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(54) REFRIGERATION DEVICE

(57) In a refrigeration apparatus that includes a
two-stage compression mechanism including a . ( /
low-stage side compressor and a high-stage side com- ‘
pressor, during a pull-down operation in which the differ-
ence between the temperature of a target space and the
outside air temperature is small and a high refrigerating
capacity is required, the compression ratio of the o |
low-stage side compressor may decrease, and the ca-
pacity of the refrigeration apparatus may decrease. A

refrigeration apparatus (100) includes a refrigerant circuit s : :
(10) in which a first compressor (21), a second compres- ) HJ o ZCWbE\ :
sor (22), a heat-source side heat exchanger (23), an ex- 07 —
pansion mechanism, and a utilization-side heat exchang- FIG. 1

er (31) are sequentially connected. The refrigerant circuit
(10) includes a gas-liquid separator (26), a sixth pipe (56),
a second pipe (52), and a bypass pipe (59). The sixth
pipe (56) guides the gas refrigerant in the gas-liquid sep-
arator (26) to a suction side of the second compressor
(22). The second pipe (52) guides a refrigerant dis-
charged from the first compressor (21) to the suction side
of the second compressor (22). The bypass pipe (59)
guides the refrigerant discharged from the first compres-
sor (21) to a discharge side of the second compressor
(22) in a state where the refrigerant discharged from the
first compressor (21) does not flow through the second

pipe (52).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
apparatus.

BACKGROUND ART

[0002] As described in PTL 1 (Japanese Unexamined
Patent Application Publication No. 2016-128734), there
is a known refrigeration apparatus that uses carbon di-
oxide as a refrigerant and includes a two-stage compres-
sion mechanism including a low-stage side compressor
and a high-stage side compressor. This refrigeration ap-
paratus is used to cool the air in a target space by a heat
absorbing action of an evaporator for a refrigerant in-
stalled in the target space.

SUMMARY OF THE INVENTION
<Technical Problem>

[0003] When the above-described refrigeration appa-
ratus is used in an environment in which there is a large
difference between the set temperature of the target
space and the outside air temperature, the pressure of
the refrigerant on the high-pressure side needs to be
maintained high during a pull-down operation in which
the difference between the temperature of the target
space and the outside air temperature is small and a high
refrigerating capacity is required. However, since the
pressure of the refrigerantin a gas-liquid separator needs
to be lower than the critical pressure of the refrigerant,
the compression ratio of the low-stage side compressor
may decrease during the pull-down operation in which
the evaporation temperature of the refrigerant is high,
and the refrigerating capacity may decrease.

<Solution to Problem>

[0004] A refrigeration apparatus according to a first as-
pect includes a refrigerant circuit in which a first com-
pressor, a second compressor, a first heat exchanger,
an expansion mechanism, and a second heat exchanger
are sequentially connected. The first heat exchanger
functions as a radiator of a refrigerant compressed by
the first compressor or the second compressor. The sec-
ond heat exchanger functions as a heat absorber for a
refrigerant decompressed by the expansion mechanism.
The refrigerant circuit includes a gas-liquid separator or
athird heat exchanger, afirstchannel, a second channel,
and a third channel. The gas-liquid separator separates
a refrigerant in a gas-liquid two-phase state decom-
pressed by the expansion mechanism into a liquid refrig-
erant and a gas refrigerant. The third heat exchanger
exchanges heat between a refrigerant decompressed by
a decompression mechanism after radiating heat in the
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first heat exchanger and a refrigerant after radiating heat
in the first heat exchanger and before being decom-
pressed by the expansion mechanism. The first channel
connects the gas-liquid separator or the third heat ex-
changer to a suction side of the second compressor. The
second channel connects a discharge side of the first
compressor to the suction side of the second compres-
sor. The third channel connects the discharge side of the
first compressor to a discharge side of the second com-
pressor. The first channel guides the gas refrigerant in
the gas-liquid separator or the refrigerant decompressed
by the decompression mechanism and heat-exchanged
in the third heat exchanger to the suction side of the sec-
ond compressor. The second channel guides a refriger-
ant discharged from the first compressor to the suction
side of the second compressor. The third channel guides
the refrigerant discharged from the first compressor to
the discharge side of the second compressor in a state
where the refrigerant discharged from the first compres-
sor does not flow through the second channel.

[0005] The refrigeration apparatus according to the
first aspect may perform the two-stage compression op-
eration using the low-stage side compressor and the
high-stage side compressor and the single-stage com-
pression operation using only the low-stage side com-
pressor. By performing the single-stage compression op-
eration during the pull-down operation in which the dif-
ference between the temperature of the target space and
the outside air temperature is small, the refrigeration ap-
paratus may secure the compression ratio of the low-
stage side compressor and maintain the high pressure
of the refrigerant on the high-pressure side. Therefore,
the refrigeration apparatus according to the first aspect
may suppress a decrease in the capacity during the pull-
down operation.

[0006] A refrigeration apparatus according to a second
aspect is the refrigeration apparatus according to the first
aspect and further includes a control unit that switches
the refrigerant circuit between a first state and a second
state. In the first state, the refrigerant discharged from
the first compressor flows through the second channel,
merges with the gas refrigerant flowing through the first
channel, and is suctioned into the second compressor.
In the second state, the refrigerant discharged from the
first compressor flows through the third channel without
flowing through the second channel and merges with a
refrigerant discharged from the second compressor. The
refrigerant circuit further includes a first valve provided
in the second channel and a second valve that is a check
valve provided in the third channel. The control unitopens
the first valve in the first state and closes the first valve
in the second state.

[0007] In the refrigeration apparatus according to the
second aspect, switching between a state where the two-
stage compression operation is performed and a state
where the single-stage compression operation is per-
formed may be performed by controlling opening and
closing of the valve provided in the refrigerant circuit.
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[0008] A refrigeration apparatus according to a third
aspectis the refrigeration apparatus according to the sec-
ond aspect, and when the refrigerant circuit is in the sec-
ond state, the control unit switches the refrigerant circuit
from the second state to the first state in a case where a
temperature of the refrigerant suctioned into the first com-
pressor decreases to a first value and a temperature of
the refrigerant discharged from the first compressor in-
creases to a second value.

[0009] The refrigeration apparatus according to the
third aspect transitions to a state where the two-stage
compression operation is performed when the load on
the low-stage side compressorincreases in a state where
the single-stage compression operation is performed.
Therefore, the refrigeration apparatus according to the
third aspect may reduce the load on the low-stage side
compressor and suppress a decrease in the reliability of
the low-stage side compressor.

[0010] A refrigeration apparatus according to a fourth
aspectis the refrigeration apparatus according to the sec-
ond aspect or the third aspect, and when the refrigerant
circuit is in the first state, the control unit switches the
refrigerant circuit from the first state to the second state
in a case where atemperature of the refrigerant suctioned
into the first compressor increases to a third value, or in
a case where a number of rotations of the first compres-
sor falls below a number of rotations of the second com-
pressor.

[0011] The refrigeration apparatus according to the
fourth aspecttransitions to a state where the single-stage
compression operation is performed when the load on
the high-stage side compressor increases in a state
where the two-stage compression operation is per-
formed. Therefore, the refrigeration apparatus according
to the fourth aspect may reduce the load on the high-
stage side compressor and suppress a decrease in the
reliability of the high-stage side compressor.

[0012] Arefrigeration apparatus according to a fifth as-
pect is the refrigeration apparatus according to any one
of the second to fourth aspects, and the control unit
switches the refrigerant circuit among the first state, the
second state, and a third state. In the third state, the
refrigerant is not suctioned into the second compressor,
and the refrigerant discharged from the first compressor
flows through the third channel without flowing through
the second channel. The refrigerant circuit further in-
cludes a third valve provided in the first channel. The
control unit opens the third valve in the first state or the
second state and closes the third valve in the third state.
[0013] In the refrigeration apparatus according to the
fifth aspect, in a state where the single-stage compres-
sion operation is performed, switching between a state
where a degassing operation is performed, in which the
gas refrigerant in the gas-liquid separator is compressed
by the high-stage side compressor, and a state where
the degassing operation is not performed may be per-
formed by controlling opening and closing of the valve
provided in the refrigerant circuit.
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[0014] A refrigeration apparatus according to a sixth
aspect is the refrigeration apparatus according to the fifth
aspect, and the control unit switches the refrigerant circuit
to the third state, the second state, and the first state in
this order when the first compressor and the second com-
pressor are activated.

[0015] The refrigeration apparatus according to the
sixth aspect does not perform the degassing operation
when the amount of refrigerant on the high-pressure side
is small at the time of activation and performs control to
start the degassing operation when the amount of refrig-
eranton the high-pressure side increases. Therefore, the
refrigeration apparatus according to the sixth aspect may
reduce the load on the high-stage side compressor and
suppress a decrease in the capacity.

[0016] A refrigeration apparatus according to a sev-
enth aspect is the refrigeration apparatus according to
any one of the first to sixth aspects, and the refrigerant
circuit includes a gas-liquid separator and further in-
cludes a fourth channel. The fourth channel connects the
gas-liquid separator to the first channel. The fourth chan-
nel guides refrigerating machine oil in the gas-liquid sep-
arator to the suction side of the second compressor via
the first channel together with the liquid refrigerant in the
gas-liquid separator.

[0017] The refrigeration apparatus according to the
seventh aspect may prevent a shortage of refrigerating
machine oil in the high-pressure side compressor.
[0018] Arefrigeration apparatus according to an eighth
aspect is the refrigeration apparatus according to any
one of the first to seventh aspects, and the refrigerant
circuit further includes a fifth channel. The fifth channel
connects the discharge side of the second compressor
to the suction side of the second compressor. The fifth
channel guides the refrigerating machine oil discharged
from the second compressor to the suction side of the
second compressor. The fifth channel is provided with
an oil separator that separates the refrigerating machine
oil from a mixture of the refrigerant and the refrigerating
machine oil.

[0019] The refrigeration apparatus according to the
eighth aspect may prevent a shortage of the refrigerating
machine oil in the high-pressure side compressor.
[0020] A refrigeration apparatus according to a ninth
aspect is the refrigeration apparatus according to any
one of thefirstto eighth aspects, and the refrigerant circuit
includes a gas-liquid separator and further includes a
fourth heat exchanger. The fourth heat exchanger heats
the gas refrigerant in the gas-liquid separator by ex-
changing heat with a refrigerant after radiating heat in
the first heat exchanger and before being decompressed
by the expansion mechanism.

[0021] In the refrigeration apparatus according to the
ninth aspect, the high performance of the radiator may
be maintained by increasing the degree of superheating
of the refrigerant suctioned into the high-stage side com-
pressor and increasing the difference between the tem-
perature of the radiator and the outside air temperature.
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Further, in the refrigeration apparatus according to the
ninth aspect, the dryness of the refrigerant decom-
pressed by the expansion mechanism is decreased to
prevent a shortage of the refrigerant to be suctioned into
the low-stage side compressor, and thus a decrease in
the reliability of the compressor may be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

[Fig. 1] Fig. 1 is a diagram illustrating an example of
an overall configuration of a refrigeration apparatus
100 according to a first embodiment.

[Fig. 2] Fig. 2 is a block diagram of a control unit 70
according to the first embodiment.

[Fig. 3] Fig. 3 is a Mollier diagram during a two-stage
compression operation according to the first embod-
iment.

[Fig. 4] Fig. 4 is a Mollier diagram during a single-
stage compression/degassing operation according
to the first embodiment.

[Fig. 5] Fig. 5 is a Mollier diagram during a single-
stage compression operation according to a second
embodiment.

[Fig. 6] Fig. 6 is a diagram illustrating an example of
an overall configuration of a refrigeration apparatus
200 according to a third embodiment.

[Fig. 7] Fig. 7 is a block diagram of the control unit
70 according to the third embodiment.

[Fig. 8] Fig. 8 is a diagram illustrating an example of
an overall configuration of a refrigeration apparatus
300 according to Modification B.

[Fig. 9] Fig. 9 is a Mollier diagram during a single-
stage compression/degassing operation according
to Modification B.

DESCRIPTION OF EMBODIMENTS
-First Embodiment-
(1) Configuration of Refrigeration Apparatus 100

[0023] As illustrated in Fig. 1, the refrigeration appara-
tus 100 includes a heat source unit 2, a utilization unit 3,
a liquid-side connection pipe 6, a gas-side connection
pipe 7, a remote controller 8, and a control unit 70. In the
refrigeration apparatus 100, the heat source unit 2 and
the utilization unit 3 are connected to each other via the
liquid-side connection pipe 6 and the gas-side connection
pipe 7, and thus a refrigerant circuit 10 is configured, in
which a refrigerant circulates.

[0024] Inthe refrigeration apparatus 100, a vapor com-
pression refrigeration cycle is performed, in which the
refrigerant sealed in the refrigerant circuit 10 is com-
pressed, condensed, decompressed, evaporated, and
then compressed again. The refrigeration apparatus 100
cools the air in the target space by evaporation of the
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refrigerant circulating in the refrigeration cycle. The re-
frigeration apparatus 100 is attached to, for example, a
marine container and cools the air in the target space
inside the container.

[0025] The refrigeration apparatus 100 may include
the plurality of utilization units 3. In this case, the plurality
of utilization units 3 is connected in parallel to the one
heat source unit 2 so that the refrigerant circuit 10 is con-
figured.

[0026] The refrigerant sealed in the refrigerant circuit
10 is carbon dioxide (R744). Carbon dioxide is a non-
flammable natural refrigerant having a low global warm-
ing potential (GWP) compared to fluorine-containing re-
frigerants. In the refrigerant circuit 10, the high-pressure
refrigerant in the refrigeration cycle is in a supercritical
state where the pressure is higher than the critical pres-
sure.

(1-1) Heat Source Unit 2

[0027] The heat source unit 2 is installed in a space
outside the target space. The heat source unit 2 is in-
stalled outdoors, for example. As illustrated in Fig. 1, the
heat source unit 2 includes a first compressor 21, a first
accumulator 21b, a second compressor 22, a second
accumulator 22b, a heat-source side heat exchanger 23,
a heat-source side fan 24, a first heat-source side ex-
pansion valve 25a, a second heat-source side expansion
valve 25b, a gas-liquid separator 26, an intermediate heat
exchanger 27, a liquid-side shutoff valve 28, a gas-side
shutoff valve 29, a gas vent valve 41, a first shutoff valve
43, and a second shutoff valve 44.

[0028] The heat source unit 2 includes a first pipe 51
to a sixth pipe 56 and a bypass pipe 59 through which
the refrigerant circulating in the refrigerant circuit 10
flows. The first pipe 51 connects the gas-side shutoff
valve 29 to the suction side of the first compressor 21.
The second pipe 52 connects the discharge side of the
first compressor 21 to the suction side of the second com-
pressor 22. The third pipe 53 connects the discharge side
of the second compressor 22 to the inlet side of the heat-
source side heat exchanger 23. The fourth pipe 54 con-
nects the outlet side of the heat-source side heat ex-
changer 23 to the inlet side of the gas-liquid separator
26. The fifth pipe 55 connects the liquid outlet side of the
gas-liquid separator 26 to the liquid-side shutoff valve
28. The sixth pipe 56 connects the gas outlet side of the
gas-liquid separator 26 to the second pipe 52. The by-
pass pipe 59 connects the second pipe 52 to the third
pipe 53.

[0029] The first compressor 21 and the second com-
pressor 22 constitute a compression mechanism of the
refrigeration apparatus 100 and compress a low-pres-
sure refrigerant in the refrigeration cycle to a high-pres-
sure refrigerant. When the refrigeration apparatus 100
performs a two-stage compression operation described
below, a low-pressure refrigerant in the refrigeration cy-
cle is compressed by the first compressor 21 to become
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an intermediate-pressure refrigerant. The intermediate-
pressure refrigerant is compressed by the second com-
pressor 22 to become a high-pressure refrigerant. The
intermediate pressure in the refrigeration cycle is a pres-
sure between the low pressure and the high pressure.
The intermediate-pressure refrigerant in the refrigeration
cycle is in a state where the pressure thereof is lower
than the critical pressure. The first compressor 21 and
the second compressor 22 have a hermetic structure in
which compression elements of a volume variable type
such as arotary type or a scroll type are rotationally driven
by a first compressor motor 21a and a second compres-
sor motor 22a, respectively. The operating frequencies
of the first compressor motor 21a and the second com-
pressor motor 22a (the numbers of rotations of the first
compressor 21 and the second compressor 22) may be
controlled by inverters.

[0030] The firstaccumulator 21bis provided in the first
pipe 51. The second accumulator 22b is provided in the
second pipe 52. The first accumulator 21b and the sec-
ond accumulator 22b are refrigerant containers capable
of temporarily storing a surplus refrigerant in the refrig-
erant circuit 10 as a liquid refrigerant.

[0031] The heat-source side heat exchanger 23 is a
gas cooler that functions as a radiator (condenser) of a
high-pressure refrigerant in the refrigeration cycle.
[0032] The heat-source side fan 24 supplies the air
(outside air or the like) outside the target space to the
heat-source side heat exchanger 23, causes the air to
exchange heatwith the refrigerantin the heat-source side
heat exchanger 23, and then generates the air flow to be
discharged to outside of the heat source unit 2. The heat-
source side fan 24 is rotationally driven by a heat-source
side fan motor 24a.

[0033] The first heat-source side expansion valve 25a
is provided in the fourth pipe 54. The second heat-source
side expansion valve 25b is provided in the fifth pipe 55.
The first heat-source side expansion valve 25a and the
second heat-source side expansion valve 25b constitute
an expansion mechanism of the refrigeration apparatus
100 and decompress a high-pressure refrigerant in the
refrigeration cycle to a low-pressure refrigerant. The
high-pressure refrigerant in the refrigeration cycle is de-
compressed by the first heat-source side expansion
valve 25a to become an intermediate-pressure refriger-
ant. The intermediate-pressure refrigerant is decom-
pressed by the second heat-source side expansion valve
25b to become a low-pressure refrigerant. The first heat-
source side expansion valve 25a and the second heat-
source side expansion valve 25b are electric expansion
valves whose opening degrees is adjustable under the
control of the control unit 70.

[0034] The gas-liquid separator 26 is a container that
separates the refrigerant, which is decompressed by the
first heat-source side expansion valve 25a into a gas-
liquid two-phase state, into a liquid refrigerant and a gas
refrigerant. The refrigerant in a gas-liquid two-phase
state, which passes through the first heat-source side
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expansion valve 25a, flows into the gas-liquid separator
26 from the inlet side of the gas-liquid separator 26. The
gas refrigerant separated by the gas-liquid separator 26
flows out from the gas outlet side of the gas-liquid sep-
arator 26. The liquid refrigerant separated by the gas-
liquid separator 26 flows out from the liquid outlet side of
the gas-liquid separator 26.

[0035] The intermediate heat exchanger 27 exchang-
es heat between the refrigerant after radiating heatin the
heat-source side heat exchanger 23 and before being
decompressed by the first heat-source side expansion
valve 25a and the gas refrigerant having flowed out from
the gas outlet side of the gas-liquid separator 26. The
refrigerant before being decompressed by the first heat-
source side expansion valve 25a radiates heat due to
heat exchange in the intermediate heat exchanger 27.
The gas refrigerant flowing out from the gas outlet side
of the gas-liquid separator 26 is heated by heat exchange
in the intermediate heat exchanger 27.

[0036] The liquid-side shutoff valve 28 is a manual
valve provided at a connection portion with the liquid-side
connection pipe 6.

[0037] The gas-side shutoff valve 29 is a manual valve
provided at a connection portion with the gas-side con-
nection pipe 7.

[0038] The gas vent valve 41 is provided in the sixth
pipe 56. The gas vent valve 41 is provided between the
gas-liquid separator 26 and the intermediate heat ex-
changer 27. The gas vent valve 41 adjusts the amount
of gas refrigerant flowing through the sixth pipe 56. The
gas vent valve 41 is an electric expansion valve whose
opening degree is adjustable under the control of the
control unit 70.

[0039] The first shutoff valve 43 is provided in the sec-
ond pipe 52. As illustrated in Fig. 1, in the second pipe
52, a connection portion with the bypass pipe 59, the first
shutoff valve 43, and a connection portion with the sixth
pipe 56 are provided in this order from the discharge side
of the first compressor 21 toward the suction side of the
second compressor 22. The first shutoff valve 43 is an
electric expansion valve whose opening degree is ad-
justable under the control of the control unit 70. While
being closed, the first shutoff valve 43 shuts off the flow
of the refrigerant from the discharge side of the first com-
pressor 21 toward the suction side of the second com-
pressor 22.

[0040] The second shutoff valve 44 is provided in the
bypass pipe 59. The second shutoff valve 44 is a check
valve. The second shutoff valve 44 allows the refrigerant
to flow from the second pipe 52 toward the third pipe 53.
The second shutoff valve 44 shuts off the flow of the
refrigerant from the third pipe 53 toward the second pipe
52. The second shutoff valve 44 may be an electric ex-
pansion valve whose opening degree is adjustable under
the control of the control unit 70.

[0041] The heat source unit 2 includes a heat-source
unit control unit 20 that controls the operation of each
component included in the heat source unit 2. The heat-
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source unit control unit 20 configures the control unit 70.
The heat-source unit control unit 20 is, for example, a
microcomputer including a CPU, a memory, and the like.
The heat-source unit control unit 20 is connected to a
utilization-unit control unit 30 of the utilization unit 3 via
acommunication line, and transmits and receives control
signals and the like.

[0042] Further, the heat source unit 2 further includes
afirsttemperature sensor 61 to afifth temperature sensor
65.

[0043] The first temperature sensor 61 is attached to
the third pipe 53. The first temperature sensor 61 is at-
tached, for example, near the inlet of the heat-source
side heat exchanger 23. The first temperature sensor 61
measures a first temperature, which is the temperature
of the refrigerant at the inlet of the heat-source side heat
exchanger 23. The firsttemperature is substantially equal
to the temperature of the refrigerant before flowing into
the heat-source side heat exchanger 23 and undergoing
heat exchange in the heat-source side heat exchanger
23.

[0044] The second temperature sensor 62 is installed
outdoors. The second temperature sensor 62 is attached
to, for example, the outer surface of a casing of the heat
source unit 2. The second temperature sensor 62 meas-
ures a second temperature, which is the temperature of
the air that exchanges heat with the refrigerant in the
heat-source side heat exchanger 23. The second tem-
perature is substantially equal to the outside air temper-
ature.

[0045] The third temperature sensor 63 is installed in
the target space. The third temperature sensor 63 is at-
tached to, for example, the outer surface of a casing of
the utilization unit 3. The third temperature sensor 63
measures a third temperature, which is the temperature
of the target space in which the utilization unit 3 is in-
stalled.

[0046] The fourth temperature sensor 64 is attached
to the first pipe 51. The fourth temperature sensor 64 is
attached, for example, near the suction side of the first
compressor 21. The fourth temperature sensor 64 meas-
ures a fourth temperature that is the temperature of the
refrigerant suctioned into the first compressor 21. The
fourth temperature is substantially equal to the evapora-
tion temperature of the refrigerant.

[0047] The fifth temperature sensor 65 is attached to
the second pipe 52. The fifth temperature sensor 65 is
attached, for example, near the discharge side of the first
compressor 21. The fifth temperature sensor 65 meas-
ures a fifth temperature that is the temperature of the
refrigerant discharged from the first compressor 21.

(1-2) Utilization Unit 3

[0048] The utilization unit 3 is installed in the target
space. As illustrated in Fig. 1, the utilization unit 3 in-
cludes a utilization-side heat exchanger 31 and a utiliza-
tion-side fan 32.
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[0049] The utilization-side heat exchanger 31 func-
tions as a heat absorber (evaporator) for the low-pres-
sure refrigerant in the refrigeration cycle. A pipe extend-
ing from the inlet side of the utilization-side heat exchang-
er 31 is connected to the liquid-side connection pipe 6.
A pipe extending from the outlet side of the utilization-
side heat exchanger 31 is connected to the gas-side con-
nection pipe 7. As a result, in the refrigerant circuit 10,
the first compressor 21, the second compressor 22, the
heat-source side heatexchanger 23, the firstheat-source
side expansion valve 25a, the second heat-source side
expansion valve 25b, and the utilization-side heat ex-
changer 31 are sequentially connected to form a refrig-
erant circulation channel.

[0050] The utilization-side fan 32 supplies the air in the
target space to the utilization-side heat exchanger 31,
causes the air to exchange heat with the refrigerant in
the utilization-side heat exchanger 31, and then gener-
ates the air flow to be discharged into the target space.
The utilization-side fan 32 is rotationally driven by a uti-
lization-side fan motor 32a.

[0051] The utilization unit 3 includes a utilization-unit
control unit 30 that controls the operation of each com-
ponent included in the utilization unit 3. The utilization-
unit control unit 30 configures the control unit 70. The
utilization-unit control unit 30 is, for example, a micro-
computer including a CPU, a memory, and the like. The
utilization-unit control unit 30 is connected to the heat-
source unit control unit 20 of the heat source unit 2 via a
communication line, and transmits and receives control
signals and the like.

(1-3) Remote Controller 8

[0052] The remote controller 8 functions as an input
device for a user of the refrigeration apparatus 100 to
input various instructions to the refrigeration apparatus
100. For example, the user operates the remote control-
ler 8 to adjust the set temperature and the set humidity
of the target space. The remote controller 8 also functions
as a display device that displays the operating state of
the refrigeration apparatus 100 and predetermined noti-
fication information. The remote controller 8 is connected
to the heat-source unit control unit 20 and the utilization-
unit control unit 30 via acommunication line, and mutually
transmits and receives signals.

(1-4) Control Unit 70

[0053] In the refrigeration apparatus 100, the heat-
source unit control unit 20 and the utilization-unit control
unit 30 are connected via a communication line, and thus
the control unit 70 is formed, which is hardware to control
the operation of the refrigeration apparatus 100. The con-
trol by the control unit 70 is realized by integral operation
of the heat-source unit control unit 20 and the utilization-
unit control unit 30.

[0054] Asillustratedin Fig. 2, the controlunit70is elec-
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trically connected to actuators included in the heat source
unit 2. Specifically, the actuators included in the heat
source unit 2 are the first compressor motor 21a, the
second compressor motor 22a, the heat-source side fan
motor 24a, the first heat-source side expansion valve
25a, the second heat-source side expansion valve 25b,
the gas vent valve 41, and the first shutoff valve 43. The
control unit 70 is also electrically connected to the first
temperature sensor 61 to the fifth temperature sensor
65, the remote controller 8, and an actuator included in
the utilization unit 3. Specifically, the actuator included
in the utilization unit 3 is the utilization-side fan motor 32a.
[0055] As illustrated in Fig. 2, the control unit 70 in-
cludes a storage unit 71, a communication unit 72, an
actuator control unit 74, and a display control unit 75.
Each of these elements realizes a specific function of the
control unit 70. The control unit 70 executes these func-
tions by executing a control program stored in a ROM, a
RAM, a flash memory, or the like.

[0056] The storage unit 71 stores predetermined infor-
mation in a predetermined storage area in response to
a request from another element of the control unit 70.
The predetermined information is, for example, a result
of calculation executed by the control unit 70 and a com-
mand input to the remote controller 8.

[0057] The communication unit 72 functions as a com-
munication interface to transmit and receive signals to
and from each device connected to the control unit 70.
In response to the request from the actuator control unit
74, the communication unit 72 transmits a predetermined
signal to the designated actuator. The communication
unit 72 receives a signal output from the remote controller
8 or the like and requests the storage unit 71 to store the
signal in a predetermined storage area. In addition, the
communication unit 72 receives the temperatures meas-
ured by the first temperature sensor 61 to the fifth tem-
perature sensor 65 from the first temperature sensor 61
to the fifth temperature sensor 65.

[0058] The actuator control unit 74 controls the oper-
ation of each actuator included in the refrigeration appa-
ratus 100 based on a control program. Specifically, the
actuator control unit 74 has a function to control in real
time the number of rotations of the first compressor 21,
the number of rotations of the second compressor 22,
the number of rotations of the heat-source side fan 24,
the opening degree of the first heat-source side expan-
sion valve 25a, the opening degree of the second heat-
source side expansion valve 25b, the number of rotations
of the utilization-side fan 32, the opening degree of the
gas vent valve 41, and the opening degree of the first
shutoff valve 43.

[0059] The display control unit 75 is a functional unit
that controls the operation of the remote controller 8 as
a display device. The display control unit 75 causes the
remote controller 8 to output predetermined information
in order to notify the user of the information related to the
operating state and situation of the refrigeration appara-
tus 100, etc. For example, the display control unit 75 dis-
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plays the set temperature and the like on a display of the
remote controller 8.

(2) Operation of Refrigeration Apparatus 100

[0060] Next, changes in the state of the refrigerant cir-
culating through the refrigerant circuit 10 of the refriger-
ation apparatus 100 will be described with reference to
the Mollier diagrams illustrated in Figs. 3 and 4. Figs. 3
and 4 illustrate a saturated liquid line L 1, a dry saturated
vapor line L2, and a critical point CP of the refrigerant.
The critical point CP is an end point on the high-pressure
side of the saturated liquid line L1 and the dry saturated
vapor line L2. The refrigerant having a pressure higher
than the critical point CP is in a supercritical state.
[0061] During the operation of the refrigeration appa-
ratus 100, the refrigerant circuit 10 is in any one of a first
state and a second state. In the first state, the gas vent
valve 41 is closed and the first shutoff valve 43 is opened.
In the second state, the gas vent valve 41 is opened, and
the first shutoff valve 43 is closed.

[0062] Fig. 3 is a Mollier diagram when the refrigerant
circuit 10 is in the first state. The first state is a state
where the refrigeration apparatus 100 performs a two-
stage compression operation. The two-stage compres-
sion operation is an operation in which the gas refrigerant
heat-exchanged in the utilization-side heat exchanger 31
is compressed by the first compressor 21 and the second
compressor 22.

[0063] During the two-stage compression operation,
the low-pressure refrigerant in the refrigeration cycle is
sequentially compressed by the first compressor 21 on
the low-stage side and the second compressor 22 on the
high-stage side to become a high-pressure refrigerant in
the refrigeration cycle. Specifically, during the two-stage
compression operation, the first compressor 21 suctions
and compresses the low-pressure refrigerant flowing
through the first pipe 51 and discharges the intermediate-
pressure refrigerant to the second pipe 52. The interme-
diate-pressure refrigerant discharged to the second pipe
52 passes through the first shutoff valve 43. The second
compressor 22 suctions and compresses the intermedi-
ate-pressure refrigerant flowing through the second pipe
52 and discharges the high-pressure refrigerant to the
third pipe 53.

[0064] Fig. 4 is a Mollier diagram when the refrigerant
circuit 10 is in the second state. The second state is a
state where the refrigeration apparatus 100 performs a
single-stage compression/degassing operation. In the
single-stage compression/degassing operation, a single-
stage compression operation and a degassing operation
are performed. The single-stage compression operation
is an operation in which the gas refrigerant heat-ex-
changed in the utilization-side heat exchanger 31 is com-
pressed by the first compressor 21. The degassing op-
eration is an operation in which the gas refrigerant sep-
arated by the gas-liquid separator 26 is compressed by
the second compressor 22.
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[0065] Duringthe single-stage compression operation,
a low-pressure refrigerant in the refrigeration cycle is
compressed by the first compressor 21 to become a high-
pressure refrigerant in the refrigeration cycle. Specifical-
ly, the first compressor 21 suctions and compresses the
low-pressure refrigerant flowing through the first pipe 51
and discharges the high-pressure refrigerant to the sec-
ond pipe 52. The high-pressure refrigerant discharged
to the second pipe 52 cannot pass through the first shutoff
valve 43 and flows into the bypass pipe 59. The high-
pressure refrigerant flowing into the bypass pipe 59 pass-
es through the second shutoff valve 44 and flows into the
third pipe 53.

[0066] During the degassing operation, the intermedi-
ate-pressure refrigerant in the refrigeration cycle is com-
pressed by the second compressor 22 to become a high-
pressure refrigerant in the refrigeration cycle. Specifical-
ly, the second compressor 22 suctions and compresses
the intermediate-pressure gas refrigerant flowing into the
second pipe 52 from the gas-liquid separator 26 via the
sixth pipe 56 and discharges the high-pressure refriger-
ant to the third pipe 53.

[0067] During the single-stage compression/degas-
sing operation, the high-pressure refrigerant discharged
from the first compressor 21 by the single-stage com-
pression operation merges with the high-pressure refrig-
erant discharged from the second compressor 22 by the
degassing operation in the third pipe 53. The refrigerant
merged in the third pipe 53 flows into the heat-source
side heat exchanger 23.

(2-1) Change in State of Refrigerant in First State

[0068] As illustrated in Fig. 3, in the heat source unit
2, the low-pressure refrigerant flowing through the refrig-
erant circuit 10 is compressed by the first compressor 21
to become an intermediate-pressure refrigerant (P1 —
P2). The intermediate-pressure refrigerant discharged
from the first compressor 21 slightly radiates heat when
passing through the second pipe 52 (P2 — P3). Then,
the intermediate-pressure refrigerant is compressed by
the second compressor 22 to become a high-pressure
refrigerant (P3 — P4). The high-pressure refrigerant dis-
charged from the second compressor 22 flows into the
heat-source side heat exchanger 23. The high-pressure
refrigerant flowing into the heat-source side heat ex-
changer 23 exchanges heat with the outside air and ra-
diates heat (P4 -> P5).

[0069] The refrigerant having radiated heatin the heat-
source side heat exchanger 23 is decompressed by the
first heat-source side expansion valve 25a to become an
intermediate-pressure refrigerant (P5 — P6). The refrig-
erant decompressed by the first heat-source side expan-
sion valve 25a into a gas-liquid two-phase state flows
into the gas-liquid separator 26 and is separated into a
liquid refrigerant and a gas refrigerant (P6 — P7, P8).
The liquid refrigerant separated by the gas-liquid sepa-
rator 26 is further decompressed by the second heat-
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source side expansion valve 25b to become a low-pres-
sure refrigerant (P7 — P9). The liquid refrigerant decom-
pressed by the second heat-source side expansion valve
25b passes through the liquid-side shutoff valve 28 and
the liquid-side connection pipe 6, flows into the utilization
unit 3, and flows into the utilization-side heat exchanger
31. The low-pressure liquid refrigerant flowing into the
utilization-side heat exchanger 31 exchanges heat with
the air in the target space in which the utilization unit 3
is installed, absorbs heat, and becomes a gas refrigerant
(P9 — P1). The refrigerant having absorbed heat in the
utilization-side heat exchanger 31 passes through the
gas-side connection pipe 7 and flows into the heat source
unit 2 from the gas-side shutoff valve 29. The low-pres-
sure refrigerant flowing into the heat source unit 2 is suc-
tioned into the first compressor 21.

(2-2) Change in State of Refrigerant in Second State

[0070] As illustrated in Fig. 4, in the heat source unit
2, the low-pressure refrigerant flowing through the refrig-
erant circuit 10 is compressed by the first compressor 21
to become a high-pressure refrigerant (P1 — P2). The
intermediate-pressure refrigerant, which is the gas refrig-
erant separated by the gas-liquid separator 26 and heat-
ed by the intermediate heat exchanger 27, is compressed
by the second compressor 22 to become a high-pressure
refrigerant (P3 — P4). The high-pressure refrigerants dis-
charged from the first compressor 21 and the second
compressor 22 merge with each other and flow into the
heat-source side heat exchanger 23. The high-pressure
refrigerant flowing into the heat-source side heat ex-
changer 23 exchanges heat with the outside air and ra-
diates heat (P2, P4 — P5).

[0071] The refrigerant having radiated heatin the heat-
source side heat exchanger 23 exchanges heat with the
gas refrigerant separated by the gas-liquid separator 26
in the intermediate heat exchanger 27 and further radi-
ates heat (P5 — P6). Then, the refrigerant having radi-
ated heat in the intermediate heat exchanger 27 is de-
compressed by the first heat-source side expansion
valve 25a to become an intermediate-pressure refriger-
ant (P6 — P7). The refrigerant decompressed by the first
heat-source side expansion valve 25a into a gas-liquid
two-phase state flows into the gas-liquid separator 26
and is separated into a liquid refrigerant and a gas refrig-
erant (P7 — P8, P9). The liquid refrigerant separated by
the gas-liquid separator 26 is further decompressed by
the second heat-source side expansion valve 25b to be-
come a low-pressure refrigerant (P8 — P10). The liquid
refrigerant decompressed by the second heat-source
side expansion valve 25b passes through the liquid-side
shutoff valve 28 and the liquid-side connection pipe 6,
flows into the utilization unit 3, and flows into the utiliza-
tion-side heat exchanger 31. The low-pressure liquid re-
frigerant flowing into the utilization-side heat exchanger
31 exchanges heat with the air in the target space in
which the utilization unit 3 is installed, absorbs heat, and
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becomes a gas refrigerant (P10 — P1). The refrigerant
having absorbed heat in the utilization-side heat ex-
changer 31 passes through the gas-side connection pipe
7 and flows into the heat source unit 2 from the gas-side
shutoff valve 29. The low-pressure refrigerantflowing into
the heat source unit 2 is suctioned into the first compres-
sor 21.

[0072] The gas refrigerant separated by the gas-liquid
separator 26 flows through the sixth pipe 56 and is slightly
decompressed when passing through the gas vent valve
41 (P9 —» P11). The decompressed gas refrigerant is
heated in the intermediate heat exchanger 27 by ex-
changing heat with the refrigerant before being decom-
pressed by the first heat-source side expansion valve
25aand is suctioned into the second compressor 22 (P11
— P3).

(3) Control Of Refrigeration Apparatus 100

[0073] During the operation of the refrigeration appa-
ratus 100, the control unit 70 controls the state of the
refrigerant circuit 10 in real time based on at least one of
the first temperature to the fifth temperature acquired
from the first temperature sensor 61 to the fifth temper-
ature sensor 65.

[0074] Immediately after the refrigeration apparatus
100 is activated, the refrigerant circuit 10 is in the second
state, and the refrigeration apparatus 100 performs the
single-stage compression/degassing operation. When
the refrigeration apparatus 100 is activated, a pull-down
operation is performed. The pull-down operation is an
operation in which the difference between the tempera-
ture of the target space of the refrigeration apparatus 100
and the outside air temperature is small and a high re-
frigerating capacity is required to lower the temperature
of the target space to the set temperature of the target
space. At the start of the pull-down operation, for exam-
ple, the difference between the temperature of the target
space and the outside air temperature is zero.

[0075] The control unit 70 switches the refrigerant cir-
cuit 10 from the second state to the first state when a
predetermined first condition is satisfied while the refrig-
eration apparatus 100 performs the single-stage com-
pression/degassing operation. Accordingly, the refriger-
ation apparatus 100 stops the single-stage compres-
sion/degassing operation and starts the two-stage com-
pression operation. The control unit 70 switches the re-
frigerant circuit 10 from the second state to the first state
by closing the gas vent valve 41 and opening the first
shutoff valve 43. The first condition is satisfied when the
temperature of the refrigerant suctioned into the first com-
pressor 21 decreases to afirst value and the temperature
of the refrigerant discharged from the first compressor
21 increases to a second value. The control unit 70 uses
the fourth temperature measured by the fourth temper-
ature sensor 64 as the temperature of the refrigerant suc-
tioned into the first compressor 21. The control unit 70
uses the fifth temperature measured by the fifth temper-
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ature sensor 65 as the temperature of the refrigerant dis-
charged from the first compressor 21.

[0076] When a predetermined second condition is sat-
isfied while the refrigeration apparatus 100 performs the
two-stage compression operation, the control unit 70
switches the refrigerant circuit 10 from the first state to
the second state. Accordingly, the refrigeration appara-
tus 100 stops the two-stage compression operation and
starts the single-stage compression/degassing opera-
tion. The control unit 70 switches the refrigerant circuit
10 from the first state to the second state by opening the
gas vent valve 41 and closing the first shutoff valve 43.
The second condition is satisfied when the temperature
of the refrigerant suctioned into the first compressor 21
increasestoathird value, orwhen the number ofrotations
of the first compressor 21 falls below the number of ro-
tations of the second compressor 22. The control unit 70
uses the fourth temperature measured by the fourth tem-
perature sensor 64 as the temperature of the refrigerant
suctioned into the first compressor 21. The control unit
70 acquires the numbers of rotations of the first compres-
sor 21 and the second compressor 22 from the actuator
control unit 74.

(4) Effect of Refrigeration Apparatus 100

[0077] (4-1)

Conventionally, refrigeration apparatuses including a re-
frigeration cycle in which carbon dioxide circulates as a
refrigerant have been used. When the refrigeration ap-
paratus is used in an environment where the outside air
temperature is high, a two-stage compression mecha-
nism is employed to increase the temperature and pres-
sure of the refrigerant flowing into a radiator of the refrig-
eration cycle. Further, when the refrigeration apparatus
isusedinan environmentin which the difference between
the outside air temperature and the set temperature of
the target space is large, a gas-liquid separator is pref-
erably provided. In this case, it is necessary to make the
pressure of the refrigerantin the gas-liquid separator low-
er than the pressure of the refrigerant at the critical point
(31.1°C, 7.38 MPa). Therefore, in the refrigeration ap-
paratus that includes the two-stage compression mech-
anism and the gas-liquid separator and uses carbon di-
oxide as a refrigerant, during a pull-down operation in
which the evaporation temperature of the refrigerant is
high, the desired compression ratio of the low-stage side
compressor may decrease, and the refrigerating capacity
may be insufficient.

[0078] The refrigeration apparatus 100 according to
the present embodiment may perform the two-stage
compression operation and the single-stage compres-
sion/degassing operation. The control unit 70 of the re-
frigeration apparatus 100 may control the gas vent valve
41 and the first shutoff valve 43 to reciprocally switch
between the first state where the two-stage compression
operation is performed and the second state where the
single-stage compression/degassing operation is per-
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formed.

[0079] During the pull-down operation of the refriger-
ation apparatus 100, a high refrigerating capacity is re-
quired, and therefore, the pressure of the refrigerant on
the high-pressure side of the refrigeration cycle needs to
be maintained high. The refrigeration apparatus 100 per-
forms the single-stage compression/degassing opera-
tion during the pull-down operation so as to sufficiently
secure the compression ratio of the first compressor 21
as illustrated in Fig. 4. Therefore, the refrigeration appa-
ratus 100 may maintain the high pressure of the refrig-
erant on the high-pressure side of the refrigeration cycle
during the pull-down operation.

[0080] Therefore, during the pull-down operation, the
refrigeration apparatus 100 may suppress a decrease in
the refrigerating capacity due to the fact that the com-
pression ratio of the first compressor 21 on the low-stage
side cannot be sufficiently secured.

[0081] (4-2)

When the load on the first compressor 21 increases while
the refrigerant circuit 10 is in the second state, the control
unit 70 switches from the second state where the refrig-
eration apparatus 100 performs the single-stage com-
pression/degassing operation to the first state where the
refrigeration apparatus 100 performs the two-stage com-
pression operation. When itis determined thatthe above-
described first condition is satisfied, the control unit 70
performs switching from the second state to the first state.
The first condition is satisfied when the temperature of
the refrigerant suctioned into the first compressor 21 (the
evaporation temperature of the refrigerant) decreases to
a predetermined value and the temperature of the refrig-
erant discharged from the first compressor 21 increases
to a predetermined value.

[0082] The control unit 70 may use the fourth temper-
ature measured by the fourth temperature sensor 64 as
the temperature of the refrigerant suctioned into the first
compressor 21. The control unit 70 may use the fifth tem-
perature measured by the fifth temperature sensor 65 as
the temperature of the refrigerant discharged from the
first compressor 21. In this case, when it is detected that
the first condition is satisfied during the single-stage com-
pression/degassing operation, the control unit 70 con-
trols the gas vent valve 41 and the first shutoff valve 43
to switch from the second state to the first state. Accord-
ingly, the refrigeration apparatus 100 stops the single-
stage compression/degassing operation and starts the
two-stage compression operation.

[0083] When the refrigeration apparatus 100 performs
the single-stage compression/degassing operation dur-
ing the pull-down operation, the evaporation temperature
of the refrigerant decreases, the compression ratio of the
first compressor 21 increases, and the temperature of
the refrigerant on the high-pressure side of the refriger-
ation cycle (the temperature of the refrigerant discharged
from the first compressor 21) increases. As a result, the
load on the first compressor 21 increases, and the relia-
bility of the first compressor 21 may decrease. When it
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is determined that the compression ratio of the first com-
pressor 21 has become sufficiently large and the tem-
perature of the refrigerant discharged from the first com-
pressor 21 has become sufficiently high during execution
of the single-stage compression/degassing operation,
the refrigeration apparatus 100 stops the single-stage
compression/degassing operation and starts the two-
stage compression operation.

[0084] Therefore, during execution of the single-stage
compression/degassing operation, the refrigeration ap-
paratus 100 may reduce the load on the first compressor
21 on the low-stage side and suppress a decrease in the
reliability of the first compressor 21. Accordingly, since
the refrigeration apparatus 100 may effectively utilize the
first compressor 21, the first compressor 21 having a
small capacity may be adopted, and the cost and the
power consumption may be reduced.

[0085] (4-3)

When the load on the second compressor 22 increases
when the refrigerant circuit 10 is in the first state, the
control unit 70 switches from the first state where the
refrigeration apparatus 100 performs the two-stage com-
pression operation to the second state where the refrig-
eration apparatus 100 performs the single-stage com-
pression/degassing operation. When itis determined that
the above-described second condition is satisfied, the
control unit 70 performs switching from the first state to
the second state. The second condition is satisfied when
the temperature of the refrigerant suctioned into the first
compressor 21 (the evaporation temperature of the re-
frigerant) increases to a predetermined value, or when
the number of rotations of the first compressor 21 falls
below the number of rotations of the second compressor
22.

[0086] The control unit 70 may use the fourth temper-
ature measured by the fourth temperature sensor 64 as
the temperature of the refrigerant suctioned into the first
compressor 21. In this case, when it is detected that the
second condition is satisfied during the two-stage com-
pression operation, the control unit 70 controls the gas
ventvalve 41 and the first shutoff valve 43 to switch from
the first state to the second state. Accordingly, the refrig-
eration apparatus 100 stops the two-stage compression
operation and starts the single-stage compression/de-
gassing operation.

[0087] While the refrigeration apparatus 100 performs
the two-stage compression operation, the temperature
of the refrigerant suctioned into the first compressor 21
(the evaporation temperature of the refrigerant) may
gradually increase. The pressure of the refrigerant in the
gas-liquid separator 26 (the pressure of the intermediate-
pressure refrigerant) needs to be lower than the critical
pressure (7.38 MPa) of the refrigerant, and therefore
needs to be suppressed to about 7 MPa at the highest.
Therefore, when the evaporation temperature of the re-
frigerantincreases during the two-stage compression op-
eration, the compression ratio of the first compressor 21
may decrease. When it is determined that the tempera-
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ture of the refrigerant suctioned into the first compressor
21 has become sufficiently high during execution of the
two-stage compression operation, the refrigeration ap-
paratus 100 stops the two-stage compression operation
and starts the single-stage compression/degassing op-
eration.

[0088] Therefore, the refrigeration apparatus 100 may
sufficiently secure the compression ratio of the first com-
pressor 21 on the low-stage side and suppress a de-
crease in the refrigerating capacity.

[0089] In addition, while the refrigeration apparatus
100 performs the two-stage compression operation, the
number of rotations of the first compressor 21 may fall
below the number of rotations of the second compressor
22, and the load on the second compressor 22 may be-
come excessive. In this case, the load on the second
compressor 22 may be reduced by causing the second
compressor 22 to execute the degassing operation.
When it is determined that the number of rotations of the
first compressor 21 falls below the number of rotations
of the second compressor 22 during the execution of the
two-stage compression operation, the refrigeration ap-
paratus 100 stops the two-stage compression operation
and starts the single-stage compression/degassing op-
eration.

[0090] Therefore, during the execution of the two-
stage compression operation, the refrigeration apparatus
100 may reduce the load on the second compressor 22
on the high-stage side and suppress a decrease in the
reliability of the second compressor 22. Accordingly,
since the refrigeration apparatus 100 may effectively uti-
lize the second compressor 22, the second compressor
22 having a small capacity may be adopted, and the cost
and the power consumption may be reduced.

[0091] (4-4)

During the execution of the single-stage compres-
sion/degassing operation, the refrigeration apparatus
100 uses the intermediate heat exchanger 27 to cool the
refrigerant at the outlet of the heat-source side heat ex-
changer 23 by heat exchange with the gas refrigerant
separated by the gas-liquid separator 26. This reduces
the dryness of the refrigerant decompressed after pass-
ing through the first heat-source side expansion valve
25a.

[0092] Thus, the refrigeration apparatus 100 may pre-
vent a shortage of the refrigerant suctioned into the first
compressor 21 on the low-stage side.

[0093] (4-5)

The refrigeration apparatus 100 may determine whether
to perform the single-stage compression/degassing op-
eration or the two-stage compression operation in ac-
cordance with the outside air temperature and the tem-
perature of the target space. The control unit 70 may use
the second temperature measured by the second tem-
perature sensor 62 as the outside air temperature. The
control unit 70 may use the third temperature measured
by the third temperature sensor 63 as the temperature
of the target space. In this case, the control unit 70 starts
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the single-stage compression/degassing operation as
the pull-down operation when the second temperature is
equal to or more than a predetermined value and the
difference between the second temperature and the third
temperature is equal to or less than a predetermined val-
ue at the time of activation of the refrigeration apparatus
100. Further, the control unit 70 starts the two-stage com-
pression operation for the pull-down operation when the
second temperature is less than the predetermined value
or the difference between the second temperature and
the third temperature is more than the predetermined val-
ue at the time of activation of the refrigeration apparatus
100.

[0094] Therefore, the refrigeration apparatus 100 may
suppress a decrease in the refrigerating capacity by per-
forming the pull-down operation in consideration of the
balance between the load on the first compressor 21 on
the low-stage side and the load on the second compres-
sor 22 on the high-stage side.

-Second Embodiment-

[0095] The basic configuration and operation of the re-
frigeration apparatus 100 according to the present em-
bodiment are the same as those of the refrigeration ap-
paratus 100 according to the first embodiment. Herein-
after, the differences between the refrigeration apparatus
100 according to the present embodiment and the refrig-
eration apparatus 100 according to the first embodiment
will be mainly described.

(1) Configuration of Refrigeration Apparatus 100

[0096] The refrigeration apparatus 100 according to
the present embodiment has the configuration illustrated
in Fig. 1, as in the first embodiment. The control unit 70
of the refrigeration apparatus 100 according to the
present embodiment has the configuration illustrated in
Fig. 2, as in the first embodiment.

(2) Operation of Refrigeration Apparatus 100

[0097] During the operation of the refrigeration appa-
ratus 100, the refrigerant circuit 10 is in any one of a first
state, a second state, and a third state. The first state is
a state where the refrigeration apparatus 100 performs
the two-stage compression operation illustrated in Fig.
3, as in the first embodiment. The second state is a state
where the refrigeration apparatus 100 performs the sin-
gle-stage compression/degassing operation illustrated in
Fig. 4, as in the first embodiment.

[0098] Fig. 5is a Mollier diagram when the refrigerant
circuit 10 is in the third state. Fig. 5 illustrates the satu-
rated liquid line L1, the dry saturated vapor line L2, and
the critical point CP of the refrigerant. The critical point
CP is an end point on the high-pressure side of the sat-
urated liquid line L1 and the dry saturated vapor line L2.
The third state is a state where the refrigeration apparatus
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100 performs the single-stage compression operation.
In the third state, the degassing operation is not per-
formed. In the third state, the gas vent valve 41 and the
first shutoff valve 43 are closed.

[0099] Next, changes in the state of the refrigerant in
the third state will be described.

[0100] In the heat source unit 2, the low-pressure re-
frigerant flowing through the refrigerant circuit 10 is com-
pressed by the first compressor 21 to become a high-
pressure refrigerant (P1 — P2). The high-pressure re-
frigerant discharged from the first compressor 21 flows
into the heat-source side heat exchanger 23. The high-
pressure refrigerant flowing into the heat-source side
heat exchanger 23 exchanges heat with the outside air
and radiates heat (P2 — P3).

[0101] Therefrigerant having radiated heatin the heat-
source side heat exchanger 23 is decompressed by the
first heat-source side expansion valve 25a to become an
intermediate-pressure refrigerant (P3 — P4). The refrig-
erant decompressed by the first heat-source side expan-
sion valve 25a into a gas-liquid two-phase state flows
into the gas-liquid separator 26 and is separated into a
liquid refrigerant and a gas refrigerant (P4 — P5, P6).
The liquid refrigerant separated by the gas-liquid sepa-
rator 26 is further decompressed by the second heat-
source side expansion valve 25b to become a low-pres-
sure refrigerant (P5 — P7). The liquid refrigerant decom-
pressed by the second heat-source side expansion valve
25b passes through the liquid-side shutoff valve 28 and
the liquid-side connection pipe 6, flows into the utilization
unit 3, and flows into the utilization-side heat exchanger
31. The low-pressure liquid refrigerant flowing into the
utilization-side heat exchanger 31 exchanges heat with
the air in the target space in which the utilization unit 3
is installed, absorbs heat, and becomes a gas refrigerant
(P7 — P1). The refrigerant having absorbed heat in the
utilization-side heat exchanger 31 passes through the
gas-side connection pipe 7 and flows into the heat source
unit 2 from the gas-side shutoff valve 29. The low-pres-
sure refrigerant flowing into the heat source unit 2 is suc-
tioned into the first compressor 21.

(3) Control Of Refrigeration Apparatus 100

[0102] The control unit 70 switches the state of the re-
frigerant circuit 10 to the third state, the second state,
and the first state in this order when the first compressor
21 and the second compressor 22 are activated. Specif-
ically, when the refrigeration apparatus 100 is activated,
the control unit 70 controls the gas vent valve 41 and the
first shutoff valve 43 such that the single-stage compres-
sion operation, the single-stage compression/degassing
operation, and the two-stage compression operation are
performed in this order. The control unit 70 stops the
single-stage compression operation and starts the sin-
gle-stage compression/degassing operation by perform-
ing control to open the gas vent valve 41 in a state where
the refrigeration apparatus 100 performs the single-stage
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compression operation.
(4) Effect of Refrigeration Apparatus 100

[0103] Immediately after the refrigeration apparatus
100 is activated, the amount of refrigerant on the high-
pressure side of the refrigeration cycle is small, and there-
fore the amount of gas refrigerant in the gas-liquid sep-
arator 26 is small. For this reason, the refrigeration ap-
paratus 100 does not perform the degassing operation
when the amount of refrigerant on the high-pressure side
of the refrigeration cycle is small at the time of activation,
and starts the degassing operation when a predeter-
mined time has elapsed after activation and the amount
of refrigerant on the high-pressure side of the refrigera-
tion cycle has increased to a predetermined amount. As
a result, the refrigeration apparatus 100 may reduce the
load on the second compressor 22 due to the degassing
operation and suppress a decrease in the refrigerating
capacity.

-Third Embodiment-

[0104] The basic configuration and operation of a re-
frigeration apparatus 200 according to the present em-
bodiment are the same as those of the refrigeration ap-
paratus 100 according to the first embodiment. Herein-
after, the differences between the refrigeration apparatus
200 according to the present embodiment and the refrig-
eration apparatus 100 according to the first embodiment
will be mainly described.

(1) Configuration of Refrigeration Apparatus 200

[0105] The main differences between the refrigeration
apparatus 200 and the refrigeration apparatus 100 ac-
cording to the first embodiment are the heat source unit
2 and the control unit 70.

[0106] As illustrated in Fig. 6, the heat source unit 2 of
the refrigeration apparatus 200 has a configuration in
which a seventh pipe 57, a liquid injection valve 42, an
oil return pipe 58, and an oil separator 60 are further
added to the heat source unit 2 of the refrigeration ap-
paratus 100 according to the first embodiment.

[0107] The seventh pipe 57 is a pipe through which the
refrigerant circulating in the refrigerant circuit 10 flows.
The seventh pipe 57 connects the fifth pipe 55 to the sixth
pipe 56. An end of the seventh pipe 57 is connected to
the fifth pipe 55 between the gas-liquid separator 26 and
the second heat-source side expansion valve 25b. The
other end of the seventh pipe 57 is connected to the sixth
pipe 56 between the connection portion with the second
pipe 52 and the intermediate heat exchanger 27.
[0108] The liquid injection valve 42 is provided in the
seventh pipe 57. The liquid injection valve 42 adjusts the
amount of liquid refrigerant flowing through the seventh
pipe 57. The liquid injection valve 42 is an electric ex-
pansion valve whose opening degree is adjustable under
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the control of the control unit 70.

[0109] The oil return pipe 58 is a pipe through which
the refrigerant circulating in the refrigerant circuit 10
flows. The oil return pipe 58 connects the second pipe
52 to the third pipe 53. One end of the oil return pipe 58
is connected to the second pipe 52 between the connec-
tion portion with the sixth pipe 56 and the second com-
pressor 22. The other end of the oil return pipe 58 is
connected to the third pipe 53 between the connection
portion with the bypass pipe 59 and the heat-source side
heat exchanger 23.

[0110] The oil separator 60 is provided in the oil return
pipe 58. The oil separator 60 separates the refrigerating
machine oil from the mixture of the refrigerant and the
refrigerating machine oil.

[0111] As illustrated in Fig. 7, the actuator control unit
74 of the control unit 70 has a function to control in real
time the number of rotations of the first compressor 21,
the number of rotations of the second compressor 22,
the number of rotations of the heat-source side fan 24,
the opening degree of the first heat-source side expan-
sion valve 25a, the opening degree of the second heat-
source side expansion valve 25b, the number of rotations
of the utilization-side fan 32, the opening degree of the
gas vent valve 41, the opening degree of the liquid injec-
tion valve 42, and the opening degree of the first shutoff
valve 43.

(2) Operation of Refrigeration Apparatus 200

[0112] In the refrigeration apparatus 200, a part of the
liquid refrigerant separated by the gas-liquid separator
26 flows into the seventh pipe 57 together with the refrig-
erating machine oil in the refrigerant circuit 10. The re-
frigerant and the refrigerating machine oil having passed
through the liquid injection valve 42 in the seventh pipe
57 merges with the refrigerant flowing through the sixth
pipe 56 after exchanging heat in the intermediate heat
exchanger 27. Thus, the mixture of the refrigerant and
the refrigerating machine oil flows into the second pipe
52 via the seventh pipe 57 and the sixth pipe 56.
[0113] Furthermore, a part of the gas refrigerant dis-
charged from the first compressor 21 and the second
compressor 22 flows through the third pipe 53 and flows
into the oil return pipe 58 together with the refrigerating
machine oil in the refrigerant circuit 10. Thus, the mixture
of the refrigerant and the refrigerating machine oil flows
through the oil return pipe 58. A mixture of the refrigerant
and the refrigerating machine oil flows into the oil sepa-
rator 60 provided in the oil return pipe 58. In the oil sep-
arator 60, the refrigerating machine oil is separated from
the mixture of the refrigerant and the refrigerating ma-
chine oil. The refrigerating machine oil separated by the
oil separator 60 flows through the oil return pipe 58 and
flows into the second pipe 52.

[0114] In this way, in the refrigeration apparatus 200,
the refrigerating machine oil mixed with the refrigerant
discharged from the first compressor 21 and the second
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compressor 22 in the heat source unit 2 is returned to
the suction side of the second compressor 22.

(3) Control of Refrigeration Apparatus 200

[0115] The control unit 70 of the refrigeration apparatus
200 performs the same control as the control unit 70 ac-
cording to the first embodiment. Furthermore, during the
operation of the refrigeration apparatus 200, the control
unit 70 controls the opening degree of the liquid injection
valve 42 to adjust the amount of the mixture of the refrig-
erant and the refrigerating machine oil flowing through
the seventh pipe 57.

(4) Effect of Refrigeration Apparatus 200

[0116] The refrigeration apparatus 200 may return the
refrigerating machine oil flowing through the refrigerant
circuit 10 to the suction side of the second compressor
22. Therefore, the refrigeration apparatus 200 may pre-
vent a shortage of the refrigerating machine oil in the
second compressor 22.

-Modification-(1) Modification A

[0117] The refrigeration apparatuses 100, 200 accord-
ing to the first to third embodiments may further perform
a degassing operation when the refrigerant circuit 10 is
in the first state. In other words, the refrigeration appa-
ratuses 100, 200 may simultaneously perform both the
two-stage compression operation and the degassing op-
eration. In this case, the control unit 70 may simultane-
ously perform both the two-stage compression operation
and the degassing operation by opening both the gas
vent valve 41 and the first shutoff valve 43.

[0118] According to the present modification, while the
refrigeration apparatuses 100, 200 simultaneously per-
form both the two-stage compression operation and the
degassing operation, in the intermediate heat exchanger
27, the gas refrigerant separated by the gas-liquid sep-
arator 26 is heated by heat exchange with the refrigerant
at the outlet of the heat-source side heat exchanger 23.
The refrigerant heated in the intermediate heat exchang-
er 27 flows into the second pipe 52 and is mixed with the
refrigerant before being suctioned into the second com-
pressor 22. As a result, the degree of superheating of
the refrigerant suctioned into the second compressor 22
increases, and thus the temperature of the refrigerant
discharged from the second compressor 22 increases.
Therefore, the refrigeration apparatuses 100, 200 may
keep the high performance of the heat-source side heat
exchanger 23 by increasing the difference between the
first temperature and the second temperature.
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(2) Modification B
(2-1) Configuration of Refrigeration Apparatus 300

[0119] Therefrigeration apparatuses 100, 200 accord-
ing to the first to third embodiments may omit the gas-
liquid separator 26. The refrigeration apparatus 300 ac-
cording to the present modification is the refrigeration
apparatus 100 according to the first embodiment, and
does not include the gas-liquid separator 26. The main
differences between the refrigeration apparatus 300 and
the refrigeration apparatus 100 according to the firstem-
bodiment are the heat source unit 2 and the control unit
70.

[0120] As illustrated in Fig. 8, the heat source unit 2
includes the first compressor 21, the first accumulator
21b, the second compressor 22, the second accumulator
22b, the heat-source side heat exchanger 23, the heat-
source side fan 24, the second heat-source side expan-
sion valve 25b, a cooler 127, the liquid-side shutoff valve
28, the gas-side shutoff valve 29, a decompression valve
141, the first shutoff valve 43, and the second shutoff
valve 44.

[0121] The heat source unit 2 includes the first pipe 51
to the sixth pipe 56 which are pipes through which the
refrigerant circulating in the refrigerant circuit 10 flows.
The first pipe 51 to the third pipe 53 are the same as the
first pipe 51 to the third pipe 53 according to the first
embodiment. One end of the fourth pipe 54 is connected
to the outlet side of the heat-source side heat exchanger
23. The other end of the fourth pipe 54 is connected to
one end of the fifth pipe 55 and one end of the sixth pipe
56. The fifth pipe 55 connects the fourth pipe 54 to the
liquid-side shutoff valve 28. The sixth pipe 56 connects
the fourth pipe 54 to the second pipe 52.

[0122] The second heat-source side expansion valve
25b is provided in the fifth pipe 55. The second heat-
source side expansion valve 25b configures an expan-
sion mechanism of the refrigeration apparatus 300 and
reduces the pressure of the high-pressure refrigerant in
the refrigeration cycle to become a low-pressure refrig-
erant.

[0123] Thedecompressionvalve 141 is provided inthe
sixth pipe 56. The decompression valve 141 reduces the
pressure of the high-pressure refrigerant in the refriger-
ation cycle to become an intermediate-pressure refriger-
ant. The decompression valve 141 adjusts the amount
of liquid refrigerant flowing through the sixth pipe 56. The
decompression valve 141 is an electric expansion valve
whose opening degree is adjustable under the control of
the control unit 70.

[0124] The cooler 127 exchanges heat between the
refrigerant decompressed by the decompression valve
141 after radiating heat in the heat-source side heat ex-
changer 23 and the refrigerant after radiating heat in the
heat-source side heat exchanger 23 and before being
decompressed by the second heat-source side expan-
sion valve 25b.
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[0125] The actuator control unit 74 of the control unit
70 has a function to control in real time the number of
rotations of the first compressor 21, the number of rota-
tions of the second compressor 22, the number of rota-
tions of the heat-source side fan 24, the opening degree
of the second heat-source side expansion valve 25b, the
number of rotations of the utilization-side fan 32, the
opening degree of the decompression valve 141, and the
opening degree of the first shutoff valve 43.

[0126] In the degassing operation performed by the
refrigeration apparatus 300, the intermediate-pressure
refrigerant decompressed by the decompression valve
141 and heated by heat exchange in the cooler 127 flows
through the sixth pipe 56 and the second pipe 52 and is
suctioned into the second compressor 22. The degassing
operation performed by the refrigeration apparatus 300
has the same effect as the degassing operation per-
formed by the refrigeration apparatuses 100, 200 accord-
ing to the first to third embodiments.

(2-2) Operation of Refrigeration Apparatus 300

[0127] During the operation of the refrigeration appa-
ratus 300, the refrigerant circuit 10 is in any one of a first
state and a second state. The first state is a state where
the refrigeration apparatus 300 performs the two-stage
compression operation. The second state is a state
where the refrigeration apparatus 300 performs the sin-
gle-stage compression/degassing operation. In the first
state, the decompression valve 141 is closed, and the
first shutoff valve 43 is opened. In the second state, the
decompression valve 141 is opened, and the first shutoff
valve 43 is closed.

[0128] Fig. 9 is a Mollier diagram when the refrigerant
circuit 10 is in the second state. Fig. 9 illustrates the sat-
urated liquid line 11, the dry saturated vapor line 12, and
the critical point cp of the refrigerant. The critical point
CP is an end point on the high-pressure side of the sat-
urated liquid line L1 and the dry saturated vapor line L2.
[0129] Next, changes in the state of the refrigerant in
the second state will be described.

[0130] In the heat source unit 2, the low-pressure re-
frigerant flowing through the refrigerant circuit 10 is com-
pressed by the first compressor 21 to become a high-
pressure refrigerant (P1 — P2). The high-pressure re-
frigerant discharged from the first compressor 21 merges
with the high-pressure refrigerant discharged from the
second compressor 22 and flows into the heat-source
side heat exchanger 23. The high-pressure refrigerant
flowing into the heat-source side heat exchanger 23 ex-
changes heat with the outside air and radiates heat (P2
— P3).

[0131] Therefrigeranthaving radiated heatin the heat-
source side heat exchanger 23 flows through the fourth
pipe 54 and is then divided into the fifth pipe 55 and the
sixth pipe 56. The refrigerant flowing through the fifth pipe
55 is decompressed by the decompression valve 141
and flows into the cooler 127 (P3 — P4). The refrigerant



27 EP 4 462 039 A1 28

flowing through the sixth pipe 56 flows into the cooler 127
before being decompressed by the second heat-source
side expansion valve 25b. The cooler 127 exchanges
heat between the refrigerant decompressed by the de-
compression valve 141 and flowing through the fifth pipe
55 and the refrigerant flowing through the sixth pipe 56.
The refrigerant flowing through the fifth pipe 55 is heated
by heat exchange (P4 — P5). The refrigerant flowing
through the sixth pipe 56 is cooled by heat exchange (P3
— P6).

[0132] The refrigerant flowing through the sixth pipe
56 is cooled by the cooler 127 and is then decompressed
by the second heat-source side expansion valve 25b to
become a low-pressure refrigerant (P6 — P7). The liquid
refrigerant decompressed by the second heat-source
side expansion valve 25b passes through the liquid-side
shutoff valve 28 and the liquid-side connection pipe 6,
flows into the utilization unit 3, and flows into the utiliza-
tion-side heat exchanger 31. The low-pressure liquid re-
frigerant flowing into the utilization-side heat exchanger
31 exchanges heat with the air in the target space in
which the utilization unit 3 is installed, absorbs heat, and
becomes a gas refrigerant (P7 — P1). The refrigerant
having absorbed heat in the utilization-side heat ex-
changer 31 passes through the gas-side connection pipe
7 and flows into the heat source unit 2 from the gas-side
shutoff valve 29. The low-pressure refrigerantflowing into
the heat source unit 2 is suctioned into the first compres-
sor 21.

[0133] The refrigerant flowing through the fifth pipe 55
is heated by the cooler 127, then flows through the sec-
ond pipe 52, and is compressed by the second compres-
sor 22 to become a high-pressure refrigerant (P5 — P8).
The refrigerant compressed by the second compressor
22 merges with the refrigerant compressed by the first
compressor 21 before flowing into the heat-source side
heat exchanger 23 (P8 — P2).

[0134] The second embodiment and Modification A
may be applied to the present modification. The oil return
pipe 58 and the oil separator 60 according to the third
embodiment may be applied to the present modification.

(3) Modification C

[0135] The refrigeration apparatus 200 according to
the third embodiment, Modification A, and Modification
B includes the seventh pipe 57 and the oil return pipe 58
to return the refrigerating machine oil from the discharge
side to the suction side of the second compressor 22.
However, the refrigeration apparatus 200 may include
only any one of the seventh pipe 57 and the oil return
pipe 58.

(4) Modification D
[0136] The refrigeration apparatuses 100, 200 accord-

ing to the first to third embodiments, Modification A, and
Modification C may omit the intermediate heat exchanger
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27.
(5) Modification E

[0137] In the first to third embodiments and Modifica-
tions A to D, the first shutoff valve 43 and the second
shutoff valve 44 may be any members that may switch
the state of the refrigerant circuit 10 (the first to third
states). For example, a three-way switch valve or a four-
way switch valve may be used as the first shutoff valve
43 and the second shutoff valve 44.

[0138] Although the embodiments of the present dis-
closure are described above, it is understood that various
changes may be made to forms and details without de-
parting from the spirit and scope of the presentdisclosure
described in the scope of claims.
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Claims

A refrigeration apparatus (100) comprising a refrig-
erant circuit (10) in which a first compressor (21), a
second compressor (22), afirst heat exchanger (23),
an expansion mechanism (25a, 25b), and a second
heat exchanger (31) are sequentially connected,
wherein

the first heat exchanger functions as a radiator
of arefrigerant compressed by the first compres-
sor or the second compressor,

the second heat exchanger functions as a heat
absorber of a refrigerant decompressed by the
expansion mechanism,

the refrigerant circuit includes

a gas-liquid separator (26) or a third heat
exchanger (127),

a first channel (56) that connects the gas-
liquid separator or the third heat exchanger
to a suction side of the second compressor,
a second channel (52) that connects a dis-
charge side of the first compressor to the
suction side of the second compressor, and
a third channel (59) that connects the dis-
charge side of the first compressor to a dis-
charge side of the second compressor,

the gas-liquid separator separates a refrigerant
in a gas-liquid two-phase state decompressed
by the expansion mechanism into a liquid refrig-
erant and a gas refrigerant,

the third heat exchanger exchanges heat be-
tween a refrigerant decompressed by a decom-
pression mechanism (141) after radiating heat
in the first heat exchanger and a refrigerant after
radiating heat in the first heat exchanger and
before being decompressed by the expansion
mechanism,

the first channel guides the gas refrigerantin the
gas-liquid separator or the refrigerant decom-
pressed by the decompression mechanism and
heat-exchanged in the third heat exchanger to
the suction side of the second compressor,

the second channel guides a refrigerant dis-
charged from the first compressor to the suction
side of the second compressor, and

the third channel guides the refrigerant dis-
charged from the first compressor to the dis-
charge side of the second compressor in a state
where the refrigerant discharged from the first
compressor does not flow through the second
channel.

2. Therefrigeration apparatus according to claim 1, fur-

ther comprising a control unit (70) that switches the
refrigerant circuit between a first state and a second

10

15

20

25

30

35

40

45

50

55

16

state, wherein

in the first state, the refrigerant discharged from
the first compressor flows through the second
channel, merges with the gas refrigerant flowing
through the first channel, and is suctioned into
the second compressor,

in the second state, the refrigerant discharged
from the first compressor flows through the third
channel without flowing through the second
channel and merges with a refrigerant dis-
charged from the second compressor,
therefrigerant circuitfurtherincludes afirstvalve
(43) provided in the second channel and a sec-
ond valve (44) which is a check valve provided
in the third channel, and

the control unit opens the first valve in the first
state and closes the first valve in the second
state.

The refrigeration apparatus according to claim 2,
wherein when the refrigerant circuit is in the second
state, the control unit switches the refrigerant circuit
from the second state to the first state ina case where
a temperature of the refrigerant suctioned into the
first compressor decreases to a first value and a tem-
perature of the refrigerant discharged from the first
compressor increases to a second value.

The refrigeration apparatus according to claim 2 or
3, wherein when the refrigerant circuit is in the first
state, the control unit switches the refrigerant circuit
from the first state to the second state ina case where
a temperature of the refrigerant suctioned into the
first compressor increases to a third value, or in a
case where a number of rotations of the first com-
pressor falls below a number of rotations of the sec-
ond compressor.

The refrigeration apparatus according to any one of
claims 2 to 4, wherein

the control unit switches the refrigerant circuit
among the first state, the second state, and a
third state,

in the third state, the refrigerant is not suctioned
into the second compressor, and the refrigerant
discharged from the first compressor flows
through the third channel without flowing
through the second channel,

the refrigerant circuit further includes a third
valve (41) provided in the first channel, and
the control unit opens the third valve in the first
state or the second state and closes the third
valve in the third state.

6. The refrigeration apparatus according to claim 5,

wherein the control unit switches the refrigerant cir-
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cuit to the third state, the second state, and the first
state in this order when the first compressor and the
second compressor are activated.

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

the refrigerant circuit includes the gas-liquid
separator and further includes a fourth channel
(57) that connects the gas-liquid separator to
the first channel, and

the fourth channel guides refrigerating machine
oil in the gas-liquid separator to the suction side
of the second compressor via the first channel
together with the liquid refrigerant in the gas-
liquid separator.

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

the refrigerant circuit further includes a fifth
channel (58) that connects the discharge side
of the second compressor to the suction side of
the second compressor, and

the fifth channel guides refrigerating machine oil
discharged from the second compressor to the
suction side of the second compressor, and
the fifth channel is provided with an oil separator
(60) that separates the refrigerating machine oil
from a mixture of the refrigerant and the refrig-
erating machine oil.

9. The refrigeration apparatus according to any one of
claims 1 to 8, wherein the refrigerant circuit includes
the gas-liquid separator and further includes a fourth
heat exchanger (27) that heats the gas refrigerantin
the gas-liquid separator by exchanging heat with a
refrigerant after radiating heat in the first heat ex-
changer and before being decompressed by the ex-
pansion mechanism.
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