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Description
Technical Field

[0001] The presentdisclosure relates to a refrigeration
device that compresses a refrigerant in multiple stages.

Background Art

[0002] PTL 1 discloses arefrigeration device including
a two-stage compression mechanism. Such a refrigera-
tion device includes an electric compressor including a
low-stage compression mechanism and a high-stage
compression mechanism in a sealed housing, a con-
denser, a high-pressure expansion valve, a gas-liquid
separator, a low-pressure expansion valve, an evapora-
tor, and a gas injection pipe. A gas refrigerant introduced
from the gas-liquid separator into the housing of the elec-
tric compressor by the gas injection pipe is sucked into
the high-stage compression mechanism together with a
refrigerant discharged into the housing from the low-
stage compression mechanism.

Citation List
Patent Literature

[0003] [PTL 1]Japanese Unexamined Patent Publica-
tion No. 2017-44420

Summary of Invention
Technical Problem

[0004] For the purpose of reducing the global warming
potential (GWP) and improving the coefficient of perform-
ance (COP), development and commercialization of a
refrigeration device that employs a refrigerant having a
low GWP and includes a two-stage compression mech-
anism are in progress.

[0005] In a case where a refrigerant including CO, is
employed as the refrigerant, in order to suppress the high
refrigerant discharge temperature caused by the high-
pressure operation to an allowable limit, it is effective to
introduce a refrigerant, which has an intermediate pres-
sure between the high pressure which is set in the con-
denser and the low pressure which is set in the evapo-
rator, from the gas-liquid separator into a spacing be-
tween the low-stage compression mechanism and the
high-stage compression mechanism (intermediate-pres-
sure injection). According to such a configuration, the
discharge temperature can be suppressed by the injec-
tion of the refrigerant having a temperature which is lower
than the temperature of the refrigerant discharged from
the low-stage compression mechanism. In addition,
since the liquid refrigerant is supplied from the gas-liquid
separator to the low-pressure expansion valve, an en-
thalpy obtained by the evaporator is increased as com-
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pared with the case of single-stage compression. There-
fore, the cooling capacity can be increased, and the COP
can be improved.

[0006] In the refrigeration device that employs the re-
frigerant having a low GWP, it is desired to implement a
refrigeration device having an increased COP while sup-
pressing the discharge temperature thereof in discharge
from the compressor by further increasing the number of
stages of the compression mechanism. However, ac-
cording to a test study by the inventor of the present dis-
closure, it has been found that the liquid levels of the
plurality of gas-liquid separators are not determined in a
case where the number of stages is increased to three
or more. In general, in order to avoid a flash (generation
of air bubbles in a refrigerant), the liquid refrigerant is
stored in the gas-liquid separator, and the refrigerant is
supercooled by a supercooling heat exchanger.

[0007] For example, in a case where the number of
stages of the compression mechanism and expansion
valve is increased to, forexample, "4", in the refrigeration
device operated by the four-stage compression four-ex-
pansion cycle, liquid levels of the liquid refrigerants re-
spectively stored in three gas-liquid separators are une-
ven due to local fluctuations in the refrigerant pressure
or the like. The liquid may not be ensured in the gas-
liquid separator on the low pressure side that allows the
refrigerant to flow into the evaporator due to uneven dis-
tribution of the liquid refrigerant and the refrigerant flows
into the low-pressure decompression mechanism and
the evaporator in a two-phase state. In such a case, the
efficiency deteriorates, and the operation of the refriger-
ation device may be likely to become unstable. In order
to avoid this, itis conceivable to detect the liquid level in
each of the three gas-liquid separators and control the
operation of the compressor on the basis of the liquid
level, but such control is difficult.

[0008] Based on the above description, an object of
the presentdisclosure is to provide a refrigeration device
capable of stably operating while improving the efficiency
of the refrigerating cycle.

Solution to Problem

[0009] According to the present disclosure, there is
provided a refrigeration device that circulates a refriger-
ant in accordance with a refrigerating cycle, the refriger-
ation device including: a compression portion that in-
cludes compression mechanisms which are connected
in series, each of which compresses the refrigerant, and
which have three or more stages; a first heat exchanger
that dissipates heat of the refrigerant discharged from
the compression portion to outside air; a decompression
portion that includes a high-pressure decompression
mechanism on a relatively high pressure side and a low-
pressure decompression mechanism on a relatively low
pressure side, and causes the high-pressure decom-
pression mechanism and the low-pressure decompres-
sion mechanism to reduce a pressure of the refrigerant
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which passes through the first heat exchanger; a second
heat exchanger that absorbs heat from a thermal load to
the refrigerant which passes through the decompression
portion; a plurality of intermediate-pressure injection flow
paths that supply a spacing between the compression
mechanism and the compression mechanism with the
refrigerant having an intermediate pressure which is ap-
plied to a spacing between the high-pressure decom-
pression mechanism and the low-pressure decompres-
sion mechanism and which is between a high pressure
that is set in the first heat exchanger and a low pressure
that is set in the second heat exchanger; a gas-liquid
separator that supplies the gas phase refrigerant to a
high-pressure intermediate-pressure injection flow path
on the relatively high pressure side among the plurality
of intermediate-pressure injection flow paths; and an in-
ternal heat exchanger that supplies the refrigerant, which
absorbs heat from a liquid refrigerant as the refrigerant
in the liquid phase supplied from the gas-liquid separator
by exchanging heat between the liquid refrigerant and a
two-phase refrigerant obtained by reducing a pressure
of a part of the liquid refrigerant, to the intermediate-pres-
sure injection flow path on the low pressure side relative
to the high-pressure intermediate-pressure injection flow
path. Advantageous Effects of Invention

[0010] In the present disclosure, by combining one or
more gas-liquid separators and one or more internal heat
exchangers as two types of intermediate-pressure injec-
tion units, the necessary number of stages (N-1) for in-
termediate-pressure injection corresponding to the
number of stages N for compression (three or more) is
satisfied, and the gas-liquid separator is disposed on the
high pressure side relative to the internal heat exchanger.
Then, the number of gas-liquid separators is smaller than
that in the case where the gas-liquid separators are dis-
posed at the respective stages of the intermediate-pres-
sure injection. Therefore, it is possible to suppress the
efficiency decrease and the instability of the operating
state due to the uneven distribution of the liquid refriger-
ants.

[0011] In addition, the gas-liquid separators are dis-
posed on the high pressure side relative to the internal
heat exchanger. Therefore, it is possible to supercool the
refrigerant by flowing the saturated liquid from the gas-
liquid separator into the internal heat exchanger. Stable
and efficient operation can be achieved through super-
cooling. Thereby, it is not necessary to provide a super-
cooling heat exchanger that allows the refrigerant to flow
through the internal heat exchanger. Therefore, it is pos-
sible to contribute to reduction in costs and reduction in
size and weight of the device.

Brief Description of Drawings
[0012]

Fig. 1 is a diagram showing a circuit configuration of
a refrigeration device according to an embodiment
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of the present disclosure.

Fig. 2 is a Mollier diagram of the refrigeration device
shown in Fig. 1.

Fig. 3 is a Mollier diagram of a refrigeration device
according to a comparative example.

Fig. 4 is a diagram showing a circuit configuration of
a refrigeration device according to a modification ex-
ample of the present disclosure.

Fig. 5 is a Mollier diagram of the refrigeration device
shown in Fig. 4.

Description of Embodiments

[0013] Hereinafter,embodiments ofthe presentdisclo-
sure will be described with reference to the accompany-
ing drawings.

[Basic Elements of Refrigerating Cycle]

[0014] In the multi-stage compression type refrigera-
tion device 1 shown in Fig. 1, thermal loads (for example,
airinadevice housing and articles housed therein), which
are appropriate in a case where the outside air is used
as a heat source, are cooled by circulating a refrigerant
in accordance with a refrigerating cycle.

[0015] The refrigeration device 1 has, as basic ele-
ments forming a refrigerating cycle, a compression por-
tion 10 that compresses the refrigerant, a condenser E1
(first heat exchanger) that dissipates heat of the refrig-
erant to the outside air, a decompression portion 20 that
reduces a pressure of the refrigerant, and a heat absorber
E2 (second heat exchanger) that absorbs heat from the
thermal loads to the refrigerant. The refrigerant, which is
compressed by the compression portion 10, flows
through the condenser E1, the decompression portion
20, and the heat absorber E2 in this order, and is sucked
into the compression portion 10.

[0016] A single refrigerant or a mixed refrigerant is
sealed into a refrigerant circuit of the refrigeration device
1 of the presentembodiment. The refrigerant is arbitrarily
selected from, for example, a hydro fluoro carbon (HFC)
refrigerant, a hydro fluoro olefin (HFO) refrigerant, a car-
bon dioxide (CO,) refrigerant, a hydrocarbon-based re-
frigerant, and the like. From the viewpoint of reducing a
GWHP, in the present embodiment, a refrigerant including
carbon dioxide (CO,) in at least a part thereof is em-
ployed.

[Compression Mechanisms and Decompression Mech-
anisms Having Plurality of Stages]

[0017] The compression portion 10 includes compres-
sion mechanisms 11 to 14 that have a plurality of stages
and are connected in series. The first stage compression
mechanism 11, the second stage compression mecha-
nism 12, the third stage compression mechanism 13, and
the fourth stage compression mechanism 14 sequentially
compress the refrigerant from the low pressure side L to
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the high pressure side H through a plurality of steps. The
number of stages N of the compression portion 10 is
equal to or greater than 3, and for example, the number
of stages N is "4". The reference numerals of n1, n2, n3,
and n4 represent first to fourth stages.

[0018] Fig. 2 is a Mollier diagram showing a relation-
ship between a pressure of the refrigerant in the refrig-
eration device 1 and a specific enthalpy. Symbols such
as r1 and r2 shown in Fig. 2 correspond to the same
symbols shown in Fig. 1.

[0019] As shown in Fig. 2, the refrigeration device 1 is
operated by a refrigerating cycle of four-stage compres-
sion and two-stage expansion.

[0020] The refrigeration device 1 of the present em-
bodiment includes two electric compressors 101 and
102, a control unit 15 capable of controlling operations
of the electric motor, the expansion valve, and the like of
each of the electric compressors 101 and 102, and an
intermediate cooling heat exchanger 16 which is provid-
ed between the electric compressors 101 and 102.
[0021] The first electric compressor 101 includes the
first stage compression mechanism 11 and the second
stage compression mechanism 12 connected in series,
a housing 101A that houses the compression mecha-
nisms 11 and 12, and an electric motor 101B that rota-
tionally drives the compression mechanisms 11 and 12.
[0022] The second electric compressor 102 includes
the third stage compression mechanism 13 and the fourth
stage compression mechanism 14 connected in series,
a housing 102A that houses the compression mecha-
nisms 13 and 14, and an electric motor 102B that rota-
tionally drives the compression mechanisms 13 and 14.
[0023] The intermediate cooling heat exchanger 16
cools the refrigerant discharged from the second stage
compression mechanism 12 by dissipating heat to the
outside air and supplies the refrigerant to a suction por-
tion of the third stage compression mechanism 13 (op-
erational points r4 and r5 in Fig. 2).

[0024] Thefirst stage compression mechanism 11 cor-
responds to, for example, a rotary compression mecha-
nism which includes a piston rotor and a cylinder. It is
the same for the third stage compression mechanism 13.
The second stage compression mechanism 12 corre-
sponds to, for example, a scroll-type compression mech-
anism which includes a pair of scroll members. It is the
same for the fourth stage compression mechanism 14.
[0025] The decompression portion 20 includes a low-
pressure decompression mechanism 21 on a relatively
low pressure side L and a high-pressure decompression
mechanism 22 on a relatively high pressure side H. The
decompression mechanisms 21 and 22 each may be an
expansion valve, a capillary tube, or the like. In particular,
it is preferable that the decompression mechanisms 21
and 22 each are an expansion valve capable of adjusting
an opening degree of a throttle.

[0026] The high-pressure decompression mechanism
22 and the low-pressure decompression mechanism 21
sequentially reduce the pressure of the refrigerant which
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passes through the condenser E1 in this order.

[0027] As shown in Fig. 2, the compression mecha-
nisms 11 to 14 of the plurality of stages n1, n2, n3, and
n4 compress the refrigerant, and thereby the pressure
of the refrigerantis increased stepwise. Thereby, the dis-
charge temperature of the refrigerant rises.

[0028] By lowering the temperature of the refrigerant
due to the action of the intermediate cooling heat ex-
changer 16 that dissipates heat of the refrigerant to the
outside air (from r4 to r5), it is possible to contribute to
suppression of the discharge temperature of the entire
compression portion 10 as a whole.

[0029] A pressure between a pressure of suction to the
first stage n1 of compression and a pressure of discharge
from the second stage n2 is referred to as a first inter-
mediate pressure P,. Similarly, a pressure between a
pressure of suction to the second stage n2 and a pressure
of discharge from the third stage n3 is referred to as a
second intermediate pressure P,, and a pressure be-
tween a pressure of suction to the third stage n3 and a
pressure of discharge from the fourth stage n4 is referred
to as a third intermediate pressure P5. A relationship of
P, <P, <Py is established.

[0030] A critical temperature of CO, is lower than a
critical temperature of another refrigerant (for example,
hydro fluoro carbon (HFC)). Therefore, in a steady oper-
ation of the refrigeration device 1, the CO, refrigerant is
compressed to a pressure greater than the critical pres-
sure P by the compression portion 10 that compresses
the refrigerant through a plurality of stages. However, the
pressure (r12, r13, r14) of the refrigerant which passes
through the condenser E1 and the high-pressure decom-
pression mechanism 22, that is, the third intermediate
pressure P5 is kept equal to or less than the critical pres-
sure P¢.

(Intermediate-Pressure Injection)

[0031] The refrigeration device 1 performs intermedi-
ate-pressure injection for supplying the refrigerant having
an intermediate pressure to each spacing between the
first to fourth stage compression mechanisms 11 to 14.
The refrigerant is obtained by gas-liquid separation of
the refrigerant in each spacing between the low-pressure
decompression mechanism 21 and the high-pressure
decompression mechanism 22. Therefore, the refriger-
ation device 1 includes N-1 intermediate-pressure injec-
tion units (31 to 33) provided between the low-pressure
decompression mechanism 21 and the high-pressure
decompression mechanism 22 and N-1 intermediate-
pressure injection flow paths 41 to 43 that respectively
correspond to the intermediate-pressure injection units
(31 to 33).

[0032] By supplying the refrigerants having intermedi-
ate pressures P4, P,, and P; to the respective spacings
between the compression mechanisms 11 to 14 connect-
ed in series through the intermediate-pressure injection
flow paths 41 to 43, it is possible to reduce the discharge
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temperature of each of the second to fourth stage com-
pression mechanisms 12 to 14.

[0033] As necessary, valves can be respectively pro-
vided in the intermediate-pressure injection flow paths
41 to 43. The valve may be switched to open or closed
depending on operating conditions.

[0034] As shown in Fig. 1, the intermediate-pressure
injection units (31 to 33) includes a single gas-liquid sep-
arator 33 (liquid receiver) and internal heat exchangers
32 and 31. The gas-liquid separator 33 is disposed on
the high pressure side H relative to the internal heat ex-
changers 32 and 31. The high-pressure internal heat ex-
changer 32 is disposed on the high pressure side H rel-
ative to the low-pressure internal heat exchanger 31.
[0035] The gas-liquid separator 33, the internal heat
exchanger 32, and the internal heat exchanger 31 re-
spectively supply the refrigerants having intermediate
pressures to the second to fourth stage compression
mechanisms 12 to 14 through the corresponding inter-
mediate-pressure injection flow paths 41 to 43.

[0036] The refrigerant, which is discharged from the
fourth stage compression mechanism 14, is decom-
pressed by the high-pressure decompression mecha-
nism 22 and flows into the gas-liquid separator 33. The
refrigerant, which has flowed into the gas-liquid separator
33, is separated into a gas phase and a liquid phase on
the basis of a density difference inside the storage tank
33A. As shown in Fig. 2, this corresponds to a status
change from r12 to r13 and r14. A third intermediate-
pressure injection flow path 43 is connected to a gas
phase region 33B above the liquid level in the storage
tank 33A.

[0037] The gas phase refrigerant having the third in-
termediate pressure P5 separated from the liquid phase
in the gas-liquid separator 33 is supplied to the interme-
diate-pressure injection on the high pressure side H
through the third intermediate-pressure injection flow
path 43 (from r13 to r8).

[0038] A temperature of the refrigerant, which has the
third intermediate pressure P5 and is supplied to the
fourth stage compression mechanism 14 through the
third intermediate-pressure injection flow path 43, is low-
er than a temperature of the refrigerant which is dis-
charged from the third stage compression mechanism
13. Therefore, the temperature of the refrigerant to be
sucked into the fourth stage compression mechanism
14, as the entirety of the refrigerant supplied through the
third intermediate-pressure injection flow path 43 and the
refrigerant discharged from the third stage compression
mechanism 13, is lowered (from r7 to r8). Then, the tem-
perature of the refrigerant discharged from the fourth
stage compression mechanism 14 is also lowered.
Therefore, the intermediate-pressure gas injection con-
tributes to the reduction in discharge temperature.
[0039] On the other hand, the liquid phase refrigerant
(liquid refrigerant) stored in the storage tank 33A is sup-
plied to the high-pressure internal heat exchanger 32 and
the low-pressure internal heat exchanger 31. The sup-
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plied refrigerants are respectively supercooled by the
high-pressure internal heat exchanger 32 and the low-
pressure internal heatexchanger 31. Concurrently, a part
thereof is supplied to the intermediate-pressure injection
on the low pressure side L relative to the third interme-
diate pressure injection through each of the second in-
termediate-pressure injection flow path 42 and the first
intermediate-pressure injection flow path 41. In accord-
ance with the performing of the injection of the interme-
diate pressures P4, P,, and P, flow rates of the refriger-
ant are sequentially reduced. Therefore, a capacity of
the high-pressure internal heat exchanger 32 upstream
of the flow of the refrigerant from the high-pressure de-
compression mechanism 22 to the low-pressure decom-
pression mechanism 21 is greater than a capacity of the
low-pressure internal heat exchanger 31 downstream.
Under the rated conditions of the refrigeration device 1,
the capacity of the high-pressure internal heat exchanger
32 is, for example, about 2.5 times greater than the ca-
pacity of the low-pressure internal heat exchanger 31.
[0040] Both the high-pressure internal heat exchanger
32 and the low-pressure internal heat exchanger 31 ex-
change heat between the liquid refrigerant supplied from
the gas-liquid separator 33 and the two-phase refrigerant
that is obtained by decompressing a part of the liquid
refrigerant supplied from the gas-liquid separator 33
through decompression mechanisms (321, 311).
[0041] The high-pressure internal heat exchanger 32
includes a main flow path 320 into which the liquid refrig-
erant supplied from the inside of the saturated gas-liquid
separator 33 flows, the decompression mechanism 321,
a branch flow path 322 through which a part of the liquid
refrigerant supplied from the gas-liquid separator 33
flows into the decompression mechanism 321, and a heat
absorption flow path 323 into which the two-phase refrig-
erantdecompressed from the third intermediate pressure
P to the second intermediate pressure P, (from r14 to
r15 in Fig. 2) by the decompression mechanism 321
flows.

[0042] The refrigerant, which flows through the heat
absorption flow path 323, is gasified (from r15 to r16) by
absorbing heat from the refrigerant which flows through
the main flow path 320, and is sucked into the third stage
compression mechanism 13 through the second inter-
mediate-pressure injection flow path 42.

[0043] On the other hand, the refrigerant, which flows
through the main flow path 320, is supercooled (from r14
to r17) by dissipating heat to the refrigerant which flows
through the heat absorption flow path 323, and flows into
the low-pressure internal heat exchanger 31.

[0044] In a case where the refrigerant of the second
intermediate pressure P, is supplied to the suction por-
tion of the third stage compression mechanism 13 (from
r16 to r6) through the second intermediate-pressure in-
jection flow path 42, the refrigerant of the second inter-
mediate pressure P, flows out from the intermediate cool-
ing heat exchanger 16. Thereby, the temperature of the
refrigerant sucked into the third stage compression
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mechanism 13 is lowered (from r5 to r6). Between the
second stage compression mechanism 12 and the third
stage compression mechanism 13, in addition to the in-
jection action of the intermediate pressure P,, the action
of the intermediate cooling heat exchanger 16 (from r4
to r5) also lowers a suction temperature in suction into
the third stage compression mechanism 13 is lowered.
Thus, itis possible to further suppress the discharge tem-
perature.

[0045] The low-pressure internal heat exchanger 31
includes a main flow path 310 into which a supercooled-
state liquid refrigerant (supercooled liquid) flowing out of
the high-pressure internal heat exchanger 32 flows, a
decompression mechanism 311, a branch flow path 312
through which the supercooled liquid partially flows into
adecompression mechanism 311, and a heat absorption
flow path 313 into which the two-phase refrigerant de-
compressed from the second intermediate pressure P,
to the first intermediate pressure P (from r17 to r18) by
the decompression mechanism 311 flows. The refriger-
ant, which flows through the heat absorption flow path
313, is gasified (from r18 to r19) by absorbing heat from
the refrigerant which flows through the main flow path
310, and is sucked into the second stage compression
mechanism 12 through the firstintermediate-pressure in-
jection flow path 41 (from r19 to r3). Thereby, the tem-
perature of the refrigerant sucked into the second stage
compression mechanism 12 is lowered (from r2 to r3).
[0046] On the other hand, the refrigerant, which flows
through the main flow path 310, dissipates heat to the
refrigerant which flows through the heat absorption flow
path 313. Thereby, a degree of supercooling is increased
(from r17 to r20). Then the refrigerant flows into the low-
pressure decompression mechanism 21.

[0047] The liquid refrigerant, which has the first inter-
mediate pressure P, and flows out of the low-pressure
internal heat exchanger 31, is sufficiently supercooled.
Therefore, the liquid refrigerant flows directly to the low-
pressure decompression mechanism 21 without passing
through the supercooling heat exchanger, and is decom-
pressed by the low-pressure decompression mechanism
21 (from r20 to r21). The refrigerant, which passes
through the low-pressure decompression mechanism
21, evaporates by absorbing heat from the thermal load
by the heat absorber E2 and is sucked into the first stage
compression mechanism 11 (from r21 to r22).

[0048] Each pressure of the liquid refrigerant which
flows from the gas-liquid separator 33 to the internal heat
exchanger 32, the liquid refrigerant which flows from the
high-pressure internalheat exchanger 32 to the low-pres-
sure internal heat exchanger 31, and the refrigerant
which flows from the low-pressure internal heat exchang-
er 31 into the low-pressure decompression mechanism
21 corresponds to a third intermediate pressure P4 (r14,
r17, and r20). Therefore, an expansion process in the
refrigerating cycle is integrated into two stages of decom-
pression from the high pressure Py to the third interme-
diate pressure P; and decompression from the third in-
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termediate pressure P to the low pressure P through
the high-pressure decompression mechanism 22. That
is, the refrigeration device 1 is operated in a state where
the number of expansion stages is smaller than the
number of stages N for compression, that is, through a
four-stage compression two-stage expansion cycle.

[Main Actions and Effects]

[0049] In order to improve the COP while using a re-
frigerant having a low GWP, it is effective to increase the
number of stages N, for example, from single-stage com-
pression to two-stage compression and further three-
stage compression and four-stage compression.

[0050] The action and effect of the refrigeration device
1 of the present embodiment will be described below with
reference to a comparative example.

[0051] In a case where multi-stage compression of
three or more stages is employed, on the basis of an
example of two-stage compression (for example, PTL 1
described above), itis conceivable thatthe same number
of decompression mechanisms as the number of stages
N for compression and N-1 gas-liquid separators are pro-
vided in the refrigeration device. Forexample, in the case
of a four-stage refrigeration device, a decompression
mechanism, a gas-liquid separator, a decompression
mechanism, a gas-liquid separator, a decompression
mechanism, a gas-liquid separator, and a decompres-
sion mechanism are disposed in this order, from the high
pressure side H to the low pressure side L. Accordingly,
a gas phase refrigerant having an intermediate pressure
is supplied from each gas-liquid separator to the suction
portion of the compression mechanism through the in-
termediate-pressure injection flow path.

[0052] As shown by the solid line in Fig. 3, the refrig-
eration device of the comparative example operates by
a cycle of N-stage compression and N-stage expansion.
N is, for example, "4".

[0053] The refrigeration device of the comparative ex-
ample may include a supercooling heat exchanger that
exchanges heat between the outside air and the liquid
refrigerant which flows out from the gas-liquid separator
on the lowest pressure side L. In such a case, supercool-
ing is applied to the refrigerant as indicated by the arrow
of the dashed-dotted line in Fig. 3.

[0054] The refrigeration device of the comparative ex-
ample includes N-1 gas-liquid separators. Therefore, in
a case where the number of stages N is three or more,
the refrigeration device includes two or more gas-liquid
separators. In such a case, it is difficult to ensure the
liquid refrigerant in a predetermined gas-liquid separator
among the plurality of gas-liquid separators. Even in a
case where the supercooling heat exchanger is provided
on the lowest pressure side L, in order to prevent the
refrigerant in a two-phase state from flowing into the low-
pressure decompression mechanism 21 and the heat ab-
sorber E2, it is desired that the liquid refrigerant is en-
sured in at least the gas-liquid separator located on the
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lowest pressure side L and that the liquid refrigerant is
supplied from the gas-liquid separator to the low-pres-
sure decompression mechanism 21. For that purpose, it
is necessary to control rotation speeds of the compres-
sion mechanisms 11 to 14 on the basis of the respective
liquid levels of the N-1 gas-liquid separators. At least two
liquid level sensors are necessary in order to grasp the
liquid level of each of the N-1 gas-liquid separators.
[0055] Unlike the comparative example, in increasing
the number of stages N, the refrigeration device 1 of the
present embodiment does not include a number of de-
compression mechanisms and a number of gas-liquid
separators each corresponding to the number of stages
N, or does notinclude a number of internal heat exchang-
ers corresponding to the number of stages N. In addition,
the refrigeration device 1 includes the single gas-liquid
separator 33 on the high pressure side H, and includes
the internal heat exchangers 32 and 31 on the low pres-
sure side L. That is, the refrigeration device 1 of the
present embodiment does not include the same number
of gas-liquid separators as the necessary number of stag-
es (N-1) for intermediate-pressure injection. The refrig-
eration device 1 includes a smaller number of the gas-
liquid separators 33 than the necessary number of stages
(N-1) for intermediate-pressure injection.

[0056] The number of gas-liquid separators 33 includ-
ed in the refrigeration device 1 is smaller than the nec-
essary number of stages (N-1) for intermediate-pressure
injection. Therefore, a degree of uneven distribution of
the refrigerant between the gas-liquid separators, which
may occur in a case where a plurality of gas-liquid sep-
arators are provided, isreduced. As aresult, itis possible
to ensure the effect of improving efficiency by increasing
the number of stages N for compression while suppress-
ing the decrease in efficiency and the instability of the
operating state due to the uneven distribution of the liquid
refrigerant. In addition, it is possible to contribute to the
stability of the operating state of the refrigeration device 1.
[0057] In particular, the refrigeration device 1 of the
present embodiment includes only a single gas-liquid
separator 33 as the gas-liquid separator. Therefore, it is
possible to ensure that the liquid refrigerant is stored in
the specific gas-liquid separator 33 without running out
of the amount of liquid in some gas-liquid separators
among the plurality of gas-liquid separators. Then, the
control based on the liquid level of the gas-liquid sepa-
rator is unnecessary, and the liquid level sensor is also
unnecessary. Even in a case where a liquid level sensor
is provided, it is possible to reduce the number of the
liquid level sensors.

[0058] From the above description, according to the
refrigeration device 1 of the present embodiment, the fol-
lowing effects can be obtained. (1) Only the single gas-
liquid separator 33 is provided as the gas-liquid separa-
tor. Therefore, unlike a case where the plurality of gas-
liquid separators are provided, it is possible to ensure
that the liquid refrigerant is stored in the specific gas-
liquid separator 33 without moving the liquid refrigerant
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between the gas-liquid separators. Therefore, it is not
necessary to perform control based on the liquid level in
the gas-liquid separator. The cost of the refrigeration de-
vice 1 can be reduced by simplifying the control.

[0059] (2) The gas-liquid separator 33 is disposed on
the high pressure side H relative to the internal heat ex-
changers 32 and 31. Therefore, the saturated liquid flows
from the gas-liquid separator 33 to the internal heat ex-
changers 32 and 31. Therefore, supercooling can be pro-
vided to the refrigerant. Then, not only the COP can be
improved, occurrence of a flash can be suppressed, and
the refrigeration device 1 can be operated stably and
efficiently, butalso supercooling can bereliably provided.
Therefore, it is not necessary for the refrigerant, which
passes through the internal heat exchangers 32 and 31,
to flow into the supercooling heat exchanger. That is, the
refrigerant, which passes through the internal heat ex-
changers 32 and 31, may be directly flowed into the low-
pressure decompression mechanism 21.

[0060] Insuch a case, the supercooling heat exchang-
er becomes unnecessary as compared with the compar-
ative example, and the refrigerant circuit configuration
can be simplified. Therefore, it is possible to contribute
to reduction in costs and reduction in size and weight of
the device.

[0061] In the present embodiment, the degree of su-
percooling can be sufficiently obtained by sequentially
flowing the liquid refrigerant from the gas-liquid separator
33 into the two internal heat exchangers 32 and 31.
Therefore, in addition to the great effects of improving
the efficiency and stabilizing the operation, it is not nec-
essary to add a supercooling heat exchanger having a
large capacity in order to increase the degree of super-
cooling. Therefore, the effects of reduction in costs and
reduction in size and weight of the device are also great.
[0062] (3)According to the high-pressure internal heat
exchanger 32 and/or the low-pressure internal heat ex-
changer 31 each including an expansion valve as the
decompression mechanism, as shown in Fig. 2, by ad-
justing the opening degree of the expansion valve, it is
possible to performintermediate-pressure injection using
the two-phase refrigerant. For example, in a case where
the high-pressure internal heat exchanger 32 includes
an expansion valve as the decompression mechanism
321, it is possible to perform injection (from r16 to r6) of
the second intermediate pressure P, using the two-
phase refrigerantinto the third stage compression mech-
anism 13 through the second intermediate-pressure in-
jection flow path 42 by adjusting the opening degree of
the expansion valve.

[0063] Alternatively, in a case where the low-pressure
internal heat exchanger 31 includes an expansion valve
as the decompression mechanism 311, it is possible to
perform injection (from r19 to r3) of the first intermediate
pressure P4 using the two-phase refrigerant into the sec-
ond stage compression mechanism 12 by adjusting the
opening degree of the expansion valve.

[0064] The suctiontemperature ofthe refrigerantto the
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compression mechanism is lowered by the injection of
the two-phase refrigerant. As a result, the discharge tem-
perature can be suppressed to an allowable limit.
[0065] (4) Generally, a heat insulating material is pro-
vided in the gas-liquid separator in order to keep the re-
frigerant at a low temperature. According to the fact that
the gas-liquid separator 33 is disposed on the high pres-
sure side H relative to the internal heat exchangers 31
and 32, as compared with a case where the gas-liquid
separator is disposed on the low pressure side L, the
pressure saturation temperature in the gas-liquid sepa-
rator is high. Therefore, the temperature difference be-
tween the gas-liquid separator 33 and the outside air tem-
perature is small. Therefore, it is possible to reduce the
thickness of the heat insulating material provided in the
gas-liquid separator 33. As a result, it is possible to con-
tribute to reduction in costs and reduction in size and
weight of the device.

[0066] For example, under the rated conditions of the
refrigeration device 1, as shown in Fig. 1, the single gas-
liquid separator 33 corresponding to the third intermedi-
ate pressure P5 is provided, and the two internal heat
exchangers 32 and 31 respectively corresponding to the
second intermediate pressure P, and the first intermedi-
ate pressure P4 are provided. In such a case, the tem-
perature at the liquid outlet of the gas-liquid separator 33
is 20°C. In such a case, the temperature difference from
the outside airtemperature is the smallest. A temperature
at the liquid outlet is obtained by cycle calculation. It is
the same for the following description.

[0067] Although not shown, the single gas-liquid sep-
arator corresponding to the second intermediate pres-
sure P, is provided, and the two internal heat exchangers
corresponding to the third intermediate pressure P5 and
the first intermediate pressure P, are provided. In such
a case, the temperature at the liquid outlet of the gas-
liquid separator is 2°C.

[0068] Further, in a case where the single gas-liquid
separator corresponding to the first intermediate pres-
sure P, is provided and the two internal heat exchangers
corresponding to the third intermediate pressure P4 and
the second intermediate pressure P, are provided. In
such a case, the temperature of the liquid outlet of the
gas-liquid separator is -12°C.

[0069] The pressure saturation temperature is higher
as the position of the gas-liquid separator is closer to the
high pressure side. Therefore, it is also possible to ex-
plain a fact that the temperature difference between the
gas-liquid separator and the outside air is small with ref-
erence to the Mollier diagram of Fig. 3 according to the
comparative example. As can be understood from Fig.
3, assuming that the pressure saturation temperature of
the gas-liquid separator (r12) having a high pressure is
T1, the pressure saturation temperature of the gas-liquid
separator (r15) having a medium pressure is T2, and the
pressure saturation temperature of the gas-liquid sepa-
rator (r18) having a low pressure is T3, it is clear that T1
> T2 > T3. The higher the pressure saturation tempera-

10

15

20

25

30

35

40

45

50

55

ture, the smaller the temperature difference between the
gas-liquid separator and the outside air.

[0070] As described above, according to the refriger-
ation device 1 of the present embodiment, one or more
gas-liquid separators 33 and one or more internal heat
exchangers 31 and 32 as two types of intermediate-pres-
sure injection units are combined. Then, the necessary
number of stages (N-1) for intermediate-pressure injec-
tion corresponding to the number of stages N for com-
pression (three or more) is satisfied, and the gas-liquid
separator 33 is disposed on the high pressure side H
relative to the internal heat exchangers 31 and 32. In
such a manner, it is possible to stably operate the refrig-
eration device 1 by improving the COP while using a re-
frigerant having a low GWP such as CO, and keeping
the discharge temperature equal to or less than the al-
lowable limit.

[Modification Example]

[0071] The refrigeration device 1 does not necessarily
have to include the high-pressure internal heat exchang-
er 32 and the low-pressure internal heat exchanger 31.
The refrigeration device 1 may include only a single in-
ternal heat exchanger or three or more internal heat ex-
changers, depending on the number of stages N. Even
in such a case, the same action and effect as those ob-
tained by the above-mentioned embodiment can be ob-
tained.

[0072] The refrigeration device 1-2 shown in Fig. 4 in-
cludes N-stage (four-stage) compression mechanisms
11 to 14, and includes the two gas-liquid separators 33
and 32-2 and the single internal heat exchanger 31, as
N-1 (three) intermediate-pressure injection units. Fig. 5
is a Mollier diagram of the refrigeration device 1-2.
[0073] The refrigeration device 1-2 includes three de-
compression mechanisms 21 to 23 which include the de-
compression mechanism 22 located between the two
gas-liquid separators 33 and 32-2 and which constitute
the decompression portion 20. Therefore, the operation
is performed by a cycle of four-stage compression and
three-stage expansion.

[0074] In a similar manner to the refrigeration device
1 of the above-mentioned embodiment, the refrigeration
device 1-2 alsoincludes two gas-liquid separators 33 and
32-2, which are a small number relative to the necessary
number of stages (N-1) for intermediate-pressure injec-
tion. Thereby, the degree of uneven distribution of the
liquid refrigerant between the gas-liquid separators 33
and 32-2 is reduced. As a result, it is possible to ensure
the effect of improving efficiency by increasing the
number of stages N for compression while suppressing
a decrease in cycle efficiency and instability of the oper-
ating state, and it is also possible to contribute to the
stability of the operating state of the refrigeration device
1-2.

[0075] In addition, since the gas-liquid separators 33
and 32-2 are disposed on the high pressure side H rel-
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ative to the internal heat exchanger 31, the saturated
liquid flows from the gas-liquid separator 32-2 into the
internal heat exchanger 31. Therefore, supercooling can
be provided to the refrigerant (from r17 to r20 in Fig. 5).
Stable and efficient operation can be achieved through
supercooling. Thereby, it is not necessary to add a su-
percooling heat exchanger in order to obtain supercool-
ing. Therefore, it is possible to contribute to reduction in
costs and reduction in size and weight of the device.
[0076] In addition, the injection of the firstintermediate
pressure P, using the two-phase refrigerant can be per-
formed by adjusting the opening degree of the expansion
valve provided in the internal heat exchanger 31 as the
decompression mechanism 311 (from r19 to r3). Then,
the suction temperature of the refrigerant to the second
stage compression mechanism 12 is lowered. Therefore,
the discharge temperature of the refrigerant from the
compression portion 10 can be suppressed to the allow-
able limit.

[0077] Further, according to the configuration in which
the gas-liquid separators 33 and 32-2 are disposed on
the high pressure side H relative to the internal heat ex-
changer 31, as compared with the case where the gas-
liquid separators 33 and 32-2 are disposed on the low
pressure side L relative to the internal heat exchanger
31, the thickness of the heat insulating material can be
reduced. As a result, it is possible to contribute to the
reduction in size and weight of the device.

[0078] In addition to the above, it is possible to select
the configurations described in the above-mentioned em-
bodiments or change the configurations to other config-
urations as appropriate.

(Additional Notes)

[0079] The refrigeration device described above is un-
derstood as follows.

[1] A refrigeration device 1 or 1-2 that circulates a
refrigerant in accordance with a refrigerating cycle,
the refrigeration device 1 or 1-2 includes: a compres-
sion portion 10 that includes compression mecha-
nisms 11 to 14 which are connected in series, each
of which compresses the refrigerant, and which have
three or more stages; afirst heat exchanger (E1) that
dissipates heat of the refrigerant discharged from
the compression portion 10 to outside air; a decom-
pression portion 20 that includes a high-pressure de-
compression mechanism 22 on a relatively high
pressure side and a low-pressure decompression
mechanism 21 on a relatively low pressure side, and
causes the high-pressure decompression mecha-
nism 22 and the low-pressure decompression mech-
anism 21 to reduce a pressure of the refrigerant
which passes through the first heat exchanger (E1);
a second heat exchanger (E2) that absorbs heat
from a thermal load to the refrigerant which passes
through the decompression portion 20; a plurality of
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10

intermediate-pressure injection flow paths 41 to 43
that supply a spacing between the compression
mechanism and the compression mechanism with
the refrigerant having an intermediate pressure P4,
P,, or P; which is applied to a spacing between the
high-pressure decompression mechanism 22 and
the low-pressure decompression mechanism 21 and
which is between a high pressure Py that is set in
the first heat exchanger (E1) and a low pressure P
that is set in the second heat exchanger (E2); a gas-
liquid separator 33 (or 33 and 32-2) that supplies the
gas phase refrigerant to a high-pressure intermedi-
ate-pressure injection flow path (43, or 43 and 42)
on the relatively high pressure side H among the
plurality of intermediate-pressure injection flow
paths 41 to 43; and internal heat exchangers 32 and
31 (or 31) each of which supplies the refrigerant,
which absorbs heat from a liquid refrigerant as the
refrigerant in the liquid phase supplied from the gas-
liquid separator 33 by exchanging heat between the
liquid refrigerant and a two-phase refrigerant ob-
tained by reducing a pressure of a part of the liquid
refrigerant, to the intermediate-pressure injection
flow paths 42 and 41 (or 41) on the low pressure side
L relative to the high-pressure intermediate-pressure
injection flow path (43, or 43 and 42).

[2] In the refrigeration device 1, as the gas-liquid sep-
arator 33, only one gas-liquid separator 33 is provid-
ed, and as the internal heat exchangers 32 and 31,
one or more internal heat exchangers 32 and 31 are
provided between the gas-liquid separator 33 and
the low-pressure decompression mechanism 21.
[3]In the refrigeration device 1, as the gas-liquid sep-
arator 33 located on a highest pressure side H, a
highest-pressure gas-liquid separator (33), to which
therefrigerantis directly supplied from the high-pres-
sure decompression mechanism 22, is provided.
[4] In the refrigeration device 1 or 1-2, as the internal
heat exchanger 31 located on a lowest pressure side
L, a lowest-pressure internal heat exchanger (31),
which allows the refrigerant to directly flow into the
low-pressure decompression mechanism 21, is pro-
vided.

[5] The internal heat exchangers 31 and 32 include
expansion valves (311 and 321) which reduce a
pressure of a part of the liquid refrigerant to expand
the part.

[6] In the refrigeration device 1, as the internal heat
exchangers 31 and 32, two or more internal heat
exchangers 31 and 32 are provided, and a capacity
of the internal heat exchanger 32 located on the rel-
atively high pressure side His greater than a capacity
of the internal heat exchanger 31 located on the rel-
atively low pressure side L.

[7] The refrigerant includes carbon dioxide in at least
a part thereof.
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Reference Signs List

[0080]

1, 1-2: refrigeration device

10: compression portion

11: first stage compression mechanism

12: second stage compression mechanism

13: third stage compression mechanism

14: fourth stage compression mechanism

15: control unit

16: intermediate cooling heat exchanger

20: decompression portion

21: low-pressure decompression mechanism

22: high-pressure decompression mechanism

21 to 23: decompression mechanism

31: low-pressure internal heat exchanger (lowest-
pressure internal heat exchanger)

32: high-pressure internal heat exchanger

32-2: gas-liquid separator

33: gas-liquid separator (highest-pressure gas-liquid
separator)

33A: storage tank

33B: gas phase region

41: first intermediate-pressure injection flow path
42: second intermediate-pressure injection flow path
43: third intermediate-pressure injection flow path
(high-pressure intermediate-pressure injection flow
path)

101: first electric compressor

101A: housing

101B: electric motor

102: second electric compressor

102A: housing

102B: electric motor

310: main flow path

311: decompression mechanism

312: branch flow path

313: heat absorption flow path

320: main flow path

321: decompression mechanism

322: branch flow path

323: heat absorption flow path

E1: condenser (first heat exchanger)

E2: heat absorber (second heat exchanger)

H: high pressure side

L: low pressure side

N: number of stages

P4. Py, P3: intermediate pressure

P¢: critical pressure

Py: high pressure

P.: low pressure

n1, n2, n3, n4: stage

Claims

A refrigeration device that circulates a refrigerant in
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1"

accordance with a refrigerating cycle, the refrigera-
tion device comprising:

a compression portion that includes compres-
sion mechanisms which are connected in series,
each of which compresses the refrigerant, and
which have three or more stages;

a first heat exchanger that dissipates heat of the
refrigerant discharged from the compression
portion to outside air;

a decompression portion that includes a high-
pressure decompression mechanism on a rela-
tively high pressure side and a low-pressure de-
compression mechanism on a relatively low
pressure side, and causes the high-pressure de-
compression mechanism and the low-pressure
decompression mechanism to reduce a pres-
sure of the refrigerant which passes through the
first heat exchanger;

a second heatexchanger thatabsorbs heatfrom
a thermal load to the refrigerant which passes
through the decompression portion;

a plurality of intermediate-pressure injection
flow paths that supply a spacing between the
compression mechanism and the compression
mechanism with the refrigerant having an inter-
mediate pressure which is applied to a spacing
between the high-pressure decompression
mechanism and the low-pressure decompres-
sion mechanism and which is between a high
pressure that is set in the first heat exchanger
and alow pressure that is set in the second heat
exchanger;

a gas-liquid separator that supplies the gas
phase refrigerant to a high-pressure intermedi-
ate-pressure injection flow path on the relatively
high pressure side among the plurality of inter-
mediate-pressure injection flow paths; and

an internal heat exchanger that supplies the re-
frigerant, which absorbs heat from a liquid re-
frigerant as the refrigerant in the liquid phase
supplied from the gas-liquid separator by ex-
changing heat between the liquid refrigerantand
a two-phase refrigerant obtained by reducing a
pressure of a part of the liquid refrigerant, to the
intermediate-pressure injection flow path on the
low pressure side relative to the high-pressure
intermediate-pressure injection flow path.

2. The refrigeration device according to claim 1,

wherein as the gas-liquid separator, only one
gas-liquid separator is provided, and

as the internal heat exchanger, one or more in-
ternal heat exchangers are provided between
the gas-liquid separator and the low-pressure
decompression mechanism.
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3. The refrigeration device according to claim 1 or 2,
wherein as the gas-liquid separator located on a
highest pressure side, a highest-pressure gas-liquid
separator, to which the refrigerant is directly supplied
from the high-pressure decompression mechanism, %
is provided.

4. The refrigeration device according to claim 1 or 2,
wherein as the internal heat exchanger located on a
lowest pressure side, a lowest-pressure internalheat 70
exchanger, which allows the refrigerant to directly
flow into the low-pressure decompression mecha-
nism, is provided.

5. The refrigeration device according to any one of 75
claims 1 to 4, wherein the internal heat exchanger
includes an expansion valve which reduces a pres-
sure of a part of the liquid refrigerant to expand the
part.

20

6. The refrigeration device according to any one of
claims 1 to 5,

wherein as the internal heat exchanger, two or
more internal heat exchangers are provided, 25
and

acapacity of the internal heat exchanger located

on the relatively high pressure side is greater
than a capacity of the internal heat exchanger
located on the relatively low pressure side. 30

7. The refrigeration device according to any one of
claims 1to 6, wherein the refrigerantincludes carbon

dioxide in at least a part thereof.
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