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(54) REFRIGERATION CYCLE APPARATUS
(57) A refrigeration cycle apparatus (1) includes a
compressor group (3), a four-way valve (5), a first heat
exchanger (7), an expansion valve (9), a second heat
exchanger (11), an accumulator (13), and an oil storage
(15). The oil storage (15) is connected to the discharge
side of the compressor group (3) via a discharge gas

bypass pipe (17) provided with a first solenoid valve (19).
The oil storage (15) is connected to the accumulator (13)
via a first oil bypass piping (21) provided with a second
solenoid valve (23). The oil storage (15) is connected to
the compressor group (3) via a second oil bypass pipe
(25) provided with a third solenoid valve (27).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
cycle apparatus, and more particularly to a refrigeration
cycle apparatus including a compressor group in which
a plurality of compressors are connected in parallel.

BACKGROUND ART

[0002] Conventionally, a refrigeration cycle apparatus
is provided with a refrigerant circuit in which refrigerant
is circulated by a plurality of compressors. In such a re-
frigeration cycle apparatus, when the refrigerant is being
circulated in the refrigerant circuit, the amount of ail in
one compressor and the amount of oil in another com-
pressor may become unequal. For example, when the
amount of oil is insufficient in one compressor, the com-
pressor may suffer from galling.

[0003] In order to prevent the problem from occurring,
it is known to utilize the difference between the oil level
of one compressor and the oil level of another compres-
sor to supply the oil in one compressor with more oil to
another compressor with less oil so as to equalize the
amount of oil in each compressor. PTL 1 discloses such
a refrigeration cycle apparatus.

CITATION LIST
PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No.
2007-139215 (Japanese Patent No. 4130676)

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0005] In a refrigeration cycle apparatus, when a re-
frigerator is in a transient operation, for example, when
the refrigerator is started or restarted after defrosting, the
refrigerant may not be sufficiently gasified, and thereby,
the refrigerant containing liquid state refrigerant (liquid
refrigerant) may be sucked into the compressor. This
phenomenon is called a liquid back.

[0006] Suppose that a liquid back has occurred in one
compressor. Thus, the liquid refrigerant is fed into the
one compressor together with oil, the actual amount of
oil in the compressor is reduced, which lowers the con-
centration of the oil. When the oil level of the one com-
pressor is substantially the same as the oil level of the
other compressors, despite that the one compressor has
a lower oil concentration, and no oil will be supplied from
the other compressors, the one compressor may suffer
from galling.

[0007] The presentinvention has been made to solve
the above problem, and an object thereof is to provide a
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refrigeration cycle apparatus capable of preventing a
compressor from suffering from galling even when a lig-
uid back occurs.

SOLUTION TO PROBLEM

[0008] The refrigeration cycle apparatus according to
the present invention is provided with a refrigerant circuit
which is formed by connecting a compressor group in
which a plurality of compressors including a first com-
pressor and a second compressor are connected in par-
allel, a four-way valve, a condenser, an expansion valve,
an evaporator, and an accumulator via a refrigerant pipe,
and further includes an oil storage. The oil storage is
connected to the discharge side of the compressor group
via a first on-off valve, connected to the accumulator via
a second on-off valve, and connected to the suction side
of the compressor group via a third on-off valve.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the refrigeration cycle apparatus
of the present invention, when a liquid back occurs, the
oil stored in the oil storage is fed to the compressor group,
which makes it possible to prevent the compressor group
from suffering from galling.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1 is a diagram illustrating a structure including
a refrigerant circuit of a refrigeration cycle apparatus
including a compressor group according to an em-
bodiment;

Fig. 2 is a diagram for explaining a position relation-
ship of an accumulator, an oil storage, and a com-
pressor group in the refrigeration cycle apparatus
according to an embodiment;

Fig. 3 is a diagram for explaining the flow of refrig-
erant when the refrigeration cycle apparatus accord-
ing to an embodiment is performing a cooling oper-
ation;

Fig. 4 is a diagram for explaining the flow of refrig-
erant when the refrigerating cycle apparatus accord-
ing to an embodiment is performing a heating oper-
ation;

Fig. 5 is a flowchart illustrating the normal operation
of the refrigeration cycle apparatus according to an
embodiment;

Fig. 6 is a flowchart illustrating the operations of the
refrigeration cycle apparatus according to an em-
bodiment when a liquid back occurs;

Fig. 7 is a diagram illustrating a configuration of a
refrigeration cycle apparatus according to a compar-
ative example;

Fig. 8 is a first diagram for explaining the operations
of the refrigeration cycle apparatus according to the
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comparative example;

Fig. 9 is a second diagram for explaining the opera-
tions of the refrigeration cycle apparatus according
to the comparative example;

Fig. 10is a first diagram for explaining the operations
of the refrigeration cycle apparatus according to an
embodiment when a liquid back occurs;

Fig. 11 is a second diagram for explaining the oper-
ations of the refrigeration cycle apparatus according
to an embodiment when a liquid back occurs;

Fig. 12 is a first diagram for explaining an operation
for fully filling an oil storage in the refrigeration cycle
apparatus according to an embodiment with oil;
Fig. 13 is a second diagram for explaining an oper-
ation for fully filling an oil storage in the refrigeration
cycle apparatus according to an embodiment with oil;
Fig. 14 is a first diagram for explaining an oil equal-
izing operation for equalizing the amount of oil in the
compressor group of the refrigeration cycle appara-
tus according to an embodiment;

Fig. 15 is a second diagram for explaining an oil
equalizing operation for equalizing the amount of oil
in the compressor group of the refrigeration cycle
apparatus according to an embodiment; and

Fig. 16 is a diagram illustrating a partial structure of
a refrigeration cycle apparatus according to a mod-
ification of an embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] A refrigeration cycle apparatus according to an
embodiment will be described. First, the basic compo-
nents of the refrigeration cycle apparatus will be de-
scribed. As illustrated in Fig. 1, the refrigeration cycle
apparatus 1 includes a compressor group 3, a four-way
valve 5, a first heat exchanger 7, an expansion valve 9,
a second heat exchanger 11, and an accumulator 13 as
the basic components. In the refrigeration cycle appara-
tus 1, the second heat exchanger 11 is a water heat ex-
changer.

[0012] The compressor group 3, the four-way valve 5,
the first heat exchanger 7, the expansion valve 9, the
second heat exchanger 11, and the accumulator 13 are
connected in this order via a refrigerant pipe 50 to form
a refrigerant circuit. The compressor group 3 is connect-
ed to the four-way valve 5 via a refrigerant pipe 51 (50).
The four-way valve 5 is connected to the first heat ex-
changer 7 via a refrigerant pipe 52 (50). The first heat
exchanger 7 is connected to the expansion valve 9 via a
refrigerant pipe 53 (50).

[0013] The expansion valve 9 is connected to the sec-
ond heat exchanger 11 via a refrigerant pipe 54 (50). The
second heat exchanger 11 is connected to the four-way
valve 5 via a refrigerant pipe 55 (50). The four-way valve
5 is connected to the accumulator 13 via a refrigerant
pipe 56 (50). The accumulator 13 is connected to the
compressor group 3 via a refrigerant pipe 57 (50).
[0014] The compressor group 3 includes a first com-
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pressor 3a and a second compressor 3b. The first com-
pressor 3a and the second compressor 3b are connected
in parallel. The discharge side of the first compressor 3a
is connected to the refrigerant pipe 51 via a refrigerant
pipe 51a. The discharge side of the second compressor
3bis connected to the refrigerant pipe 51 via a refrigerant
pipe 51b. The suction side of the first compressor 3a is
connected to the refrigerant pipe 57 via a refrigerant pipe
57a. The suction side of the second compressor 3b is
connected to the refrigerant pipe 57 via a refrigerant pipe
57b.

[0015] The refrigeration cycle apparatus 1 according
to the embodiment further includes an oil storage 15 con-
figured to supply oil stored therein to the compressor
group 3 (the first compressor 3a and the second com-
pressor 3b). The oil storage 15 is connected to the dis-
charge side of the compressor group 3 via a discharge
gas bypass pipe (first pipe) 17. One end of the discharge
gas bypass pipe 17 is connected to the refrigerant pipe
51 as if it is branched from the refrigerant pipe 51. The
other end of the discharge gas bypass pipe 17 is con-
nected to an upper end of the oil storage 15. The dis-
charge gas bypass pipe 17 is provided with a first sole-
noid valve (first on-off valve) 19.

[0016] The oil storage 15 is connected to the accumu-
lator 13 via a first oil bypass pipe (second pipe) 21. One
end of the first oil bypass pipe 21 is connected to a side
portion of the accumulator 13 close to the bottom face
thereof. The other end of the first oil bypass pipe 21 is
connected to the upper end of the oil storage 15. The
first oil bypass pipe 21 is provided with a second solenoid
valve (second on-off valve) 23.

[0017] The oil storage 15 is connected to the compres-
sor group 3 (the first compressor 3a and the second com-
pressor 3b) via a second oil bypass pipe (third pipe) 25.
The second oil bypass pipe 25 includes a main pipe 25a,
and a first branch pipe 25b and a second branch pipe
25c¢ which are branched from the main pipe 25a.
[0018] The oil storage 15 is connected to the first com-
pressor 3a via the main pipe 25a and the first branch pipe
25b. The first branch pipe 25b is connected to a lower
end of the first compressor 3a. The oil storage 15 is con-
nected to the second compressor 3b via the main pipe
25a and the second branch pipe 25c. The second branch
pipe 25c¢ is connected to a lower end of the second com-
pressor 3b. The main pipe 25a is provided with a third
solenoid valve 27.

[0019] Further, the accumulator 13 is connected to the
compressor group 3 via a first oil pipe (fourth pipe) 31a
and a second oil pipe (fourth pipe) 31b. One end of the
first oil pipe 31a and one end of the second oil pipe 31b
join together as one end of a common oil pipe 31 con-
nected to a lower end of the accumulator 13. The other
end of the first oil pipe 31a is connected to a lower end
of the first compressor 3a. The other end of the second
oil pipe 31b is connected to a lower end of the second
compressor 3b.

[0020] Hereinafter, the position relationship between
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the oil storage 15, the accumulator 13 and the compres-
sor group 3 in the vertical direction (gravity direction) will
be described. As illustrated in Fig. 2, the oil storage 15
is arranged relative to the compressor group 3 in such a
manner that the bottom of the oil stored in the oil storage
15, in other words, the bottom surface of a space for
storing oil in the oil storage 15 is located at a position
with a height H1 from the bottom of the oil in the com-
pressor group 3, in other words, the bottom surface of a
space for storing oil in the compressor group 3, and the
oil level of the oil maximally stored in the oil storage 15
is located at a position with a height H3 from the bottom
of the oil in the compressor group 3. Meanwhile, the ac-
cumulator 13 is arranged relative to the compressor
group 3 in such a manner that the bottom of the oil stored
in the accumulator 13, in other words, the bottom surface
of a space for storing oil in the accumulator 13 is located
at a position with a height H2 from the bottom of the oll
in the compressor group 3, and the height H2 is higher
than the oil level of the oil maximally stored in the oll
storage 15.

[0021] The position relationship of the oil storage 15,
the accumulator 13 and the compressor group 3 is con-
figured so as to facilitate an oil equalizing operation for
equalizing oil in the compressor group 3, an oil returning
operation for returning oil to the compressor group 3
when a liquid back occurs, and an oil filling operation for
fully filling the oil storage 13 with oil when a liquid back
occurs. These operations will be described later.
[0022] Hereinafter, as the normal operation of the re-
frigeration cycle apparatus described above, a cooling
operation thereof will be described with reference to Fig.
3. In Fig. 3, the flow of the refrigerant circulated in the
refrigerant circuit is indicated by the arrows. The high
temperature and high pressure gas refrigerant dis-
charged from the first compressor 3a flows through the
refrigerant pipe 51a. The high temperature and high pres-
sure gas refrigerant discharged from the second com-
pressor 3b flows through the refrigerant pipe 51b. The
refrigerant flowing through the refrigerant pipe 51a and
the refrigerant flowing through the refrigerant pipe 51b
join together and flow through the refrigerant pipe 51.
The refrigerant flowing through the refrigerant pipe 51 is
fed to the first heat exchanger 7 which functions as a
condenser via the four-way valve 5 and the refrigerant
pipe 52.

[0023] In the first heat exchanger 7, heat is exchanged
between the refrigerant and the outside air. Due to the
heat exchange, the gas refrigerant is condensed and lig-
uefied to a high pressure liquid refrigerant. The high pres-
sure liquid refrigerant discharged from the first heat ex-
changer 7 flows through the refrigerant pipe 53, and is
converted by the expansion valve 9 into a two-phase re-
frigerant including a low pressure gas refrigerant and a
liquid refrigerant. The two-phase refrigerant is fed to the
second heat exchanger 11 which functions as an evap-
orator via the refrigerant pipe 54.

[0024] The second heat exchanger 11 is a water heat
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exchanger. In the second heat exchanger 11, heat is ex-
changed between the refrigerant and water. Due to the
heat exchange, the water is cooled, and the liquid refrig-
erant in the two-phase refrigerant is vaporized into a low
pressure gas refrigerant. The low pressure gas refriger-
ant discharged from the second heat exchanger 11 is fed
to the accumulator 13 via the refrigerant pipe 55, the four-
way valve 5 and the refrigerant pipe 56. The oil contained
in the refrigerant is separated in the accumulator 13, and
the separated oil is stored in the accumulator 13.
[0025] The refrigerant separated from the oil flows
through the refrigerant pipe 57 and then flows through
each of the refrigerant pipe 57a and the refrigerant pipe
57b which are branched from the refrigerant pipe 57. The
refrigerant flowing through the refrigerant pipe 57a is fed
to the first compressor 3a where the refrigerant is com-
pressed into a high temperature and high pressure gas
refrigerant and discharged from the first compressor 3a
thereafter. The refrigerant flowing through the refrigerant
pipe 57b is fed to the second compressor 3b where the
refrigerant is compressed into a high temperature and
high pressure gas refrigerant and discharged from the
second compressor 3b thereafter. This cycle is repeated
subsequently.

[0026] Hereinafter, as the normal operation of the re-
frigeration cycle apparatus, a heating operation thereof
will be described with reference to Fig. 4. In Fig. 4, the
flow of the refrigerantis indicated by the arrows. The high
temperature and high pressure gas refrigerant dis-
charged from the first compressor 3a flows through the
refrigerant pipe 51a, and the high temperature and high
pressure gas refrigerant discharged from the second
compressor 3b flows through the refrigerant pipe 51b,
and then join together and flow through the refrigerant
pipe 51. The refrigerant flowing through the refrigerant
pipe 51 is fed to the second heat exchanger 11 (water
heat exchanger) which functions as a condenser via the
four-way valve 5 and the refrigerant pipe 55.

[0027] In the second heat exchanger 11, heat is ex-
changed between the refrigerant and water. Due to the
heat exchange, the water is heated, and the high tem-
perature and high pressure gas refrigerant is condensed
and liquefied to a high pressure liquid refrigerant. The
high pressure liquid refrigerant discharged from the sec-
ond heat exchanger 11 flows through the refrigerant pipe
54, and is converted by the expansion valve 9 into a two-
phaserefrigerantincluding alow pressure gasrefrigerant
and a liquid refrigerant. The two-phase refrigerant is fed
to the first heat exchanger 7 which functions as an evap-
orator via the refrigerant pipe 53.

[0028] Inthe firstheat exchanger 7, heat is exchanged
between the refrigerant and the outside air. Due to the
heat exchange, the liquid refrigerant in the two-phase
refrigerant is vaporized into a low pressure gas refriger-
ant. The low pressure gas refrigerant discharged from
the first heat exchanger 7 is fed to the accumulator 13
via the refrigerant pipe 52, the four-way valve 5 and the
refrigerant pipe 56.
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[0029] The refrigerant separated from the oil in the ac-
cumulator 13 is fed to the first compressor 3a via the
refrigerant pipe 57 and the refrigerant pipe 57a, and
meanwhile is fed to the second compressor 3b via the
refrigerant pipe 57 and the refrigerant pipe 57b. The re-
frigerant fed to each of the first compressor 3a and the
second compressor 3b is compressed into a high tem-
perature and high pressure gas refrigerant and dis-
charged from each of the first compressor 3a and the
second compressor 3b thereafter. This cycle is repeated
subsequently.

[0030] In the refrigeration cycle apparatus 1 according
to the embodiment, while the above-described normal
operation is being performed, whether or not the oil stor-
age 15 is full of oil is determined regularly in preparation
for a liquid back. A flowchart of such operation will be
described with reference to Fig. 5.

[0031] Firstly, in step S1, the compressor group 3 is
activated. In step S2, the first solenoid valve 19, the sec-
ond solenoid valve 23 and the third solenoid valve 27 are
closed. In step S3, whether or not the oil storage 15 is
full of oil is determined. If it is determined in step S3 that
the oil storage is full of oil, the second solenoid valve 23
and the third solenoid valve 27 are kept close in step S4.
[0032] On the other hand, if it is determined in step S3
that the oil storage is not full of oil, the second solenoid
valve 23 and the third solenoid valve 27 are opened so
as to supply the oil stored in the accumulator 13 to the
oil storage 15 until the oil storage 15 is full of oil. After
the oil storage 13 is full of oil, the second solenoid valve
23 and the third solenoid valve 27 are closed in step S4.
[0033] In step S5, whether or not a command to stop
the compressor group 3 is issued is determined. If it is
determined that a command to stop the compressor
group 3 is issued in step S5, the compressor group 3 is
stopped in step S6. On the other hand, if it is determined
that a command to stop the compressor group 3 is not
issued in step S5, the procedure returns to step S3, the
operations of steps S3 to S5 are repeated.

[0034] In the refrigeration cycle apparatus 1 according
to the embodiment, while the series of operations are
being performed, an operation of detecting the concen-
tration of the oil in the compressor group 3 is performed
repeatedly. A flowchart of such operation will be de-
scribed with reference to Fig. 6. The operation starts from
step LB1. In step LB2, if the second solenoid valve 23 is
closed, then it is kept close; and if the second solenoid
valve 23 is open, then the second solenoid valve 23 is
closed. In step LB3, whether or not the concentration of
the oil in the compressor group is equal to or greater than
a reference value (first value) is determined. Ifitis deter-
mined that the concentration of the oil in the compressor
group 3 is equal to or greater than the reference value
(first value) in step LB3, the first solenoid valve 19 and
the third solenoid valve 27 are kept close in step LB4.
[0035] On the other hand, when a liquid back occurs,
the refrigerant containing the liquid refrigerant flows into
the compressor group 3, which will lower the concentra-
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tion of the oil in the compressor group 3. [fitis determined
that the concentration of the oil in the compressor group
3is lowerthan the reference value, the first solenoid valve
19 and the third solenoid valve 27 are opened in step
LB6. When the second solenoid valve 23 is closed (step
LB2), if the first solenoid valve 19 and the third solenoid
valve 27 are opened, the oil stored in the oil storage 15
is fed to the compressor group 3 via the second oil bypass
pipe 25 by the discharge pressure of the compressor
group 3.

[0036] The oil in the oil storage 15 is fed to the com-
pressor group 3 until the concentration of the oil in the
compressor group 3 becomes equal to or higher than the
reference value. When the concentration of the oil in the
compressor group 3 becomes equal to or higher than the
reference value, the first solenoid valve 19 and the third
solenoid valve 27 are closed in step LB4. The series of
operationsin steps LB 1to LB5 are repeated subsequent-
ly.

[0037] The refrigeration cycle apparatus 1 described
above is provided with the oil storage 15 configured to
store oil for the compressor group 3, and when a liquid
back occurs, the oil stored in the oil storage 15 is fed to
the compressor group 3 so as to prevent the compressor
group 3 from suffering from galling. The effect will be
described in comparison with a refrigeration cycle appa-
ratus according to a comparative example.

[0038] As illustrated in Fig. 7, a refrigeration cycle ap-
paratus 101 according to a comparative example in-
cludes a compressor group 103 including a first compres-
sor 103a and a second compressor 103b, a four-way
valve 105, an outdoor heat exchanger 107, an outdoor
decompressor 109a, an indoor decompressor 109b, an
indoorheatexchanger 111, and anaccumulator 113. The
compressor group 103 and the like are connected via a
refrigerant pipe 150 to form a refrigerant circuit.

[0039] The refrigeration cycle apparatus 101 accord-
ing to the comparative example further includes an oil
equalizing device 151 configured to equalize the oil in
the compressor group 103. The oil equalizing device 151
includes a connection pipe 141, a gas-liquid separation
unit 143, an oil pipe 145, and an oil pipe 147. The con-
nection pipe 141 is connected between the compressor
group 103 and the gas-liquid separation unit 143. The oil
pipe 145 is connected between the gas-liquid separation
unit 143 and the refrigerant pipe 150 of the refrigerant
circuit. The oil pipe 147 is connected between the gas-
liquid separation unit 143 and the accumulator 113.
[0040] The operation of the refrigeration cycle appara-
tus 101 according to the comparative example will be
briefly described hereinafter. During the cooling opera-
tion, the refrigerant discharged from the compressor
group 103 passes through the four-way valve 105, the
outdoor heat exchanger 107, the outdoor decompressor
109a, the indoor decompressor 109b, the indoor heat
exchanger 111, the four-way valve 105, and the accu-
mulator 113 in order and flows back to the compressor
group 103. This cycle is repeated subsequently.
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[0041] During the heating operation, the refrigerant
discharged from the compressor group 103 passes
through the four-way valve 105, the indoor heat exchang-
er 111, the indoor decompressor 109b, the outdoor de-
compressor 109a, the outdoor heat exchanger 107, the
four-way valve 105, and the accumulator 113 in order
and flows back to the compressor group 103. This cycle
is repeated subsequently.

[0042] As illustrated in Fig. 8, suppose that during the
normal operation, the oil 171 in the first compressor 103a
of the compressor group 103 becomes excessive, and
thus, the oil level of the oil 171 in the first compressor
103a exceeds the position at which the connection pipe
141 is connected to the first compressor 103a.

[0043] In this case, the oil 171 in the first compressor
103a flows into the gas-liquid separation unit 143 via the
connection pipe 141, and thereby, the gas-liquid sepa-
ration unit 143 is filled with the oil 171. A part of the oil
171 in the gas-liquid separation unit 143 flows back to
the first compressor 103a via the oil pipe 147, and the
rest of the oil 171 in the gas-liquid separation unit 143
flows into the refrigerant pipe 150 via the oil pipe 145.
Eventually, the oil 171 flowing into the refrigerant pipe
150 is fed to the compressor group 103 together with the
refrigerant.

[0044] Due to the operation mentioned above, the oil
171 in the first compressor 103a with excessive oil may
be gradually reduced, and similarly, the oil in a compres-
sor (not shown) with less oil may be gradually increased.
As described above, the oil equalizing operation for
equalizing the amount of the oil 171 in the compressor
group 103 is carried out in the refrigeration cycle appa-
ratus 101 according to the comparative example.
[0045] Next, suppose that a liquid back occurs in the
refrigeration cycle apparatus 101 according to the com-
parative example. In this case, since the oil and the re-
frigerantincluding the liquid refrigerant are fed to the com-
pressor, the amount of the oil 73 with a low concentration
increases in the first compressor 103 (see Fig. 9).
[0046] Asillustrated in Fig. 9, suppose that the oil level
ofthe oils 71 and 73 in the first compressor 103a becomes
higher than the position at which the connection pipe 141
is connected to the compressor 103a. In this case, de-
spite that the concentration of the oil 73 is low, since the
oil level is the same as the oil level when the oil 71 is
excessive, the oil 73 with a low concentration flows into
the gas-liquid separation unit 143.

[0047] The low concentration oil 73 flowing into the
gas-liquid separation unit 143 is fed to the compressor
group 103 including the first compressor 103a via the oil
pipes 145, 147 and the like. Since the oil 73 with a low
concentration is fed to the first compressor 103a, the oil
71 can not be sufficiently supplied to the first compressor
103a, whereby the first compressor 103a may suffer from
galling.

[0048] Compared with the refrigeration cycle appara-
tus 101 according to the comparative example, in the
refrigeration cycle apparatus 1 according to the embod-
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iment, when a liquid back occurs, the oil in the oil storage
15 is supplied to the compressor group 103. The detail
thereof will be described hereinafter.

[0049] First, as described above, while the series of
operations are being performed in step S1 to step S6
(see Fig. 5), the concentration of oil in the compressor
group 3 is repeatedly detected (see Fig. 6). As illustrated
in Fig. 10, when a liquid back occurs due to the transient
operation or the like, the refrigerant containing the liquid
refrigerant is fed to the accumulator 13 together with the
oil. Therefore, the amount of the oil 73 with a low con-
centration increases in the accumulator 13.

[0050] Since the refrigerant containing the liquid refrig-
erant is fed to the compressor group 3 together with the
oil 73, the amount of the oil 73 with a low concentration
increases in the compressor group 3. At the time when
the liquid back occurs, the first solenoid valve 19, the
second solenoid valve 23 and the third solenoid valve 27
are all closed.

[0051] Whenitis detected thatthe concentration of the
oils 71 and 73 in the compressor group 3 is lower than
the reference value (step LB3), as illustrated in Fig. 11,
the first solenoid valve 19 and the third solenoid valve 27
are opened with the second solenoid valve 23 being kept
close (step LB6). As a result, the refrigerant discharged
from the compressor group 3 flows through the discharge
gas bypass pipe 17 whichis branched from the refrigerant
pipe 51 (and through the first solenoid valve 19).
[0052] Due tothe discharge pressure of the refrigerant
acting on the oil storage 15, the oil 71 stored in the oil
storage 15 is fed to the compressor group 3. The oil 71
is fed to the first compressor 3a via the main pipe 25a
(the third solenoid valve 27) and the first branch pipe 25b
of the second oil bypass pipe 25. Similarly, the oil 71 is
fed to the second compressor 3b via the main pipe 25a
and the second branch pipe 25c.

[0053] This operation is repeated until the concentra-
tion of the oils 71 and 73 in the compressor group 3 reach-
es the reference value (step LB3). When it is detected
that the concentration of the oil 71 in the compressor
group 3 is equal to (or greater than) the reference value
(step LB3), the first solenoid valve 19 and the third sole-
noid valve 27 are closed (step LB4). Thereafter, the nor-
mal operation (see Fig. 5) is performed while regularly
detecting whether or not a liquid back occurs.

[0054] Thus, in the refrigeration cycle apparatus 1 ac-
cording to the embodiment, the oil 71 preliminarily stored
in the oil storage 15 is fed to the compressor group 3
when a liquid back occurs, which makes it possible to
prevent the compressor group 3 from suffering from gall-
ing.

[0055] Hereinafter, examples of a method for detecting
the concentration of the oils 71 and 73 in the compressor
group 3 will be described. As an example, a method for
detecting the degree of superheat (overheat) on the dis-
charge side or the suction side of the compressor group
3 may be given. The degree of superheat refers to the
difference between the temperature of superheated va-
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por and the temperature of saturated dry vapor. When a
liquid back occurs, the liquid refrigerant is fed to the com-
pressor group 3, and thus, the temperature of the refrig-
erant discharged from the compressor group 3 will de-
crease, which consequently causes the degree of super-
heat to decrease. Therefore, a reference value for the
degree of superheat may be set in advance, and if the
degree of superheat becomes lower than the reference
value, it is determined that the liquid back has occurred.
[0056] As another example, a method for detecting the
surface temperature of a compressor in the compressor
group 3 may be given. When a liquid back occurs, the
liquid refrigerant is fed to the compressor group 3, which
may cause the temperature of the compressor to de-
crease. Therefore, a reference value for the surface tem-
perature may be set in advance, and if the surface tem-
perature becomes lower than the reference value, it is
determined that the liquid back has occurred. Further-
more, an oil sensor may be provided in the compressor
group 3 to detect the concentration of oil directly. If the
concentration of the detected oil is lower than a reference
value set in advance for the oil concentration, it is deter-
mined that the liquid back has occurred.

[0057] In the refrigeration cycle apparatus 1 according
to the embodiment, when a liquid back occurs, the oil 71
stored in the oil storage 15 is fed to the compressor group
3. Thereby, the oil storage 15 is not full of the oil 71. In
the refrigeration cycle apparatus 1, itis necessary to keep
the oil storage 15 full of the oil 71 in preparation for a
liquid back. Hereinafter, when the oil 71 in the oil storage
15 decreases, an operation for fully filling the oil storage
15 with the oil 71 will be explained.

[0058] First, asillustrated in Fig. 12, when a liquid back
occurs, the oil 71 stored in the oil storage 15 is fed to the
compressor group 3, whereby the oil storage 15 is not
full of the oil 71. Note that after the operation of feeding
the oil 71 to the compressor group 3 is completed, the
first solenoid valve 19, the second solenoid valve 23 and
the third solenoid valve 27 will be closed (step LB4).
[0059] Next, as illustrated in Fig. 13, an operation of
feeding the oil 71 stored in the accumulator 13 to the oil
storage 15 is performed. The second solenoid valve 23
and the third solenoid valve 27 are opened with the first
solenoid valve 19 being kept close. As a result, the oil 71
in the accumulator 13 is fed to the oil storage 15 via the
first oil bypass pipe 21 (and the first solenoid valve 23).
Atfter the oil storage 15 is full of the oil 71, the second
solenoid valve 23 and the third solenoid valve 27 are
closed. In this way, the operation for fully filling the oil
storage 15 with the oil 71 is completed in preparation for
a liquid back.

[0060] Hereinafter, examples of a method for detecting
that the oil storage 15 is full of the oil 71 will be described.
First, as an example, an oil level sensor may be disposed
in the oil storage 15. By detecting the oil level of the oil
fed from the accumulator 13 to the oil storage 15 with the
oil level sensor, it is possible to determine that the oil
storage is full of oil.
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[0061] In addition, the second solenoid valve 23 and
the third solenoid valve 27 may be opened for a preset
duration. The pressure loss from the accumulator 13 to
the oil storage 15 may be estimated based on the position
relationship between the accumulator 13 and the oil stor-
age 15 and the structural configurations such as the
length and the inner diameter of the first oil bypass pipe
21 and the like. Based on the pressure loss, the duration
required to fully fill the oil storage 15 with oil may be cal-
culated. By setting the duration in advance, it is possible
to fully fill the oil storage 15 with oil.

[0062] Hereinafter, the equalizing operation performed
during the normal operation in the refrigeration cycle ap-
paratus 1 according to the embodiment will be described.
The compressor group 3 of the refrigeration cycle appa-
ratus 1includes a first compressor 3a and a second com-
pressor 3b. An induction motor for each of the first com-
pressor 3a and the second compressor 3b is driven at a
desired frequency (rotational speed) according to the op-
eration environment. The refrigerant discharged from the
compressor group 3 flows through the refrigerant pipe
50 together with the oil.

[0063] When the operation environment changes, the
frequency should be changed accordingly. For example,
as illustrated in Fig. 14, when the frequency suddenly
drops, the amount of the oil 71 in the second compressor
3b may become less than the amount of the oil 71 in the
first compressor 3a. In addition, even when there is no
change in the frequency, due to the arrangement and
connection of the refrigerant pipes 50 in the refrigerant
circuit, the amount of the oil 71 in the first compressor 3a
and the amount of the oil 71 in the second compressor
3b may become unequal.

[0064] When the amount of the oil 71 becomes une-
qual, the equalizing operation is performed so as to make
the amount of the oil 71 in the first compressor 3a and
the amount of the oil 71 in the second compressor 3b
substantially equal to each other based on the difference
in the oil level of the oil 71.

[0065] First, due to the difference between the oil level
P3 of the oil 71 stored in the accumulator 13 and the oil
level P2 of the oil 71 in the second compressor 3b, the
oil 71 in the accumulator 13 is fed to the second com-
pressor 3b via the oil pipe 31 and the second oil pipe 31b
(indicated by the arrows). Similarly, due to the difference
between the oil level P1 of the oil 71 in the first compres-
sor 3a and the oil level P2 of the oil 71 in the second
compressor 3b, the oil 71 in the first compressor 3a is
fed to the second compressor 3b via the first oil pipe 31a
and the second oil pipe 31b (indicated by the arrows).
[0066] As illustrated in Fig. 15, according to the oil
equalizing operation, the amount of the oil 71 in the first
compressor 3a and the amount of the oil 71 in the second
compressor 3b are made substantially equal. The equal-
izing operation may be performed regularly during the
operation of the refrigeration cycle apparatus 1.

[0067] Thus, when the above-described refrigeration
cycle apparatus 1 is operating as a refrigeration cycle
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apparatus, the oil equalizing operation is performed so
as to make the amount of the 0il 71 in the first compressor
3aand the amount of the 0il 71 in the second compressor
3b of the compressor group 3 equal to each other. When
a liquid back occurs, the oil 71 stored in the oil storage
15 is fed to the first compressor 3a or the second com-
pressor 3b containing the oil 73 with a low concentration,
which makes it possible to prevent the first compressor
3a or the second compressor 3b from suffering from gall-
ing. After the liquid back, the oil 71 is fed from the accu-
mulator 13 to the oil storage 15 so as to fully fill the oil
storage 15 with the oil 71 in preparation for another liquid
back.

(Modification)

[0068] Asillustrated in Fig. 16, in the refrigeration cycle
apparatus according to the modification, specifically, a
third solenoid valve 27a is provided in the first branch
pipe 25b of the second oil bypass pipe 25, and a third
solenoid valve 27b is provided in the second branch pipe
25c of the second oil bypass pipe 25. The other config-
urations are the same as those of the refrigeration cycle
apparatus 1 illustrated in Fig. 1.

[0069] According to the refrigeration cycle apparatus
of the modification, the third solenoid valve 27a is pro-
vided for the first compressor 3a and the third solenoid
valve 27b is provided for the second compressor 3b, so
that it is possible to selectively feed the oil 71 stored in
the oil storage 15 to the first compressor 3a and/or the
second compressor 3b containing the oil 71, 73 with a
low concentration.

[0070] In the above-described refrigeration cycle ap-
paratus 1, a compressor group in which two compres-
sors, that is, a first compressor 3a and a second com-
pressor 3b are connected in parallel is given as an ex-
ample of the compressor group 3. However, the number
of compressors in the compressor group 3 is not limited
to two, it may be three or more.

[0071] Further, the refrigeration cycle apparatus de-
scribed in the embodiment may be configured in various
combination where necessary.

[0072] The embodiments disclosed herein are merely
by way of example and not limited thereto. The scope of
the presentinventionis defined by the terms ofthe claims,
rather than the description above, and is intended to in-
clude any modifications within the meaning and scope
equivalent to the terms of the claims.

INDUSTRIAL APPLICABILITY

[0073] The present invention is effectively used in a
refrigeration cycle apparatus including a compressor
group in which a plurality of compressors are connected
in parallel.

[0074] The presentinvention further comprises the fol-
lowing embodiments:
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EMBODIMENTS
[0075]

1. A refrigeration cycle apparatus provided with a
refrigerant circuit which is formed by connecting a
compressor group in which a plurality of compres-
sors including a first compressor and a second com-
pressor are connected in parallel, a four-way valve,
a condenser, an expansion valve, an evaporator,
and an accumulator via a refrigerant pipe, compris-
ing:

an oil storage which is connected to the discharge
side of the compressor group via a first on-off valve,
connected to the accumulator via a second on-off
valve, and connected to the suction side of the com-
pressor group via a third on-off valve.

2. Therefrigeration cycle apparatus according toem-
bodiment 1, wherein the bottom surface of a space
for storing oil in the accumulator is located at a po-
sition higher than the bottom surface of a space for
storing oil in the oil storage, and the bottom surface
of the space for storing oil in the oil storage is located
at a position higher than the bottom surface of a
space for storing oil in the compressor.

3. Therefrigeration cycle apparatus according toem-
bodiment 1 or 2, wherein when the concentration of
oil in the first compressor is lower than a first value,
the oil stored in the oil storage is supplied to the first
compressor.

4. Therefrigeration cycle apparatus according to em-
bodiment 1 or 2, wherein when the oil in the com-
pressor group whichis a part of the total oil circulating
in the refrigerant circuit together with refrigerant has
a concentration lower than a first value, the second
on-off valve is kept close and the first on-off valve
and the third on-off valve are opened so as to allow
the oil stored in the oil storage to be fed to the com-
pressor group by a pressure on the discharge side
of the compressor group.

5. The refrigeration cycle apparatus according to any
one of embodiments 1 to 3, wherein when the oil
storage is not full of the oil which a part of the total
oil circulating in the refrigerant circuit together with
refrigerant, the first on-off valve is kept close and the
second on-off valve and the third on-off valve are
opened so as to allow the oil in the accumulator to
be fed to the oil storage until the oil storage is full of
the oil.

6. Therefrigeration cycle apparatus according to em-
bodiment 1 further comprising:

a first pipe for connecting the discharge side of
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the compressor group to the oil storage and pro-
vided with the first on-off valve;

a second pipe for connecting the accumulator
to the oil storage and provided with the second
on-off valve; and

a third pipe for connecting the oil storage to the
compressor group and provided with the third
on-off valve,

wherein the first pipe and the second pipe are
connected to an upper end of the oil storage,
and the third pipe is connected to a lower end
of the oil storage.

7. The refrigeration cycle apparatus according toem-
bodiment 6, wherein

the third pipe includes a main pipe which is connect-
ed to the oil storage, a first branch pipe which is
branched from the main pipe and connected to the
first compressor, and a second branch pipe which is
branched from the main pipe and connected to the
second compressor, and

the third on-off valve is provided in the main pipe.

8. The refrigeration cycle apparatus according to em-
bodiment 6, wherein

the third pipe includes a main pipe which is connect-
ed to the oil storage, a first branch pipe which is
branched from the main pipe and connected to the
first compressor, and a second branch pipe which is
branched from the main pipe and connected to the
second compressor, and

the third on-off valve is provided in each of the first
branch pipe and the second branch pipe.

9. The refrigeration cycle apparatus according toem-
bodiment 1, wherein when a first oil level of the oil
in the first compressor which is a part of the total oil
circulating in the refrigerant circuit together with re-
frigerant is higher than a second oil level of the oil in
the second compressor which is a part of the total
oil circulating in the refrigerant circuit together with
refrigerant, the first on-off valve, the second on-off
valve and the third on-off valve are kept close so as
to allow the oil in the accumulator and the oil in the
first compressor to be fed to the second compressor
until the first oil level is the same as the second oll
level.

10. The refrigeration cycle apparatus according to
embodiment 9 further comprising a fourth pipe for
connecting the accumulator to the compressor group
and for connecting the first compressor and the sec-
ond compressor,

wherein the oil in the accumulator is fed to the second
compressor via the fourth pipe, and

the oil in the first compressor is fed to the second
compressor via the fourth pipe.
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REFERENCE SIGNS LIST

[0076] 1: refrigeration cycle apparatus; 3: compressor
group; 3a: first compressor; 3b: second compressor; 5:
four-way valve; 7: condenser (first heat exchanger); 9:
expansion valve; 11: evaporator (second heat exchang-
er); 13: accumulator; 15: oil storage; 17: discharge gas
bypass pipe; 19: first solenoid valve; 21: first oil bypass
pipe; 23: second solenoid valve; 25: second oil bypass
pipe; 25a: main pipe; 25b: first branch pipe; 25c: second
branch pipe; 27, 27a, 27b: third solenoid valve; 31: oil
pipe; 31a: first oil pipe; 31b: second oil pipe; 50, 51, 51a,
51b, 52, 53, 54, 55, 56, 57, 57a, 57b: refrigerant pipe;
71, 73: oil

Claims

1. A refrigeration cycle apparatus (1) provided with a
refrigerant circuit which is formed by connecting a
compressor group (3) in which a plurality of com-
pressors including a first compressor (3a) and a sec-
ond compressor (3b) are connected in parallel, a
four-way valve (5), a condenser (7), an expansion
valve (9), an evaporator (11), and an accumulator
(13) via a refrigerant pipe (50), characterized by
comprising:
an oil storage (15) which is connected to the dis-
charge side of the compressor group (3) via a first
on-off valve (19), connected to the accumulator (13)
via a second on-off valve (23), and connected to the
suction side of the compressor group (3) via a third
on-off valve (27), wherein when the oil in the com-
pressor group (3) which is a part of the total oil cir-
culating in the refrigerant circuit together with refrig-
erant has a concentration lower than a first value,
the second on-off valve (23) is kept close and the
first on-off valve and the third on-off valve (27) are
opened so as to allow the oil stored in the oil storage
(15) to be fed to the compressor group (3) by a pres-
sure on the discharge side of the compressor group

3).

2. The refrigeration cycle apparatus (1) according to
claim 1, wherein the bottom surface of a space for
storing oil in the accumulator (13) is located at a po-
sition higher than the bottom surface of a space for
storing oil in the oil storage (15), and the bottom sur-
face of the space for storing oil in the oil storage (15)
islocated ata position higher than the bottom surface
of a space for storing oil in the compressor group (3).

3. The refrigeration cycle apparatus (1) according to
claim 1 further comprising:

afirst pipe (17) for connecting the discharge side
of the compressor group (3) to the oil storage
(15) and provided with the first on-off valve (19);
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a second pipe (21) for connecting the accumu-
lator (13) to the oil storage (15) and provided
with the second on-off valve (23); and

a third pipe (25) for connecting the oil storage
(15) to the compressor group (3) and provided
with the third on-off valve (27),

wherein the first pipe (17) and the second pipe
(21) are connected to an upper end of the oil
storage (15), and the third pipe (25) is connected
to a lower end of the oil storage (15).

The refrigeration cycle apparatus (1) according to
claim 3, wherein

the third pipe (25) includes a main pipe (25a) which
is connected to the oil storage (15), a first branch
pipe (25b) which is branched from the main pipe
(25a) and connected to the first compressor (3a),
and a second branch pipe (25c) which is branched
from the main pipe (25a) and connected to the sec-
ond compressor (3b), and

the third on-off valve (27) is provided in the main pipe
(25a).

The refrigeration cycle apparatus (1) according to
claim 3, wherein

the third pipe (25) includes a main pipe (25a) which
is connected to the oil storage (15), a first branch
pipe (25b) which is branched from the main pipe
(25a) and connected to the first compressor (3a),
and a second branch pipe (25c) which is branched
from the main pipe (25a) and connected to the sec-
ond compressor (3b), and

the third on-off valve (27a, 27b) is provided in each
of the first branch pipe (25b) and the second branch
pipe (25c).

The refrigeration cycle apparatus (1) according to
claim 1, wherein when a first oil level of the oil in the
first compressor (3a) which is a part of the total oil
circulating in the refrigerant circuit together with re-
frigerant is higher than a second oil level of the oil in
the second compressor (3b) which is a part of the
total oil circulating in the refrigerant circuit together
with refrigerant, the first on-off valve (19), the second
on-off valve (23) and the third on-off valve (27) are
kept close so as to allow the oil in the accumulator
and the oil in the first compressor (3a) to be fed to
the second compressor (3b) until the first oil level is
the same as the second oil level.

The refrigeration cycle apparatus (1) according to
claim 6 further comprising a fourth pipe (31, 31a,
31b) for connecting the accumulator (13) to the com-
pressor group (3) and for connecting the first com-
pressor (3a) and the second compressor (3b),
wherein the oil in the accumulator (13) is fed to the
second compressor (3b) via the fourth pipe (31, 31b),
and
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the oilin the first compressor (3a) is fed to the second
compressor (3b) via the fourth pipe (31a, 31b).
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