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(54) REFRIGERATION CYCLE DEVICE

(57) A refrigeration cycle apparatus includes a con-
troller, a compressor configured to compress refrigerant
to cause a pressure of the refrigerant to rise from a first
pressure to a second pressure higher than the first pres-
sure, a condenser configured to cause heat exchange to
be performed between air and the refrigerant discharged
from the compressor, an INJ branch unit configured to
cause the refrigerant that flows out of the condenser to
branch into first refrigerant and second refrigerant, an
expansion valve configured to expand the first refrigerant
that flows out of the INJ branch unit to reduce a pressure
of the first refrigerant to the first pressure, an evaporator
configured to cause heat exchange to be performed be-
tween air and the first refrigerant that flows out of the
expansion valve, and cause the first refrigerant having
the first pressure to flow to the compressor, and an in-
jection circuit connected between the INJ branch unit and
the compressor, and configured to cause the second re-
frigerant that flows out of the INJ branch unit to flow to
the compressor. The injection circuit includes an INJ ex-
pansion valve configured to expand the second refriger-
ant to reduce a pressure of the second refrigerant to an
intermediate pressure that is higher than the first pres-
sure and lower than the second pressure, and a receiver
configured to store the second refrigerant that flows out

of the INJ expansion valve, and cause the second refrig-
erant having the intermediate pressure to flow to the com-
pressor. The controller is configured to control at least
one of a rotating speed of the compressor and an opening
degree of the INJ expansion valve such that the interme-
diate pressure, which corresponds to an internal pres-
sure of the receiver, falls to or below a first threshold or
is kept constant within a first range.
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Description

Technical Field

[0001] The present disclosure relates to a refrigeration cycle apparatus having an intermediate pressure receiver.

Background Art

[0002] A multistage compression refrigeration cycle apparatus including a low-stage compressor and a high-stage
compressor that performs two-stage compression not to excessively reduce the pressure in an outdoor heat exchanger
even when the outside air temperature is low is known (see, for example, Patent Literature 1).
[0003] In the refrigeration cycle apparatus described in Patent Literature 1, a low-stage compressor, a high-stage
compressor, a use-side heat exchanger, a use-side expansion valve, a receiver, a subcooling heat exchanger, an
expansion valve, and an outdoor heat exchanger are connected by refrigerant pipes.
[0004] The low-stage compressor compresses sucked refrigerant from a low pressure to an intermediate pressure.
The high-stage compressor compresses the refrigerant having an intermediate pressure discharged from the low-stage
compressor to a high pressure. The refrigerant discharged from the high-stage compressor flows into the use-side heat
exchanger. The refrigerant condensed and liquefied in the use-side heat exchanger passes through the use-side ex-
pansion valve, thereby being decompressed. The decompressed refrigerant flows into the receiver.
[0005] In the receiver, the refrigerant in a gas state and the refrigerant in a liquid state are separated from each other.
The refrigerant in a liquid state separated in the receiver is divided at a branch point. Part of the refrigerant in a liquid
state (hereinafter referred to as first refrigerant) is guided to the subcooling heat exchanger provided on the downstream
side of the branch point. Meanwhile, the remaining part of the refrigerant in a liquid state (hereinafter referred to as
second refrigerant) is expanded by the subcooling expansion valve and then guided to the subcooling heat exchanger.
In the subcooling heat exchanger, the second refrigerant cools the first refrigerant and applies subcooling to the first
refrigerant. The second refrigerant that has applied subcooling to the first refrigerant and has been gasified is guided
between the discharge side of the low-stage compressor and the suction side of the high-stage compressor via an
intermediate pressure injection line.
[0006] Meanwhile, the first refrigerant on which subcooling has been applied is guided to the expansion valve. The
first refrigerant expanded by the expansion valve enters a low-pressure state and flows into the outdoor heat exchanger.
In the outdoor heat exchanger, heat is exchanged between the first refrigerant and the outside air, and the first refrigerant
is thereby evaporated. The first refrigerant that is evaporated and gasified in the outdoor heat exchanger is sucked into
the low-stage compressor.

Citation List

Patent Literature

[0007] Patent Literature 1: Japanese Unexamined Patent Application Publication No. 2018-21732

Summary of Invention

Technical Problem

[0008] There are two types of refrigerant, a simple composition refrigerant and a refrigerant mixture in which a plurality
of refrigerants are mixed. When a plurality of refrigerant components are mixed in a certain ratio, a refrigerant mixture
that has a constant boiling point, has the same composition in the gas phase and the liquid phase, and changes its
phase as if the refrigerant mixture is a single component may be obtained. Such a refrigerant mixture is called "azeotropic
refrigerant mixture".
[0009] On the other hand, a refrigerant mixture that acts just like a mixture of refrigerants having different dew points
and different boiling points in the whole composition range is called "zeotropic refrigerant mixture". When a zeotropic
refrigerant mixture is used in a refrigeration cycle apparatus, the composition varies constantly. Especially when leakage
of the refrigerant occurs, the composition changes from the composition of the original mixture ratio. Examples of the
zeotropic refrigerant mixture include R404A, R407C, and R463A. R463A is a carbon dioxide (CO2) refrigerant mixture
in which CO2 is mixed. Among the zeotropic refrigerant mixtures, a CO2 refrigerant mixture, in particular, causes a
significant composition change.
[0010] Patent Literature 1 indicates that R134a or R1234yf is used as refrigerant but does not indicate an intention to
use a zeotropic refrigerant mixture.
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[0011] However, in the refrigeration cycle apparatus that has the receiver connected to the intermediate pressure
injection line as described in Patent Literature 1, when a zeotropic refrigerant is used, the gas density in the receiver
varies according to the intermediate pressure. That is, because the pressure in the receiver is an intermediate pressure,
when the intermediate pressure increases, the gas density in the receiver increases and the mass of the refrigerant in
a gas state increases. Meanwhile, when the intermediate pressure decreases, the gas density in the receiver decreases
and the mass of the refrigerant in a gas state decreases. In this case, given that the receiver has a fixed volume, the
mass of the refrigerant in a liquid state varies according to the mass of the refrigerant in a gas state, and consequently
the composition of circulating refrigerant, which is the refrigerant circulating in the refrigerant circuit, is changed.
[0012] Because the refrigerant in a liquid state circulates in the refrigerant circuit, when such variation in the gas density
occurs in the receiver, the composition of the circulating refrigerant changes and variation in the capacity of the refrig-
eration cycle apparatus occurs. As a result, in some cases, there is a possibility that insufficiency of cooling occurs in
an evaporator of the refrigeration cycle apparatus.
[0013] The present disclosure has been made to solve the problem described above, and has an object to obtain a
refrigeration cycle apparatus capable of reducing or eliminating variation in the intermediate pressure in the receiver,
reducing or eliminating variation in the composition of the circulating refrigerant, and preventing insufficient cooling from
occurring in the refrigeration cycle apparatus.

Solution to Problem

[0014] A refrigeration cycle apparatus according to an embodiment of the present disclosure includes a controller, a
compressor configured to compress refrigerant to cause a pressure of the refrigerant to rise from a first pressure to a
second pressure higher than the first pressure, a condenser configured to cause heat exchange to be performed between
air and the refrigerant discharged from the compressor, an INJ branch unit configured to cause the refrigerant that flows
out of the condenser to branch into first refrigerant and second refrigerant, an expansion valve configured to expand the
first refrigerant that flows out of the INJ branch unit to reduce a pressure of the first refrigerant to the first pressure, an
evaporator configured to cause heat exchange to be performed between air and the first refrigerant that flows out of the
expansion valve, and cause the first refrigerant having the first pressure to flow to the compressor, and an injection
circuit connected between the INJ branch unit and the compressor, and configured to cause the second refrigerant that
flows out of the INJ branch unit to flow to the compressor. The injection circuit includes an INJ expansion valve configured
to expand the second refrigerant to reduce a pressure of the second refrigerant to an intermediate pressure that is higher
than the first pressure and lower than the second pressure, and a receiver configured to store the second refrigerant
that flows out of the INJ expansion valve, and cause the second refrigerant having the intermediate pressure to flow to
the compressor. The controller is configured to control at least one of a rotating speed of the compressor and an opening
degree of the INJ expansion valve such that the intermediate pressure, which corresponds to an internal pressure of
the receiver, falls to or below a first threshold or is kept constant within a first range. Advantageous Effects of Invention
[0015] With the refrigeration cycle apparatus according to an embodiment of the present disclosure, variation in the
intermediate pressure in the receiver is reduced or eliminated, variation in the composition of circulating refrigerant is
reduced or eliminated, and thus insufficient cooling can be prevented from occurring in the refrigeration cycle apparatus.

Brief Description of Drawings

[0016]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrating the configuration of a refrigeration cycle apparatus according
to Embodiment 1.
[Fig. 2] Fig. 2 is a perspective view illustrating an example of the configuration of a heat inter changer (HIC) 30
provided in the refrigeration cycle apparatus according to Embodiment 1.
[Fig. 3] Fig. 3 is a pressure-enthalpy (p-h) diagram illustrating a refrigeration cycle of the refrigeration cycle apparatus
according to Embodiment 1.
[Fig. 4] Fig. 4 is a flowchart illustrating a flow of processing in a control method (M1).
[Fig. 5] Fig. 5 is a flowchart illustrating a flow of processing in a control method (M2).
[Fig. 6] Fig. 6 is a flowchart illustrating a flow of processing when processing (a1) and processing (a2) are performed
as a first processing and a second processing in the flow of Fig. 5.
[Fig. 7] Fig. 7 is a flowchart illustrating a flow of processing when processing (b1) and processing (b2) are performed
as the first processing and the second processing in the flow of Fig. 5.
[Fig. 8] Fig. 8 is a refrigerant circuit diagram illustrating the configuration of a modified example of the refrigeration
cycle apparatus according to Embodiment 1.
[Fig. 9] Fig. 9 is an explanatory diagram schematically illustrating the configuration of a low-stage compressor 12



EP 4 350 246 A1

4

5

10

15

20

25

30

35

40

45

50

55

and a high-stage compressor 11 of Fig. 1.
[Fig. 10] Fig. 10 is an explanatory diagram schematically illustrating the configuration of an injection compressor 13
of Fig. 8.

Description of Embodiments

[0017] An embodiment of the refrigeration cycle apparatus according to the present disclosure is described below with
reference to the drawings. The present disclosure is not limited to the embodiment below, and various modifications can
be made without departing from the scope of the present disclosure. Furthermore, the present disclosure includes any
combination of features that can be combined with each other among the features shown in the embodiment and its
modified example described below. Moreover, in the drawings, components denoted by the same reference signs are
the same or corresponding components, and this applies to the entire description. In addition, in the drawings, the
relationship of relative sizes of components or the shape of each component may differ from actual one.

Embodiment 1

[0018] Fig. 1 is a refrigerant circuit diagram illustrating the configuration of a refrigeration cycle apparatus according
to Embodiment 1. As shown in Fig. 1, the refrigeration cycle apparatus includes, as a main circuit, a refrigerant circuit
in which a compressor 10, a condenser 20, an heat inter changer (HIC) 30, an expansion valve 40, and an evaporator
50 are connected by a refrigerant pipe 60. The compressor 10 includes a high-stage compressor 11 and a low-stage
compressor 12. The refrigeration cycle apparatus is used as, for example, a refrigeration apparatus, but is not limited
to this usage.
[0019] In addition, the refrigeration cycle apparatus includes an injection circuit 70, as shown in Fig. 1. The injection
circuit 70 is an intermediate pressure refrigerant bypass circuit for causing refrigerant having an intermediate pressure
PM, which will be described later, to flow. Furthermore, as shown in Fig. 1, an INJ branch unit 61 is provided between
the heat inter changer (HIC) 30 and the expansion valve 40. In addition, an INJ junction unit 62 is provided between a
discharge side of the low-stage compressor 12 and a suction side of the high-stage compressor 11. One end of the
injection circuit 70 is connected to the INJ branch unit 61 and the other end of the injection circuit 70 is connected to the
INJ junction unit 62.
[0020] The injection circuit 70 is formed by connecting an INJ expansion valve 71, a receiver 72, and a flow control
valve 73 by an injection pipe 76. Furthermore, the injection circuit 70 may be provided with a gas vent pipe 74. The gas
vent pipe 74 is a bypass pipe connected between the receiver 72 and the injection pipe 76. The gas vent pipe 74 may
be provided with an on-off valve 75.
[0021] In the main circuit, refrigerant flows in the refrigerant pipe 60 through the low-stage compressor 12, the INJ
junction unit 62, the high-stage compressor 11, the condenser 20, the heat inter changer (HIC) 30, the INJ branch unit
61, the expansion valve 40, and the evaporator 50 in this order.
[0022] Furthermore, in the injection circuit 70, refrigerant flows in the injection pipe 76 through the INJ branch unit 61,
the INJ expansion valve 71, the receiver 72, the flow control valve 73, the heat inter changer (HIC) 30, and the INJ
junction unit 62 in this order.
[0023] Configurations of the devices forming the refrigeration cycle apparatus shown in Fig. 1 will be described below.
[0024] The low-stage compressor 12 is configured to compress sucked refrigerant to cause the pressure of the refrig-
erant to rise from a low pressure PL to an intermediate pressure PM, and discharge the refrigerant. The low-stage
compressor 12 is, for example, an inverter compressor. When the low-stage compressor 12 is an inverter compressor,
the rotating speed may be changed to any speed by a driving circuit, such as an inverter circuit, to change the volume
of refrigerant delivered by the low-stage compressor 12 per unit time. In this case, the driving circuit is controlled by a
controller 90. Note that, the low pressure PL is a first pressure set in advance.
[0025] The high-stage compressor 11 is configured to compress the refrigerant having the intermediate pressure PM
discharged from the low-stage compressor 12 and the refrigerant having the intermediate pressure PM that flows in from
the injection circuit 70 to cause the pressure of the refrigerant to rise to a high pressure PH. The refrigerant discharged
from the high-stage compressor 11 flows into the condenser 20. The high-stage compressor 11 is, for example, an
inverter compressor. When the high-stage compressor 11 is an inverter compressor, the rotating speed may be changed
to any speed by a driving circuit, such as an inverter circuit, to change the volume of refrigerant delivered by the high-
stage compressor 11 per unit time. In this case, the driving circuit is controlled by the controller 90. Note that, the high
pressure PH is a second pressure set in advance. The second pressure is higher than the first pressure. In addition, the
intermediate pressure PM is higher than the first pressure and lower than the second pressure.
[0026] The condenser 20 is provided outdoors, for example. The condenser 20 is a heat exchanger that performs heat
exchange between refrigerant flowing in the heat exchanger and air. The condenser 20 is, for example, a fin-and-tube
type heat exchanger. The refrigerant condensed and liquefied in the condenser 20 flows into the heat inter changer
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(HIC) 30.
[0027] The heat inter changer (HIC) 30 is configured to perform inter-refrigerant heat exchange to cool one refrigerant
by the other refrigerant. As shown in Fig. 2, the heat inter changer (HIC) 30 is formed by a double pipe. Fig. 2 is a
perspective view illustrating an example of the configuration of the heat inter changer (HIC) 30 provided in the refrigeration
cycle apparatus according to Embodiment 1. In Fig. 2, part of the configuration is transparently represented by broken
lines for the purpose of explanation. In the example of Fig. 2, the heat inter changer (HIC) 30 includes an outer pipe 31
provided on an outer side and an inner pipe 32 provided inside the outer pipe 31. The refrigerant that flows out of the
condenser 20 flows in the outer pipe 31 in the direction of arrows P1 of Fig. 2. The refrigerant flowing in the injection
pipe 76 flows in the inner pipe 32 in the direction of arrow P2 of Fig. 2. As shown by the arrows in Fig. 2, the direction
(direction of arrows P1) in which the refrigerant flows in the outer pipe 31 and the direction (direction of arrow P2) in
which the refrigerant flows in the inner pipe 32 are opposite to each other, and the flows of the refrigerant face each
other. Note that, the heat inter changer (HIC) 30 is not limited to the example of Fig. 2. For example, the refrigerant
flowing in the injection pipe 76 may flow in the outer pipe 31, and the refrigerant that flows out of the condenser 20 may
flow in the inner pipe 32. In addition, the heat inter changer (HIC) 30 may be of another configuration.
[0028] In the heat inter changer (HIC) 30, the refrigerant (second refrigerant, which will be described later) that flows
out of the receiver 72 and flows in the injection pipe 76 cools the refrigerant that flows out of the condenser 20 and
applies subcooling to the refrigerant that flows out of the condenser 20. The refrigerant (second refrigerant) that has
applied subcooling and has gasified continues to flow in the injection pipe 76, and is guided to the INJ junction unit 62.
As described above, the INJ junction unit 62 is provided between the discharge side of the low-stage compressor 12
and the suction side of the high-stage compressor 11.
[0029] Meanwhile, the refrigerant on which subcooling has been applied in the heat inter changer (HIC) 30 is branched
into first refrigerant and second refrigerant at the INJ branch unit 61. The first refrigerant branched at the INJ branch
unit 61 flows in the refrigerant pipe 60 and is guided to the expansion valve 40. The expansion valve 40 is configured
to expand the first refrigerant to reduce the pressure of the first refrigerant. The first refrigerant that is expanded and
caused to have the low pressure PL flows into the evaporator 50. The expansion valve 40 is, for example, an electronic
expansion valve. When the expansion valve 40 is formed by an electronic expansion valve, the opening degree is
controlled by the controller 90 to be adjusted.
[0030] The evaporator 50 is provided in an indoor space, for example. The evaporator 50 is a heat exchanger that
performs heat exchange between the refrigerant flowing in the heat exchanger and air. The evaporator 50 is, for example,
a fin-and-tube type heat exchanger. In the evaporator 50, heat exchange is performed between the first refrigerant and
air, and the first refrigerant is evaporated. The first refrigerant that is evaporated and gasified is sucked into the low-
stage compressor 12. The low-stage compressor 12 sucks the refrigerant having the low pressure PL that flows out of
the evaporator 50, compresses the refrigerant to cause the pressure of the refrigerant to rise to the intermediate pressure
PM, and discharges the refrigerant.
[0031] Meanwhile, the second refrigerant branched at the INJ branch unit 61 flows in the injection pipe 76 and flows
into the INJ expansion valve 71 first.
[0032] The INJ expansion valve 71 is configured to expand the second refrigerant and thus reduce the pressure of
the second refrigerant. The second refrigerant expanded and caused to have the intermediate pressure PM flows into
the receiver 72. The INJ expansion valve 71 is, for example, an electronic expansion valve. When the INJ expansion
valve 71 is formed by an electronic expansion valve, the opening degree is controlled by the controller 90 to be adjusted.
[0033] The receiver 72 is configured to store the second refrigerant that is expanded by the INJ expansion valve 71
and caused to have the intermediate pressure PM. In the receiver 72, the second refrigerant is separated into the
refrigerant in a liquid state and the refrigerant in a gas state. The refrigerant in a liquid state separated in the receiver
72 flows into the inner pipe 32 of the heat inter changer (HIC) 30 via the injection pipe 76. The second refrigerant flowing
in the inner pipe 32 exchanges heat with the refrigerant flowing in the outer pipe 31, and then is guided to the INJ junction
unit 62.
[0034] At this time, in the heat inter changer (HIC) 30, the second refrigerant cools the refrigerant flowing in the outer
pipe 31 and applies subcooling to the refrigerant flowing in the outer pipe 31.
[0035] The injection pipe 76 between the receiver 72 and the heat inter changer (HIC) 30 is provided with the flow
control valve 73. The flow rate of the second refrigerant flowing out of the receiver 72 is controlled according to the
opening degree of the flow control valve 73. The flow control valve 73 is, for example, an electronic control valve. In this
case, the opening degree of the flow control valve 73 is controlled by the controller 90. However, the flow control valve
73 is not necessarily required, and may be installed only when needed. In addition, the heat inter changer (HIC) 30 is
not necessarily required, and may be installed only when needed.
[0036] In the INJ junction unit 62, the second refrigerant having the intermediate pressure PM flowing in the injection
pipe 76 and the first refrigerant having the intermediate pressure PM discharged by the low-stage compressor 12 are
joined together. The refrigerant joined at the INJ junction unit 62 is sucked into the high-stage compressor 11. The high-
stage compressor 11 compresses the sucked refrigerant from the intermediate pressure PM to the high pressure PH,
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and discharged the refrigerant.
[0037] The gas vent pipe 74 is a bypass pipe connected between the receiver 72 and the injection pipe 76. One end
of the gas vent pipe 74 is connected to an upper part of the receiver 72, and the other end of the gas vent pipe 74 is
connected between the flow control valve 73 and the heat inter changer (HIC) 30. When the on-off valve 75 is in an
open state, the gas vent pipe 74 causes the refrigerant in a gas state in the receiver 72 to flow into the injection pipe 76.
When the on-off valve 75 is in a closed state, the gas vent pipe 74 stops the outflow of the refrigerant in a gas state in
the receiver 72. With this configuration, the composition of the refrigerant flowing in the injection circuit 70, that is, the
gas density of the refrigerant can be finely adjusted. Note, however, that the gas vent pipe 74 is not necessarily required,
and may be installed only when needed.
[0038] The controller 90 includes a processing circuit. The processing circuit is dedicated hardware or a processor.
The dedicated hardware is, for example, an application specific integrated circuit (ASIC), a field-programmable gate
array (FPGA), or a similar circuit. The processor is configured to execute a program stored in the memory. Storage
circuitry (not shown) provided in the controller 90 is formed by a memory. The memory is, for example, a non-volatile
or volatile semiconductor memory, such as a random access memory (RAM), a read only memory (ROM), a flash
memory, and an erasable programmable ROM (EPROM), or a disk, such as a magnetic disk, a flexible disk, and an
optical disk.
[0039] Furthermore, as shown in Fig. 1, a pressure sensor 81 configured to measure an intermediate pressure PM is
provided between the INJ expansion valve 71 and the receiver 72 in Embodiment 1. An intermediate pressure PM
detected by the pressure sensor 81 is transmitted to the controller 90. The intermediate pressure PM is an internal
pressure of the receiver 72.
[0040] Fig. 3 is a p-h diagram illustrating a refrigeration cycle of the refrigeration cycle apparatus according to Em-
bodiment 1. In Fig. 3, the horizontal axis represents specific enthalpy, and the vertical axis represents pressure of the
refrigerant. Note that, points A to J in Fig. 3 correspond to the points shown in the refrigerant circuit diagram of Fig. 1.
In addition, point C and point C1 are actually the same point, but are represented as slightly displaced points for the
purpose of explanation.
[0041] First, the high-stage compressor 11 sucks the refrigerant having the intermediate pressure PM (state of point
J) and compresses the refrigerant to the high pressure PH (state of point A). The refrigerant in a high-temperature and
high-pressure gas state (state of point A) discharged from the high-stage compressor 11 flows into the condenser 20.
In the condenser 20, the refrigerant in a high-temperature and high-pressure gas state rejects heat to air, is thus condensed
and liquefied, and then the refrigerant enters a liquid state having the high pressure PH (state of point B). The refrigerant
in a high-pressure liquid state passes through the heat inter changer (HIC) 30 in a direction of arrow P1 of Fig. 1, and
enters a state in which the degree of subcooling is increased further (states of points C and C1). Part of the refrigerant
(state of point C1) that has passed through the heat inter changer (HIC) 30 flows into the INJ expansion valve 71 via
the INJ branch unit 61. In the INJ expansion valve 71, the refrigerant in a liquid state having the high pressure PH is
decompressed to the intermediate pressure PM. Then, the refrigerant flows into the receiver 72, and enters a two-phase
gas-liquid state (state of point H). Then, the refrigerant in a liquid state that flows out of the receiver 72 passes through
the heat inter changer (HIC) 30 in a direction of arrow P2, which is opposite to the direction of arrow P1. As a result, the
refrigerant enters a two-phase state having the intermediate pressure PM and an increased temperature (state of point I).
[0042] Meanwhile, the remaining part of the refrigerant (state of point C) that has passed through the heat inter changer
(HIC) 30 flows into the expansion valve 40. In the expansion valve 40, the refrigerant in a liquid state having the high
pressure PH is decompressed to the low pressure PL, and enters a two-phase gas-liquid state (state of point D). Then,
the refrigerant in a two-phase state having the low pressure PL (state of point D) flows into the evaporator 50. In the
evaporator 50, the refrigerant in a two-phase state having the low pressure PL receives heat from air and is thus evap-
orated, and then enters a gas state having the low pressure PL (state of point E). The refrigerant in a gas state having
the low pressure PL flows into the low-stage compressor 12. The low-stage compressor 12 sucks the refrigerant having
the low pressure PL and compresses the refrigerant to the intermediate pressure PM (state of point F). The refrigerant
in a gas state having the intermediate pressure PM (state of point F) discharged from the low-stage compressor 12 is
joined to the refrigerant in a two-phase state having the intermediate pressure PM (state of point I) that flows out of the
heat inter changer (HIC) 30 in the direction of arrow P2, and becomes the refrigerant having a quality of almost saturated
vapor (state of point J). The refrigerant having this quality is sucked into the high-stage compressor 11, and the same
cycle is repeated again.
[0043] In the refrigeration cycle apparatus according to Embodiment 1, a zeotropic refrigerant, for example, is used
as the refrigerant. In addition, in the refrigeration cycle apparatus according to Embodiment 1, a CO2 refrigerant mixture,
such as R463A, can be used particularly among zeotropic refrigerants. The composition of R463A includes 36 mass%
R32, 30 mass% R125, 14 mass% R134a, 14 mass% R1234yf, and 6 mass% R744 (CO2).
[0044] As described above, in the refrigeration cycle apparatus having the receiver 72 provided in the injection circuit
70, when a zeotropic refrigerant is used, the gas density in the receiver 72 varies according to the intermediate pressure
PM. Consequently, the composition of the refrigerant flowing in the injection circuit 70 changes and, as a result, the
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composition of the circulating refrigerant circulating in the refrigerant pipe 60 changes. Especially when a CO2 refrigerant
mixture among zeotropic refrigerants is used, the magnitude of change in the composition of the circulating refrigerant
is large. That is, because CO2 (carbon dioxide) has an extremely different boiling temperature from those of other
refrigerants, a CO2 refrigerant mixture has a tendency to become a high-pressure refrigerant compared with other
refrigerants. Because R463A contains only 6% of CO2 of the total, when the proportion of CO2 is slightly changed, this
composition change exerts a great impact on the refrigeration capacity of the refrigeration cycle apparatus. On the other
hand, with a refrigerant originally containing a large content of CO2, even when the proportion of CO2 is slightly changed,
the composition change has little influence. When a zeotropic refrigerant that contains a small amount of CO2, such as
R463A, is used, leakage of a small amount of CO2 from the circulating refrigerant has a big influence. Therefore, the
change in the composition of the circulating refrigerant due to leakage of a small amount of CO2 causes a significant
impact on the refrigeration capacity of the refrigeration cycle apparatus. As a result, in the refrigeration cycle apparatus,
insufficiency of the refrigeration capacity may occur in the evaporator 50, and there is a possibility that a decent cooling
operation cannot be performed.
[0045] Therefore, in the refrigeration cycle apparatus according to Embodiment 1, insufficiency of cooling is avoided
by controlling the intermediate pressure PM, which is the internal pressure of the receiver 72, to stabilize the composition
of the circulating refrigerant circulating in the refrigerant pipe 60. More specifically, the intermediate pressure PM is
controlled by using a control method (M1) or (M2) described below.
[0046] Control method (M1): control is exercised such that the intermediate pressure PM falls to or below a first
threshold. By reducing or eliminating an increase of the intermediate pressure PM, variation in the gas density in the
receiver 72 can be reduced, and thus the composition of the circulating refrigerant can be stabilized.
[0047] Control method (M2): control is exercised such that the intermediate pressure PM is kept constant. As long as
the intermediate pressure PM is kept constant and stabilized, variation in the gas density in the receiver 72 can be
reduced, and thus the composition of the circulating refrigerant can be stabilized.

[Regarding Control Method (M1)]

[0048] First, the control method (M1) will be described. Fig. 4 is a flowchart illustrating a flow of processing in the
control method (M1). In Fig. 4, control is exercised such at the intermediate pressure PM falls to or below a first threshold.
[0049] As shown in Fig. 4, in step S1, the controller 90 obtains a detection value of the intermediate pressure PM from
the pressure sensor 81.
[0050] Next, in step S2, the controller 90 compares the intermediate pressure PM to the first threshold. When the
comparison result indicates that the intermediate pressure PM is greater than the first threshold, the process proceeds
to step S3. Meanwhile, when the comparison result indicates that the intermediate pressure PM is less than or equal to
the first threshold, the processing of flow in Fig. 4 is terminated with no further processing.
[0051] In step S3, the controller 90 performs a predetermined first processing for the intermediate pressure PM such
that the intermediate pressure PM falls to or below the first threshold. With this processing, the intermediate pressure
PM is lowered.
[0052] The first threshold is, for example, a geometric mean of the low pressure PL and the high pressure PH. In this
case, the first threshold is calculated by the following formula (1).

[0053] In the refrigeration cycle apparatus having the low-stage compressor 12 and the high-stage compressor 11, it
is most preferable, in terms of performance, to exercise an equal pressure ratio control in which the pressure ratios of
the low-stage compressor 12 and the high-stage compressor 11 are made equal. Thus, in this case, the first threshold
for the intermediate pressure PM, which is the discharge pressure of the low-stage compressor 12, is set to a geometric
means of the low pressure PL, which is the pressure of the refrigerant sucked by the low-stage compressor 12, and the
high pressure PH, which is the pressure of the refrigerant discharged by the high-stage compressor 11.
[0054] Examples of the first processing include processing (a1) and processing (b1) described below. The controller
90 is configured to perform at least one of the processing (a1) and processing (b1) as the "first processing".

[Processing (a1): Control by Displacement]

[0055] The first processing in a case of the processing (a1) will be described. In the first processing in the case of the
processing (a1), the controller 90 is configured to increase a ratio of displacement of the high-stage compressor 11 to
displacement of the low-stage compressor 12. That is, the controller 90 increases the ratio of displacement of the high-
stage compressor 11 to displacement of the low-stage compressor 12. In this case, the displacement of the low-stage
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compressor 12 and the displacement of the high-stage compressor 11 are calculated by the following formula (2). That
is, not only the rotating speed ratio of the low-stage compressor 12 and the high-stage compressor 11 but also the
volume ratio of the low-stage compressor 12 and the high-stage compressor 11 is taken into account.

[0056] Although the controller 90 can increase the ratio of displacement by a predetermined fixed amount, the controller
90 may increase the ratio of displacement by an amount corresponding to the value of the intermediate pressure PM.
In this case, the storage circuitry of the controller 90 stores in advance a data table in which values of the intermediate
pressure PM and increased amounts of ratio of displacement are stored in association with each other. In addition,
because the ratio of the volume of the low-stage compressor 12 and the volume of the high-stage compressor 11 is
constant, the controller 90 actually increases a ratio of rotating speed of the high-stage compressor 11 to rotating speed
of the low-stage compressor 12. Thus, more specifically, the controller 90 controls at least one of the rotating speed of
the low-stage compressor 12 and the rotating speed of the high-stage compressor 11.

[Processing (b1): Control by Opening Degree of INJ Expansion Valve 71]

[0057] The first processing in a case of the processing (b1) will be described. In the first processing in the case of the
processing (b1), the controller 90 is configured to reduce the opening degree of the INJ expansion valve 71.
[0058] Although the controller 90 can reduce the opening degree of the INJ expansion valve 71 by a predetermined
fixed amount, the controller 90 may reduce the opening degree of the INJ expansion valve 71 by an amount corresponding
to the value of the intermediate pressure PM. In this case, the storage circuitry of the controller 90 stores in advance a
data table in which values of the intermediate pressure PM and reduced amounts of opening degree of the INJ expansion
valve 71 are stored in association with each other.
[0059] As described above, the controller 90 performs the predetermined first processing in step S3. With this process-
ing, the intermediate pressure PM is lowered. The controller 90 is configured to perform the processing of the flow of
Fig. 4 repeatedly at fixed intervals. Thus, the intermediate pressure PM can be controlled to fall to or below the first
threshold. By controlling the intermediate pressure PM such that the intermediate pressure PM is constantly kept at or
below the first threshold in this way, the refrigerant composition of the circulating refrigerant is stabilized, and thus
insufficiency of cooling can be avoided.

[Regarding Control Method (M2)]

[0060] Next, the control method (M2) above will be described. Fig. 5 is a flowchart illustrating a flow of processing in
the control method (M2). In Fig. 5, the controller 90 is configured to exercise control to keep the intermediate pressure
PM constant (that is, at a constant value). However, in an actual operation, there is a possibility that the intermediate
pressure PM slightly fluctuates around the constant value. For this reason, the constant value is set to have a certain
range. That is, a description is made for a case where the intermediate pressure PM is controlled such that the intermediate
pressure PM is kept within a first range including the constant value. Here, the "constant" is defined as a state of being
constant within a predetermined first range, or a state of being substantially constant with slight fluctuation. Note that,
the first range is described as a range that is greater than a predetermined second threshold and less than or equal to
the first threshold.
[0061] In Fig. 5, processing of step S4 and processing of step S5 are added to the flow of Fig. 4.
[0062] In step S1, the controller 90 obtains a detection value of the intermediate pressure PM from the pressure sensor
81.
[0063] Next, in step S2, the controller 90 compares the intermediate pressure PM to the first threshold. When the
comparison result indicates that the intermediate pressure PM is greater than the first threshold, the process proceeds
to step S3. Meanwhile, when the comparison result indicates that the intermediate pressure PM is less than or equal to
the first threshold, the process proceeds to step S4.
[0064] In step S3, the controller 90 performs the predetermined first processing for the intermediate pressure PM such
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that the intermediate pressure PM falls to or below the first threshold. With this processing, the intermediate pressure
PM is lowered. Because the first processing is described above, its description is omitted here.
[0065] In step S4, the controller 90 compares the intermediate pressure PM to the second threshold. When the com-
parison result indicates that the intermediate pressure PM is greater than the second threshold, the processing of flow
in Fig. 5 is terminated with no further processing. Meanwhile, when the comparison result indicates that the intermediate
pressure PM is less than or equal to the second threshold, the process proceeds to step S5.
[0066] In step S5, the controller 90 performs the predetermined second processing for the intermediate pressure PM
such that the intermediate pressure PM becomes higher than the second threshold. Thus, the intermediate pressure PM
is raised.
[0067] The second threshold is, for example, a value in which a negative tolerance α is provided to the first threshold.
That is, the second threshold is smaller than the first threshold by a value of α. Here, α is a predetermined positive real
number. In this case, the second threshold is calculated by the following formula (3). Note that, as the value of α
decreases, a fluctuation range of the intermediate pressure PM decreases. Therefore, the value of α is determined, as
appropriate, on the basis of an allowable fluctuation range for the intermediate pressure PM to be controlled constant.

[0068] Examples of the second processing include processing (a2) and processing (b2) described below. The controller
90 is configured to perform at least one of the processing (a2) and processing (b2) as the "second processing".

[Processing (a2): Control by Displacement]

[0069] The second processing in a case of the processing (a2) will be described. In the second processing in the case
of the processing (a2), the controller 90 is configured to reduce a ratio of displacement of the high-stage compressor
11 to displacement of the low-stage compressor 12. That is, the controller 90 reduces the ratio of displacement of the
high-stage compressor 11 to displacement of the low-stage compressor 12. In this case, the displacement of the low-
stage compressor 12 and the displacement of the high-stage compressor 11 are calculated by the formula (2) described
above.
[0070] Although the controller 90 can reduce the ratio of displacement by a predetermined fixed amount, the controller
90 may reduce the ratio of displacement by an amount corresponding to the value of the intermediate pressure PM. In
this case, the storage circuitry of the controller 90 stores in advance a data table in which values of the intermediate
pressure PM and reduced amounts of ratio of displacement are stored in association with each other. In addition, given
that the volume of the low-stage compressor 12 and the volume of the high-stage compressor 11 are constant, a ratio
of rotating speed of the high-stage compressor 11 to rotating speed of the low-stage compressor 12 is reduced. More
specifically, the controller 90 controls at least one of the rotating speed of the low-stage compressor 12 and the rotating
speed of the high-stage compressor 11.

[Processing (b2): Control by Opening Degree of INJ Expansion Valve 71]

[0071] The second processing in a case of the processing (b2) will be described. In the second processing in the case
of the processing (b2), the controller 90 is configured to increase the opening degree of the INJ expansion valve 71.
[0072] Although the controller 90 can increase the opening degree of the INJ expansion valve 71 by a predetermined
fixed amount, the controller 90 may increase the opening degree of the INJ expansion valve 71 by an amount corre-
sponding to the value of the intermediate pressure PM. In this case, the storage circuitry of the controller 90 stores in
advance a data table in which values of the intermediate pressure PM and increased amounts of opening degree of the
INJ expansion valve 71 are stored in association with each other.
[0073] As described above, the controller 90 performs the predetermined second processing in step S5. With this
processing, the intermediate pressure PM is raised. The controller 90 is configured to perform the processing of the flow
of Fig. 5 repeatedly at fixed intervals. Thus, the intermediate pressure PM can be controlled such that the intermediate
pressure PM is kept constant or substantially constant within the first range. That is, the intermediate pressure PM can
be controlled such that a relationship of first threshold ≥ intermediate pressure PM > second threshold is constantly
satisfied. By controlling the intermediate pressure PM such that the intermediate pressure PM is constantly kept constant
within the first range in this way, the gas density in the receiver 72 is stabilized, the refrigerant composition of the
circulating refrigerant is stabilized, and thus insufficiency of cooling can be avoided.
[0074] Fig. 6 is a flowchart illustrating a flow of processing when processing (a1) and processing (a2) are performed
as the first processing and the second processing in the flow of Fig. 5. In Fig. 6, the controller 90 controls the intermediate
pressure PM by controlling the ratio of displacement of the high-stage compressor 11 to displacement of the low-stage
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compressor 12.
[0075] In Fig. 6, the processing of step S13 is performed in place of step S3 of Fig. 5. In step S13, the controller 90
increases the ratio of displacement of the high-stage compressor 11 to displacement of the low-stage compressor 12.
As a result, the intermediate pressure PM is lowered.
[0076] In addition, in Fig. 6, the processing of step S15 is performed in place of step S5 of Fig. 5. In step S15, the
controller 90 reduces the ratio of displacement of the high-stage compressor 11 to displacement of the low-stage com-
pressor 12. As a result, the intermediate pressure PM is raised.
[0077] The other steps such as S1, S2, and S4 in Fig. 6 are the same as those of Fig. 5, and thus their descriptions
are omitted here.
[0078] Fig. 7 is a flowchart illustrating a flow of processing when processing (b1) and processing (b2) are performed
as the first processing and the second processing in the flow of Fig. 5. In Fig. 7, the controller 90 controls the intermediate
pressure PM by controlling the opening degree of the INJ expansion valve 71.
[0079] In Fig. 7, the processing of step S23 is performed in place of step S3 of Fig. 5. In step S23, the controller 90
reduces the opening degree of the INJ expansion valve 71. As a result, the intermediate pressure PM is lowered.
[0080] In addition, in Fig. 7, the processing of step S25 is performed in place of step S5 of Fig. 5. In step S25, the
controller 90 increases the opening degree of the INJ expansion valve 71. As a result, the intermediate pressure PM is
raised.
[0081] The other steps such as S1, S2, and S4 in Fig. 7 are the same as those of Fig. 5, and thus their descriptions
are omitted here.
[0082] Fig. 8 is a refrigerant circuit diagram illustrating the configuration of a modified example of the refrigeration
cycle apparatus according to Embodiment 1. Fig. 8 differs from Fig. 1 in that the compressor 10 in Fig. 8 is formed by
an injection compressor 13. As shown in Fig .8, the compressor 10 may be formed by the injection compressor 13, which
is a single-stage compressor provided with an intermediate pressure INJ port. In this case, the intermediate pressure
PM is controlled by controlling the opening degree of the INJ expansion valve 71 by using the control method (M2)
described above. Because the other configurations and operations are the same as those of Fig. 1, the other configurations
and operations are denoted by the same reference signs, and their descriptions are omitted here.
[0083] Fig. 9 is an explanatory diagram schematically illustrating the configuration of the low-stage compressor 12
and the high-stage compressor of Fig. 1. Fig. 10 is an explanatory diagram schematically illustrating the configuration
of the injection compressor 13 of Fig. 8. Fig. 9 shows the configuration of a general rotary compressor. The high-stage
compressor 11 and the low-stage compressor 12 of Fig. 1 each have the configuration shown in Fig. 9. In Fig. 9, the
compressor has a suction port 10a from which refrigerant is sucked and a discharge port 10b from which refrigerant is
discharged. In addition, a compression mechanism 10c, which compresses refrigerant, and a driving mechanism 10d,
which drives the compression mechanism 10c, are provided in the compressor. The compression mechanism 10c has
a compression chamber 10c-1 in which refrigerant is compressed. The driving mechanism 10d is formed by, for example,
a driving motor that drives the compression mechanism 10c. In addition, an accumulator 10e may be provided on the
suction port 10a side.
[0084] Fig. 10 shows the configuration of an injection rotary compressor forming the injection compressor 13. As
shown in Fig. 10, in the injection compressor 13, an intermediate pressure INJ port 10f, which is an injection refrigerant
suction port, is added to the configuration of Fig. 9. The refrigerant having the intermediate pressure Pnn flowing in the
injection circuit 70 is sucked into the intermediate pressure INJ port 10f. The refrigerant is caused to flow into the
compression chamber 10c-1 provided in the compression mechanism 10c. The refrigerant having the low pressure PL
flowing from the evaporator 50 is sucked into the suction port 10a of the injection compressor 13. In the compression
chamber 10c-1 of the injection compressor 13, the refrigerant that flows out of the evaporator 50 and the refrigerant that
flows in from the injection circuit 70 are mixed and compressed to the high pressure PH.
[0085] Furthermore, an injection pipe 10h connected to the intermediate pressure INJ port 10f may be provided with
an injection muffler 10g. The injection muffler 10g is configured to prevent the refrigerant from flowing backward from
the compression chamber 10c-1 to the intermediate pressure INJ port 10f. In addition, by installing mesh inside the
injection muffler 10g, a foreign object can be captured by the mesh, and thus reliability can be further enhanced.
[0086] Although, in Fig. 9 and Fig. 10, a case where a rotary compressor is used is described, the compressor is not
limited to this case. The low-stage compressor 12 and the high-stage compressor 11 each may be formed by a scroll
compressor or a screw compressor. In addition, the injection compressor 13 may be formed by a scroll compressor, or
a screw compressor, provided with the intermediate pressure INJ port 10f.
[0087] Because the operations of the refrigeration cycle apparatus in the case of Fig. 8 are basically the same as
those of the refrigeration cycle apparatus of Fig. 1, their descriptions are omitted here.
[0088] As described above, in Embodiment 1, the compressor 10 may be formed by the high-stage compressor 11
and the low-stage compressor 12 as shown in Fig. 1, or may be formed by the injection compressor 13 as shown in Fig.
8. In either case, the same effect can be obtained.
[0089] As described above, the refrigeration cycle apparatus according to Embodiment 1 includes the injection circuit



EP 4 350 246 A1

11

5

10

15

20

25

30

35

40

45

50

55

70 having the INJ expansion valve 71 and the receiver 72. Furthermore, the controller 90 is configured to control at least
one of the operation of the compressor 10 and the opening degree of the INJ expansion valve 71 such that the intermediate
pressure PM, which is the internal pressure of the receiver 72, falls to or below the first threshold. Alternatively, the
controller 90 is configured to control the intermediate pressure PM to fall within the first range. With this control, the gas
density of the refrigerant staying in the receiver 72 is reduced, and thus change in the composition of the circulating
refrigerant from the original composition is reduced. As a result, the composition of the circulating refrigerant is stabilized,
and therefore change from the original composition can be minimized as possible. When the composition of the circulating
refrigerant is stabilized, variation in the refrigeration capacity of the refrigeration cycle apparatus is reduced or eliminated,
and insufficient cooling of an indoor space by the evaporator 50 can be prevented.
[0090] Furthermore, in Embodiment 1, when the intermediate pressure PM is controlled by operation of the compressor,
the control is exercised by controlling the ratio of displacement of the high-stage compressor 11 to displacement of the
low-stage compressor 12. When the control is exercised by controlling the ratio of rotating speed of the high-stage
compressor 11 to rotating speed of the low-stage compressor 12, instead of the ratio of displacement, the volume ratio
of the low-stage compressor 12 and the high-stage compressor 11 is not taken into account. On the other hand, in
Embodiment 1, because the control is exercised by using the ratio of displacement, the rotating speed ratio is controlled
while the volume ratio of the low-stage compressor 12 and the high-stage compressor 11 is taken into account. Therefore,
the intermediate pressure PM can be controlled with higher accuracy in Embodiment 1.
[0091] Moreover, because a CO2 refrigerant mixture, in particular, causes a significant composition change, the re-
frigeration cycle apparatus according to Embodiment 1 is especially effective when a CO2 refrigerant mixture is used.
[0092] In addition, because the refrigeration cycle apparatus according to Embodiment 1 is provided with the heat
inter changer (HIC) 30, subcooling can be increased, and the performance of the refrigeration cycle apparatus can be
further improved.

Reference Signs List

[0093] 10: compressor, 10a: suction port, 10b: discharge port, 10c: compression mechanism, 10c-1: compression
chamber, 10d: driving mechanism, 10e: accumulator, 10f: intermediate pressure INJ port, 10g: injection muffler, 11:
high-stage compressor, 12: low-stage compressor, 13: injection compressor, 20: condenser, 31: outer pipe, 32: inner
pipe, 40: expansion valve, 50: evaporator, 60: refrigerant pipe, 61: INJ branch unit, 62: INJ junction unit, 70: injection
circuit, 71: INJ expansion valve, 72: receiver, 73: flow control valve, 74: gas vent pipe, 75: on-off valve, 76: injection
pipe, 81: pressure sensor, 90: controller, P1: arrow, P2: arrow, PH: high pressure (second pressure), PL: low pressure
(first pressure), PM: intermediate pressure

Claims

1. A refrigeration cycle apparatus comprising:

a controller;
a compressor configured to compress refrigerant to cause a pressure of the refrigerant to rise from a first
pressure to a second pressure higher than the first pressure;
a condenser configured to cause heat exchange to be performed between air and the refrigerant discharged
from the compressor;
an INJ branch unit configured to cause the refrigerant that flows out of the condenser to branch into first refrigerant
and second refrigerant;
an expansion valve configured to expand the first refrigerant that flows out of the INJ branch unit to reduce a
pressure of the first refrigerant to the first pressure;
an evaporator configured to cause heat exchange to be performed between air and the first refrigerant that
flows out of the expansion valve, and cause the first refrigerant having the first pressure to flow to the compressor;
and
an injection circuit connected between the INJ branch unit and the compressor, and configured to cause the
second refrigerant that flows out of the INJ branch unit to flow to the compressor,
wherein the injection circuit includes
an INJ expansion valve configured to expand the second refrigerant to reduce a pressure of the second refrigerant
to an intermediate pressure that is higher than the first pressure and lower than the second pressure, and
a receiver configured to store the second refrigerant that flows out of the INJ expansion valve, and cause the
second refrigerant having the intermediate pressure to flow to the compressor, and
wherein the controller is configured to control at least one of a rotating speed of the compressor and an opening
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degree of the INJ expansion valve such that the intermediate pressure falls to or below a first threshold or is
kept constant within a first range, the intermediate pressure corresponding to an internal pressure of the receiver.

2. The refrigeration cycle apparatus of claim 1, further comprising

a pressure sensor provided between the INJ expansion valve and the receiver, and configured to detect the
intermediate pressure corresponding to the internal pressure of the receiver,
wherein the controller is configured to control the intermediate pressure corresponding to the internal pressure
of the receiver based on the intermediate pressure detected by the pressure sensor such that the intermediate
pressure falls to or below the first threshold or is kept constant within the first range.

3. The refrigeration cycle apparatus of claim 1 or 2, wherein the controller is configured to, when the intermediate
pressure corresponding to the internal pressure of the receiver is higher than the first threshold, reduce the opening
degree of the INJ expansion valve to reduce the intermediate pressure.

4. The refrigeration cycle apparatus of claim 3, wherein the controller is configured to, when the intermediate pressure
corresponding to the internal pressure of the receiver is lower than or equal to a second threshold that is smaller
than the first threshold, increase the opening degree of the INJ expansion valve to raise the intermediate pressure.

5. The refrigeration cycle apparatus of any one of claims 1 to 4,

wherein the compressor is formed by a single-stage compressor having an intermediate pressure INJ port, and
wherein one end of the injection circuit is connected to the INJ branch unit, and an other end of the injection
circuit is connected to the intermediate pressure INJ port of the compressor.

6. The refrigeration cycle apparatus of any one of claims 1 to 4,

wherein the compressor includes
a low-stage compressor provided between the evaporator and an INJ junction unit, and configured to compress
the first refrigerant having the first pressure that flows out of the evaporator to cause the pressure of the first
refrigerant to rise from the first pressure to the intermediate pressure, and
a high-stage compressor provided between the INJ junction unit and the condenser, and configured to suck
refrigerant joined at the INJ junction unit and compress the sucked refrigerant to cause a pressure of the
refrigerant to rise to the second pressure, and
wherein the INJ junction unit is provided between a discharge side of the low-stage compressor and a suction
side of the high-stage compressor, and is configured to join the first refrigerant discharged from the low-stage
compressor and the second refrigerant that flows out of the injection circuit, and
wherein one end of the injection circuit is connected to the INJ branch unit, and an other end of the injection
circuit is connected to the INJ junction unit.

7. The refrigeration cycle apparatus of claim 6,

wherein the controller is configured to control a ratio of displacement of the high-stage compressor to displace-
ment of the low-stage compressor such that the intermediate pressure corresponding to the internal pressure
of the receiver falls to or below the first threshold or is kept constant within the first range,
wherein the displacement of the low-stage compressor is a value obtained by multiplying a volume of the low-
stage compressor and a rotating speed of the low-stage compressor, and
wherein the displacement of the high-stage compressor is a value obtained by multiplying a volume of the high-
stage compressor and a rotating speed of the high-stage compressor.

8. The refrigeration cycle apparatus of claim 7, wherein the controller is configured to, when the intermediate pressure
corresponding to the internal pressure of the receiver is higher than the first threshold, increase the ratio of the
displacement of the high-stage compressor to the displacement of the low-stage compressor to reduce the inter-
mediate pressure.

9. The refrigeration cycle apparatus of claim 8, wherein the controller is configured to, when the intermediate pressure
corresponding to the internal pressure of the receiver is lower than or equal to a second threshold that is smaller
than the first threshold, reduce the ratio of the displacement of the high-stage compressor to the displacement of
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the low-stage compressor to raise the intermediate pressure.

10. The refrigeration cycle apparatus of any one of claims 1 to 9, wherein the first threshold is a geometric mean of the
first pressure and the second pressure.

11. The refrigeration cycle apparatus of any one of claims 1 to 10,

wherein the first range is a range less than or equal to the first threshold and greater than a second threshold, and
wherein the second threshold is smaller than the first threshold.

12. The refrigeration cycle apparatus of any one of claims 1 to 11, further comprising

a heat inter changer provided between the condenser and the INJ branch unit, and configured to apply subcooling
to the refrigerant that flows out of the condenser,
wherein the INJ branch unit is configured to cause the refrigerant that flows out of the heat inter changer to
branch into the first refrigerant and the second refrigerant, and
wherein the receiver is configured to cause the second refrigerant having the intermediate pressure staying in
the receiver to flow to the compressor via the heat inter changer.
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