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(54) REFRIGERATION CYCLE DEVICE

(57)  Arefrigeration cycle apparatus (100) includes a
firstrefrigerant circuit, the firstrefrigerant circuitincluding:
acompressor (1); acondenser (2); afirst expansion valve
(3); and an evaporator (4), refrigerant circulating in the
first refrigerant circuit in an order of the compressor, the
condenser, the first expansion valve, and the evaporator.
The compressor includes: a discharge port for discharg-
ing the refrigerant having a first pressure; a suction port
for suctioning the refrigerant having a second pressure
lower than the first pressure; and an intermediate pres-
sure port into which the refrigerant having an intermedi-
ate pressure between the first pressure and the second
pressure flows. The refrigeration cycle apparatus further
includes an intermediate pressure injection flow path (13)
including: a first end connected between the condenser
and the first expansion valve in the first refrigerant circuit;
and a second end connected to the intermediate pres-
sure port of the compressor. The intermediate pressure
injection flow path is configured to return, to the compres-
sor, a part of the refrigerant flowing out of the condenser.
The intermediate pressure injection flow path further in-
cludes: a second expansion valve (5); a bypass flow path
(14) that bypasses the second expansion valve; and an
adjustment valve (15) configured to adjust a flow rate of
the refrigerant flowing in the bypass flow path.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus.

BACKGROUND ART

[0002] Japanese PatentLaying-Open No.2017-26238
(PTL 1) discloses a refrigeration cycle apparatus includ-
ing: a refrigerant circuit in which refrigerant circulates
through a compressor, a condenser, a supercooler, an
expansion valve, and an evaporator; and an injection cir-
cuit configured to return, to the compressor, the refriger-
ant condensed in the condenser. The injection circuit in-
cludes flow path switching means configured to switch
between gas injection in which the refrigerant flowing in
the injection circuit is evaporated in the supercooler and
returned to the compressor, and liquid injection in which
the refrigerant flowing in the injection circuit is returned
to the compressor without passing through the super-
cooler.

[0003] The compressor includes a low-pressure-side
compression unit, an intermediate-pressure chamber
and a high-pressure-side compression unit. The low-
pressure-side compression unit suctions and adiabati-
cally compresses the refrigerant evaporated in the evap-
orator, and discharges the refrigerant to the intermediate-
pressure chamber. The high-pressure-side compression
unit suctions and adiabatically compresses the refriger-
antin the intermediate-pressure chamber, and discharg-
es the refrigerant to the condenser.

CITATION LIST
PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No.
2017-26238

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0005] In the process of adiabatically compressing re-
frigerantin a compressor, a pressure P of the refrigerant,
a volume V of the refrigerant, a temperature T of the
refrigerant, and a specific heat ratio y of the refrigerant
satisfy the following relational equations (1) and (2):

PxV" = constant

TxV?-! = constant

-« (2).
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[0006] Therefore, when refrigerant having a high spe-
cific heat ratio vy, such as, for example, refrigerant con-
taining carbon dioxide (CO,) is filled into a refrigeration
cycle apparatus including an intermediate pressure in-
jection flow path as described above, a temperature Td
(discharge temperature) of the refrigerant when dis-
charged from the compressor is more likely to increase,
as compared with when refrigerant having a relatively
low specific heat ratio v is filled into the refrigeration cycle
apparatus. This results in an increase in flow rate (injec-
tion flow rate) of the refrigerant returned from the injection
circuit to the compressor, which is required to suppress
the increase in discharge temperature.

[0007] When refrigerant having a high specific heat ra-
tio y is filled into a refrigeration cycle apparatus including
anintermediate pressure injection flow path as described
above, a pressure (intermediate pressure) of the refrig-
erantreturned from the injection circuit to the compressor
is more likely to increase, as compared with when refrig-
erant having a relatively low specific heat ratio y is filled
into the refrigeration cycle apparatus. This results in a
decrease in pressure difference between the high-pres-
sure refrigerant discharged from the compressor and the
intermediate-pressure refrigerant returned to the com-
pressor. That is, the injection flow rate required to sup-
press the increase in discharge temperature is less likely
to be obtained in the former case than in the latter case.
Therefore, it is difficult to reliably suppress the increase
in discharge temperature.

[0008] A main object of the present disclosure is to
provide arefrigeration cycle apparatus capable of reliably
suppressing an increase in discharge temperature even
when refrigerant having a high specific heat ratio is used.

SOLUTION TO PROBLEM

[0009] A refrigeration cycle apparatus according to the
present disclosure includes a first refrigerant circuit, the
first refrigerant circuit including: a compressor; a con-
denser; a first expansion valve; and an evaporator, re-
frigerant circulating in the first refrigerant circuit in an or-
der of the compressor, the condenser, the first expansion
valve, and the evaporator. The compressor includes: a
discharge port for discharging the refrigerant having a
first pressure; a suction port for suctioning the refrigerant
having a second pressure lower than the first pressure;
and an intermediate pressure port into which the refrig-
erant having an intermediate pressure between the first
pressure and the second pressure flows. The refrigera-
tion cycle apparatus further includes an intermediate
pressure injection flow path including: a first end con-
nected between the condenser and the first expansion
valve in the first refrigerant circuit; and a second end con-
nected to the intermediate pressure port of the compres-
sor. The intermediate pressure injection flow path is con-
figured to return, to the compressor, a part of the refrig-
erant flowing out of the condenser. The intermediate
pressure injection flow path further includes: a second
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expansion valve; a bypass flow path that bypasses the
second expansion valve; and an adjustment valve con-
figured to adjust a flow rate of the refrigerant flowing in
the bypass flow path.

ADVANTAGEOUS EFFECTS OF INVENTION

[0010] According to the present disclosure, there can
be provided a refrigeration cycle apparatus capable of
reliably suppressing an increase in discharge tempera-
ture even when refrigerant having a high specific heat
ratio is used.

BRIEF DESCRIPTION OF DRAWINGS
[0011]

Fig. 1is ablock diagram showing a refrigeration cycle
apparatus according to a first embodiment.

Fig. 2is ablock diagram showing a refrigeration cycle
apparatus according to a second embodiment.

Fig. 3 is a block diagram showing a first modification
of the refrigeration cycle apparatus according to the
second embodiment.

Fig. 4 is a block diagram showing a second modifi-
cation of the refrigeration cycle apparatus according
to the second embodiment.

Fig. 5is a block diagram showing a third modification
of the refrigeration cycle apparatus according to the
second embodiment.

Fig.6is ablock diagram showing a refrigeration cycle
apparatus according to a third embodiment.

Fig. 7 is a block diagram showing a first modification
of the refrigeration cycle apparatus according to the
third embodiment.

Fig. 8 is a block diagram showing a second modifi-
cation of the refrigeration cycle apparatus according
to the third embodiment.

Fig. 9is a block diagram showing a third modification
of the refrigeration cycle apparatus according to the
third embodiment.

Fig. 10 is a block diagram showing a refrigeration
cycle apparatus according to a fourth embodiment.
Fig. 11is ablock diagram showing a first modification
of the refrigeration cycle apparatus according to the
fourth embodiment.

Fig. 12 is a block diagram showing a second modi-
fication of the refrigeration cycle apparatus accord-
ing to the fourth embodiment.

Fig. 13 is a block diagram showing a third modifica-
tion of the refrigeration cycle apparatus according to
the fourth embodiment.

DESCRIPTION OF EMBODIMENTS
[0012] Embodiments will be described hereinafter with

reference to the drawings, in which the same or corre-
sponding portions are denoted by the same reference
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numerals and description thereof will not be repeated.
First Embodiment

[0013] As shown in Fig. 1, a refrigeration cycle appa-
ratus 100 according to a first embodiment includes a first
refrigerant circuit and an intermediate pressure injection
flow path 13. The first refrigerant circuit and intermediate
pressure injection flow path 13 are filled with first refrig-
erant (hereinafter, simply referred to as "refrigerant").
The refrigerant may be any refrigerant. Refrigeration cy-
cle apparatus 100 is suitable for refrigerant having a high
specific heat ratio. The specific heat ratio of the refriger-
ant is, for example, equal to or greater than 1.16. The
refrigerant includes, for example, at least one selected
from the group consisting of CO,, ammonia (NH3), R32,
R434A, R410A, and R407H.

[0014] The first refrigerant circuit includes a compres-
sor 1, a condenser 2, a first expansion valve 3, and an
evaporator 4. The firstrefrigerant circulates through com-
pressor 1, condenser 2, firstexpansion valve 3, and evap-
orator 4 in this order.

[0015] Compressor 1includes a discharge port for dis-
charging the refrigerant having a first pressure, a suction
port for suctioning the refrigerant having a second pres-
sure lower than the first pressure, and an intermediate
pressure port into which the refrigerant having an inter-
mediate pressure between the first pressure and the sec-
ond pressure is injected. The discharge port is connected
to arefrigerant inflow portion of condenser 2. The suction
port is connected to a refrigerant outflow portion of evap-
orator 4. The intermediate pressure portis connected to
a below-described second end of intermediate pressure
injection flow path 13.

[0016] Compressor 1 is, for example, a multistage
compressor. Compressor 1 includes a high-pressure-
side compression unit connected to the discharge port,
a low-pressure-side compression unit connected to the
suction port, and an intermediate pressure chamber con-
nected to the intermediate pressure port and connecting
the high-pressure-side compression unit and the low-
pressure-side compression unit. Inthe low-pressure-side
compression unit, the refrigerant of the second pressure
suctioned from the suction port is adiabatically com-
pressed into refrigeranthaving an intermediate pressure,
which is discharged to the intermediate pressure cham-
ber. In the high-pressure-side compression unit, the re-
frigerant of the intermediate pressure suctioned from the
intermediate pressure chamber is adiabatically com-
pressed into refrigerant having a first pressure, which is
discharged through the discharge port to the outside of
compressor 1.

[0017] Incondenser 2, the refrigerant discharged from
the discharge port of compressor 1 condenses. Con-
denser 2includes the refrigerant inflow portion into which
the refrigerant flows, a heat exchange portion configured
to perform heat exchange between the refrigerant and a
heat medium such as air, and a refrigerant outflow portion
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out of which the refrigerant flows.

[0018] In first expansion valve 3, the refrigerant con-
densed in condenser 2 expands adiabatically. First ex-
pansion valve 3 is, for example, an electronic expansion
valve. In evaporator 4, the refrigerant decompressed in
firstexpansion valve 3 evaporates. Evaporator 4 includes
a refrigerant inflow portion into which the refrigerant
flows, a heat exchange portion configured to perform
heat exchange between the refrigerant and a heat me-
dium such as air, and the refrigerant outflow portion out
of which the refrigerant flows. The refrigerant evaporated
in evaporator 4 is suctioned into the suction port of com-
pressor 1.

[0019] In the first refrigerant circuit, a refrigerant flow
path that connects the refrigerant outflow portion of con-
denser 2 and first expansion valve 3 is referred to as "first
flow path 10", a flow path that connects first expansion
valve 3 and the refrigerant inflow portion of evaporator 4
is referred to as "second flow path 11", and a flow path
that connects the refrigerant outflow portion of evaporator
4 and the suction port of compressor 1 is referred to as
"third flow path 12".

[0020] In the first refrigerant circuit, condenser 2 is a
heat-source-side heat exchanger and evaporator 4 is a
load-side heat exchanger, for example. In this case, com-
pressor 1, condenser 2, first expansion valve 3, a second
expansion valve 5, first flow path 10, intermediate pres-
sure injection flow path 13, a bypass flow path 14, and
an adjustment valve 15, and a part of each of second
flow path 11 and third flow path 12 are arranged in a heat-
source-side unit (outdoor unit). Evaporator 4, and anoth-
er part of each of second flow path 11 and third flow path
12 are arranged in a load-side unit (indoor unit). A re-
maining part of each of second flow path 11 and third
flow path 12 is arranged in a pipe that connects the heat-
source-side unit and the load-side unit.

[0021] Intermediate pressure injection flow path 13 in-
cludes second expansion valve 5, bypass flow path 14
that bypasses the second expansion valve, and adjust-
ment valve 15 configured to adjust a flow rate of the re-
frigerant flowing in bypass flow path 14. A first end of
intermediate pressure injection flow path 13 is connected
to first flow path 10 of the first refrigerant circuit. The
second end of intermediate pressure injection flow path
13 is connected to the intermediate pressure port of the
compressor. When a degree of opening of second ex-
pansion valve 5 is greater than zero, intermediate pres-
sure injection flow path 13 returns, to compressor 1, a
part of the refrigerant condensed in condenser 2.
[0022] In second expansion valve 5, the refrigerant
flowing in intermediate pressure injection flow path 13
expands adiabatically. Second expansion valve 5 is, for
example, an electronic expansion valve. The degree of
opening of second expansion valve 5 is controlled by a
below-described controller 210 to increase and de-
crease. A flow rate of the refrigerant flowing in interme-
diate pressure injection flow path 13 increases and de-
creases in accordance with the degree of opening of sec-

10

15

20

25

30

35

40

45

50

55

ond expansion valve 5. When the degree of opening of
second expansion valve 5 is zero, i.e., when second ex-
pansion valve 5 is closed, the whole of the refrigerant
condensed in condenser 2 flows into firstexpansion valve
3 and the refrigerant does not flow in intermediate pres-
sure injection flow path 13. When the degree of opening
of second expansion valve 5 is greater than zero, a part
of the refrigerant condensed in condenser 2 flows in in-
termediate pressure injection flow path 13.

[0023] One end of bypass flow path 14 is connected
to a portion of intermediate pressure injection flow path
13 located on the upstream side of second expansion
valve 5. The other end of bypass flow path 14 is connect-
ed to a portion of intermediate pressure injection flow
path 13 located on the downstream side of second ex-
pansion valve 5.

[0024] Adjustment valve 15 may be arbitrarily config-
ured as long as adjustment valve 15 can adjust the flow
rate of the refrigerantflowingin bypass flow path 14. How-
ever, adjustmentvalve 15is, for example, an on-off valve,
and is a solenoid valve as a more specific example. A
degree of opening of adjustment valve 15 when a tem-
perature of the high-pressure refrigerant discharged from
the discharge port is higher than a determination value
is higher than the degree of opening of adjustment valve
15 when the temperature of the high-pressure refrigerant
discharged from the discharge port is equal to or lower
than the determination value.

[0025] Refrigeration cycle apparatus 100 further in-
cludes a temperature sensor 200 configured to measure
a temperature (discharge temperature) of the refrigerant
discharged from compressor 1, and controller 210 con-
figured to control the degrees of opening of second ex-
pansion valve 5 and adjustment valve 15 in accordance
with the discharge temperature. Temperature sensor 200
is, for example, a thermistor.

[0026] Controller 210 includes a not-shown central
processing unit (CPU), a not-shown memory (read only
memory (ROM) and random access memory (RAM)), a
not-shown input/output buffer for inputting and outputting
various signals, and the like. The CPU loads programs
stored in the ROM to the RAM or the like and executes
the programs. The programs stored in the ROM are pro-
grams describing process procedures of controller 210.
In accordance with these programs, controller 210 con-
trols second expansion valve 5 and adjustment valve 15.
The above-described control is not limited to processing
by software, and can also be performed by dedicated
hardware (electronic circuit).

[0027] Controller 210 determines whether the dis-
charge temperature measured by temperature sensor
200 is equal to or lower than the determination value.
While the discharge temperature is equal to or lower than
the determination value, controller 210 maintains second
expansion valve 5 and adjustment valve 15 in a closed
state. When the discharge temperature becomes higher
than the determination value, controller 210 opens sec-
ond expansion valve 5. When the discharge temperature
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is still higher than the determination value after second
expansion valve 5 is fully opened, controller 210 opens
adjustment valve 15. While the discharge temperature is
higher than the determination value, controller 210 main-
tains second expansion valve 5 and adjustment valve 15
in an open state.

[0028] When the discharge temperature again be-
comes equal to or lower than the determination value,
controller 210 closes second expansion valve 5. Control-
ler 210 continuously or intermittently performs the above-
described determination while refrigeration cycle appa-
ratus 100 is operating.

[0029] When the discharge temperature becomes
higher than the determination value, controller 210 may
open at least one of second expansion valve 5 and ad-
justment valve 15, or may open second expansion valve
5 and adjustment valve 15 at the same time.

[0030] The functions and effects of refrigeration cycle
apparatus 100 will be described based on comparison
with refrigeration cycle apparatuses according to com-
parative examples. A refrigeration cycle apparatus ac-
cording to Comparative Example 1 is different from re-
frigeration cycle apparatus 100 only in that an injection
flow path does not include bypass flow path 14 and ad-
justment valve 15. A refrigeration cycle apparatus ac-
cording to Comparative Example 2 is different from re-
frigeration cycle apparatus 100 in that the refrigeration
cycle apparatus according to Comparative Example 2
does not include an injection flow path, and a second
expansion valve, bypass flow path 14 and adjustment
valve 15 that are included in the injection flow path.
[0031] Alsointherefrigeration cycle apparatus accord-
ing to Comparative Example 1, a second expansion valve
is opened when a discharge temperature becomes high-
er than a determination value. As a result, a part of the
refrigerant condensed in a condenser flows into the in-
jection flow path. The refrigerant having flown into the
injection flow path expands adiabatically and is decom-
pressed into gas-liquid two-phase refrigerant having an
intermediate pressure in the second expansion valve.
The gas-liquid two-phase refrigerant is injected from an
intermediate pressure port of compressor 1 into an inter-
mediate pressure chamber.

[0032] In the refrigeration cycle apparatus according
to Comparative Example 1, in the case where refrigerant
having a high specific heat ratio is filled, it is difficult to
decrease the discharge temperature to be equal to or
lower than the determination value, even when the sec-
ond expansion valve is fully opened. For example, when
the specific heat ratio of the refrigerant is equal to or
greater than 1.16, an evaporation temperature can be
-10°C, a condensation temperature can be 45°C and a
suction superheat can be 10K during operation of the
refrigeration cycle apparatus according to Comparative
Example 1. Under these operating conditions, the dis-
charge temperature exceeds 100°C. Therefore, in the
case where the determination value is 100°C as de-
scribed above, it is difficult to decrease the discharge
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temperature to be equal to or lower than the determina-
tion value, even when the second expansion valve is fully
opened.

[0033] Incontrast, inrefrigeration cycle apparatus 100,
intermediate pressure injection flow path 13 includes by-
pass flow path 14 and adjustment valve 15. Therefore,
when comparison is made between refrigeration cycle
apparatus 100 and the refrigeration cycle apparatus ac-
cording to Comparative Example 1, assuming that the
degree of opening of second expansion valve 5 is equiv-
alent, the flow rate of the refrigerant flowing in interme-
diate pressure injection flow path 13 of refrigeration cycle
apparatus 100 when adjustment valve 15 is further
opened is greater than a flow rate of the refrigerant flow-
ing in the intermediate pressure injection flow path of the
refrigeration cycle apparatus according to Comparative
Example 1. Therefore, as compared with the refrigeration
cycle apparatus according to Comparative Example 1,
refrigeration cycle apparatus 100 can reliably suppress
an increase in discharge temperature even when the re-
frigerant having a high specific heat ratio is used.
[0034] In addition, as compared with the refrigeration
cycle apparatus according to Comparative Example 1, a
time period to cause the refrigerantto flow in intermediate
pressure injection flow path 13 in order to suppress an
increase in discharge temperature can be shortened in
refrigeration cycle apparatus 100. That is, as compared
with the refrigeration cycle apparatus according to Com-
parative Example 1, a time period from detection of an
increase in discharge temperature torestart of the normal
operation can be shortened in refrigeration cycle appa-
ratus 100. Therefore, as compared with the refrigeration
cycle apparatus according to Comparative Example 1, a
decrease in capability caused by the process for sup-
pressing an increase in discharge temperature is sup-
pressed in refrigeration cycle apparatus 100.

[0035] In the refrigeration cycle apparatus according
to Comparative Example 2, a so-called liquid back state
in which liquid-phase refrigerant is suctioned into a com-
pressor is implemented in order to suppress an increase
in discharge temperature. In the refrigeration cycle ap-
paratus according to Comparative Example 2, as a spe-
cific heat ratio of the filled refrigerant becomes higher, a
flow rate of the liquid-phase refrigerant to be suctioned
into the compressor in the above-described liquid back
state becomes greater. When a large amount of liquid-
phase refrigerant is returned to the compressor, dilution
of oilin the compressor occurs, which leads to a decrease
in reliability of the compressor.

[0036] Incontrast, inrefrigeration cycle apparatus 100,
anincrease in discharge temperature can be suppressed
without implementing the so-called liquid back state.
Therefore, the reliability of compressor 1 is higher in re-
frigeration cycle apparatus 100 than in the refrigeration
cycle apparatus according to Comparative Example 2.
[0037] Thefirstrefrigerantcircuitmay include a switch-
ing unit such as, for example, a four-wary valve config-
ured to switch a flow direction of the refrigerant. In such
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refrigeration cycle apparatus 100, the switching unit
switches between a cooling operation in which the heat-
source-side heat exchanger functions as a condenser
and the load-side heat exchanger functions as an evap-
orator and a heating operation in which the heat-source-
side heat exchanger functions as an evaporator and the
load-side heat exchanger functions as a condenser.

Second Embodiment

[0038] As shown in Fig. 2, a refrigeration cycle appa-
ratus 101 according to a second embodiment is config-
ured basically similarly to refrigeration cycle apparatus
100 according to the first embodiment. However, refrig-
eration cycle apparatus 101 is different from refrigeration
cycle apparatus 100 in that intermediate pressure injec-
tion flow path 13 further includes first cooling unit 6. In
Fig. 2, temperature sensor 200 and controller 210 are
not shown.

[0039] In first cooling unit 6, the refrigerant decom-
pressed in second expansion valve 5is cooled. First cool-
ing unit 6 is arranged between second expansion valve
5 and the intermediate pressure port of compressor 1in
intermediate pressure injection flow path 13. Preferably,
first cooling unit 6 is arranged between the above-de-
scribed other end of bypass flow path 14 and the inter-
mediate pressure port of compressor 1 in intermediate
pressure injection flow path 13. In other words, the other
end of bypass flow path 14 is connected to a portion of
intermediate pressure injection flow path 13 located on
the downstream side of second expansion valve 5 and
located on the upstream side of first cooling unit 6. The
other end of bypass flow path 14 may be connected to a
portion of intermediate pressure injection flow path 13
located on the downstream side of first cooling unit 6.
[0040] First cooling unit 6 includes a refrigerant inflow
portion into which the refrigerant flows, a heat exchange
portion configured to perform heat exchange between
the refrigerant and a cold source such as air, and a re-
frigerant outflow portion out of which the refrigerant flows.
The refrigerant is cooled in first cooling unit 6, and there-
by, a degree of dryness of the refrigerant decreases. The
refrigerant cooled in first cooling unit 6 is suctioned from
the intermediate pressure port of compressor 1.

[0041] Since refrigeration cycle apparatus 101 in-
cludes intermediate pressure injection flow path 13 in-
cluding bypass flow path 14 and adjustment valve 15,
refrigeration cycle apparatus 101 can also produce ef-
fects similar to those of refrigeration cycle apparatus 100.
[0042] Furthermore, in refrigeration cycle apparatus
101, intermediate pressure injection flow path 13 in-
cludes first cooling unit 6. In refrigeration cycle apparatus
101 as well, when the discharge temperature becomes
higher than the determination value, second expansion
valve 5 is opened. As a result, a part of the refrigerant
condensed in condenser 2 flows into intermediate pres-
sure injection flow path 13. The refrigerant having flown
into intermediate pressure injection flow path 13 expands
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adiabatically and is decompressed into gas-liquid two-
phaserefrigeranthaving an intermediate pressurein sec-
ond expansion valve 5. The gas-liquid two-phase refrig-
erant is cooled by the cold source in first cooling unit 6,
to thereby obtain gas-liquid two-phase refrigerant having
a low temperature. The gas-liquid two-phase refrigerant
having a low temperature is injected from the intermedi-
ate pressure port of compressor 1 into the intermediate
pressure chamber.

[0043] Therefore, a temperature of the refrigerant in-
jected from the intermediate pressure port of compressor
1into the intermediate pressure chamber in refrigeration
cycle apparatus 101 is lower than a temperature of the
refrigerant injected from the intermediate pressure port
of the compressor into the intermediate pressure cham-
ber in refrigeration cycle apparatus 100. Therefore, as
compared with refrigeration cycle apparatus 100, in re-
frigeration cycle apparatus 101, an increase in discharge
temperature can be suppressed even when a flow rate
of the refrigerant in intermediate pressure injection flow
path 13 is not small. That is, as compared with refriger-
ation cycle apparatus 100, in refrigeration cycle appara-
tus 101, an increase in discharge temperature can be
suppressed even when a specific heat ratio of the filled
refrigerant is high.

(Modifications)

[0044] Figs. 3 to 5 are block diagrams showing first to
third modifications of refrigeration cycle apparatus 101
shown in Fig. 2. In Figs. 3 to 5, temperature sensor 200
and controller 210 are not shown.

[0045] A refrigeration cycle apparatus 102 shown in
Fig. 3 is configured basically similarly to refrigeration cy-
cle apparatus 101. However, refrigeration cycle appara-
tus 102 is different from refrigeration cycle apparatus 101
in that refrigeration cycle apparatus 102 further includes
asecond refrigerant circuit 20 in which second refrigerant
circulates, and the cold source for the refrigerant in first
cooling unit 6 is the second refrigerant.

[0046] The second refrigerant may be any refrigerant.
A specific heat ratio of the second refrigerant is, for ex-
ample, lower than the specific heat ratio of the above-
described first refrigerant. The specific heat ratio of the
second refrigerant may be, for example, equal to the spe-
cific heat ratio of the above-described first refrigerant.
[0047] Second refrigerant circuit 20 includes a second
compressor 21, a second condenser 22, a third expan-
sion valve 23, and first cooling unit 6. The second refrig-
erant circulates through second compressor 21, second
condenser 22, third expansion valve 23, and first cooling
unit 6 in this order. In first cooling unit 6, the second re-
frigerant flowing in second refrigerant circuit 20 absorbs
vaporization heat from the refrigerant flowing in interme-
diate pressure injection flow path 13, and evaporates. In
this way, first cooling unit 6 cools the refrigerant flowing
in intermediate pressure injection flow path 13 by the
second refrigerant flowing in second refrigerant circuit
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20. Operating conditions of second compressor 21 and
third expansion valve 23 are set such that the second
refrigerant flowing in first cooling unit 6 can sufficiently
cool the refrigerant flowing in intermediate pressure in-
jection flow path 13.

[0048] Since refrigeration cycle apparatus 102 in-
cludes intermediate pressure injection flow path 13 in-
cluding bypass flow path 14, adjustment valve 15 and
first cooling unit 6 as described above, refrigeration cycle
apparatus 102 can also produce effects similar to those
of refrigeration cycle apparatus 101.

[0049] A refrigeration cycle apparatus 103 shown in
Fig. 4 is configured basically similarly to refrigeration cy-
cle apparatus 101. However, refrigeration cycle appara-
tus 103 is different from refrigeration cycle apparatus 101
in that first cooling unit 6 is an internal heat exchanger
and the cold source for the refrigerant flowing in interme-
diate pressure injection flow path 13 in first cooling unit
6 is the refrigerant flowing between first expansion valve
3 and the suction port of compressor 1.

[0050] In first cooling unit 6 shown in Fig. 4, heat ex-
change is performed between the refrigerant flowing in
intermediate pressure injection flow path 13 and the re-
frigerant flowing in second flow path 11. In refrigeration
cycle apparatus 103, when the discharge temperature is
higher than the determination value, second expansion
valve 5 is opened. At this time, the degree of opening of
second expansion valve 5 is set such that an amount of
decrease in pressure of the refrigerant in second expan-
sion valve 5 is smaller than an amount of decrease in
pressure of the refrigerant in first expansion valve 3. For
example, second expansion valve 5 is fully opened. As
a result, the flow rate of the refrigerant flowing through
second expansion valve 5 is maximized and the temper-
ature of the refrigerant having adiabatically expanded in
second expansion valve 5 becomes higher than the tem-
perature of the refrigerant having adiabatically expanded
in first expansion valve 3. Therefore, in first cooling unit
6, a relatively large amount of refrigerant flowing in inter-
mediate pressure injection flow path 13 is cooled by the
refrigerant flowing in second flow path 11.

[0051] Since refrigeration cycle apparatus 103 in-
cludes intermediate pressure injection flow path 13 in-
cluding bypass flow path 14, adjustment valve 15 and
first cooling unit 6 as described above, refrigeration cycle
apparatus 103 can also produce effects similar to those
of refrigeration cycle apparatus 101.

[0052] A refrigeration cycle apparatus 104 shown in
Fig. 5 is configured basically similarly to refrigeration cy-
cle apparatus 103. However, refrigeration cycle appara-
tus 104 is different from refrigeration cycle apparatus 103
in that the cold source for the refrigerant flowing in inter-
mediate pressure injection flow path 13 in first cooling
unit 6 is the refrigerant flowing between evaporator 4 and
the suction port of compressor 1.

[0053] In first cooling unit 6 shown in Fig. 5, heat ex-
change is performed between the refrigerant flowing in
intermediate pressure injection flow path 13 and the re-
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frigerant flowing in third flow path 12. In refrigeration cycle
apparatus 104, when the discharge temperature is higher
than the determination value, second expansion valve 5
is opened. For example, second expansion valve 5 is
fully opened. As a result, the flow rate of the refrigerant
flowing through second expansion valve 5 is maximized.
The temperature of the refrigerant having adiabatically
expanded in second expansion valve 5 becomes higher
than the temperature of the refrigerant having adiabati-
cally expanded in first expansion valve 3 and evaporated
in evaporator 4. Therefore, in first cooling unit 6, a rela-
tively large amount of refrigerant flowing in intermediate
pressure injection flow path 13 is cooled by the refrigerant
flowing in third flow path 12.

[0054] Since refrigeration cycle apparatus 104 in-
cludes intermediate pressure injection flow path 13 in-
cluding bypass flow path 14, adjustment valve 15 and
first cooling unit 6 as described above, refrigeration cycle
apparatus 104 can also produce effects similar to those
of refrigeration cycle apparatus 101.

Third Embodiment

[0055] As shown in Fig. 6, a refrigeration cycle appa-
ratus 105 according to a third embodiment is configured
basically similarly to refrigeration cycle apparatus 100
according to the firstembodiment. However, refrigeration
cycle apparatus 105 is different from refrigeration cycle
apparatus 100 in that the refrigerant circuit further in-
cludes a second cooling unit 7.

[0056] Second cooling unit 7 cools the refrigerant flow-
ing between condenser 2 and the above-described first
end of intermediate pressure injection flow path 13 in first
flow path 10 by a second cold source. In second cooling
unit 7, the refrigerant condensed in condenser 2 is su-
percooled. Second cooling unit 7 functions as a super-
cooler. Second cooling unit 7 is arranged between con-
denser 2 and the above-described first end of interme-
diate pressure injection flow path 13 in the refrigerant
circuit. Second cooling unit 7 includes a refrigerant inflow
portion into which the refrigerant flows, a heat exchange
portion configured to perform heat exchange between
the refrigerant and the second cold source such as air,
and a refrigerant outflow portion out of which the refrig-
erant flows.

[0057] When the degree of opening of second expan-
sion valve 5 is zero, i.e., when second expansion valve
5 is closed, the whole of the refrigerant condensed in
condenser 2 and supercooled in second cooling unit 7
flows into first expansion valve 3 and the refrigerant does
not flow in intermediate pressure injection flow path 13.
When the degree of opening of second expansion valve
5is greater than zero, a part of the refrigerant condensed
in condenser 2 and supercooled in second cooling unit
7 flows in intermediate pressure injection flow path 13.
[0058] Since refrigeration cycle apparatus 105 in-
cludes intermediate pressure injection flow path 13 in-
cluding bypass flow path 14 and adjustment valve 15,
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refrigeration cycle apparatus 105 can produce effects
similar to those of refrigeration cycle apparatus 100.
[0059] Furthermore, since the refrigerant circuit in-
cludes second cooling unit 7, a degree of supercooling
of the refrigerant flowing into first expansion valve 3 in
refrigeration cycle apparatus 105 is higher than that in
refrigeration cycle apparatus 100. As a result, the per-
formance of refrigeration cycle apparatus 105 is higher
than the performance of refrigeration cycle apparatus
100.

(Modifications)

[0060] Figs. 7 to 9 are block diagrams showing first to
third modifications of refrigeration cycle apparatus 105
shown in Fig. 6. In Figs. 7 to 9, temperature sensor 200
and controller 210 are not shown.

[0061] A refrigeration cycle apparatus 106 shown in
Fig. 7 is configured basically similarly to refrigeration cy-
cle apparatus 105. However, refrigeration cycle appara-
tus 106 is different from refrigeration cycle apparatus 105
in that refrigeration cycle apparatus 106 further includes
a third refrigerant circuit 30 in which third refrigerant cir-
culates, and the cold source (second cold source) for the
refrigerant flowing in first flow path 10 in second cooling
unit 7 is the third refrigerant.

[0062] Third refrigerant circuit 30 includes a third com-
pressor 31, a third condenser 32, a fourth expansion
valve 33, and second cooling unit 7. The third refrigerant
circulates through third compressor 31, third condenser
32, fourth expansion valve 33, and second cooling unit
7 in this order. In second cooling unit 7, the third refrig-
erant flowing in third refrigerant circuit 30 absorbs vapor-
ization heat from the refrigerant flowing in first flow path
10, and evaporates. In this way, second cooling unit 7
cools the refrigerant flowing in first flow path 10 by the
third refrigerant flowing in third refrigerant circuit 30. Op-
erating conditions of third compressor 31 and fourth ex-
pansion valve 33 are set such that the third refrigerant
flowing in second cooling unit 7 can sufficiently cool the
refrigerant flowing in first flow path 10. The third refriger-
ant may be any refrigerant. A specific heat ratio of the
third refrigerant is, for example, lower than the specific
heat ratio of the above-described first refrigerant. The
specific heat ratio of the third refrigerant may be, for ex-
ample, equal to the specific heat ratio of the above-de-
scribed first refrigerant.

[0063] A refrigeration cycle apparatus 107 shown in
Fig. 8 is configured basically similarly to refrigeration cy-
cle apparatus 105. However, refrigeration cycle appara-
tus 107 is different from refrigeration cycle apparatus 105
in that the cold source for the refrigerant flowing in first
flow path 10 in second cooling unit 7 is the refrigerant
flowing between first expansion valve 3 and the suction
port of compressor 1. In second cooling unit 7, heat ex-
change is performed between the refrigerant flowing in
first flow path 10 and the refrigerant flowing in second
flow path 11.
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[0064] A refrigeration cycle apparatus 108 shown in
Fig. 9 is configured basically similarly to refrigeration cy-
cle apparatus 105. However, refrigeration cycle appara-
tus 108 is different from refrigeration cycle apparatus 103
in that the cold source for the refrigerant flowing in first
flow path 10 in second cooling unit 7 is the refrigerant
flowing between evaporator 4 and the suction port of
compressor 1. In second cooling unit 7, heat exchange
is performed between the refrigerant flowing in first flow
path 10 and the refrigerant flowing in third flow path 12.
[0065] Since each of refrigeration cycle apparatuses
106, 107 and 108 shown in Figs. 7 to 9 is configured such
that the refrigerant circuit further includes second cooling
unit 7, each of refrigeration cycle apparatuses 106, 107
and 108 can produce effects similar to those of refriger-
ation cycle apparatus 105.

Fourth Embodiment

[0066] As shownin Fig. 10, a refrigeration cycle appa-
ratus 109 according to a fourth embodiment is configured
basically similarly to refrigeration cycle apparatus 100
according to the firstembodiment. However, refrigeration
cycle apparatus 109 is different from refrigeration cycle
apparatus 100 in that intermediate pressure injection flow
path 13 further includes first cooling unit 6 and the refrig-
erant circuit further includes second cooling unit 7.
[0067] First cooling unit 6 of refrigeration cycle appa-
ratus 109 is configured similarly to first cooling unit 6 of
refrigeration cycle apparatus 101 shownin Fig. 2. Second
cooling unit 7 of refrigeration cycle apparatus 109 is con-
figured similarly to second cooling unit 7 of refrigeration
cycle apparatus 105 shown in Fig. 6.

[0068] Since refrigeration cycle apparatus 109 in-
cludes intermediate pressure injection flow path 13 in-
cluding bypass flow path 14 and adjustment valve 15,
refrigeration cycle apparatus 109 can produce effects
similar to those of refrigeration cycle apparatus 100.
[0069] Furthermore, since refrigeration cycle appara-
tus 109 further includes first cooling unit 6 shown in Fig.
2 and second cooling unit 7 shown in Fig. 6, refrigeration
cycle apparatus 109 can produce the effects of refriger-
ation cycle apparatus 101 and the effects of refrigeration
cycle apparatus 104 at the same time.

(Modifications)

[0070] Figs. 11 to 13 are block diagrams showing first
to third modifications of refrigeration cycle apparatus 109
shown in Fig. 10. In Figs. 11 to 13, temperature sensor
200 and controller 210 are not shown.

[0071] A refrigeration cycle apparatus 110 shown in
Fig. 11 is configured basically similarly to refrigeration
cycle apparatus 109. However, refrigeration cycle appa-
ratus 110 is different from refrigeration cycle apparatus
109 in that first cooling unit 6 is configured similarly to
first cooling unit 6 shown in Fig. 3.

[0072] A refrigeration cycle apparatus 111 shown in
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Fig. 12 is configured basically similarly to refrigeration
cycle apparatus 109. However, refrigeration cycle appa-
ratus 111 is different from refrigeration cycle apparatus
109 in that first cooling unit 6 is configured similarly to
first cooling unit 6 shown in Fig. 4 and second cooling
unit 7 is configured similarly to second cooling unit 7
shown in Fig. 7.

[0073] A refrigeration cycle apparatus 112 shown in
Fig. 13 is configured basically similarly to refrigeration
cycle apparatus 111. However, refrigeration cycle appa-
ratus 112 is different from refrigeration cycle apparatus
109 in that first cooling unit 6 is configured similarly to
first cooling unit 6 shown in Fig. 5.

[0074] Since each of refrigeration cycle apparatuses
110, 111 and 112 shown in Figs. 11 to 13 includes first
cooling unit 6 and second cooling unit 7 at the same time,
each of refrigeration cycle apparatuses 110, 111and 112
can produce effects similar to those of refrigeration cycle
apparatus 109. Second cooling unit 7 in each of refrig-
eration cycle apparatuses 109, 110, 111, and 112 may
be configured similarly to any one of second cooling units
7 shown in Figs. 6 to 9.

[0075] Although the embodiments of the present dis-
closure have been described above, the above-de-
scribed embodiments can also be variously modified.
The scope of the present disclosure is not limited to the
above-described embodiments. The scope of the
present disclosure is defined by the terms of the claims,
and is intended to include any modifications within the
scope and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0076] 1 compressor; 2 condenser; 3 first expansion
valve; 4 evaporator; 5 second expansion valve; 6 cooling
unit; 7 second cooling unit; 10 first flow path; 11 second
flow path; 12 third flow path; 13 intermediate pressure
injection flow path; 14 bypass flow path; 15 adjustment
valve; 20 second refrigerant circuit; 21 second compres-
sor; 22 second condenser; 23 third expansion valve; 30
third refrigerant circuit; 31 third compressor; 32 third con-
denser; 33 fourth expansion valve; 100, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112 refrigeration
cycle apparatus; 200 temperature sensor; 210 controller.

Claims
1. Arefrigeration cycle apparatus comprising:

a first refrigerant circuit, the first refrigerant cir-
cuit comprising: a compressor; a condenser; a
first expansion valve; and an evaporator, refrig-
erant circulating in the first refrigerant circuit in
an order of the compressor, the condenser, the
first expansion valve, and the evaporator,

the compressor comprising: a discharge port for
discharging the refrigerant having a first pres-
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sure; a suction port for suctioning the refrigerant
having a second pressure lower than the first
pressure; and an intermediate pressure portinto
which the refrigerant having an intermediate
pressure between the first pressure and the sec-
ond pressure flows; and

an intermediate pressure injection flow path
comprising: a first end connected between the
condenser and the first expansion valve in the
first refrigerant circuit; and a second end con-
nected to the intermediate pressure port of the
compressor,

the intermediate pressure injection flow
path being configured to return, to the com-
pressor, a part of the refrigerant flowing out
of the condenser,

the intermediate pressure injection flow
path further comprising: a second expan-
sionvalve; abypass flow path thatbypasses
the second expansion valve; and an adjust-
ment valve configured to adjust a flow rate
of the refrigerant flowing in the bypass flow
path.

The refrigeration cycle apparatus according to claim
1, wherein

a degree of opening of the adjustment valve when a
temperature of the refrigerant of high pressure dis-
charged from the discharge port is higher than a de-
termination value is higher than the degree of open-
ing when the temperature of the refrigerant of high
pressure discharged from the discharge portis equal
to or lower than the determination value.

The refrigeration cycle apparatus according to claim
1 or 2, wherein

the intermediate pressure injection flow path com-
prises a first cooling unit configured to cool, by a cold
source, the refrigerant flowing in the intermediate
pressure injection flow path.

The refrigeration cycle apparatus according to claim
3, wherein

the cold source is the refrigerant flowing between
the first expansion valve and the suction port of the
compressor in the first refrigerant circuit.

The refrigeration cycle apparatus according to claim
4, wherein

the cold source is the refrigerant flowing between
the evaporator and the suction port of the compres-
sor in the first refrigerant circuit.

The refrigeration cycle apparatus according to claim
3, wherein
the cold source is air.
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The refrigeration cycle apparatus according to claim
3, further comprising a second refrigerant circuit in
which second refrigerant circulates, wherein the cold
source is the second refrigerant.

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

the first refrigerant circuit further comprises a second
cooling unit configured to cool, by a second cold
source, the refrigerant flowing between the condens-
er and the first end of the intermediate pressure in-
jection flow path.

The refrigeration cycle apparatus according to any
one of claims 1 to 8, wherein

a specific heat ratio of the refrigerant is equal to or
greater than 1.16.

The refrigeration cycle apparatus according to any
one of claims 1 to 9, wherein
the refrigerant comprises carbon dioxide.
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