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Description
Technical Field

[0001] The present invention relates to a refrigeration
cycle that is provided with a plurality of multistage com-
pressors connected in parallel and a circuit supplying in-
termediate-pressure refrigerant gas into a housing of
each of the multistage compressors.

Background Art

[0002] A refrigeration cycle, which is provided with a
gas injection circuit that supplies intermediate-pressure
refrigerant gas into a housing of a two-stage compressor
including two compression mechanisms, has been
known.

[0003] With two-stage compression and intermediate-
pressure refrigerant injection, it is possible to secure a
compressing efficiency and to suppress the temperature
of a refrigerant discharged from a compressor in com-
parison with a case of achieving the same refrigeration
ability with one-stage compression.

[0004] In addition, a refrigeration cycle, which is pro-
vided with a plurality of two-stage compressors connect-
ed in parallel for the purpose of comprehensively chang-
ing the refrigeration ability, has also been known (PTL 1).
[0005] Meanwhile, if an operation is continued for a
long period of time, lubricating oil in housings is unevenly
distributed to a portion of compressors in accordance
with operation conditions since the amount of lubricating
oil discharged from a compressor housing and the
amount of returning lubricating oil are different between
a plurality of compressors connected in parallel, the lu-
bricating oil being included in refrigerant gas.

[0006] Therefore, the housings of the plurality of com-
pressors are connected to each other with a pipe and an
oil equalization operation of applying a pressure differ-
ence between the housings such that the lubricating oil
moves between the housings of the plurality of compres-
sors in accordance with the pressure difference is per-
formed at an appropriate time.

[0007] InPTL 1, gas injection circuits are used in order
to apply a pressure difference needed for oil equalization.
In PTL 1, a flow regulation valve is provided for each of
the gas injection circuits that respectively supply inter-
mediate-pressure refrigerant gas into a plurality of com-
pressor housings and a pressure difference is applied
between the housings by controlling the opening degrees
of the flow regulation valves in order to equalize the lu-
bricating oil in the housings.
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[0008] [PTL 1] Japanese Patent No. 5193011
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Summary of Invention
Technical Problem

[0009] Itis conceivable to apply a pressure difference
between respective housings of a plurality of compres-
sors by increasing the rotation speed of a portion of the
compressors and increasing the pressure loss of a re-
frigerant sucked into or discharged from the compressors
in order to achieve oil equalization.

[0010] However, it is possible to apply a pressure dif-
ference between the housings by changing the pressures
in the housings in the above-described manner only in
the case of a configuration provided with one-stage com-
pression compressors connected in parallel, in which on-
ly low-pressure refrigerant gas is supplied into the hous-
ings.

[0011] In a case where low-pressure refrigerant gas
and intermediate-pressure gas from a gas injection circuit
are supplied into each housing at the same flow rate, the
pressure in each housing is not changed much even
when the rotation speed of a portion of the compressors
is increased and thus it is difficult to achieve a pressure
difference between the housings needed to move lubri-
cating oil.

[0012] Therefore, it is conceivable to increase and de-
crease the amount of intermediate-pressure refrigerant
gas supplied into a compressor housing by controlling
the opening degree of a flow regulation valve provided
for each gas injection circuitas in PTL 1. However, when
the amount of supplied intermediate-pressure refrigerant
gas is decreased, it may not be possible to secure a nec-
essary injection amount (flow rate).

[0013] Accordingly, an object of the present invention
is to equalize lubricating oil in each housing while secur-
ing a necessary injection amount in a refrigeration cycle
provided with a plurality of multistage compressors con-
nected in parallel and a gas injection circuit supplying
intermediate-pressure refrigerant gas into the housing of
each of the multistage compressors.

Solution to Problem

[0014] A refrigeration cycle according to the present
invention includes a plurality of multistage compressors
each of which includes a housing that accommodates a
multistage compression mechanism including a low-
stage compression mechanism and a high-stage com-
pression mechanismand which are connected in parallel.
Arefrigerant circuitis configured by sequentially connect-
ing the plurality of multistage compressors, a cooler, a
first pressure-reducing unit, a gas-liquid separator, a sec-
ond pressure-reducing unit, and an evaporator, and the
refrigeration cycle includes an oil equalization path that
connects the housings of the plurality of multistage com-
pressors to each other, a plurality of gas injection circuits
through which a gas refrigerant in the gas-liquid separa-
tor is supplied to between the low-stage compression
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mechanism and the high-stage compression mechanism
of the housing of the corresponding multistage compres-
sor, a plurality of bypass paths through which a refrigerant
extracted from between the cooler and the first pressure-
reducing unit is supplied to between the low-stage com-
pression mechanism and the high-stage compression
mechanism of the housing of the corresponding multi-
stage compressor, a bypass valve that is capable of
changing a flow rate of the refrigerant that flows in atleast
one ofthe bypass paths of the plurality of multistage com-
pressors, a check valve that is provided in the gas injec-
tion circuit and that prevents a backward flow of the gas
refrigerant flowing toward the inside of the housing, and
a control unit configured to control an opening degree of
the bypass valve.

[0015] The "cooler" in the present invention is for de-
creasing the temperature of the refrigerant and includes
a condenser or a gas cooler.

[0016] In the refrigeration cycle according to the
presentinvention, the refrigerant extracted from between
the cooler and the first pressure-reducing unit preferably
flows into the gas injection circuits through the bypass
paths.

[0017] Meanwhile, in the refrigeration cycle according
to the present invention, the bypass paths may be con-
figured to be directly connected to the insides of the hous-
ings of the multistage compressors, respectively.
[0018] In the refrigeration cycle according to the
present invention, the control unit may be configured to
control the opening degree of the bypass valve at least
at the time of an oil equalization operation in which lubri-
cating oil moves between the housings of the plurality of
multistage compressors through the oil equalization
path.

[0019] The refrigeration cycle according to the present
invention preferably further includes a discharge temper-
ature sensor that measures a discharge temperature,
which is a temperature of a refrigerant discharged from
the multistage compressor, and the control unit is pref-
erably configured to control the opening degree of the
bypass valve by using the discharge temperature.
[0020] In addition, the refrigeration cycle according to
the presentinvention may further include a pressure sen-
sor that measures the pressure of an injection gas refrig-
erant and/or a bypass refrigerant flowing into the hous-
ings of the multistage compressors, and the control unit
may be configured to control the opening degree of the
bypass valve based on the pressure of the refrigerant
measured by the pressure sensor.

[0021] In the refrigeration cycle according to the
present invention, the bypass valve is preferably a flow
regulation valve that is capable of adjusting the flow rate
and is preferably provided for each of the plurality of by-
pass paths.

[0022] Meanwhile, in the refrigeration cycle according
to the present invention, the bypass valve may be con-
figured to be provided for at least one of the plurality of
the bypass paths.
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[0023] In the refrigeration cycle according to the
presentinvention, CO, is preferably used as a refrigerant
circulating in the refrigerant circuit.

Advantageous Effects of Invention

[0024] A refrigerant thatis extracted from between the
cooler and the first pressure-reducing unit to the bypass
paths is in a liquid state or a liquid-phase-dominant state
and the pressure thereof is higher than that of the gas
refrigerant extracted from the inside of the gas-liquid sep-
arator. Therefore, a pressure difference between the
housings, which is needed to move the lubricating oil in
the housings through the oil equalization path, can be
realized by controlling the opening degree of the bypass
valve such that the flow rates in the plurality of bypass
paths become different from each other. According to the
presentinvention, it is not necessary to decrease the flow
rate of the gas refrigerant with respect to a portion of the
plurality of gas injection circuits, through which the gas
refrigerant extracted from the inside of the gas-liquid sep-
arator is supplied to the housings, in order to achieve a
pressure difference between the housings.

[0025] In addition to a low-temperature gas refrigerant
extracted from the inside of the gas-liquid separator to
the gas injection circuits, a low-temperature refrigerant
extracted from between the cooler and the first pressure-
reducing unit to the bypass paths is supplied into the
housings of the multistage compressors according to the
present invention in surplus.

[0026] Therefore, even at a time other than the time of
the oil equalization operation, the bypass paths can be
used at the time of operation conditions under which the
temperature and the pressure in the housings and the
temperature of the refrigerant discharged from the com-
pressors may exceed an upper limit if injection is per-
formed by using only the gas injection circuits.

[0027] Thatis, itis possible to preventthe temperature
of the refrigerant discharged from the compressors from
being excessive or to prevent the temperatures or the
internal pressures of the housings from being excessive
while securing a necessary injection amount as a whole
including injection of a low-temperature refrigerant
through the bypass paths.

[0028] Since the refrigerant, of which the density is
higher than that of the gas refrigerant flowing in the gas
injection circuits, flows in the bypass paths according to
the presentinvention, as the bypass valve, a valve having
a bore diameter smaller than that of a flow regulation
valve, which is provided in the gas injection circuits in a
case of increasing and decreasing the flow rates of the
gas injection circuits, can be used. Therefore, it is pos-
sible to suppress the cost of the valve.

Brief Description of Drawings

[0029]
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Fig. 1 is a schematic view illustrating a refrigeration
cycle according to a first embodiment of the present
invention.

Fig. 2 is a schematic view illustrating a refrigeration
cycle according to a second embodiment of the
present invention.

Fig. 3 is a schematic view illustrating a refrigeration
cycle according to a modification example of the
present invention.

Fig. 4 is a schematic view illustrating a refrigeration
cycle according to another modification example of
the present invention.

Fig. 5 is a schematic view illustrating a refrigeration
cycle according to a comparative example of the em-
bodiments of the present invention.

Description of Embodiments

[0030] Hereinafter, embodiments of the presentinven-
tion will be described with reference to drawings.

(First Embodiment)

[0031] Arefrigeration cycle 1 illustrated in Fig. 1 is pro-
vided with a refrigerant circuit 10 which is provided with
two two-stage compressors 11A and 11B (hereinafter,
compressors) connected in parallel, an oil equalization
path 17 that connects the two-stage compressors 11A
and 11B to each other, two gas injection circuits 20A and
20B and two bypass paths 30A and 30B which are pro-
vided corresponding to the two compressors 11A and
11B, and a control unit 40 that controls the operation of
the entire refrigeration cycle 1.

[0032] Reference symbols each of which has "A" add-
ed to the end thereof like 11A, 20A, and 30A correspond
to each other. Similarly, reference symbols each of which
has "B" added to the end thereof like 11B, 20B, and 30B
correspond to each other.

[0033] The refrigeration cycle 1 according to the
present embodiment can be used for, for example, a re-
frigeration device, an air conditioner, and a water heater.
[0034] The control unit 40 changes the refrigeration
ability by operating only one of the compressors 11A and
11B or two of the compressors 11A and 11B in accord-
ance with a thermal load.

[0035] The refrigerant circuit 10 is configured by se-
quentially connecting the compressors 11A and 11B, a
cooler 12, afirst expansion valve (first pressure-reducing
unit) 13, a gas-liquid separator 14, a second expansion
valve (second pressure-reducing unit) 15, and an evap-
orator 16.

[0036] As a refrigerant circulating in the refrigerant cir-
cuit 10, in the present embodiment, CO,, which is a nat-
ural refrigerant, is used.

[0037] However, other refrigerants such as ammonia,
propane, hydrochlorofluorocarbons (HCFC), hydrofluor-
ocarbons (HFC), and the like can also be used.

[0038] The compressor 11A is provided with a low-
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stage compression mechanism 101, a high-stage com-
pression mechanism 102, an electric motor (not shown)
that drives the compression mechanisms 101 and 102,
and a housing 103A that accommodates the compres-
sion mechanisms 101 and 102 and the electric motor in
an air-tightly sealed state. The compressors 11Aand 11B
are configured such that a compression capability can
be changed in accordance with a rotation speed under
the control of the control unit 40.

[0039] Asthelow-stage compression mechanism 101,
a rotary piston type compression mechanism is adopted
in the present embodiment.

[0040] As the high-stage compression mechanism
102, a scroll type compression mechanism is adopted in
the present embodiment.

[0041] The above configuration is merely an example
and the compression mechanisms 101 and 102 can be
appropriately configured.

[0042] A low-pressure refrigerant that is sucked into
the low-stage compression mechanism 101 in the hous-
ing 103A through a suction port P1 is compressed by the
low-stage compression mechanism 101 until an interme-
diate pressure is reached and is discharged to a space
in the housing 103A which is positioned above the low-
stage compression mechanism 101. A refrigerant that is
discharged to the inside of the housing 103A from the
low-stage compression mechanism 101 and arefrigerant
that is supplied into the housing 103A from the gas in-
jection circuit 20A are sucked by the high-stage compres-
sion mechanism 102. Then, a high-pressure gas refrig-
erant compressed by the high-stage compression mech-
anism 102 is discharged toward the refrigerant circuit 10
from a discharge port P2.

[0043] Here, the "intermediate pressure" refers to a
pressure between the pressure of a refrigerant that is
sucked into the low-stage compression mechanism 101
via the second expansion valve 15 and the evaporator
16 and the pressure of a refrigerant that is discharged
from the high-stage compression mechanism 102. With
the "intermediate pressure" as a standard, a relatively
low pressure will be referred to as a "low pressure" and
a relatively high pressure will be referred to as a "high
pressure".

[0044] As with the compressor 11A, the compressor
11B is also provided with the low-stage compression
mechanism 101, the high-stage compression mecha-
nism 102, the electric motor (not shown) that drives the
compression mechanisms 101 and 102, and a housing
103B that accommodates the compression mechanisms
101 and 102 and the electric motor in an air-tightly sealed
state.

[0045] Inabottom portionineach of the housings 103A
and 103B of the compressors 11A and 11B, lubricating
oil to be supplied to the compression mechanisms 101
and 102 or a sliding portion such as a bearing or the like
of the electric motor is stored. In order to secure a relia-
bility by sufficiently supplying the lubricating oil to the
sliding portion, it is necessary that a predetermined
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amount of lubricating oil is present in the housings 103A
and 103B.

[0046] The lubricating oil in the housings 103A and
103Bisdischarged from the insides of the housings 103A
and 103B in a state of being mixed into refrigerants in
the housings 103A and 103B and returns to the insides
of the housings 103A and 103B after circulating in the
refrigerant circuit 10.

[0047] In order to secure a sufficient reliability, an oil
returning mechanism that separates the lubricating oil
from a refrigerant discharged from the high-stage com-
pression mechanism 102 and returns the lubricating oil
to the housings 103Aand 103B is provided as necessary.
[0048] Even in a case where the same amounts of lu-
bricating oil are present in the housings 103A and 103B
of the compressors 11A and 11B at a time when the op-
eration of the compressors 11A and 11B is started, the
amounts of lubricating oil in the housings 103A and 103B
of the compressors 11A and 11B become uneven as the
operation continues.

[0049] The unevenness is caused by a difference in
discharging amount attributable to an individual differ-
ence between the compressors 11A and 11B or a differ-
ence in resistance of the oil returning mechanism.
[0050] In order to move the lubricating oil between the
housing 103A of the compressor 11A and the housing
103B of the compressor 11B and to secure a necessary
amount of lubricating oil in each of the housings 103A
and 103B, the housings 103A and the 103B are connect-
ed to each other by the oil equalization path 17.

[0051] The oil equalization path 17 connects the inside
ofthe housing 103A of the compressor 11A and the inside
of the housing 103B of the compressor 11B to each other
near the bottom portions of the housings 103A and the
103B.

[0052] The oil equalization path 17 is provided with an
oil equalization valve 171 that opens and closes the oil
equalization path 17.

[0053] The oil equalization valve 171 is opened at the
time of an oil equalization operation of the refrigeration
cycle 1 which is performed at an appropriate time. At the
time of an operation other than the oil equalization oper-
ation, the oil equalization valve 171 is closed.

[0054] In order to acquire a pressure difference that is
needed to move the lubricating oil between the housings
103A and 103B of the compressors 11A and 11B through
the oil equalization path 17 at the time of the oil equali-
zation operation, inthe presentembodiment, itis possible
to introduce a pressure into the housings 103A and 103B
through each of the bypass paths 30A and 30B which
will be described later.

[0055] Meanwhile, in the presentembodiment, the first
expansion valve 13, the gas-liquid separator 14, and the
second expansion valve 15 are disposed between the
cooler 12 and the evaporator 16. High-temperature high-
pressure gas refrigerants discharged from the compres-
sors 11A and 11B are liquefied through heat dissipation
in the cooler 12. A liquid refrigerant flowing out from the
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cooler 12 is brought into a gas-liquid two-phase state
through pressure reduction in the first expansion valve
13 and is subject to gas-liquid separation in the gas-liquid
separator 14. A gas refrigerant in the gas-liquid separator
14 is supplied to between the low-stage compression
mechanism 101 and the high-stage compression mech-
anism 102 of each of the housings 103A and 103B of the
compressors 11A and 11B through the gas injection cir-
cuits 20A and 20B.

[0056] In the present embodiment, an intermediate-
pressure gas refrigerant branches into the gas injection
circuit 20A and the gas injection circuit 20B after being
extracted from the inside of the gas-liquid separator 14
through a pipe 20 shared by the gas injection circuits 20A
and 20B.

[0057] In the refrigeration cycle 1, a low-temperature
intermediate-pressure gas refrigerant is supplied to be-
tween the low-stage compression mechanism 101 and
the high-stage compression mechanism 102 through the
gas injection circuits 20A and 20B for the purpose of sup-
pressing the temperature of refrigerants discharged from
the compressors 11A and 11B, improving a compressing
efficiency, and reducing the internal pressures of the
housings 103A and 103B.

[0058] An injection gas refrigerant extracted from the
gas-liquid separator 14 to the gas injection circuits 20A
and 20B is not subject to pressure reduction caused by
the second expansion valve 15 and heat absorption
caused by the evaporator 16.

[0059] The pressure oftheinjection gasrefrigerant cor-
responds to the intermediate pressure. Since the tem-
perature of the injection gas refrigerant is lower than the
temperatures of refrigerants in the housings 103A and
103B, when the injection gas refrigerant gas is sucked
and compressed by the high-stage compression mech-
anism 102 along with the refrigerants in the housings
103A and 103B, the temperature of a refrigerant dis-
charged from the high-stage compression mechanism
102 is suppressed.

[0060] Particularly, injection of an intermediate-pres-
sure low-temperature refrigerant is effective in a case
where CO,, which results in a high possibility of an in-
crease in maximum temperature and maximum pressure
of a refrigerant in the refrigeration cycle 1, is used as a
refrigerant.

[0061] In consideration of a temperature at which elec-
tric motor coils in the housings 103A and 103B can be
used, quality maintenance of the lubricating oil, the effi-
ciency of the refrigeration cycle, and the like, itis neces-
sary to suppress the temperature and the pressure in the
housings 103A and 103B and the temperature of a dis-
charged refrigerant to be equal to or lower than allowable
limits by means of injection of an intermediate-pressure
low-temperature refrigerant. Therefore, it is necessary to
secure an injection amount (injection flow rate) of a pre-
determined level or more.

[0062] Next, the bypass paths 30A and 30B, which are
the main features of the present embodiment, will be de-
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scribed.

[0063] The bypass paths 30A and 30B connect the
cooler 12, the first expansion valve 13, and the corre-
sponding gas injection circuits 20A and 20B to each oth-
er.

[0064] Since the bypass paths 30A and 30B are pro-
vided, a refrigerant passing through the cooler 12 flows
into the gas injection circuits 20A and 20B without pass-
ing through (while bypassing) the first expansion valve
13 and the gas-liquid separator 14 and is supplied to
between the low-stage compression mechanism 101 and
the high-stage compression mechanism 102 in each of
the housings 103A and 103B through the gas injection
circuits 20A and 20B.

[0065] The bypass paths 30A and 30B are provided in
the refrigeration cycle 1 for the purpose of achieving a
pressure difference between the housings 103A and
103B which is needed for oil equalization while satisfying
the temperature of a discharged refrigerant, the internal
pressures of the housings 103A and 103B, and a cycle
efficiency by securing a necessary injection amount.
[0066] The temperature of a bypass refrigerant that is
extracted from between the cooler 12 and the first ex-
pansion valve 13 to the bypass paths 30A and 30B is low
since the bypass refrigerant passes through the cooler
12. Inaddition, since the bypass refrigerant does not pass
through the first expansion valve 13, the bypass refrig-
erant is in a liquid state or a liquid-phase-dominant state
and the pressure thereof is higher than that of a gas re-
frigerant extracted from the inside of the gas-liquid sep-
arator 14 to the gas injection circuits 20A and 20B. It is
possible to achieve a pressure difference for causing the
lubricating oil to move between the housings 103A and
103B with the temperature of the discharged refrigerant
and the internal pressures of the housings 103A and
103B being suppressed to be equal to or lower than al-
lowable values by supplying the bypass refrigerant into
the housings 103A and 103B.

[0067] The amount of low-temperature refrigerants
supplied into the housings 103A and 103B through the
bypass paths 30A and 30B is smaller than that of gas
that is discharged into the housings 103A and 103B by
the low-stage compression mechanisms 101 and the
low-temperature refrigerants are evaporated when being
mixed with the discharged gas and are sucked into the
high-stage compression mechanism 102.

[0068] Since the bypass refrigerant, of which the pres-
sure is higher than that of the gas refrigerant extracted
from the gas-liquid separator 14, flows thereinto, the gas
injection circuit 20A is provided with a check valve 21A
and the gas injection circuit 20B is provided with a check
valve 21B. Since the check valves 21A and 21B are pro-
vided, it is possible to prevent a backward flow of refrig-
erants that respectively flow in the gas injection circuits
20A and 20B toward the housings 103A and 103B.
[0069] The bypass path 30A is provided with a bypass
flow regulation valve (bypass valve) 31A that can perform
flow rate adjustment and the bypass path 30B is provided
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with a bypass flow regulation valve (bypass valve) 31B
that can perform flow rate adjustment.

[0070] Itis possible to apply a pressure difference be-
tween the housings 103A and 103B by manipulating the
opening degree of each of the bypass flow regulation
valves 31A and 31B with the control unit 40 at the time
of the oil equalization operation such that the pressure
in each of the housings 103A and 103B of the compres-
sors 11A and 11B is changed.

[0071] Hereinafter, the operation and effect of the by-
pass paths 30A and 30B in the present embodiment will
be described via comparison with a case (comparative
example) where the flow rate of a gas refrigerant extract-
ed from the inside of the gas-liquid separator 14 to the
gas injection circuits 20A and 20B is adjusted.

[0072] The comparative example is a refrigeration cy-
cle illustrated in Fig. 5.

[0073] Intherefrigeration cycle illustrated in Fig. 5, the
gas injection circuit 20A is provided with a flow regulation
valve 91A and the gas injection circuit 20B is provided
with a flow regulation valve 91B.

[0074] It will be assumed that a pressure difference
needed for the oil equalization is applied between the
housings 103A and 103B by controlling the opening de-
gree of each of the flow regulation valves 91A and 91B
at the time of the oil equalization operation by means of
a control unit 90.

[0075] The pressure in each of the housings 103A and
103B is changed based on the flow rates of gas refriger-
ants flowing in the gas injection circuits 20A and 20B,
which correspond to the opening degrees of the flow reg-
ulation valves 91A and 91B.

[0076] For example, when a flow rate is decreased by
the flow regulation valve 91A, the pressure in the housing
103A of the compressor 11A becomes relatively small
and the flow rate is increased by the flow regulation valve
91B, the pressure in the housing 103B of the compressor
11B becomes relatively large. In this case, the lubricating
oil moves through the oil equalization path 17 in accord-
ance with a pressure difference between the housings
103A and 103B of the compressors 11A and 11B.
[0077] Inthe comparative example, in order to realize
a pressure difference between the housings 103A and
103B which is needed for the oil equalization, it is nec-
essary to make the flow rates of injection refrigerants
supplied to the housings 103A and 103B of the compres-
sors 11A and 11B different from each other. Therefore,
it is necessary to decrease the flow rate of a gas refrig-
erant flowing in one of the plurality of gas injection circuits
20A and 20B and there is a possibility thatitis not possible
to secure a necessary injection amount with respect to
the compressor 11A in which the flow rate is decreased.
[0078] Unlike the above-described comparative exam-
ple, in the present embodiment (Fig. 1), there is no dif-
ference between the flow rates of gas refrigerants ex-
tracted from the inside of the gas-liquid separator 14 to
the gas injection circuits 20A and 20B and a pressure
difference is applied between the housings 103A and
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103B by means of a difference between the flow rates in
the bypass paths 30A and 30B which are adjusted by the
bypass flow regulation valves 31A and 31B.

[0079] The flow rate of a refrigerant extracted to the
bypass paths 30A and 30B only have to reach a limit
necessary for moving the lubricating oil between the
housings 103A and 103B.

[0080] As described above, since a refrigerant that is
extracted from between the cooler 12 and the first ex-
pansion valve 13 to the bypass paths 30A and 30B is in
a liquid state or a liquid-phase-dominant state and the
pressure thereof is higher than that of a gas refrigerant
extracted from the inside of the gas-liquid separator 14
as described above, a pressure difference between the
housings 103A and 103B, which is needed to move the
lubricating oil in the oil equalization path 17, can be se-
cured by extracting a slight amount of the refrigerant to
the bypass paths 30A and 30B, the pressure difference
being maximized when one of the bypass flow regulation
valves 31A and 31B is fully opened and the other of the
bypass flow regulation valves 31A and 31B is fully closed.
[0081] In addition, since a refrigerant flowing in the by-
pass paths 30A and 30B is in a liquid state or a liquid-
phase-dominant state and the density thereof is higher
than that of a gas refrigerant, as the bypass flow regula-
tion valves 31A and 31B of the bypass paths 30A and
30B, a valve having a bore diameter smaller than that of
the flow regulation valves 91A and 91B (Fig. 5) of the
gas injection circuits 20A and 20B can be used. There-
fore, inthe presentembodiment, itis possible to suppress
the cost of a flow regulation valve in comparison with the
comparative example.

[0082] Control performed by the control unit 40 at the
time of the oil equalization operation will be described.
[0083] When the refrigeration cycle 1 is continuously
operated for a long period of time and an appropriate
timing, at which the amount of lubricating oil in the hous-
ing 103A of the compressor 11A and the amount of lu-
bricating oil in the housing 103B of the compressor 11B
may be uneven, is reached, the control unit 40 causes
the refrigeration cycle 1 to perform the oil equalization
operation.

[0084] The control unit40 according to the present em-
bodiment causes the refrigeration cycle 1 to perform the
oil equalization operation by adding up the amounts of
lubricating oil flowing out from the insides of the housings
103A and 103B in accordance with operation conditions
and estimating how the amounts of lubricating oil in the
housings 103A and 103B are uneven. Specifically, the
oil equalization valve 171 is opened and the opening de-
grees of the bypass flow regulation valves 31A and 31B
are set. The added up amount of lubricating oil flowing
out is reset each time the oil equalization operation is
performed.

[0085] The oil equalization operation may be per-
formed each time a predetermined operation continua-
tion time elapses.

[0086] A pressure difference corresponding to a direc-
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tion in which the lubricating oil moves from the inside of
the housing 103A of the compressor 11A to the inside of
the housing 103B of the compressor 11B and a pressure
difference corresponding to a direction in which the lu-
bricating oil moves from the inside of the housing 103B
of the compressor 11B to the inside of the housing 103A
of the compressor 11A, which is opposite to the above-
described pressure difference, are applied to the hous-
ings 103A and 103B of the compressors 11A and 11B.
In this case, it is possible to equalize the amounts of
lubricating oil in the housings 103A and 103B even if it
is unclear which of the housings 103A and 103B of the
compressors 11A and 11B has a larger amount of lubri-
cating oil therein and it is unclear which of the housings
103A and 103B has a smaller amount of lubricating oil
therein.

[0087] Therefore, first, the control unit 40 sets the
opening degrees of the bypass flow regulation valves
31A and 31B such that the opening degree of the bypass
flow regulation valve 31A becomes larger than the open-
ing degree of the bypass flow regulation valve 31B in
order that "the pressure in the housing 103A of the com-
pressor 11A > the pressure in the housing 103B of the
compressor 11B" is satisfied. Thereafter, the opening de-
grees of the bypass flow regulation valves 31A and 31B
are set such that the opening degree of the bypass flow
regulation valve 31B becomes larger than the opening
degree of the bypass flow regulation valve 31A in order
that "the pressure in the housing 103A of the compressor
11A < the pressure in the housing 103B of the compres-
sor 11B" is satisfied.

[0088] In this case, the amounts of lubricating oil in the
housings 103A and 103B of the compressors 11A and
11B are equalized regardless of how the amounts of lu-
bricating oil in the housings 103A and 103B are uneven
before the oil equalization operation.

[0089] Note that, in the present embodiment, it is also
allowable to contribute to realization of a pressure differ-
ence between the housings 103A and 103B by increasing
the rotation speed of any of the compressors 11A and
11B and increasing the pressure loss of a refrigerant
sucked and discharged.

[0090] Meanwhile, when the bypass flow regulation
valve 31A or the bypass flow regulation valve 31B is
open, since the corresponding bypass paths 30A and
30B are open, a low-temperature refrigerant extracted
from between the cooler 12 and the first expansion valve
13 is supplied into the housings 103A and 103B through
the bypass paths 30A and 30B which are open. A low-
temperature gas refrigerant is supplied into the housings
103A and 103B through the gas injection circuits 20A
and 20B and in addition to the low-temperature gas re-
frigerant, a low-temperature refrigerant is supplied in sur-
plus into the housings 103A and 103B through the bypass
paths 30A and 30B which are open.

[0091] Therefore, the bypass paths 30A and 30B can
be used at the time of operation conditions under which
the temperature and the pressure in the housings 103A
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and 103B and the temperature of arefrigerant discharged
fromthe compressors 11A and 11B may exceed an upper
limit if gas injection is performed by using only the gas
injection circuits 20A and 20B.

[0092] The control unit 40 in the present embodiment
controls the opening degrees of the bypass flow regula-
tion valves 31A and 31B to perform injection of a low-
temperature refrigerant through the bypass paths 30A
and 30B even at a time other than the time of the oil
equalization operation.

[0093] When controlling the opening degrees of the
bypass flow regulation valves 31A and 31B, the control
unit 40 uses the temperature of refrigerants discharged
from the compressors 11A and 11B as an index.
[0094] For this reason, the refrigerant circuit 10 is pro-
vided with a temperature sensor (discharge temperature
sensor) 32A that measures the temperature of a refrig-
erant discharged from the compressor 11A and a tem-
perature sensor (discharge temperature sensor) 32B that
measures the temperature of a refrigerant discharged
from the compressor 11B.

[0095] Hereinafter, the temperatures of refrigerants
discharged from the compressors 11A and 11B will be
referred to as "discharge temperatures".

[0096] Asillustrated in Fig. 1, the control unit 40 is pro-
vided with a discharge temperature acquiring unit 41 that
acquires discharge temperatures from the temperature
sensors 32A and 32B, a determination unit 42 that de-
termines whether the discharge temperatures measured
by the temperature sensors 32A and 32B exceed prede-
termined threshold values or not, and an opening degree
setting unit 43 that sets the opening degrees of the by-
pass flow regulation valves 31A and 31B in accordance
with the result of the determination performed by the de-
termination unit 42.

[0097] The flow of control performed by the control unit
40 will be described.

[0098] The discharge temperature acquiring unit 41 of
the control unit 40 acquires discharge temperatures
measured by the temperature sensors 32A and 32B.
[0099] Next, the determination unit 42 of the control
unit 40 determines whether the acquired discharge tem-
peratures of the compressors 11A and 11B respectively
exceed the predetermined threshold values.

[0100] Then, ina case where a discharge temperature
exceeds the threshold value, the opening degree setting
unit 43 of the control unit 40 causes a bypass flow reg-
ulation valve (one or both of 31A and 31B) of a bypass
path connected to a housing (one or both of 103A and
103B) of a compressor corresponding to the discharge
temperature exceeding the threshold value to be opened
to a predetermined opening degree.

[0101] For example, in a case where the discharge
temperature of the compressor 11A exceeds the thresh-
old value, the opening degree setting unit 43 causes the
bypass flow regulation valve 31A to be opened such that
alow-temperature refrigerant is supplied into the housing
103A of the compressor 11A. Since the refrigerant is
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compressed by the high-stage compression mechanism
102 along with a refrigerant in the housing 103A, the dis-
charge temperature of the compressor 11A is sup-
pressed.

[0102] In addition, in a case where the discharge tem-
perature of the compressor 11B exceeds the threshold
value, the opening degree setting unit 43 causes the by-
pass flow regulation valve 31B to be opened such that a
low-temperature refrigerant is supplied into the housing
103B of the compressor 11B and thus the discharge tem-
perature of the compressor 11B is suppressed.

[0103] It is preferable that larger opening degrees of
the bypass flow regulation valves 31A and 31B are set
as a deviation between a threshold temperature and the
discharge temperatures becomes larger. In this case, it
is possible to quickly suppress the discharge tempera-
tures to be equal to or lower than the threshold values.
[0104] Inacasewherethe discharge temperatures are
equal to or lower than the threshold values, it is not nec-
essary to open the bypass flow regulation valves 31A
and 31B to suppress the discharge temperatures.
[0105] Itis possible to suppress the temperatures and
internal pressures of the housings 103A and 103B to be
equal or lower than allowable values as with the dis-
charge temperatures by controlling the opening degrees
of the bypass flow regulation valves 31A and 31B by us-
ing the discharge temperatures as described above.
[0106] Itis also possible to control the bypass flow reg-
ulation valves 31A and 31B by using a detected value
such as the temperatures or the internal pressures or the
like of the housings 103A and 103B instead of the dis-
charge temperatures or at a predetermined opening de-
gree that is determined corresponding to the operation
conditions.

[0107] As described above, in the present embodi-
ment, a refrigerant of which the pressure is higher than
that of agas refrigerant, which is extracted from the inside
of the gas-liquid separator 14 and is supplied into the
housings 103A and 103B, is supplied into the housings
103A and 103B through the bypass paths 30A and 30B
and the flow rates of refrigerants flowing in the bypass
paths 30A and 30B are made different from each other
with the opening degrees of the bypass flow regulation
valves 31A and 31B being controlled.

[0108] According to this configuration, at the time of
the oil equalization operation, it is possible to achieve oil
equalization by applying a pressure difference between
the housings 103A and 103B of the compressor 11A and
the compressor 11B.

[0109] In addition, even at a time other than the time
of the oil equalization operation, it is possible to prevent
the temperatures of refrigerants discharged from the
compressors 11A and 11B from being excessive or to
prevent the temperatures or internal pressures of the
housings 103A and 103B from being excessive while se-
curing a necessary refrigerant injection amount as a
whole obtained by combining injection of a low-temper-
ature refrigerant through the bypass paths 30A and 30B
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and injection of a gas refrigerant through the gas injection
circuits 20A and 20B.

[0110] In the present embodiment, it is possible to ad-
just the flow rates of refrigerants flowing in the bypass
paths 30A and 30B in accordance with the discharge
temperatures of the compressors 11A and 11B by using
the bypass flow regulation valves 31A and 31B. There-
fore, for example, it is possible to appropriately control
the discharge temperatures as in a case of controlling
the bypass flow regulation valves 31A and 31B such that
the opening degrees become larger as a deviation be-
tween the threshold values and the discharge tempera-
tures becomes larger in order to quickly suppress the
discharge temperature deviating from the threshold val-
ue to be equal to or lower than the threshold value.
[0111] Furthermore, in the present embodiment, pipes
for injection are integrated into one pipe at a position
downstream of flowing-in positions of the bypass paths
30A and 30B to the gas injection circuits 20A and 20B
and one injection port P3 for receiving an injection refrig-
erant may be provided for each of the housings 103A
and 103B. Therefore, itis possible to suppress the weight
or the cost in comparison with a case where the gas in-
jection circuit 20A and the bypass path 30A (or gas in-
jection circuit 20B and bypass path 30B) are individually
configured.

[0112] Instead ofthe bypassflow regulationvalves 31A
and 31B, on-off valves also can be used. For example,
it is possible to realize the same function as the flow reg-
ulation valves by intermittently turning on and off the on-
off valves respectively disposed in the bypass paths 30A
and 30B and changing the proportion of a turned-on time
per unit time or by providing a plurality of on-off valves
in parallel in each of the bypass paths 30A and 30B and
changing the ratio between the number of on-off valves
turned on and the number of on-off valves turned off.

(Second Embodiment)

[0113] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 2.
[0114] Inthe second embodiment, a more basic circuit
for supplying a refrigerant of which the temperature is
lower than that of an injection gas refrigerant to the hous-
ings 103A and 103B of the compressors 11A and 11B is
illustrated.

[0115] In arefrigeration cycle 2 illustrated in Fig. 2, the
bypass paths 30A and 30B are not connected to the gas
injection circuits 20A and 20B and are directly connected
to the insides of the housings 103A and 103B.

[0116] Since the check valves 21A and 21B are pro-
vided in the gas injection circuits 20A and 20B, a back-
ward flow of refrigerants in the gas injection circuits 20A
and 20B is prevented. Even in the case of a configuration
illustrated in Fig. 2, it is possible to achieve a pressure
difference between the housings 103A and 103B which
is needed for oil equalization by making the flow rates of
refrigerants flowing in the bypass paths 30A and 30B
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different from each other by controlling the opening de-
grees of the bypass flow regulation valves 31A and 31B
with the control unit 40.

[0117] In addition, even under severe operation con-
ditions against allowable values of the discharge temper-
atures, itis possible to secure an injection amount need-
ed for preventing overheating with injection refrigerants
supplied into the housings 103A and 103B through the
bypass paths 30A and 30B.

[0118] A-refrigeration cycle 3 illustrated in Fig. 3 is pro-
vided with a pressure sensor 33A that measures the pres-
sure of an injection refrigerant flowing into the injection
port P3 of the housing 103A of the compressor 11A and
a pressure sensor 33B that measures the pressure of an
injection refrigerant flowing into the injection port P3 of
the housing 103B of the compressor 11B.

[0119] Based on the pressures measured by the pres-
sure sensors 33A and 33B, the control unit 40 can control
the opening degrees of the bypass flow regulation valves
31A and 31B such that a necessary and sufficient differ-
ence is generated between the flow rates of refrigerants
flowing in the bypass paths 30A and 30B. In this case, it
is possible to reliably achieve a pressure difference be-
tween the housings 103A and 103B which is needed for
oil equalization.

[0120] In addition, in order to more appropriately con-
trol the discharge temperatures or the like of the com-
pressors 11A and 11B, the control unit 40 can control the
opening degrees of the corresponding bypass flow reg-
ulationvalves 31A and 31B by using pressures measured
by the pressure sensors 33A and 33B in addition to dis-
charge temperatures measured by the temperature sen-
sors 32A and 32B.

[0121] In the refrigeration cycle 2 illustrated in Fig. 2,
the pressure sensors 33A and 33B may be provided in
the vicinity of injection ports P3’ into which injection re-
frigerants from the bypass paths 30A and 30B flow. Even
in this case, it is possible to control the opening degrees
of the bypass flow regulation valves 31A and 31B with
the control unit 40 by using pressures measured by the
pressure sensors 33A and 33B.

[0122] In addition to the above, the configurations de-
scribed in the above embodiment can be selectively
adopted or appropriately changed to other configurations
without departing from the gist of the present invention.
[0123] Instead ofthe bypass flowregulation valves 31A
and 31B of the refrigeration cycle 1in Fig. 1, on-off valves
can be used. For example, it is possible to apply a pres-
sure difference which is needed for movement of lubri-
cating oil between the housings 103A and 103B of the
compressors 11A and 11B by opening an on-off valve
corresponding to the bypass path 30A and closing an on-
off valve corresponding to the bypass path 30B with the
control unit 40.

[0124] In addition, it is possible to prevent discharge
temperatures or the like from exceeding limits thereof by
opening an on-off valve of a bypass path corresponding
to a compressor of which the discharge temperature ex-
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ceeds a threshold value in a case where discharge tem-
peratures from the compressors 11A and 11B exceed
threshold values.

[0125] The refrigeration cycle in the present invention
is adequate for an object thereof as long as at least oil
equalization between the housings 103A and 103B of
the compressors can be achieved with an injection
amount being secured. A limit on the discharge temper-
ature may not be necessary in the case of a compressor
operated ata constant speed and in view point of a press-
ing amount.

[0126] Therefore, in arefrigeration cycle of the present
invention, a bypass valve can be provided only for a by-
pass path that needs a change in refrigerant flow rate
from among the bypass paths 30A and 30B correspond-
ing to the housings of the plurality of compressors and a
bypass valve may not be provided for each of the bypass
paths 30A and 30B.

[0127] For example, as in the case of a refrigeration
cycle 4 illustrated in Fig. 4, it is possible to make the flow
rates of refrigerants flowing in the bypass paths 30A and
30B different from each other by making the bore diam-
eters of the bypass paths 30A and 30B different from
each other and to provide an on-off valve 35 only for one
bypass path 30A with a large flow rate.

[0128] In the above-described configuration, it is pos-
sible to apply a pressure difference for oil equalization
between the housings 103A and 103B by opening the
on-off valve 35 or closing the on-off valve 35.

[0129] Although each of the above-described refriger-
ation cycles 1, 2, and 3 is configured to include two com-
pressors 11A and 11B connected in parallel, each of the
above-described refrigeration cycles may be configured
to include three or more compressors connected in par-
allel. Even in this case, housings of the plurality of com-
pressors are connected to each other through an oil
equalization path. In addition, the opening degree of a
bypass valve of a bypass path provided for each com-
pressor is controlled. For example, when a bypass valve
corresponding to one of the three compressors is opened
to a predetermined opening degree and bypass valves
corresponding to the remaining two compressors are
closed, lubricating oil can move from a housing in which
the pressure is relatively high to a housing in which the
pressure is relatively low.

Reference Signs List
[0130]

1, 2, 3, 4 refrigeration cycle

10 refrigerant circuit

11A, 11B compressor (multistage compressor)

12 cooler

13 firstexpansion valve (first pressure-reducing unit)
14 gas-liquid separator

15 expansion valve (second pressure-reducing unit)
16 evaporator
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10

17 oil equalization path

20A, 20B gas injection circuit

21A, 21B check valve

30A, 30B bypass path

31A, 31B bypass flow regulation valve (bypass
valve)

32A, 32B temperature sensor (discharge tempera-
ture sensor)

33A, 33B pressure sensor

35 on-off valve

40 control unit

41 discharge temperature acquiring unit
42 determination unit

43 opening degree setting unit

90 control unit

91A, 91B flow regulation valve

101 low-stage compression mechanism
102 high-stage compression mechanism
103A, 103B housing

171 oil equalization valve

P1 suction port

P2 discharge port

P3 injection port

Claims

1.

A refrigeration cycle including a plurality of multi-
stage compressors each of which includes a housing
that accommodates a multistage compression
mechanism including a low-stage compression
mechanism and a high-stage compression mecha-
nism and which are connected in parallel, in which
arefrigerant circuitis configured by sequentially con-
necting the plurality of multistage compressors, a
cooler, a first pressure-reducing unit, a gas-liquid
separator, a second pressure-reducing unit, and an
evaporator, the refrigeration cycle comprising:

an oil equalization path that connects the hous-
ings of the plurality of multistage compressors
to each other;

a plurality of gas injection circuits through which
a gas refrigerant in the gas-liquid separator is
supplied to between the low-stage compression
mechanism and the high-stage compression
mechanism of the housing of the corresponding
multistage compressor;

a plurality of bypass paths through which a re-
frigerant extracted from between the cooler and
the first pressure-reducing unitis supplied to be-
tween the low-stage compression mechanism
and the high-stage compression mechanism of
the housing of the corresponding multistage
compressor;

abypass valve thatis capable of changing a flow
rate of the refrigerant that flows in at least one
of the bypass paths of the plurality of multistage
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Compressors;
acheckvalve thatis provided in the gas injection
circuit and that prevents a backward flow of the
gas refrigerant flowing toward the inside of the
housing; and

a control unit configured to control an opening
degree of the bypass valve.

The refrigeration cycle according to Claim 1,
wherein the refrigerant extracted from between the
cooler and the first pressure-reducing unit flows into
the gas injection circuits through the plurality of by-
pass paths.

The refrigeration cycle according to Claim 1 or 2,
wherein the control unit is configured to control the
opening degree of the bypass valve at least at the
time of an oil equalization operation in which lubri-
cating oil moves between the housings of the plural-
ity of multistage compressors through the oil equal-
ization path.

The refrigeration cycle according to any one of
Claims 1 to 3, further comprising:

a discharge temperature sensor that measures
adischarge temperature, which is a temperature
of a refrigerant discharged from the multistage
compressor,

wherein the control unit is configured to control
the opening degree of the bypass valve by using
the discharge temperature.

The refrigeration cycle according to any one of
Claims 1 to 4,

wherein the bypass valve is a flow regulation valve
that is capable of adjusting the flow rate of the refrig-
erant and is provided for each of the plurality of by-
pass paths.

The refrigeration cycle according to any one of
Claims 1 to 5,

wherein CO, is used as a refrigerant circulating in
the refrigerant circuit.

The refrigeration cycle according to Claim 1, further
comprising:

a pressure sensor that measures the pressure
of the gas refrigerant and/or the refrigerant flow-
ing into the housings of the plurality of multistage
compressors,

wherein the control unit is configured to control
the opening degree of the bypass valve based
on the pressure of the refrigerant measured by
the pressure sensor.

8. The refrigeration cycle according to Claim 1,
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1"

wherein the plurality of bypass paths are directly con-
nected to the insides of the housings of the plurality
of multistage compressors, respectively.

The refrigeration cycle according to Claim 1,
wherein the bypass valve is provided for at least one
of the plurality of the bypass paths.
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