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(54) REFRIGERATION CYCLE DEVICE

(57) When temperature is a high outside-air temper-
ature, which is equal to or higher than a normal outside-air
temperature, a refrigeration cycle apparatus (100A)
causes refrigerant to flow through a branch circuit and

an injection circuit to use a subcooling heat exchanger
(22), and injects refrigerant having flowed through a sec-
ondary side of the subcooling heat exchanger (22) into
a compressor (3).
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus, and more particularly, to a refrigeration
cycle apparatus configured to suppress an increase in
temperature of refrigerant discharged from a compressor
while suppressing an increase in an amount of filled re-
frigerant.

Background Art

[0002] Hitherto, there has been a refrigeration cycle
apparatus configured to execute a refrigeration cycle
through use of an "HFC refrigerant", e.g., R410A that is
non-combustible. R410A has a property in which a global
warming potential (hereinafter referred to as "GWP") is
high while an ozone depletion potential (hereinafter re-
ferred to as "ODP") is zero and does not deplete the
ozone layer unlike an "HCFC refrigerant", e.g., R22 that
has been used up to now. Therefore, as one effort to
prevent global warming, it is currently being considered
to change the refrigerant that is used from an HFC re-
frigerant having a high GWP, e.g., R410A, to a refrigerant
having a low GWP (hereinafter referred to as "low-GWP
refrigerant").
[0003] As a candidate for the low-GWP refrigerant,
there has been an HFC refrigerant that does not have a
carbon-carbon double bond in its composition, e.g., R32
(CH2F2; difluoromethane) having a GWP lower than that
of R410A. Further, as a similar candidate refrigerant,
there has been a halogenated hydrocarbon, which is one
type of HFC refrigerant similar to R32 and has a carbon-
carbon double bond in its composition. As such halogen-
ated hydrocarbons, there have been known, for example,
HFO-1234yf (CF3CF=CH2; tetrafluoropropene) and
HFO-1234ze (CF3-CH=CHF). In order to distinguish
those refrigerants from an HFC refrigerant that does not
have a carbon-carbon double bond in its composition like
R32, the HFC refrigerant having a carbon-carbon double
bond in its composition is expressed as an "HFO refrig-
erant" in many cases through use of "O" standing for
olefin (unsaturated hydrocarbon having a carbon-carbon
double bond is called "olefin").
[0004] While such low-GWP refrigerants (HFC refrig-
erant and HFO refrigerant) are not as highly combustible
as HC refrigerants, e.g., R290 (C3H8; propane) that is a
natural refrigerant, those refrigerants are slightly com-
bustible unlike R410A that is non-combustible. In the fol-
lowing, refrigerant that is even slightly combustible is re-
ferred to as "combustible refrigerant".
[0005] When the combustible refrigerant is used in a
refrigeration cycle apparatus, it is desired to suppress an
increase in an amount of filled refrigerant in consideration
of safety. At the same time, it is also necessary to take
efficiency of the refrigeration cycle apparatus into con-
sideration.

[0006] As the refrigeration cycle apparatus using the
combustible refrigerant, there is proposed a refrigeration
apparatus using an R32 refrigerant or a mixed refrigerant
whose proportion of R32 is 70% or more, which is con-
figured to calculate a target discharge temperature based
on a condensing temperature, an evaporating tempera-
ture, and an opening degree of a subcooling expansion
valve, and control an opening degree of a main expansion
value such that the target discharge temperature is
reached (see, for example, Patent Literature 1).
[0007] Further, there is proposed a refrigeration circuit
using a refrigerant whose property may change depend-
ing on temperature within a compressor, in which a part
of refrigerant discharged from an outlet of a condenser
branches and the part of refrigerant is supplied to the
inside of the compressor (see, for example, Patent Lit-
erature 2).

Citation List

Patent Literature

[0008]

Patent Literature 1: Japanese Patent No. 3440910
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2010-19457

Summary of Invention

Technical Problem

[0009] However, with the technology disclosed in Pat-
ent Literature 1, while the increase in the temperature of
refrigerant discharged from the compressor can be sup-
pressed, the subcooling heat exchanger is used irrespec-
tive of an operation condition. Thus, the amount of filled
refrigerant disadvantageously increases due to an in-
crease in a capacity of a heat exchanger installed at the
outlet of the condenser and a decrease in a quality at an
inlet of the evaporator. Therefore, when the refrigerant
leaks, the leakage of refrigerant not only causes a safety
problem, but also disadvantageously contributes to the
global warming.
[0010] Further, with the technology disclosed in Patent
Literature 2, in a cooling operation under a state in which
an outside-air temperature and a load are high, the in-
crease in the refrigerant discharge temperature of the
compressor can be suppressed, but the quality at the
inlet of the evaporator cannot be reduced. As a result,
the refrigerant cannot be held in the evaporator, and a
condensing pressure increases. Thus, the property of
the refrigerant may change due to the increase in the
condensing pressure. When the property of the refriger-
ant changes, proper performance of the refrigerant can
no longer be exerted.
[0011] The present invention has been made in order
to overcome the above-mentioned problems, and it is an
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object of the present invention to provide a refrigeration
cycle apparatus capable of suppressing an increase in
refrigerant discharge temperature of a compressor while
suppressing an increase in an amount of filled refrigerant.

Solution to Problem

[0012] According to one embodiment of the present
invention, there is provided a refrigeration cycle appara-
tus, including: a main refrigerant circuit formed by con-
necting a compressor, a first heat exchanger, a first ex-
pansion valve, and a second heat exchanger; a branch
circuit formed by connecting the first heat exchanger, a
primary side of a subcooling heat exchanger installed on
a downstream side of refrigerant flow in a case where
the first heat exchanger serves as a condenser, a second
expansion valve, and the second heat exchanger; and
an injection circuit formed by connecting, with an injection
pipe branching from a downstream side of the primary
side of the subcooling heat exchanger, a third expansion
valve, a secondary side of the subcooling heat exchang-
er, and the compressor, the refrigeration cycle apparatus
being operable in a normal operation mode of causing
the refrigerant to flow through the main refrigerant circuit;
and a high-outside-air-temperature operation mode of
causing the refrigerant to flow through the branch circuit
and the injection circuit to use the subcooling heat ex-
changer, and of injecting the refrigerant having flowed
through the secondary side of the subcooling heat ex-
changer into the compressor, the refrigeration cycle ap-
paratus being configured to perform the high-outside-air-
temperature operation mode when an outside-air tem-
perature is equal to or higher than a predetermined tem-
perature.

Advantageous Effects of Invention

[0013] With the refrigeration cycle apparatus accord-
ing to the present invention, the increase in the amount
of filled refrigerant can be suppressed by suppressing a
decrease in a quality at the inlet of the second heat ex-
changer serving as the evaporator in a predetermined
normal operation. Further, the discharge temperature
and the increase in the condensing pressure can be sup-
pressed by injecting the refrigerant into the compressor
during the high-outside-air-temperature cooling opera-
tion.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 is a refrigerant circuit configuration di-
agram for schematically illustrating an example of a
refrigerant circuit configuration of a refrigeration cy-
cle apparatus according to Embodiment 1 of the
present invention.
[Fig. 2] Fig. 2 is an explanatory table for showing

patterns of control on actuators corresponding to op-
eration modes executed by the refrigeration cycle
apparatus according to Embodiment 1 of the present
invention.
[Fig. 3] Fig. 3 is a refrigerant circuit configuration di-
agram for schematically illustrating an example of a
refrigerant circuit configuration of a refrigeration cy-
cle apparatus according to Embodiment 2 of the
present invention.
[Fig. 4] Fig. 4 is an explanatory table for showing
patterns of control on actuators corresponding to op-
eration modes executed by the refrigeration cycle
apparatus according to Embodiment 2 of the present
invention.
[Fig. 5] Fig. 5 is a refrigerant circuit configuration di-
agram for schematically illustrating an example of a
refrigerant circuit configuration of a refrigeration cy-
cle apparatus according to Embodiment 3 of the
present invention.
[Fig. 6] Fig. 6 is an explanatory table for showing
patterns of control on actuators corresponding to op-
eration modes executed by the refrigeration cycle
apparatus according to Embodiment 3 of the present
invention.

Description of Embodiments

[0015] Now, embodiments of the present invention are
described with reference to the drawings. In the following
drawings, including Fig. 1, the relationships between the
sizes of components may be different from the actual
relationships. Further, in the following drawings, includ-
ing Fig. 1, components denoted by the same reference
symbols correspond to the same or equivalent compo-
nents. This is common throughout the description herein.
In addition, the forms of the components described herein
are merely examples, and the components are not limited
to the description herein.

Embodiment 1

[0016] Fig. 1 is a refrigerant circuit configuration dia-
gram for schematically illustrating an example of a refrig-
erant circuit configuration of a refrigeration cycle appa-
ratus (hereinafter referred to as "refrigeration cycle ap-
paratus 100A") according to Embodiment 1 of the present
invention. Referring to Fig. 1, the refrigeration cycle ap-
paratus 100A is described.
[0017] The refrigeration cycle apparatus 100A is as-
sumed to use a combustible refrigerant as a main com-
ponent, and includes an outdoor unit 1 and an indoor unit
2. The outdoor unit 1 and the indoor unit 2 are connected
to each other with a liquid pipe 7 and a gas pipe 9. The
number of the connected outdoor units 1 and the number
of the connected indoor units 2 are not limited to one,
and any one or both of the numbers may be two or more.
[0018] The outdoor unit (heat source apparatus) 1 in-
cludes a compressor 3 configured to compress refriger-
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ant, an outdoor heat exchanger (first heat exchanger) 5
configured to exchange heat between the refrigerant and
ambient air of the outdoor unit 1 sent by an outdoor blower
device 5a, a first electronic expansion valve (first expan-
sion valve) 6 configured to control a flow rate of the re-
frigerant, an opening-closing valve 21 configured to con-
trol a flow of the refrigerant, a subcooling heat exchanger
22 configured to exchange heat between refrigerant and
refrigerant, a second electronic expansion valve (second
expansion valve) 23 configured to control a flow rate of
the refrigerant, and a third electronic expansion valve
(third expansion valve) 24 configured to control a flow
rate of the refrigerant. The outdoor heat exchanger 5 in-
cludes the outdoor blower device 5a configured to supply
air and an outside-air temperature sensor T1 configured
to detect an outside-air temperature. On a discharge side
of the compressor 3, there are arranged a discharge tem-
perature sensor T2 configured to detect a temperature
of the refrigerant discharged from the compressor 3 and
a discharge pressure sensor P1 configured to detect a
pressure of the refrigerant discharged from the compres-
sor 3. At one end of the subcooling heat exchanger 22,
there is arranged a refrigerant temperature sensor T3
configured to detect a temperature of the refrigerant that
has passed through the subcooling heat exchanger 22.
[0019] The indoor unit (use-side device) 2 includes an
indoor heat exchanger (second heat exchanger) 8 con-
figured to exchange heat between the refrigerant and
ambient air of the indoor unit 2 conveyed by an indoor
blower device 8a to, for example, cool or heat an indoor
space, to thereby implement cooling or heating. The in-
door heat exchanger 8 includes the indoor blower device
8a configured to supply air.
[0020] As the compressor 3 configured to compress
the refrigerant, it is preferred to use a positive-displace-
ment compressor, which is a type of compressor having
a rotation speed and an operation capacity controlled by
an inverter circuit. Examples of the positive-displacement
compressor include a rotary compressor, a scroll com-
pressor, a screw compressor, and a reciprocating com-
pressor. A discharge pipe 3a is connected to the com-
pressor 3.
[0021] The outdoor heat exchanger 5 serves as a con-
denser or an evaporator. The outdoor heat exchanger 5
can be constructed with, for example, a cross fin-type
fin-and-tube heat exchanger including heat transmission
tubes and a large number of fins.
[0022] The outdoor blower device 5a is configured to
supply the air to the outdoor heat exchanger 5. The out-
door blower device 5a is constructed with a device ca-
pable of changing a flow rate of the air. For example, as
the outdoor blower device 5a, a centrifugal fan or a multi-
blade fan to be driven by a motor, e.g., a DC fan motor,
can be used.
[0023] The first electronic expansion valve 6 is config-
ured to have an opening degree controlled by a controller
30 described later, and is configured to, for example, con-
trol the flow rate of the refrigerant while reducing the pres-

sure of the refrigerant.
[0024] The indoor heat exchanger 8 functions as an
evaporator or a condenser. The indoor heat exchanger
8 can be constructed with, for example, a cross fin-type
fin-and-tube heat exchanger including heat transmission
tubes and a large number of fins.
[0025] The indoor blower device 8a is configured to
supply the air to the indoor heat exchanger 8. The indoor
blower device 8a is constructed with a device capable of
changing a flow rate of the air. For example, as the indoor
blower device 8a, a centrifugal fan or a multiblade fan to
be driven by a motor, e.g., a DC fan motor, can be used.
[0026] The compressor 3, the outdoor heat exchanger
5, the first electronic expansion valve 6, and the indoor
heat exchanger 8 form a main refrigerant circuit by being
connected to one another with a main refrigerant pipe 31
including the discharge pipe 3a, the liquid pipe 7, and the
gas pipe 9.
[0027] The outdoor unit 1 further includes a branch
pipe 25, which branches from a portion of the main re-
frigerant pipe 31 between the outdoor heat exchanger 5
and the first electronic expansion valve 6 and is connect-
ed to a portion between the first electronic expansion
valve 6 and the indoor heat exchanger 8. The outdoor
heat exchanger 5, a primary side of the subcooling heat
exchanger 22 (side of the refrigerant flowing through the
branch pipe 25), the second electronic expansion valve
23, and the indoor heat exchanger 8 form a branch circuit
by being connected to one another with the branch pipe
25 and the main refrigerant pipe 31.
[0028] The outdoor unit 1 further includes an injection
pipe 26, which branches from a portion of the branch pipe
25 between the subcooling heat exchanger 22 and the
second electronic expansion valve 23 and is connected
to a suction side of the compressor 3. The third electronic
expansion valve 24, a secondary side of the subcooling
heat exchanger 22 (side of the refrigerant flowing through
the injection pipe 26), and the suction side of the com-
pressor 3 form an injection circuit by being connected to
one another with the injection pipe 26.
[0029] The opening-closing valve 21 is arranged on
the branch pipe 25 between the outdoor heat exchanger
5 and the subcooling heat exchanger 22, and is config-
ured to open and close the branch pipe 25. Opening and
closing of the opening-closing valve 21 is controlled by
the controller 30 described later.
[0030] The subcooling heat exchanger 22 is config-
ured to exchange heat between the refrigerant flowing
through the branch pipe 25 and the refrigerant flowing
through the injection pipe 26. It is preferred that the sub-
cooling heat exchanger 22 be constructed with, for ex-
ample, a microchannel heat exchanger, a shell and tube
heat exchanger, a heat pipe heat exchanger, a double
pipe heat exchanger, or a plate heat exchanger.
[0031] The second electronic expansion valve 23 is
arranged on the branch pipe 25 on a downstream side
of the subcooling heat exchanger 22. The second elec-
tronic expansion valve 23 has an opening degree con-
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trolled by the controller 30 described later, and is capable
of, for example, controlling the flow rate of the refrigerant
while reducing the pressure of the refrigerant flowing
through the branch pipe 25.
[0032] The third electronic expansion valve 24 is ar-
ranged on the injection pipe 26 on an upstream side of
the subcooling heat exchanger 22. The third electronic
expansion valve 24 has an opening degree controlled by
the controller 30 described later, and is capable of, for
example, controlling the flow rate of the refrigerant while
reducing the pressure of the refrigerant flowing through
the injection pipe 26.
[0033] The refrigeration cycle apparatus 100A in-
cludes the controller 30 configured to generally control
the refrigeration cycle apparatus 100A. The controller 30
is configured to perform operation modes by controlling
actuators (parts to be driven, including the compressor
3, the outdoor blower device 5a, the first electronic ex-
pansion valve 6, the opening-closing valve 21, the sec-
ond electronic expansion valve 23, the third electronic
expansion valve 24, and the indoor blower device 8a)
based on detection values obtained by detectors includ-
ing the outside-air temperature sensor T1, the discharge
pressure sensor P1, the discharge temperature sensor
T2, and the refrigerant temperature sensor T3. The con-
troller 30 can be constructed with hardware, e.g., a circuit
device, for implementing its functions, or can be con-
structed with an arithmetic device, e.g., a microcontroller
or a CPU, and software to be executed on the arithmetic
device.
[0034] Parts of the liquid pipe 7 connecting the outdoor
unit 1 and the indoor unit 2 to each other are connected
to each other via a liquid-side stop valve 32.
[0035] Similarly, parts of the gas pipe 9 connecting the
outdoor unit 1 and the indoor unit 2 to each other are
connected to each other via a gas-side stop valve 33.
[0036] In other words, the outdoor unit 1 and the indoor
unit 2 can be separated from each other via the liquid-
side stop valve 32 and the gas-side stop valve 33.
[0037] Fig. 2 is an explanatory table for showing pat-
terns of control by the controller 30 on actuators (in this
case, the opening-closing valve 21, the first electronic
expansion valve 6, the second electronic expansion
valve 23, and the third electronic expansion valve 24)
corresponding to operation modes executed by the re-
frigeration cycle apparatus 100A. Referring to Fig. 1 and
Fig. 2, the operation of the refrigeration cycle apparatus
100A is described.
[0038] The refrigeration cycle apparatus 100A is con-
figured to determine whether or not to use the subcooling
heat exchanger 22 depending on the outside-air temper-
ature detected by the outside-air temperature sensor T1.
In the following description, an operation mode at the
time when the subcooling heat exchanger 22 is not used
at a normal outside-air temperature is referred to as "nor-
mal operation mode", and an operation mode at the time
when the subcooling heat exchanger 22 is used at a high
outside-air temperature is referred to as "high-outside-

air-temperature operation mode".
[0039] While a strict temperature range of the "normal
outside-air temperature" cannot be defined, it is assumed
that, when the outside-air temperature detected by the
outside-air temperature sensor T1 is at the "normal out-
side-air temperature", such temperature falls within a
range of temperatures in which the refrigeration cycle
apparatus 100A is used normally in a region in which the
refrigeration cycle apparatus 100A is used. The range of
the "normal outside-air temperature" is determined in ad-
vance.
[0040] While a strict temperature range of the "high
outside-air temperature" cannot be defined, it is assumed
that, when the outside-air temperature detected by the
outside-air temperature sensor T1 is at the "high outside-
air temperature", such temperature is equal to or higher
than an upper limit of the normal outside-air temperature
of the refrigeration cycle apparatus 100A defined in ad-
vance (e.g., equal to or higher than 40 degrees C). The
range of the "high outside-air temperature" is determined
in advance.

<Normal Operation Mode>

[0041] In the normal operation mode, as shown in Fig.
2, under the control of the controller 30, the opening-
closing valve 21 is controlled to be closed, the second
electronic expansion valve 23 is controlled to be fully
opened, and the third electronic expansion valve 24 is
controlled to be fully closed. Further, based on the de-
tection result obtained by the discharge temperature sen-
sor T2, the first electronic expansion valve 6 controls the
refrigerant discharge temperature of the compressor 3.
In other words, at the normal outside-air temperature,
the refrigeration cycle apparatus 100A bypasses the re-
frigerant through the subcooling heat exchanger 22 in
order to suppress a decrease in a quality at an inlet of
the indoor heat exchanger 8 functioning as the evapora-
tor and suppress an increase in an amount of refrigerant
required for the indoor heat exchanger 8.
[0042] A high-temperature and high-pressure gas re-
frigerant discharged from the compressor 3 flows into the
outdoor heat exchanger 5 serving as the condenser, and
transfers its heat to outdoor air conveyed by the outdoor
blower device 5a. This refrigerant has its pressure re-
duced by the first electronic expansion valve 6 to turn
into a low-pressure two-phase refrigerant, and the low-
pressure two-phase refrigerant then cools indoor air in
the indoor heat exchanger 8 serving as the evaporator
to turn into a low-pressure gas refrigerant. After that, the
low-pressure gas refrigerant passes through the gas pipe
9 to be sucked into the compressor 3 again.

<High-outside-air-temperature Operation Mode>

[0043] In the high-outside-air-temperature operation
mode, as shown in Fig. 2, under the control of the con-
troller 30, the opening-closing valve 21 is controlled to
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be opened, and the first electronic expansion valve 6 is
controlled to be fully closed. Further, based on the de-
tection result obtained by the discharge temperature sen-
sor T2, the second electronic expansion valve 23 controls
the temperature of the refrigerant discharged from the
compressor 3, and the third electronic expansion valve
24 controls a degree of subcooling (SC) of the refrigerant
at an outlet of the subcooling heat exchanger 22. In other
words, at the high outside-air temperature, the refriger-
ation cycle apparatus 100A causes the refrigerant to flow
into the branch circuit, uses the subcooling heat exchang-
er 22 to keep the quality at the inlet of the indoor heat
exchanger 8 serving as the evaporator at a low level, and
causes the indoor heat exchanger 8 to hold a large
amount of refrigerant, to thereby suppress an increase
in the high pressure of the refrigerant discharged from
the compressor 3.
[0044] Further, at the high outside-air temperature, the
refrigeration cycle apparatus 100A injects the refrigerant
that has passed through the subcooling heat exchanger
22 into the suction side of the compressor 3, to thereby
suppress the increase in the refrigerant discharge tem-
perature from the compressor 3.
[0045] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 3 flows into
the outdoor heat exchanger 5 serving as the condenser,
and transfers its heat to the outdoor air conveyed by the
outdoor blower device 5a. This refrigerant flows into the
subcooling heat exchanger 22 via the opening-closing
valve 21. This refrigerant is cooled by a low-pressure
refrigerant in the subcooling heat exchanger 22, and then
has its pressure reduced by the second electronic ex-
pansion valve 23 to turn into the low-pressure two-phase
refrigerant. The low-pressure two-phase refrigerant
cools the indoor air in the indoor heat exchanger 8 func-
tioning as the evaporator to turn into the low-pressure
gas refrigerant. After that, the low-pressure gas refriger-
ant passes through the gas pipe 9 to be sucked into the
compressor 3 again.
[0046] On the other hand, the refrigerant of the injec-
tion circuit having flowed into the injection pipe 26 has
its pressure reduced by the third electronic expansion
valve 24, and is then heated by a high-pressure refriger-
ant in the subcooling heat exchanger 22. This refrigerant
is injected into the suction side of the compressor 3, and
merges with the refrigerant having flowed through the
gas pipe 9. After that, the refrigerant passes through the
gas pipe 9 to be sucked into the compressor 3 again.
[0047] The degree of subcooling (SC) of the refrigerant
at the outlet of the subcooling heat exchanger 22 can be
calculated based on a difference between a high-pres-
sure-side saturation temperature of the refrigerant and
the temperature of the refrigerant that has passed
through the subcooling heat exchanger 22. The high-
pressure-side saturation temperature of the refrigerant
is obtained based on the pressure of the refrigerant dis-
charged from the compressor 3, which is detected by the
discharge pressure sensor P1. The temperature of the

refrigerant that has passed through the subcooling heat
exchanger 22 is detected by the refrigerant temperature
sensor T3.

<Switching of Operation Mode>

[0048] An amount of refrigerant to be filled into a re-
frigerant circuit is defined at the normal outside-air tem-
perature. Therefore, the refrigeration cycle apparatus
100A executes the normal operation mode to bypass the
refrigerant through the subcooling heat exchanger 22
and to keep the quality of the refrigerant at a high level
at the inlet of the indoor heat exchanger 8 functioning as
the evaporator, to thereby suppress the increase in the
amount of filled refrigerant. Meanwhile, however, be-
cause the increase in the amount of filled refrigerant is
suppressed, at the high outside-air temperature, the high
pressure may disadvantageously increase.
[0049] In view of this, at the high outside-air tempera-
ture, the refrigeration cycle apparatus 100A executes the
high-outside-air-temperature operation mode to keep the
quality of the refrigerant at a low level at the inlet of the
indoor heat exchanger 8 serving as the evaporator,
through use of the subcooling heat exchanger 22 and to
cause the indoor heat exchanger 8 to hold a large amount
of refrigerant, to thereby enable suppression of the in-
crease in the high pressure. In addition, the refrigeration
cycle apparatus 100A executes the high-outside-air-tem-
perature operation mode to inject the refrigerant that has
passed through the subcooling heat exchanger 22 into
the suction side of the compressor 3, to thereby enable
suppression of the increase in the discharge temperature
of the refrigerant discharged from the compressor 3.
[0050] As described above, the refrigeration cycle ap-
paratus 100A is configured to determine whether or not
to use the subcooling heat exchanger 22 depending on
whether the outside-air temperature is the high outside-
air temperature. Therefore, with the refrigeration cycle
apparatus 100A, the amount of refrigerant to be filled into
the refrigerant circuit is determined based on the normal
operation mode, to thereby suppress the increase in the
amount of filled refrigerant. Further, with the refrigeration
cycle apparatus 100A, the subcooling heat exchanger
22 is used as the need arises, and hence when the sub-
cooling heat exchanger 22 is not used, the amount of
filled refrigerant can be reduced without causing a de-
crease in a pressure on the high-pressure side of the
subcooling heat exchanger 22. In other words, the refrig-
eration cycle apparatus 100A is assumed to use the com-
bustible refrigerant as the main component, and hence
safety can be taken into consideration even if the refrig-
erant leaks by suppressing the increase in the amount
of filled refrigerant, and the influence on global warming
can be reduced.
[0051] Still further, at the high outside-air temperature
at which the high pressure may increase, the refrigeration
cycle apparatus 100A executes the high-outside-air-tem-
perature operation mode to achieve, through use of the
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subcooling heat exchanger 22 and the injection pipe 26,
suppression of the increase in the discharge temperature
and suppression of the increase in the condensing pres-
sure due to the decrease in the quality of the refrigerant
at the inlet of the indoor heat exchanger 8 serving as the
evaporator. Therefore, the refrigeration cycle apparatus
100A can continue a highly efficient operation even at
the high outside-air temperature.
[0052] Next, the refrigerant to be used in the refriger-
ation cycle apparatus 100A is described.
[0053] The refrigeration cycle apparatus 100A is as-
sumed to use the refrigerant that is the combustible re-
frigerant as the main component, but the refrigerant to
be used in the refrigeration cycle apparatus 100A is not
limited thereto. As the combustible refrigerant, there are
known, for example, R32, HFO-1234yf, HFO-1234ze,
R290 (C3H8; propane), and R1270 (C3H6; propylene).
[0054] "Using the combustible refrigerant as the main
component" means that a contained amount of another
refrigerant (which may be a plurality of types of refriger-
ants) to be mixed does not exceed a contained amount
of the combustible refrigerant in terms of mass%, includ-
ing a case where one of the combustible refrigerants ex-
emplified above is used alone. Further, in Embodiment
1 and the following embodiments, a circuit in which the
injection pipe 26 is connected to the suction side of the
compressor 3 is given as an example, but the injection
pipe 26 may be connected to an intermediate port com-
municating to an intermediate pressure portion of the
compressor 3.
[0055] As described above, the refrigeration cycle ap-
paratus 100A can suppress the increase in the discharge
temperature while suppressing the increase in the
amount of filled refrigerant. Therefore, safety can be tak-
en into consideration even for the case where the refrig-
erant leaks, with the refrigeration cycle apparatus 100A
that can suppress the increase in the amount of filled
refrigerant. Further, the influence on global warming can
be reduced. Still further, a highly efficient operation can
be continued without causing a change in the property
of the refrigerant by suppressing the increase in the dis-
charge temperature.

Embodiment 2

[0056] Fig. 3 is a refrigerant circuit configuration dia-
gram for schematically illustrating an example of a refrig-
erant circuit configuration of a refrigeration cycle appa-
ratus (hereinafter referred to as "refrigeration cycle ap-
paratus 100B") according to Embodiment 2 of the present
invention. Referring to Fig. 3, the refrigeration cycle ap-
paratus 100B is described. In Embodiment 2, differences
from Embodiment 1 are mainly described. The same
components as those of Embodiment 1 are denoted by
the same reference numerals, and a description thereof
is omitted.
[0057] As in the refrigeration cycle apparatus 100A ac-
cording to Embodiment 1, the refrigeration cycle appa-

ratus 100B is assumed to use the combustible refrigerant
as the main component. The refrigeration cycle appara-
tus 100B is different from the refrigeration cycle appara-
tus 100A according to Embodiment 1 in the configuration
of the outdoor unit 1. Further, the refrigeration cycle ap-
paratus 100B is different from the refrigeration cycle ap-
paratus 100A according to Embodiment 1 in the config-
urations of the main refrigerant pipe 31 and the branch
pipe 25.
[0058] The outdoor unit (heat source apparatus) 1 in-
cludes the compressor 3, the outdoor heat exchanger 5,
a three-way valve 27, the subcooling heat exchanger 22,
the second electronic expansion valve 23, and the third
electronic expansion valve 24. In other words, the refrig-
eration cycle apparatus 100B includes the three-way
valve 27 instead of including the first electronic expansion
valve 6 and the opening-closing valve 21 included in the
outdoor unit 1 of the refrigeration cycle apparatus 100A
according to Embodiment 1. Therefore, the second elec-
tronic expansion valve 23 functions as the "first electronic
expansion valve" of the present invention.
[0059] The three-way valve 27 has a function as a flow
switching device, and is arranged on a downstream side
of the outdoor heat exchanger 5. The three-way valve is
configured to, under the control of the controller 30,
switch a refrigerant passage to any one of the main re-
frigerant pipe 31 (main refrigerant circuit) and the branch
pipe 25 (branch circuit). The following description dis-
cusses a case where the flow switching device is the
three-way valve 27 as an example, but the flow switching
device is not limited to the three-way valve 27. For ex-
ample, the flow switching device only needs to be a de-
vice capable of switching the refrigerant passage. For
example, the flow switching device may be constructed
by using two-way valves in combination, or may be con-
structed by blocking one passage of a four-way valve.
[0060] In the refrigeration cycle apparatus 100B, the
compressor 3, the outdoor heat exchanger 5, the three-
way valve 27, the second electronic expansion valve 23,
and the indoor heat exchanger 8 form the main refrigerant
circuit by being connected to one another with the main
refrigerant pipe 31 including the discharge pipe 3a, the
liquid pipe 7, and the gas pipe 9.
[0061] The branch pipe 25 branches from the main re-
frigerant pipe 31 via the three-way valve 27 and passes
through the subcooling heat exchanger 22. The branch
pipe 25 is then connected to a portion between the three-
way valve 27 and the second electronic expansion valve
23. The outdoor heat exchanger 5, the three-way valve
27, the primary side of the subcooling heat exchanger
22 (side of the refrigerant flowing through the branch pipe
25), the second electronic expansion valve 23, and the
indoor heat exchanger 8 form the branch circuit by being
connected to one another with the branch pipe 25 and
the main refrigerant pipe 31.
[0062] As in the refrigeration cycle apparatus 100A ac-
cording to Embodiment 1, the outdoor unit 1 includes the
injection pipe 26, which branches from the portion of the
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branch pipe 25 between the subcooling heat exchanger
22 and the second electronic expansion valve 23 and is
connected to the suction side of the compressor 3. The
third electronic expansion valve 24, the secondary side
of the subcooling heat exchanger 22 (side of the refrig-
erant flowing through the injection pipe 26), and the suc-
tion side of the compressor 3 form the injection circuit by
being connected to one another with the injection pipe 26.
[0063] Fig. 4 is an explanatory table for showing pat-
terns of control by the controller 30 on actuators (in this
case, the three-way valve 27, the second electronic ex-
pansion valve 23, and the third electronic expansion
valve 24) corresponding to the operation modes execut-
ed by the refrigeration cycle apparatus 100B. Referring
to Fig. 3 and Fig. 4, the operation of the refrigeration cycle
apparatus 100B is described.
[0064] As in the refrigeration cycle apparatus 100A ac-
cording to Embodiment 1, the refrigeration cycle appa-
ratus 100B is configured to determine whether or not to
use the subcooling heat exchanger 22 depending on the
outside-air temperature detected by the outside-air tem-
perature sensor T1. Definitions of the normal operation
mode and the high-outside-air-temperature operation
mode are the same as those of Embodiment 1.

<Normal Operation Mode>

[0065] In the normal operation mode, as shown in Fig.
4, under the control of the controller 30, the three-way
valve 27 is controlled to be switched such that the outdoor
heat exchanger 5 and the second electronic expansion
valve 23 communicate to each other. Further, the third
electronic expansion valve 24 is controlled to be fully
closed, and based on the detection result obtained by
the discharge temperature sensor T2, the second elec-
tronic expansion valve 23 controls the temperature of the
refrigerant discharged from the compressor 3. In other
words, at the normal outside-air temperature, the refrig-
eration cycle apparatus 100B bypasses the refrigerant
through the subcooling heat exchanger 22 in order to
suppress the decrease in the quality at the inlet of the
indoor heat exchanger 8 functioning as the evaporator
and suppress the increase in the amount of refrigerant
required for the indoor heat exchanger 8.
[0066] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 3 flows into
the outdoor heat exchanger 5 operating as the condens-
er, and transfers its heat to the outdoor air sent by the
outdoor blower device 5a. This refrigerant flows into the
second electronic expansion valve 23 via the three-way
valve 27. The refrigerant then has its pressure reduced
by the second electronic expansion valve 23 to turn into
the low-pressure two-phase refrigerant, and the low-
pressure two-phase refrigerant then cools the indoor air
in the indoor heat exchanger 8 operating as the evapo-
rator to turn into the low-pressure gas refrigerant. After
that, the low-pressure gas refrigerant passes through the
gas pipe 9 to be sucked into the compressor 3 again.

<High-outside-air-temperature Operation Mode>

[0067] In the high-outside-air-temperature operation
mode, as shown in Fig. 4, under the control of the con-
troller 30, the three-way valve 27 is controlled to be
switched such that the outdoor heat exchanger 5 and the
subcooling heat exchanger 22 communicate to each oth-
er, and based on the detection result obtained by the
discharge temperature sensor T2, the second electronic
expansion valve 23 controls the temperature of the re-
frigerant discharged from the compressor 3. Further, un-
der the control of the controller 30, the third electronic
expansion valve 24 controls the degree of subcooling
(SC) of the refrigerant at the outlet of the subcooling heat
exchanger 22. In other words, at the high outside-air tem-
perature, the refrigeration cycle apparatus 100B causes
the refrigerant to flow into the branch circuit, uses the
subcooling heat exchanger 22 to keep the quality at a
low level at the inlet of the indoor heat exchanger 8 func-
tioning as the evaporator, and causes the indoor heat
exchanger 8 to hold a large amount of refrigerant, to
thereby suppress the increase in the high pressure of the
refrigerant discharged from the compressor 3.
[0068] Further, at the high outside-air temperature, the
refrigeration cycle apparatus 100B injects the refrigerant
of the injection circuit that has passed through the sub-
cooling heat exchanger 22 into the suction side of the
compressor 3, to thereby suppress the increase in the
discharge temperature of the refrigerant discharged from
the compressor 3.
[0069] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 3 flows into
the outdoor heat exchanger 5 operating as the condens-
er, and transfers its heat to the outdoor air sent by the
outdoor blower device 5a. This refrigerant flows into the
subcooling heat exchanger 22 via the three-way valve
27. This refrigerant is cooled by the low-pressure refrig-
erant in the subcooling heat exchanger 22, and then has
its pressure reduced by the second electronic expansion
valve 23 to turn into the low-pressure two-phase refrig-
erant. The low-pressure two-phase refrigerant cools the
indoor air in the indoor heat exchanger 8 operating as
the evaporator to turn into the low-pressure gas refriger-
ant. After that, the low-pressure gas refrigerant passes
through the gas pipe 9 to be sucked into the compressor
3 again.
[0070] Meanwhile, the refrigerant having flowed into
the injection pipe 26 has its pressure reduced by the third
electronic expansion valve 24, and is then heated by the
high-pressure refrigerant in the subcooling heat ex-
changer 22. This refrigerant is injected into the suction
side of the compressor 3, and merges with the refrigerant
having flowed through the gas pipe 9. After that, the re-
frigerant passes through the gas pipe 9 to be sucked into
the compressor 3 again.
[0071] As described above, as in the refrigeration cycle
apparatus 100A according to Embodiment 1, the refrig-
eration cycle apparatus 100B can achieve suppression
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of the increase in the discharge temperature and sup-
pression of the increase in the condensing pressure due
to the decrease in the quality of the refrigerant at the inlet
of the indoor heat exchanger 8 functioning as the evap-
orator while suppressing the increase in the amount of
filled refrigerant. Therefore, with the refrigeration cycle
apparatus 100B, safety can be taken into consideration
even if the refrigerant leaks by suppressing the increase
in the amount of filled refrigerant. Further, the influence
on global warming can be reduced. Still further, a highly
efficient operation can be continued without causing a
change in the property of the refrigerant by suppressing
the increase in the discharge temperature.
[0072] Further, with the refrigeration cycle apparatus
100B, the number of valves can be made smaller than
in the refrigeration cycle apparatus 100A according to
Embodiment 1.

Embodiment 3

[0073] Fig. 5 is a refrigerant circuit configuration dia-
gram for schematically illustrating an example of a refrig-
erant circuit configuration of a refrigeration cycle appa-
ratus (hereinafter referred to as "refrigeration cycle ap-
paratus 100C") according to Embodiment 3 of the present
invention. Referring to Fig. 5, the refrigeration cycle ap-
paratus 100C is described. In Embodiment 3, differences
from Embodiments 1 and 2 are mainly described. The
same components as those of Embodiments 1 and 2 are
denoted by the same reference numerals, and a descrip-
tion thereof is omitted.
[0074] As in the refrigeration cycle apparatus 100A ac-
cording to Embodiment 1, the refrigeration cycle appa-
ratus 100C is assumed to use the combustible refrigerant
as the main component. The refrigeration cycle appara-
tus 100C is different from the refrigeration cycle appara-
tus 100A according to Embodiment 1 in the configuration
of the outdoor unit 1. Further, the refrigeration cycle ap-
paratus 100C is different from the refrigeration cycle ap-
paratus 100A according to Embodiment 1 in the config-
urations of the main refrigerant pipe 31 and the branch
pipe 25.
[0075] The outdoor unit (heat source apparatus) 1 in-
cludes the compressor 3, a refrigerant flow switching de-
vice 28, the outdoor heat exchanger 5, a fourth electronic
expansion valve (fourth expansion valve) 29, the sub-
cooling heat exchanger 22, the second electronic expan-
sion valve 23, and the third electronic expansion valve
24. In other words, the refrigeration cycle apparatus 100C
includes the refrigerant flow switching device 28 and the
fourth electronic expansion valve 29 instead of including
the first electronic expansion valve 6 and the opening-
closing valve 21 included in the outdoor unit 1 of the re-
frigeration cycle apparatus 100A according to Embodi-
ment 1. Therefore, the fourth electronic expansion valve
29 functions as the "first electronic expansion valve" of
the present invention.
[0076] In the refrigeration cycle apparatus 100C, a con-

figuration is employed in which the branch pipe 25 does
not branch from the main refrigerant pipe 31 included in
the outdoor unit 1 of the refrigeration cycle apparatus
100A according to Embodiment 1 and the branch pipe
25 is connected to the main refrigerant pipe 31.
[0077] The refrigerant flow switching device 28 is ar-
ranged on the discharge side of the compressor 3, and
is configured to switch the flow of the refrigerant under
the control of the controller 30. The refrigerant flow
switching device 28 may be constructed with, for exam-
ple, a four-way valve as illustrated in Fig. 5. However,
the refrigerant flow switching device 28 is not limited to
the four-way valve, and a two-way valve and a three-way
valve may be used in combination to form the refrigerant
flow switching device 28.
[0078] The fourth electronic expansion valve 29 has
its opening degree controlled by the controller 30, and is
configured to, for example, control the flow rate of the
refrigerant while reducing the pressure of the refrigerant.
The fourth electronic expansion valve 29 is arranged be-
tween the outdoor heat exchanger 5 and the subcooling
heat exchanger 22.
[0079] In the refrigeration cycle apparatus 100C, the
compressor 3, the refrigerant flow switching device 28,
the outdoor heat exchanger 5, the fourth electronic ex-
pansion valve 29, the subcooling heat exchanger 22, and
the indoor heat exchanger 8 form the main refrigerant
circuit by being connected to one another with the main
refrigerant pipe 31 including the discharge pipe 3a, the
branch pipe 25, the liquid pipe 7, and the gas pipe 9. In
other words, the branch pipe 25 forms a part of the main
refrigerant pipe 31.
[0080] The outdoor heat exchanger 5, the fourth elec-
tronic expansion valve 29, the primary side of the sub-
cooling heat exchanger 22 (side of the refrigerant flowing
through the branch pipe 25), the second electronic ex-
pansion valve 23, and the indoor heat exchanger 8 form
the branch circuit by being connected to one another with
the branch pipe 25 and the main refrigerant pipe 31.
[0081] As in the refrigeration cycle apparatus 100A ac-
cording to Embodiment 1, the outdoor unit 1 includes the
injection pipe 26, which branches from the portion of the
branch pipe 25 between the subcooling heat exchanger
22 and the second electronic expansion valve 23 and is
connected to the suction side of the compressor 3. The
third electronic expansion valve 24, the secondary side
of the subcooling heat exchanger 22 (side of the refrig-
erant flowing through the injection pipe 26), and the suc-
tion side of the compressor 3 form the injection circuit by
being connected to one another with the injection pipe 26.
[0082] Fig. 6 is an explanatory table for showing pat-
terns of control by the controller 30 on actuators (in this
case, the second electronic expansion valve 23, the third
electronic expansion valve 24, and the fourth electronic
expansion valve 29) corresponding to the operation
modes executed by the refrigeration cycle apparatus
100C. Referring to Fig. 5 and Fig. 6, the operation of the
refrigeration cycle apparatus 100C is described.
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[0083] As in the refrigeration cycle apparatus 100A ac-
cording to Embodiment 1, the refrigeration cycle appa-
ratus 100C is configured to determine whether or not to
use the subcooling heat exchanger 22 depending on the
outside-air temperature detected by the outside-air tem-
perature sensor T1. Definitions of the normal operation
mode and the high-outside-air-temperature operation
mode are the same as those of Embodiment 1. Further,
in the refrigeration cycle apparatus 100C, an operation
mode at the time when the flow of the refrigerant is in-
verted through the operation of the refrigerant flow
switching device 28 is referred to as "heating operation
mode".

<Normal Operation Mode>

[0084] In the normal operation mode, as shown in Fig.
6, under the control of the controller 30, the second elec-
tronic expansion valve 23 is controlled to be fully opened,
the third electronic expansion valve 24 is controlled to be
fully closed, and based on the detection result obtained
by the discharge temperature sensor T2, the fourth elec-
tronic expansion valve 29 controls the temperature of the
refrigerant discharged from the compressor 3. In other
words, at the normal outside-air temperature, the refrig-
eration cycle apparatus 100C bypasses the refrigerant
through the subcooling heat exchanger 22 in order to
suppress the decrease in the quality at the inlet of the
indoor heat exchanger 8 functioning as the evaporator
and suppress the increase in the amount of refrigerant
required for the indoor heat exchanger 8.
[0085] In the refrigeration cycle apparatus 100C, the
refrigerant flows through the subcooling heat exchanger
22 but the refrigerant does not flow through the injection
pipe 26, and hence heat is not exchanged between the
refrigerant of the subcooling heat exchanger 22 and the
refrigerant of the injection pipe 26. Therefore, this case
is also expressed as "bypasses the refrigerant through
the subcooling heat exchanger 22".
[0086] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 3 flows into
the outdoor heat exchanger 5 operating as the condens-
er, and transfers its heat to the outdoor air sent by the
outdoor blower device 5a. This refrigerant flows into the
fourth electronic expansion valve 29. Then, this refriger-
ant has its pressure reduced by the fourth electronic ex-
pansion valve 29 to turn into the low-pressure two-phase
refrigerant, and the low-pressure two-phase refrigerant
then cools the indoor air in the indoor heat exchanger 8
operating as the evaporator to turn into the low-pressure
gas refrigerant. After that, the low-pressure gas refriger-
ant passes through the gas pipe 9 to be sucked into the
compressor 3 again.

<High-outside-air-temperature Operation Mode>

[0087] In the high-outside-air-temperature operation
mode, as shown in Fig. 6, under the control of the con-

troller 30, the second electronic expansion valve 23 con-
trols the temperature of the refrigerant discharged from
the compressor 3 based on the detection result obtained
by the discharge temperature sensor T2, the third elec-
tronic expansion valve 24 controls the degree of subcool-
ing (SC) of the refrigerant at the outlet of the subcooling
heat exchanger 22, and the fourth electronic expansion
valve 29 is controlled to be fully opened. In other words,
at the high outside-air temperature, the refrigeration cycle
apparatus 100C causes the refrigerant to flow into the
branch circuit, uses the subcooling heat exchanger 22
to keep the quality at a low level at the inlet of the indoor
heat exchanger 8 functioning as the evaporator, and
causes the indoor heat exchanger 8 to hold a large
amount of refrigerant, to thereby suppress the increase
in the high pressure of the refrigerant discharged from
the compressor 3.
[0088] Further, at the high outside-air temperature, the
refrigeration cycle apparatus 100C injects the refrigerant
of the injection circuit that has passed through the sub-
cooling heat exchanger 22 into the suction side of the
compressor 3, to thereby suppress the increase in the
discharge temperature of the refrigerant discharged from
the compressor 3.
[0089] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 3 flows into
the outdoor heat exchanger 5 operating as the condens-
er, and transfers its heat to the outdoor air sent by the
outdoor blower device 5a. This refrigerant flows into the
subcooling heat exchanger 22 via the fourth electronic
expansion valve 29. This refrigerant is cooled by the low-
pressure refrigerant in the subcooling heat exchanger
22, and then has its pressure reduced by the second
electronic expansion valve 23 to turn into the low-pres-
sure two-phase refrigerant. The low-pressure two-phase
refrigerant cools the indoor air in the indoor heat exchang-
er 8 operating as the evaporator to turn into the low-pres-
sure gas refrigerant. After that, the low-pressure gas re-
frigerant passes through the gas pipe 9 to be sucked into
the compressor 3 again.
[0090] Meanwhile, the refrigerant having flowed into
the injection pipe 26 has its pressure reduced by the third
electronic expansion valve 24, and is then heated by the
high-pressure refrigerant in the subcooling heat ex-
changer 22. This refrigerant is injected into the suction
side of the compressor 3, and merges with the refrigerant
having flowed through the gas pipe 9. After that, the re-
frigerant passes through the gas pipe 9 to be sucked into
the compressor 3 again.

<Heating Operation Mode>

[0091] In the heating operation mode, as shown in Fig.
6, under the control of the controller 30, the fourth elec-
tronic expansion valve 29 controls the temperature of the
refrigerant discharged from the compressor 3 based on
the detection result obtained by the discharge tempera-
ture sensor T2, the third electronic expansion valve 24
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controls the degree of subcooling (SC) of the refrigerant
at the outlet of the subcooling heat exchanger 22, and
the second electronic expansion valve 23 is controlled
to be fully opened. In other words, in the heating operation
mode, the refrigeration cycle apparatus 100C uses the
subcooling heat exchanger 22 to keep the quality at a
low level at the inlet of the indoor heat exchanger 8 func-
tioning as the evaporator, and causes the indoor heat
exchanger 8 to hold a large amount of refrigerant, to
thereby suppress the increase in the high pressure of the
refrigerant discharged from the compressor 3.
[0092] Further, in the heating operation mode, the re-
frigeration cycle apparatus 100C injects the refrigerant
that has passed through the subcooling heat exchanger
22 into the suction side of the compressor 3, to thereby
suppress the increase in the discharge temperature of
the refrigerant discharged from the compressor 3.
[0093] The high-temperature and high-pressure gas
refrigerant discharged from the compressor 3 flows into
the indoor heat exchanger 8 operating as the condenser
via the refrigerant flow switching device 28, and transfers
its heat to the outdoor air sent by the indoor blower device
8a. This refrigerant flows into the subcooling heat ex-
changer 22 via the second electronic expansion valve
23. This refrigerant is cooled by the low-pressure refrig-
erant in the subcooling heat exchanger 22, and then has
its pressure reduced by the fourth electronic expansion
valve 29 to turn into the low-pressure two-phase refrig-
erant. The low-pressure two-phase refrigerant cools the
outdoor air in the outdoor heat exchanger 5 operating as
the evaporator to turn into the low-pressure gas refriger-
ant. After that, the low-pressure gas refrigerant passes
through the gas pipe 9 to be sucked into the compressor
3 again.
[0094] Meanwhile, the refrigerant having flowed into
the injection pipe 26 has its pressure reduced by the third
electronic expansion valve 24, and is then heated by the
high-pressure refrigerant in the subcooling heat ex-
changer 22. This refrigerant is injected into the suction
side of the compressor 3, and merges with the refrigerant
having flowed through the gas pipe 9. After that, the re-
frigerant passes through the gas pipe 9 to be sucked into
the compressor 3 again.
[0095] As described above, as in the refrigeration cycle
apparatus 100A according to Embodiment 1, the refrig-
eration cycle apparatus 100C can achieve suppression
of the increase in the discharge temperature and sup-
pression of the increase in the condensing pressure due
to the decrease in the quality of the refrigerant at the inlet
of the indoor heat exchanger 8 functioning as the evap-
orator while suppressing the increase in the amount of
filled refrigerant. Therefore, with the refrigeration cycle
apparatus 100C, safety can be taken into consideration
even if the refrigerant leaks by suppressing the increase
in the amount of filled refrigerant. Further, the influence
on global warming can be reduced. Still further, a highly
efficient operation can be continued without causing a
change in the property of the refrigerant by suppressing

the increase in the discharge temperature.
[0096] Further, with the refrigeration cycle apparatus
100C, as compared to the refrigeration cycle apparatus
100A according to Embodiment 1, the increase in the
discharge temperature can be suppressed by injecting
the refrigerant that has passed through the subcooling
heat exchanger 22 in the heating operation mode. Still
further, with the refrigeration cycle apparatus 100C, even
in the heating operation mode, the refrigerant flowing
through the liquid pipe 7 can be changed to a two-phase
refrigerant. As a result, the refrigeration cycle apparatus
100C contributes to reduction in the amount of filled re-
frigerant.
[0097] The refrigeration cycle apparatus described in
each of the embodiments is applicable, for use, to an
apparatus including a refrigeration cycle, e.g., an air-con-
ditioning apparatus (e.g., a refrigeration apparatus, a
room air conditioner, a package air conditioner, or a multi-
air conditioner for a building), or a heat pump water heat-
er.

Reference Signs List

[0098]

1 outdoor unit 2 indoor unit 3 compressor 3a dis-
charge pipe
5 outdoor heat exchanger 5a outdoor blower device
6 first electronic expansion valve 7 liquid pipe 8 in-
door heat exchanger 8a indoor blower device 9 gas
pipe 21 valve 22 subcooling heat exchanger23 sec-
ond electronic expansion valve 24 third electronic
expansion valve 25 branch pipe 26 injection pipe 27
three-way valve 28 refrigerant flow switching device
29 fourth electronic expansion valve 30 controller 31
main refrigerant pipe 32 liquid-side stop valve 33
gas-side stop valve 100A refrigeration cycle appa-
ratus 100B refrigeration cycle apparatus
100C refrigeration cycle apparatus T1 outside-air
temperature sensor T2 discharge temperature sen-
sor T3 refrigerant temperature sensor P1 discharge
pressure sensor

Claims

1. A refrigeration cycle apparatus, comprising:

a main refrigerant circuit formed by connecting
a compressor, a first heat exchanger, a first ex-
pansion valve, and a second heat exchanger;
a branch circuit formed by connecting the first
heat exchanger, a primary side of a subcooling
heat exchanger installed on a downstream side
of refrigerant flow in a case where the first heat
exchanger serves as a condenser, a second ex-
pansion valve, and the second heat exchanger;
and
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an injection circuit formed by connecting, with
an injection pipe branching from a downstream
side of the primary side of the subcooling heat
exchanger, a third expansion valve, a secondary
side of the subcooling heat exchanger, and the
compressor,
the refrigeration cycle apparatus being operable
in

a normal operation mode of causing the re-
frigerant to flow through the main refrigerant
circuit; and
a high-outside-air-temperature operation
mode of causing the refrigerant to flow
through the branch circuit and the injection
circuit to use the subcooling heat exchang-
er, and of injecting the refrigerant having
flowed through the secondary side of the
subcooling heat exchanger into the com-
pressor,

the refrigeration cycle apparatus being config-
ured to perform the high-outside-air-tempera-
ture operation mode when an outside-air tem-
perature is equal to or higher than a predeter-
mined temperature.

2. The refrigeration cycle apparatus of claim 1, further
comprising a controller configured to perform the
normal operation mode and the high-outside-air-
temperature operation mode by controlling the main
refrigerant circuit, the branch circuit, and the injection
circuit.

3. The refrigeration cycle apparatus of claim 2, further
comprising an opening-closing valve arranged be-
tween the first heat exchanger and the subcooling
heat exchanger,
wherein the controller is configured to

in the normal operation mode, cause the open-
ing-closing valve to be closed, cause the second
expansion valve to be fully opened, cause the
third expansion valve to be fully closed, and con-
trol temperature of the refrigerant discharged
from the compressor with the first expansion
valve, and
in the high-outside-air-temperature operation
mode, cause the opening-closing valve to be
opened, cause the first expansion valve to be
fully closed, control the temperature of the re-
frigerant discharged from the compressor with
the second expansion valve, and control a de-
gree of subcooling of the refrigerant at an outlet
of the subcooling heat exchanger with the third
expansion valve.

4. The refrigeration cycle apparatus of claim 2, further

comprising a flow switching device arranged be-
tween the first heat exchanger and the subcooling
heat exchanger and configured to switch a refriger-
ant passage between the main refrigerant circuit and
the branch circuit,
wherein the controller is configured to

in the normal operation mode, switch the flow
switching device such that the first heat ex-
changer and the second expansion valve com-
municate to each other to cause the second ex-
pansion valve to serve as the first expansion
valve, cause the third expansion valve to be fully
closed, and control the temperature of the re-
frigerant discharged from the compressor with
the second expansion valve, and
in the high-outside-air-temperature operation
mode, switch the flow switching device such that
the first heat exchanger and the subcooling heat
exchanger communicate to each other, control
the temperature of the refrigerant discharged
from the compressor with the second expansion
valve, and control a degree of subcooling of the
refrigerant at the outlet of the subcooling heat
exchanger with the third expansion valve.

5. The refrigeration cycle apparatus of claim 2, further
comprising a fourth expansion valve arranged be-
tween the first heat exchanger and the subcooling
heat exchanger,
wherein the controller is configured to

in the normal operation mode, cause the second
expansion valve to be fully opened, cause the
third expansion valve to be fully closed, and
cause the fourth expansion valve to serve as the
first expansion valve to control the temperature
of the refrigerant discharged from the compres-
sor with the fourth expansion valve,
in the high-outside-air-temperature operation
mode, cause the fourth expansion valve to be
fully opened, control the temperature of the re-
frigerant discharged from the compressor with
the second expansion valve, and control a de-
gree of subcooling of the refrigerant at the outlet
of the subcooling heat exchanger with the third
expansion valve, and
in an operation at a time when the first heat ex-
changer serves as an evaporator, cause the
second expansion valve to be fully opened,
cause the fourth expansion valve to serve as the
first expansion valve to control the temperature
of the refrigerant discharged from the compres-
sor with the fourth expansion valve, and control
the degree of subcooling of the refrigerant at the
outlet of the subcooling heat exchanger with the
third expansion valve.
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6. The refrigeration cycle apparatus of claim 5, further
comprising a refrigerant flow switching device ar-
ranged on a discharge side of the compressor,
wherein the refrigeration cycle apparatus is config-
ured to cause the first heat exchanger to serve as
the condenser or the evaporator with the refrigerant
flow switching device.

7. A refrigeration cycle apparatus, comprising:

a main refrigerant circuit formed by connecting
a compressor, a first heat exchanger, a first ex-
pansion valve, and a second heat exchanger;
and
a branch circuit formed by connecting the first
heat exchanger, a subcooling heat exchanger
installed on a downstream side of a flow of re-
frigerant when the first heat exchanger serves
as a condenser, a second expansion valve, and
the second heat exchanger,
the refrigeration cycle apparatus being operable
in

a normal operation mode of causing the re-
frigerant to flow through the main refrigerant
circuit, and
a high-outside-air-temperature operation
mode of causing the refrigerant to flow
through the branch circuit to use the sub-
cooling heat exchanger, and

the refrigeration cycle apparatus being config-
ured to perform the high-outside-air-tempera-
ture operation mode when an outside-air tem-
perature is equal to or higher than a predeter-
mined temperature.
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