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(54) REFRIGERATION CYCLE DEVICE

(57) Provided is a refrigeration cycle apparatus ca-
pable of easily suppressing solidification of a filled carbon
dioxide refrigerant in a filling operation of filling a refrig-
erant while activating a compressor. The refrigeration cy-
cle apparatus includes a refrigerant circuit, a heat source
unit, a utilization unit, a detector, and a control unit. The
refrigerant circuit includes a compressor, and a carbon
dioxide refrigerant flows through the refrigerant circuit.
The heat source unit accommodates the compressor.
The utilization unit is connected to the heat source unit
via a connecting pipe. The detector detects a pressure
of the refrigerant in a low pressure flow path of the refrig-
erant circuit. The control unit executes a refrigerant filling
operation of moving the refrigerant from a refrigerant stor-
age container to the refrigerant circuit. In the refrigerant
filling operation, the control unit controls the number of
rotations of the compressor on the basis of a detection
value of the detector.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a refrigeration
cycle apparatus.

BACKGROUND ART

[0002] A refrigeration cycle apparatus using carbon di-
oxide as a refrigerant is known. Patent Literature 1 (JP
2008-045769 A) discloses a method of heating a refrig-
erant to be filled by using a heater in order to prevent the
refrigerant flowing into a refrigerant circuit due to a rapid
pressure decrease at the time of filling a refrigeration
cycle apparatus from entering a solid state (dry ice state).

SUMMARY OF THE INVENTION

<Technical Problem>

[0003] In a filling operation of filling the refrigerant cir-
cuit with the refrigerant from a refrigerant storage con-
tainer as disclosed in Patent Literature 1, there is a case
where a compressor is activated during the filling oper-
ation to suck the refrigerant into the refrigerant circuit in
order to avoid a situation where the refrigerant cannot be
filled or the filling takes time due to an insufficient pres-
sure difference between the refrigerant storage container
and the refrigerant circuit. On the other hand, a carbon
dioxide refrigerant enters a solid state (dry ice state) when
the pressure decreases. Therefore, when the compres-
sor is activated in the filling operation with the carbon
dioxide refrigerant, there is a possibility that the carbon
dioxide refrigerant enters the solid state in a low pressure
flow path included in the refrigerant circuit. There is a
possibility that the refrigerant brought into the solid state
damages components constituting the refrigerant circuit.
[0004] An object of the present disclosure is to provide
a refrigeration cycle apparatus capable of easily sup-
pressing solidification of a filled carbon dioxide refrigerant
in a filling operation of filling a refrigerant while activating
a compressor.

<Solution to Problem>

[0005] A refrigeration cycle apparatus according to a
first aspect includes a refrigerant circuit, a heat source
unit, a utilization unit, a detector, and a control unit. The
refrigerant circuit includes a compressor, and a carbon
dioxide refrigerant flows through the refrigerant circuit.
The heat source unit accommodates the compressor.
The utilization unit is connected to the heat source unit
via a connecting pipe. The detector detects a pressure
of the refrigerant in a low pressure flow path of the refrig-
erant circuit. The control unit executes a refrigerant filling
operation of moving the refrigerant from a refrigerant stor-
age container to the refrigerant circuit. In the refrigerant

filling operation, the control unit controls the number of
rotations of the compressor on the basis of a detection
value of the detector.
[0006] The refrigeration cycle apparatus can easily
suppress solidification of the filled carbon dioxide refrig-
erant by a simple method of controlling the number of
rotations of the compressor in a filling operation of filling
the refrigerant while activating the compressor.
[0007] A refrigeration cycle apparatus according to a
second aspect is the refrigeration cycle apparatus ac-
cording to the first aspect, in which the low pressure flow
path includes a flow path that connects a suction pipe of
the compressor and a connecting point between the heat
source unit and the connecting pipe.
[0008] A refrigeration cycle apparatus according to a
third aspect is the refrigeration cycle apparatus according
to the first or second aspect, in which the refrigerant cir-
cuit includes a filling port that detachably connects the
refrigerant storage container.
[0009] A refrigeration cycle apparatus according to a
fourth aspect is any of the refrigeration cycle apparatuses
according to the first to third aspects, in which the filling
port is a service port provided in a shutoff valve.
[0010] A refrigeration cycle apparatus according to a
fifth aspect is any of the refrigeration cycle apparatuses
according to the first to fourth aspects, in which the heat
source unit accommodates the refrigerant storage con-
tainer connected to the refrigerant circuit.
[0011] A refrigeration cycle apparatus according to a
sixth aspect is any of the refrigeration cycle apparatuses
according to the first to fifth aspects, in which an amount
of the refrigerant filled in the refrigerant storage container
is 30% or more of an amount of the refrigerant filled in
the heat source unit before the heat source unit is con-
nected to the utilization unit.
[0012] Even when the refrigerant storage container is
filled with a large amount of refrigerant as compared with
the amount of the refrigerant filled in the heat source unit,
the refrigeration cycle apparatus can easily suppress so-
lidification of the filled carbon dioxide refrigerant by a sim-
ple method of controlling the number of rotations of the
compressor in the filling operation of filling the refrigerant
while activating the compressor.
[0013] A refrigeration cycle apparatus according to a
seventh aspect is any of the refrigeration cycle appara-
tuses according to the first to sixth aspects, in which the
refrigerant circuit further includes an expansion mecha-
nism. In the refrigerant filling operation, the control unit
further controls an opening degree of the expansion
mechanism on the basis of a detection value of the de-
tector.
[0014] In the refrigeration cycle apparatus, since the
pressure of the refrigerant in the low pressure flow path
is controlled by the compressor and the expansion mech-
anism, solidification of the filled carbon dioxide refrigerant
can be more reliably suppressed than when the pressure
is controlled only by the compressor.
[0015] A refrigeration cycle apparatus according to an
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eighth aspect is any of the refrigeration cycle apparatus-
es according to the first to seventh aspects, in which a
plurality of the utilization units is connected to each of
the heat source unit.
[0016] The refrigeration cycle apparatus, which is mul-
ti-type, can also easily suppress solidification of the filled
carbon dioxide refrigerant by a simple method of control-
ling the number of rotations of the compressor in a filling
operation of filling the refrigerant while activating the
compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a schematic configuration diagram of an air
conditioner 1 according to a first embodiment.
FIG. 2 is a block diagram of a control unit 4.
FIG. 3 is a schematic configuration diagram of the
air conditioner 1 to which a first refrigerant storage
container 100 is connected.
FIG. 4 is a flowchart of processing in a refrigerant
filling operation.
FIG. 5 is a simplified diagram illustrating a state of
pressure-enthalpy of carbon dioxide.
FIG. 6 is a schematic configuration diagram of an air
conditioner 1 according to Modification A4.
FIG. 7 is a schematic configuration diagram of an air
conditioner 1a according to a second embodiment.
FIG. 8 is a block diagram of a control unit 4 of the air
conditioner 1a.
FIG. 9 is a flowchart of processing in a refrigerant
filling operation of the air conditioner 1a.

DESCRIPTION OF EMBODIMENTS

<First embodiment>

(1) Overall configuration

[0018] FIG. 1 is a schematic configuration diagram of
an air conditioner 1 according to a first embodiment. The
air conditioner 1 performs a vapor compression refriger-
ation cycle operation and executes an air conditioning
operation (a cooling operation and a heating operation)
in an air conditioning target space (not illustrated) such
as an indoor space. The air conditioner 1 includes one
heat source unit 2, one or more utilization units 3, a control
unit 4, and a first connecting pipe 6 and a second con-
necting pipe 7 that connect the heat source unit 2 and
the utilization units 3. The heat source unit 2, the utiliza-
tion unit 3, and the connecting pipes 6 and 7 connected
to each other constitute a refrigerant circuit 10. A refrig-
erant filled in the refrigerant circuit 10 is carbon dioxide.
Hereinafter, the first connecting pipe 6 and the second
connecting pipe 7 are also collectively referred to as con-
necting pipes 6 and 7. The air conditioner 1 is an example
of a refrigeration cycle apparatus.

[0019] Although details will be described later, in the
air conditioner 1, an inside of a heat source refrigerant
flow path 20 (described later) of the heat source unit 2 is
not filled with a sufficient amount of refrigerant to execute
an air conditioning operation at a time of shipment from
a manufacturing factory. The air conditioner 1 performs
a refrigerant filling operation of filling the refrigerant circuit
10 with the refrigerant filled in a first refrigerant storage
container 100 in an installation work of installation at a
predetermined installation site.

(2) Detailed configuration

(2-1) Utilization unit

[0020] The utilization unit 3 is installed in the air con-
ditioning target space. The utilization unit 3 includes a
utilization refrigerant flow path 30 constituting a part of
the refrigerant circuit 10. The utilization refrigerant flow
path 30 includes a utilization heat exchanger 31.

(2-1-1) Utilization heat exchanger

[0021] The utilization heat exchanger 31 exchanges
heat between the refrigerant flowing inside and air in the
air conditioning target space. One end of the utilization
heat exchanger 31 is connected to the first connecting
pipe 6. The other end of the utilization heat exchanger
31 is connected to the second connecting pipe 7.

(2-2) Heat source unit

[0022] The heat source unit 2 is installed outside the
air conditioning target space (outdoor space or the like).
The heat source unit 2 includes a heat source refrigerant
flow path 20 constituting a part of the refrigerant circuit
10. The heat source refrigerant flow path 20 includes a
compressor 21, a flow path switching mechanism 22, a
heat source heat exchanger 23, a heat source expansion
mechanism 24, a first shutoff valve 25, a second shutoff
valve 26, and a detector 28. The compressor 21, the flow
path switching mechanism 22, the heat source heat ex-
changer 23, the heat source expansion mechanism 24,
the first shutoff valve 25, and the second shutoff valve
26 are connected to each other via a refrigerant pipe 20a.

(2-2-1) Compressor

[0023] The compressor 21 sucks a low-pressure re-
frigerant in a refrigeration cycle from a suction pipe 21a,
compresses the refrigerant by a compression mecha-
nism (not illustrated), and discharges the compressed
refrigerant as a high-pressure refrigerant to a discharge
pipe 21b. The compressor 21 is a positive displacement
compressor. The compressor 21 is driven by a motor (not
illustrated) whose number of rotations is controlled via
an inverter. In the present embodiment, the heat source
unit 2 includes only one compressor 21, but the number
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of compressors 21 is not limited to one and may be plural.
The control unit 4 controls start, stop, and the number of
rotations of the motor included in the compressor 21.

(2-2-2) Flow path switching mechanism

[0024] The flow path switching mechanism 22 switch-
es a flow direction of the refrigerant and changes a state
of the refrigerant circuit 10 between a first state and a
second state. When the refrigerant circuit 10 is in the first
state, the heat source heat exchanger 23 functions as a
radiator for the refrigerant, and the utilization heat ex-
changer 31 functions as an evaporator for the refrigerant.
When the refrigerant circuit 10 is in the second state, the
heat source heat exchanger 23 functions as an evapo-
rator for the refrigerant, and the utilization heat exchanger
31 functions as a radiator for the refrigerant. The state
of the flow path switching mechanism 22 is changed by
the control unit 4.
[0025] In the present embodiment, the flow path
switching mechanism 22 is a four-way switching valve
having four ports P1, P2, P3, and P4. The port P1 is
connected to one end of the heat source heat exchanger
23. The port P2 is connected to the discharge pipe 21b
of the compressor 21. The port P3 is connected to the
suction pipe 21a of the compressor 21. The port P4 is
connected to the second shutoff valve 26. In the first
state, the port P1 communicates with the port P2, and
the port P3 communicates with the port P4. In the second
state, the port P1 communicates with the port P3, and
the port P2 communicates with the port P4.
[0026] The flow path switching mechanism 22 is not
required to be a four-way switching valve. For example,
the flow path switching mechanism 22 may be configured
by combining a plurality of electromagnetic valves and
refrigerant pipes so that the flow direction of the refriger-
ant can be switched as described above.

(2-2-3) Heat source heat exchanger

[0027] The heat source heat exchanger 23 causes
heat exchange between a refrigerant flowing inside and
air at an installation site of the heat source unit 2 (heat
source air). One end of the heat source heat exchanger
23 is connected to the port P1 of the flow path switching
mechanism 22. The other end of the heat source heat
exchanger 23 is connected to the heat source expansion
mechanism 24.

(2-2-4) Heat source expansion mechanism

[0028] The heat source expansion mechanism 24 ad-
justs a flow rate of the refrigerant flowing through the heat
source refrigerant flow path 20 and decompresses the
refrigerant by controlling an opening degree. One end of
the heat source expansion mechanism 24 is connected
to the heat source heat exchanger 23. The other end of
the heat source expansion mechanism 24 is connected

to the first shutoff valve 25. The opening degree of the
heat source expansion mechanism 24 is controlled by
the control unit 4. The heat source expansion mechanism
24 is an example of an expansion mechanism.

(2-2-5) First shutoff valve and second shutoff valve

[0029] The first shutoff valve 25 is a valve provided at
a connecting portion between the heat source unit 2 (heat
source refrigerant flow path 20) and the first connecting
pipe 6. When the first shutoff valve 25 is closed, a flow
of the refrigerant between the heat source refrigerant flow
path 20 and the first connecting pipe 6 is restricted. The
first shutoff valve 25 is, for example, a manually operated
valve.
[0030] The second shutoff valve 26 is a valve provided
at a connecting portion between the heat source unit 2
(heat source refrigerant flow path 20) and the second
connecting pipe 7. When the second shutoff valve 26 is
closed, a flow of the refrigerant between the heat source
refrigerant flow path 20 and the second connecting pipe
7 is restricted. The second shutoff valve 26 is, for exam-
ple, a manually operated valve. In the present embodi-
ment, the second shutoff valve 26 is a three-way valve
provided with a service port communicable with the out-
side of the refrigerant circuit 10. The service port of the
second shutoff valve 26 functions as a filling port that
detachably connects the first refrigerant storage contain-
er 100 in the refrigerant filling operation.
[0031] The first shutoff valve 25 and the second shutoff
valve 26 are closed at a time of shipment at a manufac-
turing factory, and are opened at the time of installation
work of the air conditioner 1. After completion of the in-
stallation work, the first shutoff valve 25 and the second
shutoff valve 26 are normally maintained in an open state.

(2-2-6) Detector

[0032] The detector 28 detects a pressure of the re-
frigerant in a low pressure flow path 10a. The detector
28 is a pressure sensor. The low pressure flow path 10a
is a flow path included in the refrigerant circuit 10 through
which the low-pressure refrigerant in the refrigeration cy-
cle flows. Specifically, the low pressure flow path 10a is
a flow path that connects the suction pipe 21a of the
compressor 21 and the second shutoff valve 26 that is a
connecting point between the heat source unit 2 and the
second connecting pipe 7. In the present embodiment,
the detector 28 detects the pressure of the refrigerant in
the refrigerant pipe 20a connecting the suction pipe 21a
of the compressor 21 and the flow path switching mech-
anism 22. The detector 28 may detect the pressure of
the refrigerant in another refrigerant pipe 20a (the refrig-
erant pipe 20a connecting the port P4 and the second
shutoff valve 26, or the refrigerant pipe 20a connecting
the port P3 and the suction pipe 21a of the compressor
21) included in the low pressure flow path 10a. The de-
tector 28 outputs the detected pressure of the refrigerant
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to the control unit 4.

(2-3) Control unit

[0033] The control unit 4 controls operation of electri-
cally connected components constituting the heat source
unit 2. The control unit 4 controls the components of the
heat source unit 2 to achieve the cooling operation, the
heating operation, and the refrigerant filling operation de-
scribed later. FIG. 2 is a block diagram of the control unit
4. The control unit 4 is electrically connected to the com-
pressor 21, the flow path switching mechanism 22, the
heat source expansion mechanism 24, and the detector
28 so as to be able to exchange control signals and in-
formation.
[0034] The control unit 4 is implemented by a compu-
ter. The control unit 4 includes a control calculator and a
storage (which are not illustrated). A processor such as
a CPU or a GPU can be used for the control calculator.
The control calculator reads a program stored in the stor-
age and performs predetermined calculation processing
in accordance with the program. Furthermore, the control
calculator can write a calculation result to the storage
and read information stored in the storage in accordance
with the program. The configuration of the control unit 4
described here is merely an example, and the function
of the control unit 4 may be implemented by software,
hardware, or a combination of software and hardware.

(2-4) Connecting pipes

[0035] The connecting pipes 6 and 7 are connection
pipes connecting the heat source refrigerant flow path
20 and the utilization refrigerant flow path 30 (in other
words, the heat source unit 2 and the utilization unit 3).
The heat source refrigerant flow path 20, the utilization
refrigerant flow path 30, the first connecting pipe 6, and
the second connecting pipe 7 are connected to constitute
the refrigerant circuit 10.

(2-5) First refrigerant storage container

[0036] The first refrigerant storage container 100 is a
container (cylinder) filled with a refrigerant to be filled in
the refrigerant circuit 10 in the refrigerant filling operation.
FIG. 3 is a schematic configuration diagram of the air
conditioner 1 to which the first refrigerant storage con-
tainer 100 is connected.
[0037] The first refrigerant storage container 100 in-
cludes a storage portion 100a and a third shutoff valve
100b. The first refrigerant storage container 100 is con-
nected to the second shutoff valve 26 via a pipe 100c.
The storage portion 100a stores the refrigerant. The third
shutoff valve 100b is a valve to which one end of the pipe
100c is connected. When the third shutoff valve 100b is
closed, the flow of the refrigerant between the storage
portion 100a and the pipe 100c is restricted. The third
shutoff valve 100b is, for example, a manually operated

valve.

(3) Operation of air conditioner

[0038] Next, a description will be given of operations
of components of the air conditioner 1.

(3-1) Cooling operation

[0039] In the cooling operation, the control unit 4 con-
trols the flow path switching mechanism 22 to the first
state. In addition, the control unit 4 controls the opening
degree of the heat source expansion mechanism 24 in
accordance with a load.
[0040] In this state, when the control unit 4 activates
the compressor 21, the low-pressure refrigerant in the
refrigeration cycle is sucked from the suction pipe 21a of
the compressor 21, compressed, and discharged from
the discharge pipe 21b as a high-pressure refrigerant.
The high-pressure refrigerant discharged from the com-
pressor 21 is sent to the heat source heat exchanger 23
via the flow path switching mechanism 22, exchanges
heat with the heat source air, and is cooled. In other
words, the heat source heat exchanger 23 functions as
a radiator. The high-pressure refrigerant cooled in the
heat source heat exchanger 23 is decompressed when
passing through the heat source expansion mechanism
24 to become a low-pressure refrigerant in a gas-liquid
two-phase state. The low-pressure refrigerant in the gas-
liquid two-phase state is sent to the utilization unit 3 via
the first shutoff valve 25 and the first connecting pipe 6.
The refrigerant sent to the utilization unit 3 exchanges
heat with air in the air conditioning target space to be
heated, and evaporates to become a low-pressure re-
frigerant. In other words, the utilization heat exchanger
31 functions as an evaporator. The low-pressure refrig-
erant heated in the utilization heat exchanger 31 is sent
to the heat source unit 2 via the second connecting pipe
7, and again sucked into the compressor 21 via the sec-
ond shutoff valve 26 and the flow path switching mech-
anism 22.

(3-2) Heating operation

[0041] In the heating operation, the control unit 4 con-
trols the flow path switching mechanism 22 to the second
state. In addition, the control unit 4 controls the opening
degree of the heat source expansion mechanism 24 in
accordance with a load.
[0042] In this state, when the control unit 4 activates
the compressor 21, the low-pressure refrigerant in the
refrigeration cycle is sucked from the suction pipe 21a of
the compressor 21, compressed, and discharged from
the discharge pipe 21b as a high-pressure refrigerant.
The high-pressure refrigerant discharged from the com-
pressor 21 is sent to the utilization unit 3 via the flow path
switching mechanism 22, the second shutoff valve 26,
and the second connecting pipe 7. The high-pressure
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refrigerant sent to the utilization unit 3 exchanges heat
with air in the air conditioning target space in the utiliza-
tion heat exchanger 31 to be cooled. In other words, the
utilization heat exchanger 31 functions as a radiator. The
high-pressure refrigerant cooled in the utilization heat ex-
changer 31 is sent to the heat source unit 2 via the first
connecting pipe 6. The refrigerant sent to the heat source
unit 2 is decompressed when passing through the first
shutoff valve 25 and the heat source expansion mecha-
nism 24 to become a low-pressure refrigerant in a gas-
liquid two-phase state. The low-pressure refrigerant in
the gas-liquid two-phase state flows into the heat source
heat exchanger 23. The low-pressure refrigerant in the
gas-liquid two-phase state that has flowed into the heat
source heat exchanger 23 exchanges heat with the heat
source air and is heated to evaporate and become a low-
pressure refrigerant. In other words, the heat source heat
exchanger 23 functions as an evaporator. The low-pres-
sure refrigerant heated by the heat source heat exchang-
er 23 is again sucked into the compressor 21 via the flow
path switching mechanism 22.

(3-3) Refrigerant filling operation

[0043] The refrigerant filling operation is an operation
of moving (filling) the refrigerant from the first refrigerant
storage container 100 to the entire refrigerant circuit 10.
The refrigerant filling operation is typically an operation
executed by the air conditioner 1 in the refrigerant filling
operation performed after the installation work in which
the air conditioner 1 is installed at a predetermined in-
stallation site. The installation work includes a step of
installing each of the heat source unit 2 and the utilization
unit 3 at an installation site and a step of connecting the
heat source unit 2 and the utilization unit 3 via the con-
necting pipes 6 and 7 to form the refrigerant circuit 10.
FIG. 4 is a flowchart of processing in the refrigerant filling
operation.
[0044] In the refrigerant filling operation, the control
unit 4 controls the number of rotations of the compressor
21 on the basis of a detection value of the detector 28.
Hereinafter, the refrigerant filling operation will be de-
scribed in detail.
[0045] In the filling operation, an operator or the like
performing the installation work connects the first refrig-
erant storage container 100 via the pipe 100c to the re-
frigerant circuit 10 of the air conditioner 1, which is in-
stalled at a predetermined installation site and in which
the first shutoff valve 25 and the second shutoff valve 26
are opened, as a preparation before starting the refrig-
erant filling operation. Specifically, the pipe 100c con-
nected to the first refrigerant storage container 100 is
connected to the service port of the second shutoff valve
26 functioning as a filling port. Thereafter, when the third
shutoff valve 100b is opened, the refrigerant filled in the
first refrigerant storage container 100 flows into the re-
frigerant circuit 10 via the service port of the second shut-
off valve 26. Thereafter, the refrigerant filling operation

is started when the operator or the like instructs the con-
trol unit 4 (start).
[0046] In step S11, the control unit 4 activates the com-
pressor 21, sets the flow path switching mechanism 22
to the first state or the second state, and proceeds to step
S12.
[0047] In step S12, the control unit 4 acquires the de-
tection value of the detector 28, and proceeds to step
S13.
[0048] In step S13, the control unit 4 controls the
number of rotations of the compressor 21 on the basis
of the detection value of the detector 28 so that the re-
frigerant flowing into refrigerant circuit 10 does not enter
a solid state (dry ice state). Specifically, the control unit
4 controls the number of rotations of the compressor 21
so that the detection value (in other words, the pressure
of the refrigerant in the low pressure flow path 10a) of
the detector 28 does not become equal to or less than
0.52 MPa, which is a pressure at a triple point of carbon
dioxide. For example, when the detection value of the
detector 28 changes from a value larger than a first
threshold value, which is a pressure higher than 0.52
MPa by a predetermined value, to a value equal to or
less than the first threshold value, the number of rotations
of the compressor 21 is only required to be made smaller
than the number of rotations before the detection value
of the detector 28 becomes equal to or less than the first
threshold value. Thereafter, the control unit 4 proceeds
to step S14. The flow of the refrigerant sucked from the
suction pipe 21a of the compressor 21 is similar to that
in the cooling operation or the heating operation de-
scribed above, and will not be described. When the de-
tection value of the detector 28 becomes equal to or less
than the first threshold value and the number of rotations
of the compressor 21 is decreased, and then the detec-
tion value of the detector 28 becomes equal to or more
than a second threshold value higher than the first thresh-
old value, the number of rotations of the compressor 21
may be increased again in order to secure a pressure
difference between the first refrigerant storage container
100 and the refrigerant circuit 10.
[0049] In step S14, the control unit 4 determines wheth-
er the refrigerant circuit 10 has been filled with a sufficient
amount of refrigerant for executing the air conditioning
operation. If the refrigerant circuit has been filled with a
sufficient amount of refrigerant (Yes), the control unit 4
proceeds to step S15. If the refrigerant circuit has not
been filled with a sufficient amount of refrigerant (No),
the control unit 4 proceeds to step S12. Specifically, the
determination as to whether a sufficient amount of refrig-
erant for executing the air conditioning operation has
been filled is made on the basis of whether the pressure
of the refrigerant in the radiator and the temperature of
the refrigerant at an outlet of the radiator have reached
predetermined thresholds values.
[0050] The operator or the like may determine whether
the refrigerant circuit 10 is filled with a sufficient amount
of refrigerant for executing the air conditioning operation.
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For example, when the weight of the first refrigerant stor-
age container 100 is less than a predetermined value,
the operator or the like determines that a sufficient
amount of refrigerant has been filled, and can instruct
the control unit 4 to that effect.
[0051] In step S 15, the control unit 4 stops the com-
pressor 21 and ends the refrigerant filling operation (end).
[0052] When the refrigerant filling operation is finished,
the first refrigerant storage container 100 and the pipe
100c are removed from the air conditioner 1. Accordingly,
the filling operation ends.

(4) Characteristics

[0053] (4-1)
The air conditioner 1 includes the refrigerant circuit 10,
the heat source unit 2, the utilization unit 3, the detector
28, and the control unit 4.
[0054] The refrigerant circuit 10 includes the compres-
sor 21, and a carbon dioxide refrigerant flows through
the refrigerant circuit 10. The heat source unit 2 accom-
modates the compressor 21. The utilization unit 3 is con-
nected to the heat source unit 2 via the second connect-
ing pipe 7. The detector 28 detects the pressure of the
refrigerant in the low pressure flow path 10a of the refrig-
erant circuit 10. The control unit 4 executes the refrigerant
filling operation of moving the refrigerant from the first
refrigerant storage container 100 to the refrigerant circuit
10. In the refrigerant filling operation, the control unit 4
controls the number of rotations of the compressor 21 on
the basis of a detection value of the detector 28.
[0055] In the filling operation of filling the refrigerant
circuit with the refrigerant from the refrigerant storage
container, there is a case where the compressor is acti-
vated during the filling operation to suck the refrigerant
into the refrigerant circuit in order to avoid a situation
where the refrigerant cannot be filled or the filling takes
time due to an insufficient pressure difference between
the refrigerant storage container and the refrigerant cir-
cuit. On the other hand, in a case where the carbon di-
oxide refrigerant has a specific enthalpy of less than 430
kJ/kg, the carbon dioxide refrigerant is in the solid state
(dry ice state) when the pressure decreases to a triple
point pressure (about 0.52 MPa) of carbon dioxide or
less. Therefore, when the compressor is activated in the
filling operation of the carbon dioxide refrigerant, there
is a possibility that the pressure of the low pressure flow
path 10a decreases to the triple point pressure of carbon
dioxide or less, and the carbon dioxide refrigerant enters
the solid state. A description will be given by using a
simplified diagram illustrating a state of pressure-en-
thalpy of carbon dioxide illustrated in FIG. 5.
[0056] For example, a refrigerant filled in a cylinder or
the like and having a temperature of 30°C and a pressure
of 12 MPa (see point Q1 in FIG. 5) changes its phase to
the solid state at point Q2 where the temperature and
the pressure are lower than those of the carbon dioxide
triple point (triple point temperature: -56.56°C, triple point

pressure: 0.52 MPa) when the pressure of the low pres-
sure flow path 10a becomes lower than the carbon diox-
ide triple point due to activation of the compressor 21.
There is a possibility that the refrigerant thus having en-
tered the solid state flows through the refrigerant circuit
10, and damages components constituting the refriger-
ant circuit 10.
[0057] In the air conditioner 1, in the refrigerant filling
operation, the control unit 4 controls the number of rota-
tions of the compressor 21 so that the detection value (in
other words, the pressure of the refrigerant in the low
pressure flow path 10a) of the detector 28 does not be-
come equal to or less than 0.52 MPa, which is the triple
point pressure of carbon dioxide. Therefore, the pressure
of the refrigerant filled from the first refrigerant storage
container 100 into the refrigerant circuit 10 is prevented
from becoming lower than the triple point pressure of
carbon dioxide, and the refrigerant is prevented from en-
tering the solid state in the refrigerant circuit 10.
[0058] As described above, the air conditioner 1 can
easily suppress solidification of the filled carbon dioxide
refrigerant by a simple method of controlling the number
of rotations of the compressor 21 in the filling operation
of filling the refrigerant while activating the compressor
21.
[0059] (4-2)
The low pressure flow path 10a is a flow path that con-
nects the suction pipe 21a of the compressor 21 and the
second shutoff valve 26 that is a connecting point be-
tween the heat source unit 2 and the second connecting
pipe 7.
[0060] (4-3)
The refrigerant circuit 10 includes the second shutoff
valve 26 functioning as a filling port that detachably con-
nects the first refrigerant storage container 100.
[0061] (4-4)
The filling port is a service port provided in the second
shutoff valve 26.

(5) Modifications

(5-1) Modification A1

[0062] The detector 28 may be a temperature sensor
as long as the detector can detect the pressure of the
refrigerant in the low pressure flow path 10a. In this case,
the control unit 4 calculates the pressure of the refrigerant
in the low pressure flow path 10a on the basis of the
temperature of the refrigerant detected by the detector
28.

(5-2) Modification A2

[0063] The control unit 4 of the air conditioner 1 may
further control the opening degree of the heat source
expansion mechanism 24 in addition to the number of
rotations of the compressor 21 in step S13 of the refrig-
erant filling operation. Specifically, in step S13, the con-
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trol unit 4 controls the number of rotations of the com-
pressor 21 and the opening degree of the heat source
expansion mechanism 24 on the basis of the detection
value of the detector 28 so that the refrigerant flowing
into the refrigerant circuit 10 does not enter the solid state
(dry ice state).
[0064] In the air conditioner 1 according to Modification
A2, since the pressure of the refrigerant in the low pres-
sure flow path 10a is controlled by the compressor 21
and the heat source expansion mechanism 24, solidifi-
cation of the filled carbon dioxide refrigerant can be more
reliably suppressed than when the pressure is controlled
only by the compressor 21.

(5-3) Modification A3

[0065] The filling port is not required to be a service
port provided in the second shutoff valve 26. For exam-
ple, the first shutoff valve 25 may be provided with a serv-
ice port that functions as a filling port. In addition, sepa-
rately from the first shutoff valve 25 and the second shut-
off valve 26, a filling port dedicated for filling may be pro-
vided in the refrigerant circuit 10.

(5-4) Modification A4

[0066] A plurality of utilization units 3 may be connect-
ed to each of the heat source unit 2. FIG. 6 is a schematic
configuration diagram of the air conditioner 1 according
to Modification A4. The air conditioner 1 according to the
first embodiment is different from the air conditioner 1
according to Modification A4 in that the air conditioner 1
according to Modification A4 includes a plurality of (two)
utilization units 3 connected to the heat source unit 2,
and the utilization units 3 include the utilization expansion
mechanism 32. The number of the utilization units 3 is
not limited to two, and may be three or more.
[0067] The utilization expansion mechanism 32 ad-
justs a flow rate of the refrigerant flowing through the
utilization refrigerant flow path 30 and decompresses the
refrigerant by controlling an opening degree. One end of
the utilization expansion mechanism 32 is connected to
the first connecting pipe 6. The other end of the utilization
expansion mechanism 32 is connected to the utilization
heat exchanger 31. The opening degree of the utilization
expansion mechanism 32 is controlled by the control unit
4. The utilization expansion mechanism 32 is an example
of an expansion mechanism.
[0068] In the cooling operation and the heating oper-
ation, the control unit 4 of the air conditioner 1 according
to Modification A4 controls the opening degree of the
utilization expansion mechanism 32 in accordance with
an air conditioning load in the indoor space.
[0069] The control unit 4 of the air conditioner 1 ac-
cording to Modification A4 may further control the open-
ing degree of the heat source expansion mechanism 24
or the utilization expansion mechanism 32 in addition to
the number of rotations of the compressor 21 in step S13

of the refrigerant filling operation. Specifically, when the
control unit 4 sets the flow path switching mechanism 22
to the first state in step S11, the control unit 4 controls
the number of rotations of the compressor 21 and the
opening degree of the utilization expansion mechanism
32 in step S13 on the basis of the detection value of the
detector 28 so that the refrigerant flowing into the refrig-
erant circuit 10 does not enter the solid state (dry ice
state). When the control unit 4 sets the flow path switching
mechanism 22 to the second state in step S11, the control
unit 4 controls the number of rotations of the compressor
21 and the opening degree of the heat source expansion
mechanism 24 in step S13 on the basis of the detection
value of the detector 28 so that the refrigerant flowing
into the refrigerant circuit 10 does not enter the solid state
(dry ice state). Specifically, for example, when the detec-
tion value of the detector 28 changes from a value larger
than a first threshold value, which is a pressure higher
than 0.52 MPa by a predetermined value, to a value equal
to or less than the first threshold value, the number of
rotations of the compressor 21 is only required to be
made smaller than the number of rotations before the
detection value of the detector 28 becomes equal to or
less than the first threshold value, and the opening de-
gree of the heat source expansion mechanism 24 is only
required to be larger than the opening degree before the
detection value of the detector 28 becomes equal to or
less than the first threshold value. When the detection
value of the detector 28 becomes equal to or less than
the first threshold value, the number of rotations of the
compressor 21 is decreased, the opening degree of the
heat source expansion mechanism 24 is increased, and
then the detection value of the detector 28 becomes
equal to or more than a second threshold value higher
than the first threshold value, the number of rotations of
the compressor 21 may be increased and the opening
degree of the heat source expansion mechanism 24 may
be decreased again in order to secure a pressure differ-
ence between the first refrigerant storage container 100
and the refrigerant circuit 10.
[0070] In a multi-type air conditioner including a plural-
ity of utilization units, the volume of the refrigerant circuit
10 is larger than the volume of the refrigerant circuit 10
of a pair type air conditioner including only one utilization
unit. Therefore, in the multi-type air conditioner, the ratio
of the amount of refrigerant filled in the refrigerant circuit
10 before the filling operation to the volume of the refrig-
erant circuit 10 tends to be smaller than the ratio in the
pair type air conditioner. Therefore, in the multi-type air
conditioner, when the compressor 21 is activated in the
filling operation of carbon dioxide refrigerant, the pres-
sure in the low pressure flow path 10a tends to be low,
and there is a high possibility that the carbon dioxide
refrigerant that has flowed into the low pressure flow path
enters the solid state. However, the air conditioner 1 ac-
cording to Modification A4, which is multi-type, can also
easily suppress solidification of the filled carbon dioxide
refrigerant by a simple method of controlling the number
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of rotations of the compressor 21.

<Second embodiment>

(1) Overall configuration

[0071] An air conditioner 1a according to a second em-
bodiment will be described focusing on differences from
the air conditioner 1. Hereinafter, characteristics that are
same as or corresponding to the characteristics of the
first embodiment are denoted by the same reference
signs, and will not be described. FIG. 7 is a schematic
configuration diagram of the air conditioner 1a according
to the second embodiment. FIG. 8 is a block diagram of
the control unit 4 of the air conditioner 1a.
[0072] A main difference between the air conditioner
1a and the air conditioner 1 is that the air conditioner 1a
includes a heat source unit 2a further including a refrig-
erant amount adjuster 29 instead of the heat source unit
2.
[0073] The refrigerant amount adjuster 29 stores the
refrigerant to be filled in the refrigerant circuit 10 in an
installation work of the air conditioner 1a. The refrigerant
amount adjuster 29 is included in the heat source refrig-
erant flow path 20 of the heat source unit 2a. As a result,
in the heat source unit 2a, the refrigerant circuit 10 is
filled with a larger amount of refrigerant than in the heat
source unit 2. The refrigerant amount adjuster 29 in-
cludes a second refrigerant storage container 29a, a
pressure adjustment valve 29b, a check valve 29c, an
electromagnetic valve 29d, and an expansion mecha-
nism 29e.

(2) Detailed configuration

(2-1) Second refrigerant storage container

[0074] The second refrigerant storage container 29a
is a container (tank) that stores at least a part of the re-
frigerant to be filled in the heat source refrigerant flow
path 20, is connected to the refrigerant circuit 10, and
stores a surplus refrigerant generated in the refrigerant
circuit 10. The second refrigerant storage container 29a
is accommodated in the heat source unit 2. The second
refrigerant storage container 29a has a first port 29aa
and a second port 29ab. The second refrigerant storage
container 29a is filled with the refrigerant, for example,
in a manufacturing factory of the air conditioner 1a. The
amount of the refrigerant filled in the second refrigerant
storage container 29a is 30% or more of the amount of
the refrigerant filled in the heat source unit 2 (specifically,
the heat source refrigerant flow path 20) before the heat
source unit 2 is connected to the utilization unit 3.
[0075] The first port 29aa is a port provided for adjust-
ing the pressure inside the second refrigerant storage
container 29a. The first port 29aa is connected to, via a
pressure adjusting pipe 20b, the refrigerant pipe 20a con-
nected to the port P3 of the flow path switching mecha-

nism 22 and the suction pipe 21a of the compressor 21,
and the discharge pipe 21b of the compressor 21 .
[0076] The second port 29ab is a port through which
the refrigerant flows. The second port 29ab is connected
to the low pressure flow path 10a via a refrigerant pipe
20a.

(2-2) Pressure adjustment valve

[0077] The pressure adjustment valve 29b is a valve
that prevents the pressure of the refrigerant in the second
refrigerant storage container 29a from becoming exces-
sively high. The pressure adjustment valve 29b is pro-
vided in the pressure adjusting pipe 20b connected to
the refrigerant pipe 20a connected to the port P3 of the
flow path switching mechanism 22 and the suction pipe
21a of the compressor 21. The pressure adjustment
valve 29b opens when the pressure of the refrigerant in
the second refrigerant storage container 29a becomes
equal to or more than a predetermined value, and releas-
es the refrigerant to the refrigerant pipe 20a connecting
the port P3 of the flow path switching mechanism 22 and
the suction pipe 21a of the compressor 21.

(2-3) Check valve and electromagnetic valve

[0078] The check valve 29c and the electromagnetic
valve 29d are valves used to increase the pressure of
the refrigerant in the second refrigerant storage container
29a. The check valve 29c and the electromagnetic valve
29d are provided in the pressure adjusting pipe 20b con-
nected to the discharge pipe 21b of the compressor 21.
When the electromagnetic valve 29d is opened during
the operation of the compressor 21, a high-pressure re-
frigerant discharged from the compressor 21 is sent to
the second refrigerant storage container 29a. The elec-
tromagnetic valve 29d is opened typically when the re-
frigerant circuit 10 is filled with the refrigerant in the sec-
ond refrigerant storage container 29a. The check valve
29c prevents the refrigerant from flowing from the second
refrigerant storage container 29a to the discharge pipe
21b of the compressor 21. The opening and closing of
the electromagnetic valve 29d is controlled by the control
unit 4. The check valve 29c and the electromagnetic valve
29d may be a flow rate adjusting mechanism including
an electric valve.

(2-4) Expansion mechanism

[0079] The expansion mechanism 29e adjusts a flow
rate of the refrigerant flowing through the refrigerant pipe
20a connecting the low pressure flow path 10a and the
second refrigerant storage container 29a and decom-
presses the refrigerant. The opening degree of the ex-
pansion mechanism 29e is controlled by the control unit
4.
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(3) Operation of air conditioner

[0080] Next, a description will be given of operations
of components of the air conditioner 1.

(3-1) Cooling operation and heating operation

[0081] In both the cooling operation and the heating
operation, the opening degrees of the expansion mech-
anism 29e and the electromagnetic valve 29d are con-
trolled to be fully closed or nearly fully closed. The oper-
ation of the other components of the air conditioner 1a
in the air conditioning operation is similar to that of the
air conditioner 1, and will not be described.

(3-2) Refrigerant filling operation

[0082] The refrigerant filling operation is an operation
of moving (filling) the refrigerant from the second refrig-
erant storage container 29a to the entire refrigerant circuit
10. The refrigerant filling operation is executed in a state
where the refrigerant circuit 10 is not filled with the refrig-
erant or is not sufficiently filled with the refrigerant. The
refrigerant filling operation is performed typically in an
installation work in which the air conditioner 1a is installed
at a predetermined installation site. FIG. 9 is a flowchart
of processing in the refrigerant filling operation of the air
conditioner 1a.
[0083] The refrigerant filling operation executed by the
air conditioner 1 is different from the refrigerant filling
operation executed by the air conditioner 1a in that the
air conditioner 1a executes step S21 instead of step S11
and executes step S25 instead of step S 15. Therefore,
step S21 and step S25 will be mainly described below.
In the installation work of the air conditioner 1a, prepa-
ration before starting the refrigerant filling operation (work
of connecting the first refrigerant storage container 100
to the refrigerant circuit 10 via the pipe 100c) is unnec-
essary.
[0084] In step S21, the control unit 4 activates the com-
pressor 21, sets the flow path switching mechanism 22
to the first state or the second state, opens the expansion
mechanism 29e and the electromagnetic valve 29d to a
predetermined opening degree, and proceeds to step
S12.
[0085] When the expansion mechanism 29e is
opened, a liquid-back phenomenon may occur in which
the liquid-phase refrigerant filled in the second refrigerant
storage container 29a flows into the suction pipe 21a of
the compressor 21 via the low pressure flow path 10a.
Therefore, the control unit 4 may control the opening de-
gree of the expansion mechanism 29e on the basis of a
degree of superheating of the refrigerant in the suction
pipe 21a or the like.
[0086] In step S25, the control unit 4 stops the com-
pressor 21, fully closes the expansion mechanism 29e
and the electromagnetic valve 29d, and ends the refrig-
erant filling operation (end).

(4) Characteristics

[0087] (4-1)
The heat source unit 2 accommodates the second refrig-
erant storage container 29a connected to the refrigerant
circuit 10.
[0088] As described above, the air conditioner 1a in
which the second refrigerant storage container 29a is
connected to the refrigerant circuit 10 in advance can
easily suppress solidification of the filled carbon dioxide
refrigerant by a simple method of controlling the number
of rotations of the compressor 21.
[0089] (4-2)
The amount of the refrigerant accommodated in the sec-
ond refrigerant storage container 29a is 30% or more of
the amount of the refrigerant filled in the heat source unit
2 before the heat source unit 2 is connected to the utili-
zation unit 3.
[0090] In the air conditioner 1a in which a large amount
of refrigerant is stored in the second refrigerant storage
container 29a, the ratio of the amount of refrigerant filled
in the heat source unit 2 (in other words, the heat source
refrigerant flow path 20) before the heat source unit 2 is
connected to the utilization unit 3 to the volume of the
heat source refrigerant flow path 20 tends to be small.
Therefore, in the air conditioner 1a in which the amount
of the refrigerant accommodated in the second refriger-
ant storage container 29a and the amount of the refrig-
erant filled in the heat source unit 2 before the heat source
unit 2 is connected to the utilization unit 3 have the above
relationship, the pressure of the heat source refrigerant
flow path 20 tends to decrease when the compressor 21
is activated in the filling operation of the carbon dioxide
refrigerant, and there is a high possibility that the carbon
dioxide refrigerant that has flowed into the air conditioner
1a enters the solid state. However, even when the second
refrigerant storage container 29a is filled with a large
amount of refrigerant, the air conditioner 1a can easily
suppress solidification of the filled carbon dioxide refrig-
erant by a simple method of controlling the number of
rotations of the compressor 21.

(5) Modifications

[0091] The air conditioner 1 may also have the char-
acteristics of Modification A1, Modification A2, and Mod-
ification A4 described above.
[0092] The embodiments of the present disclosure
have been described above. It will be understood that
various changes to modes and details can be made with-
out departing from the gist and scope of the present dis-
closure recited in the claims.

REFERENCE SIGNS LIST

[0093]

1, 1a: air conditioner (refrigeration cycle apparatus)
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2, 2a: heat source unit
3: utilization unit
4: control unit
6: first connecting pipe (connecting pipe)
7: second connecting pipe (connecting pipe)
10: refrigerant circuit
10a: low pressure flow path
20: heat source refrigerant flow path
20a: refrigerant pipe
21: compressor
22: flow path switching mechanism
23: heat source heat exchanger
24: heat source expansion mechanism (expansion
mechanism)
25: first shutoff valve
26: second shutoff valve (shutoff valve)
28: detector
29a: second refrigerant storage container (refriger-
ant storage container)
30: utilization refrigerant flow path
31: utilization heat exchanger
32: utilization expansion mechanism (expansion
mechanism)
100: first refrigerant storage container (refrigerant
storage container)
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[0094] Patent Literature 1: JP 2008-045769 A

Claims

1. A refrigeration cycle apparatus comprising:

a refrigerant circuit (10) that includes a compres-
sor (21) and through which a refrigerant as a
carbon dioxide refrigerant flows;
a heat source unit (2) that accommodates the
compressor;
a utilization unit (3) connected to the heat source
unit via a connecting pipe (6, 7);
a detector (28) that detects a temperature or a
pressure of the refrigerant in a low pressure flow
path (10a) of the refrigerant circuit; and
a control unit (4) that executes a refrigerant filling
operation of moving the refrigerant from a refrig-
erant storage container (29a, 100) to the refrig-
erant circuit, wherein
the control unit controls a number of rotations of
the compressor on a basis of a detection value
of the detector in the refrigerant filling operation.

2. The refrigeration cycle apparatus according to claim
1, wherein the low pressure flow path includes a flow
path that connects a suction pipe of the compressor

and a connecting point between the heat source unit
and the connecting pipe.

3. The refrigeration cycle apparatus according to claim
1 or 2, wherein the refrigerant circuit includes a filling
port that detachably connects the refrigerant storage
container.

4. The refrigeration cycle apparatus according to any
one of claims 1 to 3, wherein the filling port is a serv-
ice port provided in a shutoff valve (26).

5. The refrigeration cycle apparatus according to any
one of claims 1 to 4, wherein the heat source unit
accommodates the refrigerant storage container
(29a) connected to the refrigerant circuit.

6. The refrigeration cycle apparatus according to any
one of claims 1 to 5, wherein an amount of the re-
frigerant filled in the refrigerant storage container is
30% or more of an amount of the refrigerant filled in
the heat source unit before the heat source unit is
connected to the utilization unit.

7. The refrigeration cycle apparatus according to any
one of claims 1 to 6, wherein

the refrigerant circuit further includes an expan-
sion mechanism (24), and
the control unit further controls an opening de-
gree of the expansion mechanism on a basis of
a detection value of the detector in the refriger-
ant filling operation.

8. The refrigeration cycle apparatus according to any
one of claims 1 to 7, wherein a plurality of the utili-
zation units is connected to each of the heat source
unit.
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