cooler installed in a refrigerator.
[0033] The refrigeration cycle apparatus (1) includes a
refrigerant circuit (6). In the refrigerant circuit (6), the one
outdoor unit (10) and the plurality of cooling units (60) are
connected through a liquid connection pipe (4) and a gas
connection pipe (5). In the refrigerant circuit (6), the
plurality of cooling units (60) are connected to each other
in parallel.
[0034] The refrigerant circuit (6) is filled with carbon
dioxide as a refrigerant. The refrigerant used to fill the
refrigerant circuit (6) is not limited to carbon dioxide. The
refrigerant circuit (6) may be filled with a fluorocarbon
refrigerant.

‑ Outdoor Unit -

[0035] The outdoor unit (10) includes an outdoor circuit
(11), an outdoor controller (45), an outdoor fan (12), and
an air-supply fan (17a). The outdoor fan (12) is a fan for
supplying outdoor air to an outdoor heat exchanger (13)
which will be described later. The air-supply fan (17a) is a
fan for supplying outdoor air to an intercooler (17) which
will be described later. The outdoor circuit (11) and the
outdoor controller (45) will be described later.

<Outdoor Circuit>

[0036] The outdoor circuit (11) includes a low-stage
compressor (22), a high-stage compressor (21), the out-
door heat exchanger (13), an outdoor expansion valve
(14a), a receiver (15), a subcooling heat exchanger (16),
the intercooler (17), a liquid-side shutoff valve (18a), and
a gas-side shutoff valve (18b). The outdoor circuit (11)
also includes an injection pipe (38), a venting pipe (37),
and a low-stage pipe (24b).
[0037] The liquid-side shutoffvalve (18a) is disposed at
one end of the outdoor circuit (11). The gas-side shutoff
valve (18b) is disposed at the other end of the outdoor
circuit (11). In the outdoor circuit (11), the low-stage
compressor (22), the intercooler (17), the high-stage
compressor (21), the outdoor heat exchanger (13), the
outdoor expansion valve (14a), the receiver (15), and the
subcooling heat exchanger (16) are arranged sequen-
tially from the gas-side shutoff valve (18b) toward the
liquid-side shutoff valve (18a).
[0038] The high-stage compressor (21) and the low-
stage compressor (22) are rotary compressors each
including a compression mechanism that is driven by a
motor. The compressors (21, 22) are hermetic scroll
compressors, for example. The high-stage compressor
(21) and the low-stage compressor (22) are configured
as capacity-variable-type compressors each including a
compression mechanism of which the rotational speed
can be changed.
[0039] The outdoor heat exchanger (13) is a heat ex-
changer that allows heat exchange between the refrig-
erant and outdoor air. The outdoor heat exchanger (13) is
a fin-and-tube air heat exchanger. The outdoor heat
exchanger (13) allows heat exchange between the re-
frigerant discharged from the high-stage compressor
(21) and the outdoor air.
[0040] The outdoor expansion valve (14a) is an elec-
tronic expansion valve having a variable opening degree.
The receiver (15) is a container member that stores the
refrigerant.
[0041] The subcooling heat exchanger (16) is, for
example, a plate heat exchanger. The subcooling heat
exchanger (16) has a first flow path (16a) and a second
flow path (16b). The first flow path (16a) is provided in a
pipe connecting the receiver (15) and the liquid-side
shutoff valve (18a). The second flow path (16b) is pro-
vided in the injection pipe (38). The subcooling heat
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exchanger (16) exchanges heat between the refrigerant
flowing through the first flow path (16a) and the refriger-
ant flowing through the second flow path (16b).
[0042] The intercooler (17) is a heat exchanger that
allows heat exchange between the refrigerant and out-
door air. The intercooler (17) is a fin-and-tube air heat
exchanger. The intercooler (17) allows heat exchange
between the refrigerant discharged from the low-stage
compressor (22) and the outdoor air.
[0043] One end of the injection pipe (38) is connected
to a pipe connecting the first flow path (16a) of the
subcooling heat exchanger (16) and the liquid-side shut-
off valve (18a). The other end of the injection pipe (38) is
connected to a pipe connecting the intercooler (17) and
the high-stage compressor (21). As described above, the
second flow path (16b) of the subcooling heat exchanger
(16) is provided in the injection pipe (38).
[0044] The injection pipe (38) is provided with a de-
compression valve (40). The decompression valve (40) is
disposed upstream of the subcooling heat exchanger
(16) in the injection pipe (38). The decompression valve
(40) is an electronic expansion valve having a variable
opening degree.
[0045] One end of the venting pipe (37) is connected to
the top of the receiver (15). The other end of the venting
pipe (37) is connected to the downstream of the subcool-
ing heat exchanger (16) in the injection pipe (38). A
venting valve (39) is provided with the venting pipe
(37). The venting valve (39) is an electronic expansion
valve having a variable opening degree.
[0046] The low-stage pipe (24b) is arranged in parallel
with the low-stage compressor (22). One end of the low-
stage pipe (24b) is connected to a pipe connecting the
low-stage compressor (22) and the gas-side shutoff
valve (18b). The other end of the low-stage pipe (24b)
is connected to a pipe connecting the low-stage com-
pressor (22) and the intercooler (17). The low-stage pipe
(24b) is provided with a check valve (CV8). The check
valve (CV8) allows refrigerant to flow from one end to-
ward the other end of the low-stage pipe (24b) and shuts
off the flow of the refrigerant in the reverse direction.
[0047] A pipe connecting the high-stage compressor
(21) and the outdoor heat exchanger (13) is provided with
a check valve (CV1). The check valve (CV1) allows
refrigerant to flow from the high-stage compressor (21)
toward the outdoor heat exchanger (13) and shuts off the
flow of the refrigerant in the reverse direction.

<Sensor>

[0048] The outdoor unit (10) includes a plurality of
sensors. These sensors include a high-pressure sensor
(71), an intermediate-pressure sensor (72), a low-pres-
sure sensor (73), a liquid refrigerant pressure sensor
(75), a high-stage suction temperature sensor (77), a
low-stage suction temperature sensor (78), a liquid re-
frigerant temperature sensor (76), and an outdoor air
temperature sensor (79).

[0049] The high-pressure sensor (71) is connected to a
discharge pipe of the high-stage compressor (21). The
high-pressure sensor (71) measures the pressure of the
refrigerant discharged by the high-stage compressor
(21).
[0050] The intermediate-pressure sensor (72) is con-
nected to the pipe connecting the intercooler (17) and the
high-stage compressor (21). The intermediate-pressure
sensor (72) measures the pressure of the refrigerant to
be sucked into the high-stage compressor (21).
[0051] The low-pressure sensor (73) is connected to a
suction pipe of the low-stage compressor (22). The low-
pressure sensor (73) measures the pressure of the re-
frigerant to be sucked into the low-stage compressor
(22).
[0052] The liquid refrigerant pressure sensor (75) is
connected to a pipe connecting the receiver (15) and the
subcooling heat exchanger (16). The liquid refrigerant
pressure sensor (75) measures the pressure of a liquid
refrigerant that has flowed out of the receiver (15).
[0053] The high-stage suction temperature sensor
(77) is attached to a suction pipe of the high-stage com-
pressor (21). The high-stage suction temperature sensor
(77) measures the temperature of the refrigerant to be
sucked into the high-stage compressor (21).
[0054] The low-stage suction temperature sensor (78)
is attached to the suction pipe of the low-stage compres-
sor (22). The low-stage suction temperature sensor (78)
measures the temperature of the refrigerant to be sucked
into the low-stage compressor (22).
[0055] The liquid refrigerant temperature sensor (76) is
attached to the pipe connecting the subcooling heat
exchanger (16) and the liquid-side shutoff valve (18a).
The liquid refrigerant temperature sensor (76) measures
the temperature of the refrigerant that has passed
through the first flow path (16a) of the subcooling heat
exchanger (16).
[0056] The outdoor air temperature sensor (79) is pro-
vided in an air flow path in the outdoor unit (10). The
outdoor air temperature sensor (79) measures the tem-
perature of outdoor air before it passes through the out-
door heat exchanger (13).

<Outdoor Controller>

[0057] The outdoor controller (45) includes a micro-
computer and a memory device. The memory device is a
semiconductor memory. The memory device stores soft-
ware for operating the microcomputer.
[0058] The outdoor controller (45) receives measure-
ment values of the sensors provided in the outdoor unit
(10). The outdoor controller (45) controls the constituent
devices, such as the compressors (21, 22), provided in
the outdoor unit (10) using the received measurement
values of the sensors.
[0059] The outdoor controller (45) is configured to be
capable of communicating with external devices. The
outdoor controller (45) performs wired communication
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with the control unit (110) of the management system
(100). The outdoor controller (45) exchanges signals and
data with the control unit (110).

‑ Cooling Unit -

[0060] Each of the cooling units (60) includes a cooling
circuit (61), a cooling fan (62), and an internal controller
(65). The cooling fan (62) is a fan for supplying inside air
to a cooling heat exchanger (64) which will be described
later.

<Cooling Circuit>

[0061] The cooling circuit (61) is provided with a cool-
ing expansion valve (63) and the cooling heat exchanger
(64) arranged sequentially from the liquid end to the gas
end. The cooling expansion valve (63) is an electronic
expansion valve having a variable opening degree. The
cooling heat exchanger (64) is a fin-and-tube air heat
exchanger. The cooling heat exchanger (64) allows heat
exchange between inside air and the refrigerant.
[0062] The liquid connection pipe (4) is connected to
the liquid end of the cooling circuit (61). The liquid end of
the cooling circuit (61) is connected to the liquid-side
shutoff valve (18a) of the outdoor circuit (11) through
the liquid connection pipe (4). The gas connection pipe
(5) is connected to the gas end of the cooling circuit (61).
The gas end of the cooling circuit (61) is connected to the
gas-side shutoff valve (18b) of the outdoor circuit (11)
through the gas connection pipe (5).

<Internal Controller>

[0063] The internal controller (65) includes a micro-
computer and a memory device. The memory device is a
semiconductor memory. The memory device stores soft-
ware for operating the microcomputer. The internal con-
troller (65) controls the cooling expansion valve (63) and
the cooling fan (62).
[0064] The internal controller (65) is configured to be
capable of communicating with external devices. The
internal controller (65) performs wired communication
with the control unit (110) of the management system
(100). The internal controller (65) exchanges signals and
data with the control unit (110).
[0065] The internal controller (65) switches the cooling
unit (60) between a cooling state and an inactive state
such that the internal temperature falls within a target
range.
[0066] If the internal temperature is higher than the
upper limit of the target range, the internal controller
(65) opens the cooling expansion valve (63) and adjusts
the opening degree of the cooling expansion valve (63).
When the cooling expansion valve (63) is open, the
refrigerant passes through the cooling heat exchanger
(64), and the inside air is cooled by the cooling heat
exchanger (64). Thus, the cooling unit (60) enters a

cooling state.
[0067] If the internal temperature is lower than the
lower limit of the target range, the internal controller
(65) maintains the cooling expansion valve (63) in a
closed state. When the cooling expansion valve (63) is
closed, the refrigerant does not pass through the cooling
heat exchanger (64), and the inside air is not cooled by
the cooling heat exchanger (64). Thus, the cooling unit
(60) enters an inactive state.

‑ Operation of Refrigeration Cycle Apparatus -

[0068] Operation of the refrigeration cycle apparatus
(1) will be described. The refrigeration cycle apparatus
(1) causes the refrigerant to circulate through the refrig-
erant circuit (6), thereby performing a refrigeration cycle.
In the refrigerant circuit (6), the outdoor heat exchanger
(13) of the outdoor unit (10) functions as a radiator, and
the cooling heat exchangers (64) of the cooling units (60)
function as evaporators.
[0069] The refrigeration cycle performed by the refrig-
eration cycle apparatus (1) will be described with refer-
ence to the Mollier diagram of FIG. 3.
[0070] In the refrigerant circuit (6), the refrigerant in the
state at point A is sucked into the low-stage compressor
(22). The refrigerant in the state at point A is compressed
to the state at point B in the low-stage compressor (22).
The refrigerant in the state at point B discharged from the
low-stage compressor (22) dissipates heat to outdoor air
in the intercooler (17) to be in the state at point C. In the
refrigerant circuit (6), the refrigerant in the state at point C
and the refrigerant having passed through the injection
pipe (38) merge to be in the state at point D. The refrig-
erant in the state at point D is sucked into the high-stage
compressor (21) and is compressed to be in the state at
point E.
[0071] The refrigerant in the state at point E flows into
the outdoor heat exchanger (13) and dissipates heat to
outdoor air to be in the state at point F. The refrigerant in
the state at point F is decompressed while passing
through the outdoor expansion valve (14a) to be in the
state at point G. The refrigerant in the state at point G
flows into the receiver (15) and is separated into a satu-
rated liquid refrigerant in the state at point H and a
saturated gas refrigerant in the state at point I.
[0072] The refrigerant in the state at point H flows into
the first flow path (16a) of the subcooling heat exchanger
(16) and dissipates heat to the refrigerant flowing through
the second flowpath (16b) to be in the stateat point J. Part
of the refrigerant in the state at point J flows into the
injection pipe (38), while the rest of the refrigerant flows
into the liquid connection pipe (4).The refrigerant that has
flowed into the liquid connection pipe (4) flows into the
cooling circuits (61) of the cooling units (60).
[0073] The refrigerant in the state at point J that has
flowed into the respective cooling circuits (61) is decom-
pressed while passing through the cooling expansion
valve (63) to be in the state at point K. The refrigerant
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in the state at point K flows into the cooling heat exchan-
ger (64), and absorbs heat from the inside air and eva-
porates to be in the state at point A. Each of the cooling
units (60) blows the inside air cooled in the cooling heat
exchanger (64) into the inside space. The refrigerant in
the state at point A flows into the outdoor circuit (11)
through the gas connection pipe (5) and is sucked into the
low-stage compressor (22).
[0074] The refrigerant in the state at point J that has
flowed into the injection pipe (38) is decompressed while
passing through the decompression valve (40) to be in
the state at point L. The refrigerant in the state at point L
flows into the second flow path (16b) of the subcooling
heat exchanger (16), and absorbs heat from the refrig-
erant flowing through the first flow path (16a) and eva-
porates to be in the state at point M.
[0075] The refrigerant in the state at point I that has
flowed from the receiver (15) into the venting pipe (37) is
decompressed while passing through the venting valve
(39) to be in the state at point N, and then flows into the
injection pipe (38). In the injection pipe (38), the refrig-
erant in the state at point M that has flowed out of the
second flow path (16b) of the subcooling heat exchanger
(16) and the refrigerant in the state at point N that has
flowed in from the venting pipe (37) merge. The refrig-
erant in the state at point M and the refrigerant in the state
at point N that have merged in the injection pipe (38) are
sucked into the high-stage compressor (21) together with
the refrigerant in the state at point C that has flowed out of
the intercooler (17).

‑ Management System -

[0076] The management system (100) of this embodi-
ment will be described with reference to FIG. 1 and FIG. 4.
[0077] The management system (100) includes the
control unit (110) and the storage unit (115). The control
unit (110) is installed in a store, such as a supermarket,
together with the refrigeration cycle apparatus (1) to be
managed by the management system (100). The control
unit (110) controls operation of the refrigeration cycle
apparatus (1). The storage unit (115) is installed at a
location away from the store where the control unit (110)
is installed. In the management system (100), the control
unit (110) and the storage unit (115) are communicably
connected to each other via a telecommunication line
(200) such as the Internet.

<Control Unit>

[0078] The control unit (110) performs wired commu-
nication with the outdoor controller (45) of the outdoor unit
(10). The control unit (110) transmits and receives signals
and data to and from the outdoor controller (45) based on
a first communication protocol. The control unit (110) also
performs wired communication with the internal control-
lers (65) of the respective cooling units (60). The control
unit (110) transmits and receives signals and data to and

from the respective internal controllers (65) based on a
second communication protocol different from the first
communication protocol. Thus, even if the manufacturer
of the outdoor unit (10) differs from the manufacturer of
the cooling units (60), the control unit (110) can commu-
nicate with both the outdoor unit (10) and the cooling units
(60).
[0079] The control unit (110) of the management sys-
tem (100) of the present embodiment includes a proces-
sor (111). The processor (111) is implemented by a
microprocessor provided in the control unit (110). The
microprocessor functions as the processor (111) by ex-
ecuting an application program.

<Storage Unit>

[0080] The storage unit (115) is implemented, for ex-
ample, by a personal computer, a mainframe computer
for use as a server, or a cloud storage. The storage unit
(115) includes a storage (116). The storage (116) is
implemented by a storage medium. Examples of the
storage medium forming the storage (116) include a hard
disk drive (HDD) and a solid state drive (SSD).

‑ Processes Performed By Management System -

[0081] The refrigeration cycle apparatus (1) to be man-
aged by the management system (100) of this embodi-
ment operates continuously unless trouble, such as a
failure, occurs. While the refrigeration cycle apparatus (1)
is in operation, the management system (100) monitors
the operating state of the refrigeration cycle apparatus (1)
through a management method.

<Process Performed By Control Unit>

[0082] The processor (111) of the control unit (110)
performs a data generation process. The data generation
process is a process for generating data forming operat-
ing information which will be described later. The data
generation process is a processing step of the manage-
ment method to be executed by the management system
(100).
[0083] The processor (111) performs the data genera-
tion process at each of a plurality of acquisition times. The
processor (111) of this embodiment periodically performs
the data generation process. The processor (111) per-
forms the data generation process, for example, every
hour.
[0084] As shown in FIG. 5, the data generation process
includes an acquisition process, first to fourth calculation
processes, and a transmission process. In the data gen-
eration process, the processor (111) performs the acqui-
sition process, the first calculation process, the second
calculation process, the third calculation process, the
fourth calculation process, and the transmission process
in order.
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(Acquisition Process)

[0085] The acquisition process will be described. This
acquisition process is a processing step of the manage-
ment method to be executed by the management system
(100).
[0086] In the acquisition process, the processor (111)
acquires, from the outdoor unit (10), a measurement
value PA of the low-pressure sensor (73), a measurement
value TA of the low-stage suction temperature sensor
(78), a measurement value PJ of the liquid refrigerant
pressure sensor (75), and a measurement value TJ of the
liquid refrigerant temperature sensor (76).
[0087] The measurement value PA of the low-pressure
sensor (73) and the measurement value TA of the low-
stage suction temperature sensor (78) are the pressure
and temperature of the refrigerant to be sucked into the
low-stage compressor (22) (the refrigerant in the state at
point A in FIG. 3). The measurement value PJ of the liquid
refrigerant pressure sensor (75) and the measurement
value TJ of the liquid refrigerant temperature sensor (76)
are the pressure and temperature of the refrigerant to be
supplied to the cooling units (60) from the outdoor unit
(10) (the refrigerant in the state at point J in FIG. 3). These
measurement values PA, TA, PJ, and TJ are physical
quantities relating to the refrigerant in the refrigerant
circuit (6).
[0088] In the acquisition process, the processor (111)
also acquires, from the outdoor unit (10), the operation
frequency fL of the low-stage compressor (22) and the
measurement value TO of the outdoor air temperature
sensor (79).
[0089] The operation frequency fL of the low-stage
compressor (22) is the frequency of an alternating current
to be supplied to a motor of the low-stage compressor
(22). The measurement value TO of the outdoor air
temperature sensor (79) is the temperature of outdoor
air before it passes through the outdoor heat exchanger
(13) of the outdoor unit (10). The acquired measurement
value TO of the outdoor air temperature sensor (79) at
each acquisition time is an acquisition-time outdoor air
temperature.

(First Calculation Process)

[0090] The first calculation process will be described.
The first calculation process is a first calculation step of
the management method executed by the management
system (100).
[0091] The processor (111) stores physical property
data on the refrigerant (carbon dioxide in this embodi-
ment) filling the refrigerant circuit (6) of the refrigeration
cycle apparatus (1) in advance. The processor (111)
calculates the density ρA and the specific enthalpy hA
using: the measurement value PA of the low-pressure
sensor (73) and the measurement value TA of the low-
stage suction temperature sensor (78) both acquired in
the acquisition process; and the physical property data

on the refrigerant stored in advance.
[0092] The density ρA and the specific enthalpy hA
calculated by the processor (111) are the density and
the specific enthalpy of the refrigerant to be sucked into
the low-stage compressor (22) (the refrigerant in the state
at point A in FIG. 3). The specific enthalpy hA calculated
by the processor (111) is substantially equal to the spe-
cific enthalpy of the refrigerant that has flowed out of the
cooling heat exchangers (64) of the cooling units (60).
[0093] The processor (111) calculates the specific en-
thalpy hJ using: the measurement value PJ of the liquid
refrigerant pressure sensor (75) and the measurement
value TJ of the liquid refrigerant temperature sensor (76)
both acquired in the acquisition process; and the physical
property data on the refrigerant stored in advance.
[0094] The specific enthalpy hJ calculated by the pro-
cessor (111) is the specific enthalpy of the refrigerant to
be supplied to the cooling units (60) from the outdoor unit
(10) (the refrigerant in the state at point J in FIG. 3). The
specific enthalpy hJ calculated by the processor (111) is
substantially equal to the specific enthalpy hK of the
refrigerant flowing into the cooling heat exchangers
(64) of the cooling units (60) (hJ = hK).

(Second Calculation Process)

[0095] The second calculation process will be de-
scribed. The second calculation process is a second
calculation step of the management method executed
by the management system (100).
[0096] The processor (111) stores, in advance, the
volume VL of the refrigerant to be sucked by the low-
stage compressor (22) per revolution. The processor
(111) calculates the rotational speed NL of the low-stage
compressor (22) based on the operation frequency fL of
the low-stage compressor (22) acquired in the acquisition
process.
[0097] The processor (111) calculates the mass flow
rate G of the refrigerant to be sucked into the low-stage
compressor (22) based on the densityρA calculated in the
first calculation process, the rotational speed NL calcu-
lated in the second calculation process, the volume VL
stored in advance, and the following Formula 1. The
mass flow rate G is equal to the sum of the mass flow
rates of the refrigerant that has passed through the cool-
ing heat exchangers (64) of the cooling units (60).

(Third Calculation Process)

[0098] The third calculation process will be described.
The third calculation process is a third calculation step of
the management method executed by the management
system (100).
[0099] The processor (111) stores, in advance, char-
acteristic information on the outdoor unit (10) forming the
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refrigeration cycle apparatus (1). The characteristic in-
formation on the outdoor unit (10) stored in the processor
(111) is information indicating a correlation between the
temperature of outdoor air and the cooling capacity of the
outdoor unit (10).
[0100] More specifically, the characteristic information
on the outdoor unit (10) stored in the processor (111) is
information indicating a correlation between a value of
the temperature of the outdoor air and the maximum
value of the cooling capacity that can be exhibited by
the outdoor unit (10) when the temperature of the outdoor
air is that value. The characteristic information may be,
for example, data in which the temperature of the outdoor
air and the maximum value of the cooling capacity are
associated with each other, or may be a correlation
formula indicating the maximum value of the cooling
capacity as a function of the temperature of the outdoor
air.
[0101] The processor (111) calculates the acquisition-
time maximum capacity Qmax based on the acquisition-
time outdoor air temperature acquired in the acquisition
process (= the measurement value TO of the outdoor air
temperature sensor (79)) and the characteristic informa-
tion on the outdoor unit (10) stored in advance. For
example, if the characteristic information is the above-
mentioned correlation formula, the processor (111) cal-
culates the acquisition-time maximum capacity Qmax by
substituting the acquisition-time outdoor air temperature
TO into the correlation formula. The acquisition-time
maximum capacity Qmax is the maximum value of the
cooling capacity that can be exhibited by the outdoor unit
(10) when the temperature of the outdoor air is the
acquisition-time outdoor air temperature TO (in other
words, at an acquisition time).
[0102] The processor (111) calculates the cooling ca-
pacity Q of the outdoor unit (10) based on the specific
enthalpy hA and the specific enthalpy hK calculated in the
first calculation process, the mass flow rate G calculated
in the second calculation process, and the following
Formula 2.

[0103] The cooling capacity Q calculated in the third
calculation process is the sum of the amounts of heat
which the refrigerant has absorbed from the inside air in
the cooling heat exchangers (64) of the cooling units (60).
The cooling capacity Q is the acquisition-time capacity of
the outdoor unit (10). The acquisition-time capacity is the
cooling capacity exhibited by the outdoor unit (10) at the
acquisition time.

(Fourth Calculation Process)

[0104] The fourth calculation process will be de-
scribed. The fourth calculation process is a fourth calcu-
lation step of the management method executed by the

management system (100).
[0105] The processor (111) calculates the capacity
index IQ based on the acquisition-time capacity Q and
the acquisition-time maximum capacity Qmax calculated
in the third calculation process and the following Formula
3. The capacity index IQ calculated by the processor (111)
of this embodiment is the ratio of the acquisition-time
capacity Q to the acquisition-time maximum capacity
Qmax.

(Transmission Process)

[0106] The transmission process will be described.
The transmission process is a transmission step of the
management method executed by the management sys-
tem (100).
[0107] The processor (111) transmits data in which the
acquisition-time outdoor air temperature TO acquired in
the acquisition process and the capacity index IQ calcu-
lated in the fourth calculation process are paired, to the
storage unit (115).

<Process Performed by Storage Unit>

[0108] The storage unit (115) performs a data accu-
mulation process. The data accumulation process is a
process for adding data transmitted by the processor
(111) of the control unit (110) to the operating information
stored in the storage (116). The data accumulation pro-
cess is a storage step of the management method exe-
cuted by the management system (100).
[0109] The operating information stored in the storage
(116) is a "bivariate frequency distribution of the acquisi-
tion-time outdoor air temperature and the capacity index
at respective acquisition times, in which the acquisition-
time outdoor air temperature is a first variate and the
capacity index is a second variate." The operating infor-
mation is information based on the acquisition-time out-
door air temperature, the acquisition-time capacity, and
the acquisition-time maximum capacity. The operating
information includes the capacity index.
[0110] FIG. 6 shows an example of the operating in-
formation stored in the storage (116). The operating
information stored in the storage (116) is information
based on the acquisition-time outdoor air temperature
TO, the acquisition-time capacity Q, and the acquisition-
time maximum capacity Qmax at respective acquisition
times, and indicates the operating state of the outdoor
unit (10) at the acquisition time.
[0111] For example, if the data transmitted by the pro-
cessor (111) indicates (TO = 31°C, IQ = 72%), the storage
unit (115) performs a process for incrementing by one the
frequency in the dot-marked cell, in the bivariate fre-
quency distribution of FIG. 6 stored by the storage
(116) as the data accumulation process.
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‑ Features of Embodiment -

<First Feature>

[0112] In the management system (100) of this embo-
diment, the processor (111) calculates the acquisition-
time capacity of the outdoor unit (10) at each acquisition
time. The storage (116) stores the operating information.
The operating information stored in the storage (116) of
this embodiment is information based on the acquisition-
time outdoor air temperature TO, the acquisition-time
capacity Q, and the acquisition-time maximum capacity
Qmax at each acquisition time. Thus, the state of the
outdoor unit (10) of the refrigeration cycle apparatus
(1), which is installed and in actual operation, can be
determined.

<Second Feature>

[0113] In the management system (100) of this embo-
diment, the processor (111) calculates the acquisition-
time capacity Q at respective acquisition times. In the
management system (100) of this embodiment, the ca-
pacity index IQ is the "ratioof the acquisition-time capacity
Q to the acquisition-time maximum capacity Qmax," and
the storage (116) stores the bivariate frequency distribu-
tion (see FIG. 6) of the acquisition-time outdoor air tem-
perature TO and the capacity index IQ at respective
acquisition times as the operating information.
[0114] If such a bivariate frequency distribution as
shown in FIG. 6 is obtained, it is possible to determine
the operating state of the outdoor unit (10) of the refrig-
eration cycle apparatus (1) actually installed in a store or
the like. For example, it is assumed that a bivariate
frequency distribution as shown in FIG. 6 is obtained
as a result of operation of the refrigeration cycle appa-
ratus (1) for one year. In this case, the capacity index IQ (=
Q/Qmax) exceeded 80% only 28 times in one year (8760
hours). Thus, the cooling capacity of the outdoor unit (10)
has a margin of about 20% of the maximum cooling
capacity.
[0115] For example, if it is determined that the cooling
capacity of the outdoor unit (10) has a margin when an
operator of a store plans to add a refrigeration display
case, a vendor of the refrigeration cycle apparatus can
propose to the store operator that an additional refrigera-
tion display case be connected to the existing outdoor
unit (10) without installing a new outdoor unit. Further,
when installing a new refrigeration cycle apparatus in the
same area, a vendor of the refrigeration cycle apparatus
can propose to the store operator the introduction of an
outdoor unit having a lower maximum cooling capacity
(and therefore a lower cost) than the existing outdoor unit
(10). As described above, if such a bivariate frequency
distribution as shown in FIG. 6 is obtained as the operat-
ing information, it is possible, in businesses involving
refrigeration cycle apparatuses, to present customers
with new proposals that could not previously be pre-

sented.

‑ Variations of Embodiment -

[0116] The management system (100) of the foregoing
embodiment may be modified as follows. The following
variations may be combined or replaced as necessary as
long as the functions of the management system (100)
are not impaired.

<First Variation>

[0117] As illustrated in FIG. 7, a refrigeration cycle
apparatus (1) to be managed by the management system
(100) of this embodiment may include both a cooling unit
(60) and an air-conditioning unit (50) as utilization-side
units. The air-conditioning unit (50) is a unit configured to
provide air conditioning for a space where a person is
present. In the refrigeration cycle apparatus (1) of this
variation, the air-conditioning unit (50) is installed in a
store and provides air conditioning for a sales area of the
store, for example.
[0118] In the refrigeration cycle apparatus (1) of this
variation, a plurality of air-conditioning units (50) are
connected to the outdoor unit (10) via a second liquid
connection pipe (2) and a second gas connection pipe
(3). A first liquid connection pipe (4) and a first gas
connection pipe (5) of the refrigeration cycle apparatus
(1) of this variation correspond to the liquid connection
pipe and the gas connection pipeof the refrigeration cycle
apparatus (1) of the first embodiment.

(Outdoor Unit)

[0119] The following description focuses on the differ-
ences between the outdoor unit (10) included in the
refrigeration cycle apparatus (1) of this variation and
the outdoor unit (10) of the first embodiment.
[0120] The outdoor unit (10) of this variation includes a
second low-stage compressor (23), a second outdoor
expansion valve (14b), a flow path switching mechanism
(30), a second liquid-side shutoff valve (19a), and a
second gas-side shutoff valve (19b). A first low-stage
compressor (22), a first outdoor expansion valve (14a), a
first liquid-side shutoff valve (18a), and a first gas-side
shutoff valve (18b) of the outdoor unit (10) of this variation
correspond to the low-stage compressor, the outdoor
expansion valve, the liquid-side shutoff valve, and the
gas-side shutoff valve of the outdoor unit (10) of the first
embodiment, respectively.
[0121] The outdoor unit (10) of this variation further
includes a first outdoor liquid pipe (33), a second outdoor
liquid pipe (34), a first outdoor gas pipe (35), a second
outdoor gas pipe (36), and a second low-stage pipe (24c).
A first low-stage pipe (24b) of the outdoor unit (10) of this
variation corresponds to the low-stage pipe of the out-
door unit (10) of the first embodiment.
[0122] The second low-stage compressor (23) is a
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hermetic compressor similar to the first low-stage com-
pressor (22). The second outdoor expansion valve (14b)
is an electronic expansion valve similar to the first outdoor
expansion valve (14a).
[0123] The flow path switching mechanism (30) in-
cludes a first switching valve (81) and a second switching
valve (82). The first switching valve (81) and the second
switching valve (82) are four-way switching valves. Each
of the first switching valve (81) and the second switching
valve (82) switches between a first state in which a first
port communicates with a third port and a second port
communicates with a fourth port (indicated by the solid
lines in FIG. 7) and a second state in which the first port
communicates with the fourth port and the second port
communicates with the third port (indicated by the broken
lines in FIG. 7). The third port of the first switching valve
(81) is closed. The fourth port of the second switching
valve (82) is closed.
[0124] The first port of the first switching valve (81) and
the first port of the second switching valve (82) are con-
nected to a discharge pipe of the high-stage compressor
(21). The third port of the second switching valve (82) is
connected to the gas end of the outdoor heat exchanger
(13) through a pipe.
[0125] One end of the first outdoor gas pipe (35) is
connected to the second gas-side shutoff valve (19b).
The other end of the first outdoor gas pipe (35) is con-
nected to the fourth port of the first switching valve (81).
[0126] A first branch end of the second outdoor gas
pipe (36) is connected to the second port of the first
switching valve (81). A second branch end of the second
outdoor gas pipe (36) is connected to the second port of
the second switching valve (82). The other end of the
second outdoor gas pipe (36) is connected to a suction
pipe of the second low-stage compressor (23).
[0127] A second low-pressure sensor (74) is con-
nected to the suction pipe of the second low-stage com-
pressor (23). The second low-pressure sensor (74) mea-
sures the pressure of the refrigerant to be sucked into the
second low-stage compressor (23). A first low-pressure
sensor (73) of the outdoor unit (10) of this variation
corresponds to the low-pressure sensor of the outdoor
unit (10) of the first embodiment.
[0128] A discharge pipe of the second low-stage com-
pressor (23) is connected to the intercooler (17). A pipe
connecting the second low-stage compressor (23) to the
intercooler (17) is provided with a check valve (CV3). The
check valve (CV3) allows refrigerant to flow from the
second low-stage compressor (23) toward the intercooler
(17) and shuts off the flow of the refrigerant in the reverse
direction.
[0129] A pipe connecting the first low-stage compres-
sor (22) to the intercooler (17) is provided with a check
valve (CV2). The check valve (CV2) allows refrigerant to
flow from the first low-stage compressor (22) toward the
intercooler (17) and shuts off the flow of the refrigerant in
the reverse direction.
[0130] The second low-stage pipe (24c) is arranged in

parallel with the second low-stage compressor (23). One
end of the second low-stage pipe (24c) is connected to
the suction pipe of the second low-stage compressor
(23). The other end of the second low-stage pipe (24c)
is connected to the discharge pipe of the second low-
stage compressor (23). The second low-stage pipe (24c)
is provided with a check valve (CV9). The check valve
(CV9) allows refrigerant to flow from one end toward the
other end of the second low-stage pipe (24c) and shuts off
the flow of the refrigerant in the reverse direction.
[0131] The first outdoor liquid pipe (33) includes a first
branch pipe (33a), a second branch pipe (33b), and a
junction pipe (33c). One end of the first branch pipe (33a)
is connected to a pipe connecting the subcooling heat
exchanger (16) and the first liquid-side shutoff valve
(18a). One end of the second branch pipe (33b) is con-
nected to a pipe connecting the first outdoor expansion
valve (14a) and the receiver (15). The other end of each of
the first branch pipe (33a) and the second branch pipe
(33b) is connected to one end of the junction pipe (33c).
The other end of the junction pipe (33c) is connected to
the second liquid-side shutoff valve (19a).
[0132] The first branch pipe (33a) of the first outdoor
liquid pipe (33) is provided with a check valve (CV6). The
check valve (CV6) allows refrigerant to flow from one end
toward the other end of the first branch pipe (33a) and
shuts off the flow of the refrigerant in the reverse direction.
The second branch pipe (33b) of the first outdoor liquid
pipe (33) is provided with a check valve (CV7). The check
valve (CV7) allows refrigerant to flow from the other end
toward one end of the second branch pipe (33b) and
shuts off the flow of the refrigerant in the reverse direction.
The pipe connecting the first outdoor expansion valve
(14a) and the receiver (15) is provided with a check valve
(CV4). The check valve (CV4) allows refrigerant to flow
from the first outdoor expansion valve (14a) toward the
receiver (15) and shuts off the flow of the refrigerant in the
reverse direction.
[0133] One end of the second outdoor liquid pipe (34) is
connected to the pipe connecting the subcooling heat
exchanger (16) and the first liquid-side shutoff valve
(18a). The other end of the second outdoor liquid pipe
(34) is connected to the pipe connecting the first outdoor
expansion valve (14a) and the check valve (CV4). The
second outdoor liquid pipe (34) is provided with the
second outdoor expansion valve (14b) and a check valve
(CV5) arranged sequentially from one end to the other
end of the second outdoor liquid pipe (34). The check
valve (CV5) allows refrigerant to flow from one end to-
ward the other end of the second outdoor liquid pipe (34)
and shuts off the flow of the refrigerant in the reverse
direction.

(Air-Conditioning Unit)

[0134] The air-conditioning units (50) each include an
indoor circuit (51) and an indoor fan (52). The indoor fan
(52) is a fan for supplying indoor air to an indoor heat
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exchanger (54) which will be described later.
[0135] The indoor circuit (51) includes an indoor ex-
pansion valve (53) and an indoor heat exchanger (54)
arranged sequentially from the liquid end to the gas end.
The indoor expansion valve (53) is an electronic expan-
sion valve having a variable opening degree. The indoor
heat exchanger (54) is a fin-and-tube air heat exchanger.
The indoor heat exchanger (54) allows heat exchange
between indoor air and the refrigerant.
[0136] The liquid end of the indoor circuit (51) is con-
nected to the second liquid connection pipe (2). The liquid
end of the indoor circuit (51) is connected to the second
liquid-side shutoff valve (19a) of the outdoor circuit (11)
through the second liquid connection pipe (2). The gas
end of the indoor circuit (51) is connected to the second
gas connection pipe (3). The gas end of the indoor circuit
(51) is connected to the second gas-side shutoff valve
(19b) of the outdoor circuit (11) through the second gas
connection pipe (3).

(Operation of Refrigeration Cycle Apparatus)

[0137] The refrigeration cycle apparatus (1) of this
variation selectively performs a cooling operation, a first
heating operation, a second heating operation, and a
third heating operation.
[0138] In the cooling operation, the first switching valve
(81) and the second switching valve (82) are set to the
first state, and the first low-stage compressor (22), the
second low-stage compressor (23), and the high-stage
compressor (21) are activated. In the cooling operation,
the outdoor heat exchanger (13) functions as a radiator,
and the cooling heat exchangers (64) and the indoor heat
exchangers (54) function as evaporators.
[0139] In the first heating operation, the first switching
valve (81) is set to the second state; the second switching
valve (82) is set to the first state; and the first low-stage
compressor (22), the second low-stage compressor (23),
and the high-stage compressor (21) are activated. In the
first heating operation, the outdoor heat exchanger (13)
and the indoor heat exchangers (54) function as radia-
tors, and the cooling heat exchangers (64) function as
evaporators.
[0140] In the second heating operation, the first switch-
ing valve (81) and the second switching valve (82) are set
to the second state; the first low-stage compressor (22)
and the high-stage compressor (21) are activated; and
the second low-stage compressor (23) is inactive. In the
second heating operation, the indoor heat exchangers
(54) function as radiators; the cooling heat exchangers
(64) function as evaporators; and the outdoor heat ex-
changer (13) is inactive.
[0141] In the third heating operation, the first switching
valve (81) and the second switching valve (82) are set to
the second state, and the first low-stage compressor
(22), the second low-stage compressor (23), and the
high-stage compressor (21) are activated. In the third
heating operation, the indoor heat exchangers (54) func-

tion as radiators, and the cooling heat exchangers (64)
and the outdoor heat exchanger (13) function as eva-
porators.

<Second Variation>

[0142] In the management system (100) of this embo-
diment, the time interval at which the processor (111)
performs a data generation process does not have to be
constant. The time interval at which the processor (111)
performs the data generation process may differ, for
example, between daytime and nighttime within a day,
or between a half-year including a summer period (May to
October) and a half-year including a winter period (Jan-
uary to April, and November and December) within a
year. The processor (111) may perform the data genera-
tion process only in the half-year including a summer
period (May to October) within a year.

<Third Variation>

[0143] In the management system (100) of the present
embodiment, the processor (111) performs, in the data
generation process, first to fourth calculation processes
and a transmission process each time an acquisition
process is performed. However, in the data generation
process, the processor (111)does not have to perform the
first to fourth calculation processes and the transmission
process each time the acquisition process is performed.
[0144] The processor (111) of this variation performs
only the acquisition process for, for example, a prede-
termined period (e.g., one week), and records data (PA,
TA, PJ, TJ, fL, TO) acquired by the acquisition process
within the predetermined period in a storage medium
such as a memory device. When the predetermined
period has elapsed, the processor (111) performs the
first to fourth calculation processes using data at each
acquisition time obtained by the acquisition processes
within the predetermined period, and calculates the ca-
pacity index IQ at each acquisition time within the pre-
determined period. Then, in the transmission process,
the processor (111) transmits data in which the acquisi-
tion-time outdoor air temperature TO and the capacity
index IQ at each acquisition time within the predetermined
period are paired, to the storage unit (115).

<Fourth Variation>

[0145] The refrigeration cycle apparatus (1) to be man-
aged by the management system (100) of this embodi-
ment may include an air-conditioning unit (50) instead of
the cooling unit (60) as a utilization-side unit. Similarly to
the first variation, the air-conditioning unit (50) is a unit
configured to provide air conditioning for a space where a
person is present. The installation site of the refrigeration
cycle apparatus (1) of this variation is not limited to a
store, and may be, for example, an office building.
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<Fifth Variation>

[0146] In the management system (100) of this embo-
diment, the capacity index IQ calculated in the fourth
calculation process by the processor (111) of the control
unit (110) may be the "difference between the acquisition-
time maximum capacity Qmax and the acquisition-time
capacity Q" (IQ = Qmax - Q).

<Sixth Variation>

[0147] In the management system (100) of this embo-
diment, the processor (111) performs the data generation
process at all acquisition times. However, the processor
(111) may perform the data generation process at some
acquisition times. For example, a processor (111) of this
variation performs a data generation process only at the
acquisition times at which all the cooling units (60) in the
refrigeration cycle apparatus (1) are in the cooling state,
and does not perform the data generation process at the
acquisition times at which some cooling units (60) in the
refrigeration cycle apparatus (1) are in the inactive state.

<Seventh Variation>

[0148] In the management system (100) of this embo-
diment, the storage unit (115) may be provided in a store
where the refrigeration cycle apparatus (1) is installed,
together with the control unit (110). In this case, the
control unit (110) and the storage unit (115) communicate
with each other via a local area network (LAN), for ex-
ample.
[0149] In the management system (100) of this embo-
diment, the storage unit (115) may be integrated with the
control unit (110). In this case, the control unit (110)
includes both the processor (111) and the storage
(116) and also functions as the storage unit (115).
[0150] While the embodiment and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
elements according to the embodiment, the variations
thereof, and the other embodiments may be combined
and replaced with each other. The ordinal numbers such
as "first," "second," . . . in the description and claims are
used to distinguish the terms to which these expressions
are given, and do not limit the number and order of the
terms.

INDUSTRIAL APPLICABILITY

[0151] As described above, the present disclosure is
useful for a management system and a management
method for a refrigeration cycle apparatus.

DESCRIPTION OF REFERENCE CHARACTERS

[0152]

1 Refrigeration Cycle Apparatus
6 Refrigerant Circuit
10 Outdoor Unit (Heat-Source-Side Unit)
13 Outdoor Heat Exchanger (Heat Exchanger)
60 Cooling Unit (Utilization-Side Unit)
100 Management System
111 Processor
116 Storage

Claims

1. A management system (100) targeting a refrigera-
tion cycle apparatus (1) having a refrigerant circuit
(6) that includes a heat-source-side unit (10) and at
least one utilization-side unit (60), the heat-source-
side unit (10) including a heat exchanger (13) con-
figured to allow heat exchange between outdoor air
and a refrigerant, the management system (100)
comprising:

a processor (111) configured to acquire a phy-
sical quantity relating to the refrigerant in the
refrigerant circuit (6) and calculate an acquisi-
tion-time capacity based on the physical quan-
tity acquired, the acquisition-time capacity being
a cooling capacity exhibited by the heat-source-
side unit (10) at an acquisition time at which the
physical quantity is acquired; and
a storage (116) configured to store operating
information that is based on an acquisition-time
outdoor air temperature, which is a temperature
of the outdoor air at the acquisition time, and on
the acquisition-time capacity calculated by the
processor (111).

2. The management system of claim 1, wherein

a maximum value of the cooling capacity that
can be exhibited by the heat-source-side unit
(10) at the acquisition-time outdoor air tempera-
ture is an acquisition-time maximum capacity,
and
the operating information includes a capacity
index indicating a relationship between the ac-
quisition-time capacity and the acquisition-time
maximum capacity.

3. The management system of claim 2, wherein
the capacity index is a ratio of the acquisition-time
capacity to the acquisition-time maximum capacity,
or a difference between the acquisition-time max-
imum capacity and the acquisition-time capacity.

4. The management system of any one of claims 1 to 3,
wherein

the processor (111) acquires the physical quan-
tity at each of a plurality of the acquisition times
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and calculates the acquisition-time capacity at
each of the plurality of acquisition times, and
the operating information is information based
on the acquisition-time outdoor air temperature
and the acquisition-time capacity at each of the
plurality of acquisition times.

5. The management system of claim 2 or 3, wherein

the processor (111) acquires the physical quan-
tity at each of a plurality of the acquisition times
and calculates the acquisition-time capacity at
each of the plurality of acquisition times, and
the operating information is a bivariate fre-
quency distribution of the acquisition-time out-
door air temperature and the capacity index at
each of the plurality of acquisition times, in which
the acquisition-time outdoor air temperature is a
first variate and the capacity index is a second
variate.

6. The management system of claim 4 or 5, wherein
the processor (111) acquires the physical quantity
periodically.

7. The management system of claim 4, 5, or 6, wherein

the refrigerant circuit (6) of the refrigeration cycle
apparatus (1) as a target includes a plurality of
utilization-side units (60),
each of the plurality of utilization-side units (60)
switches between a cooling state in which an
object is cooled and an inactive state in which
the object is not cooled, and
each of the acquisition times is a time at which all
the utilization-side units (60) are in the cooling
state.

8. The management system of claim 2, 3, or 5, wherein

the storage (116) stores characteristic informa-
tion indicating a correlation between the tem-
perature of the outdoor air and the cooling ca-
pacity of the heat-source-side unit (10), and
the processor (111) calculates the acquisition-
time maximum capacity based on the acquisi-
tion-time outdoor air temperature and the char-
acteristic information.

9. The management system of any one of claims 1 to 8
further comprising:

a control unit (110) configured to communicate
with the heat-source-side unit (10) based on a
first communication protocol and to communi-
cate with the utilization-side unit (60) based on a
second communication protocol, wherein
the control unit (110) includes the processor

(111), and
the processor (111) communicates with the
heat-source-side unit (10) to acquire the physi-
cal quantity.

10. A management method targeting a refrigeration cy-
cle apparatus (1) having a refrigerant circuit (6) that
includes a heat-source-side unit (10) and a utiliza-
tion-side unit (60), the heat-source-side unit (10)
including a heat exchanger (13) configured to allow
heat exchange between outdoor air and a refriger-
ant, the method comprising:

a processing step of acquiring a physical quan-
tity relating to the refrigerant in the refrigerant
circuit (6) at an acquisition time, and calculating
an acquisition-time capacity based on the phy-
sical quantity acquired, the acquisition-time ca-
pacity being a cooling capacity exhibited by the
heat-source-side unit (10) at the acquisition
time; and
a storage step of storing, in a storage medium,
operating information that is based on an acqui-
sition-time outdoor air temperature, which is a
temperature of the outdoor air at the acquisition
time, and on the acquisition-time capacity cal-
culated in the processing step.
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