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(54) FREEZING APPARATUS

(57) In a refrigeration system in which a compressor
mechanism including a plurality of compressors, oil sep-
arators (37a, 37b) are provided at a discharge pipe (56a)
of a first compressor (14a) and a discharge pipe (56b) of
a second compressor (14b), respectively. An oil return
passageway (32) for returning refrigerating machine oil

from the oil separators (37a, 37b) to a compressor mech-
anism (40) is configured to combine streams of refriger-
ating machine oil separated in the oil separators (37a,
37b) and distribute the combined refrigerating machine
oil to the first compressor (14a) and the second compres-
sor (14b).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a refrigeration
system in which a compressor mechanism including a
plurality of compressors is provided in a refrigerant cir-
cuit.

BACKGROUND ART

[0002] Conventional refrigeration systems in each of
which a compressor mechanism including a plurality of
compressors is provided in a refrigerant circuit are
known. This type of refrigeration systems are widely used
in, for example, cooling machines such as refrigerators
or freezers for storing food and other materials and air
conditioners for cooling and heating the air in rooms.
[0003] Patent Document 1 shows a refrigeration sys-
tem in which an oil separator is provided for a compressor
mechanism. The oil separator is located at a discharge
junction pipe at which discharge pipes from compressors
are combined together. The outlet of an oil return pas-
sageway extending from the oil separator branches off
into parts which are connected to the compressors and
communicate with compression chambers with interme-
diate pressures of the compressors.

CITATION LIST

PATENT DOCUMENT

[0004] PATENT DOCUMENT 1: Japanese Patent
Publication No. 2007-178052

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] In a conventional refrigeration system, one oil
separator is shared by a plurality of compressors. In a
possible configuration of this refrigeration system, an oil
separator is provided on a discharge pipe of each of the
compressors. In this case, the configuration can be sim-
plified by connecting each oil separator to an associated
one of the compressors through an oil return pipe. Re-
frigerating machine oil separated by the oil separator at
the discharge pipe of each of the compressors returns
to the compressor from which the oil was discharged.
[0006] However, in this configuration, even when an
oil imbalance occurs, i.e., refrigerating machine oil flows
mainly into a specific one of the compressors, all the re-
frigerating machine oil separated by the oil separator at
the discharge pipe of the specific compressor returns to
this specific compressor. Most part of the refrigerating
machine oil discharged from the specific compressor cir-
culates between the specific compressor and the oil sep-
arator at the discharge pipe of the specific compressor.

Accordingly, despite a shortage of refrigerating machine
oil in the other compressors due to the oil imbalance,
refrigerating machine oil is hardly distributed to these
compressors, and poor lubrication might occurs in the
compressors which are in short of refrigerating machine
oil.
[0007] It is therefore an object of the present invention
to provide a refrigeration system in which a compressor
mechanism including a plurality of compressors is pro-
vided, and in which an oil imbalance, i.e., a phenomenon
in which refrigerating machine oil flows mainly into one
or more of the compressors, is reduced to reduce poor
lubrication in the other compressors which are in short
of refrigerating machine oil.

SOLUTION TO THE PROBLEM

[0008] A first aspect of the present invention is directed
to a refrigeration system including a refrigerant circuit (4)
which is configured to perform a refrigeration cycle and
provided with a compressor mechanism (40) including a
first compressor (14a) and a second compressor (14b)
whose discharge sides are connected to each other. The
refrigeration system includes: oil separators (37a, 37b)
provided at a discharge pipe (56a) of the first compressor
(14a) and a discharge pipe (56b) of the second compres-
sor (14b), respectively; and an oil return passageway (32)
configured to combine streams of refrigerating machine
oil separated in the oil separators (37a, 37b) and distrib-
ute the combined refrigerating machine oil to the first
compressor (14a) and the second compressor (14b).
[0009] In a second aspect of the present invention, the
refrigeration system of the first aspect further includes
an injection passageway (30) configured to inject a re-
frigerant into the first compressor (14a) and the second
compressor (14b), wherein the oil return passageway
(32) includes a junction passageway (48) in which refrig-
erating machine oil from the oil separators (37a, 3 7b)
flows, and the junction passageway (48) is connected to
a portion of the injection passageway (30) located up-
stream of a branch point to the first compressor (14a)
and the second compressor (14b).
[0010] In a third aspect of the present invention, in the
refrigeration system of the second aspect, the compres-
sor mechanism (40) is configured to always operate the
first compressor (14a) and adjust an operation capacity
of the compressor mechanism (40) by switching the sec-
ond compressor (14b) between operation and nonopera-
tion, the injection passageway (30) includes a first branch
injection passageway (42a) branching to the first com-
pressor (14a) and a second branch injection passageway
(42b) branching to the second compressor (14b), and
only the second branch injection passageway (42b) has
an oil non-return valve (SV1) which is freely opened and
closed and prevents refrigerating machine oil from re-
turning to the compressor (14b) to which the branch in-
jection passageway (42b) is connected while the com-
pressor (14b) stops.
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[0011] In a fourth aspect of the present invention, in
the refrigeration system of the first or second aspect, the
compressor mechanism (40) is configured to always op-
erate the first compressor (14a) and adjust an operation
capacity of the compressor mechanism (40) by switching
the second compressor (14b) between operation and
nonoperation, the oil return passageway (32) includes a
first pre-junction passageway (47a) connected to the oil
separator (37a) at the discharge pipe (56a) of the first
compressor (14a) and a second pre-junction passage-
way (47b) connected to the oil separator (37b) at the
discharge pipe (56b) of the second compressor (14b),
and only the second pre-junction passageway (47b) has
a check valve (CV4) for preventing refrigerating machine
oil from returning to the oil separator (37b).
[0012] In a fifth aspect of the present invention, in the
refrigeration system of one of the first through fourth as-
pects, in the second compressor (14b), a discharge
space (100) filled with a refrigerant compressed in a fluid
machine (82) configured to compress a fluid in a com-
pression chamber (73a, 73b) is formed in a casing (70)
housing the fluid machine (82), a refrigerant-inflow stop
valve (CV2) is provided at a portion of the discharge pipe
(56b) of the second compressor (14b) located down-
stream of the oil separator (37b), and stops a flow of a
refrigerant into the second compressor (14b) in a non-
operation state, when the second compressor (14b)
stops while the first compressor (14a) operates, the first
compressor (14a) sucks a refrigerant in the discharge
space (100) in the second compressor (14b) through the
oil return passageway (32).
[0013] In a sixth aspect of the present invention, in the
refrigeration system of one of the first through fifth as-
pects, an outlet side of the oil return passageway (32)
communicates with compression chambers (73) with in-
termediate pressures of the respective compressors
(14a, 14b).
[0014] In a seventh aspect of the present invention, in
the refrigeration system of the first aspect, at least one
of the first compressor (14a) and the second compressor
(14b) is a compressor having a variable operation capac-
ity.

-Advantages-

[0015] In the first aspect, refrigerating machine oil sep-
arated by the oil separator (37a) at the discharge pipe
(56a) of the first compressor (14a) and refrigerating ma-
chine oil separated by the oil separator (37b) at the dis-
charge pipe (56b) of the second compressor (14b) are
combined in the oil return passageway (32), and then the
combined refrigerating machine oil is distributed to the
first compressor (14a) and the second compressor (14b).
In each of the compressors (14), as the oil surface in the
oil sump becomes higher, the oil mixture rate increases,
i.e., the amount of refrigerating machine oil contained in
a discharged refrigerant per a unit flow rate increases.
Accordingly, supposing that the operation capacities of

the first compressor (14a) and the second compressor
(14b) are constant, when refrigerating machine oil begins
to flow mainly into the first compressor (14a) out of the
first compressor (14a) and the second compressor (14b),
the flow rate of refrigerating machine oil discharged from
the first compressor (14a) with an increasing oil surface
level increases, whereas the flow rate of refrigerating ma-
chine oil discharged from the second compressor (14b)
with a decreasing oil surface level decreases. On the
other hand, the flow rate of refrigerating machine oil re-
turning to the first compressor (14a) and the second com-
pressor (14b) varies depending on the total flow rate of
refrigerating machine oil discharged from the first com-
pressor (14a) and refrigerating machine oil discharged
from the second compressor (14b). Thus, even when the
flow rate of refrigerating machine oil discharged from the
first compressor (14a) increases, the flow rate of refrig-
erating machine oil returning to the first compressor (14a)
does not increase accordingly. Likewise, even when the
flow rate of refrigerating machine oil discharged from the
second compressor (14b) decreases, the flow rate of re-
frigerating machine oil returning to the second compres-
sor (14b) does not decrease accordingly. Thus, when
refrigerating machine oil begins to flow mainly into the
first compressor (14a), the amount of refrigerating ma-
chine oil in the first compressor (14a) decreases, where-
as the amount of refrigerating machine oil in the second
compressor (14b) increases. In this manner, in the first
aspect, when an oil imbalance occurs, i.e., refrigerating
machine oil begins to flow mainly into a specific compres-
sor (14) out of the first compressor (14a) and the second
compressor (14b), progress of this oil imbalance is au-
tomatically reduced.
[0016] In the second aspect, the junction passageway
(48) of the oil return passageway (32) is connected to a
portion of the injection passageway (30) located up-
stream of the branch point to the first compressor (14a)
and the second compressor (14b). The oil return pas-
sageway (32) is configured to distribute combined refrig-
erating machine oil streams from the oil separators (37a,
37b) to the first compressor (14a) and the second com-
pressor (14b) by connecting the junction passageway
(48) to the upstream portion of the injection passageway
(30). Refrigerating machine oil flowing in the junction pas-
sageway (48) is combined with a refrigerant in the injec-
tion passageway (30), and is distributed to the first com-
pressor (14a) and the second compressor (14b) at the
branch point of the injection passageway (30). In the sec-
ond aspect, refrigerating machine oil combined in the oil
return passageway (32) is distributed to the compressors
(14) at the branch point of the injection passageway (30).
[0017] In the third aspect, the second compressor
(14b) stops while the first compressor (14a) operates in
some cases. In such a case, the oil non-return valve
(SV1) of the second branch injection passageway (42b)
is closed. Accordingly, refrigerating machine oil flowing
in the junction passageway (48) returns only to the first
compressor (14a) out of the first compressor (14a) and
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the second compressor (14b).
[0018] In the fourth aspect, the second compressor
(14b) stops while the first compressor (14a) operates in
some cases. In such a case, if the check valve (CV4)
were not provided in the second pre-junction passage-
way (47b), when the pressure in the second compressor
(14b) decreases after the stop, a back-flow of refrigerat-
ing machine oil in the oil return passageway (32) toward
the second compressor (14b) might occur, and thus, re-
frigerating machine oil might accumulate in the second
compressor (14b). In contrast, in the fourth aspect, the
check valve (CV4) is provided in the second pre-junction
passageway (47b) so as to prevent refrigerating machine
oil from flowing from the discharge side into the nonop-
erating second compressor (14b).
[0019] In the fifth aspect, the refrigerant-inflow stop
valve (CV2) for stopping a flow of a refrigerant in the
second compressor (14b) in a nonoperation state is pro-
vided at a portion of the discharge pipe (56b) of the sec-
ond compressor (14b) located downstream of the oil sep-
arator (37b). Accordingly, when the second compressor
(14b) stops while the first compressor (14a) operates, it
is possible to prevent a high-pressure refrigerant dis-
charged from the first compressor (14a) from flowing from
the discharge side into the second compressor (14b). In
addition, the discharge side of the second compressor
(14b) communicates with the first compressor (14a)
through the oil return passageway (32). Accordingly, a
refrigerant in the discharge space (100) in the second
compressor (14b) is sucked into the operating first com-
pressor (14a) immediately after the stop of the second
compressor (14b), thereby gradually reducing the pres-
sure of the discharge space (100) in the second com-
pressor (14b).
[0020] In the sixth aspect, the outlet side of the oil re-
turn passageway (32) communicates with compression
chambers (73) with intermediate pressures of the respec-
tive compressors (14a, 14b). Thus, refrigerating machine
oil separated in each of the oil separators (37a, 37b) re-
turns to the compression chambers (73) with the inter-
mediate pressures of the respective compressors (14a,
14b).
[0021] In the seventh aspect, as the operation capacity
of the compressor (14) with a variable operation capacity
increases, a larger amount of refrigerating machine oil is
discharged from this compressor (14). Since the oil return
passageway (32) is configured to combine streams of
refrigerating machine oil separated in the oil separators
(37a, 37b) and then distribute the combined refrigerating
machine oil to the first compressor (14a) and the second
compressor (14b), a larger amount of refrigerating ma-
chine oil is distributed to one of the first compressor (14a)
and the second compressor (14b) having a larger oper-
ation capacity. The flow rate ratio of refrigerating machine
oil distributed to the first compressor (14a) to refrigerating
machine oil distributed to the second compressor (14b)
varies depending on the operation capacity ratio of the
first compressor (14a) to the second compressor (14b).

Accordingly, when the operation capacity of the compres-
sor (14) with a variable operation capacity increases, the
flow rate of refrigerating machine oil distributed to this
compressor (14) with the variable operation capacity in-
creases as long as the operation capacity of the other
compressor (14) is constant. In the seventh aspect, as
the amount of refrigerating machine oil discharged from
a compressor (14) with a variable operation capacity in-
creases, a larger amount of refrigerating machine oil re-
turns to this compressor (14) with the variable operation
capacity.

ADVANTAGES OF THE INVENTION

[0022] According to the present invention, the oil return
passageway (32) is configured to combine streams of
refrigerating machine oil separated in the oil separators
(37a, 37b) and distribute the combined refrigerating ma-
chine oil to the first compressor (14a) and the second
compressor (14b). Accordingly, even when an oil imbal-
ance occurs, i.e., refrigerating machine oil begins to flow
mainly into a specific compressor (14) out of the first com-
pressor (14a) and the second compressor (14b),
progress of this oil imbalance is automatically reduced.
Thus, a significant imbalance of refrigerating machine oil
in the specific compressor (14) hardly occurs, and each
of the compressors (14) is hardly in short of refrigerating
machine oil. As a result, lubrication failures due to a short-
age of refrigerating machine oil in the compressors (14)
can be reduced.
[0023] In the second aspect, refrigerating machine oil
combined in the oil return passageway (32) is distributed
to the compressors (14) at the branch point of the injec-
tion passageway (30). That is, no branch point is provided
on the oil return passageway (32), but the branch point
of the injection passageway (30) is used to distribute the
combined refrigerating machine oil to the compressors
(14). Accordingly, a configuration in which streams of re-
frigerating machine oil separated in the oil separators
(37a, 37b) are combined together and the resultant re-
frigerating machine oil is distributed to the compressors
(14), can be simplified.
[0024] In the third aspect, during operation of the first
compressor (14a) and nonoperation of the second com-
pressor (14b), refrigerating machine oil flowing in the
junction passageway (48) returns only to the first com-
pressor (14a) out of the first compressor (14a) and the
second compressor (14b). This configuration can pre-
vent accumulation of refrigerating machine oil in the non-
operating second compressor (14b). Accordingly, as
compared to a configuration in which no oil non-return
valve (SV1) is provided, a large amount of refrigerating
machine oil can return to the operating first compressor
(14a) which needs refrigerating machine oil. As a result,
a shortage of refrigerating machine oil in the first com-
pressor (14a) can be reduced.
[0025] In the fourth aspect, the check valve (CV4) is
provided in the second pre-junction passageway (47b)
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to prevent refrigerating machine oil from flowing from the
discharge side into the second compressor (14b) in a
nonoperating state. Accordingly, as compared to a con-
figuration in which the check valve (CV4) is not provided
in the second pre-junction passageway (47b), a large
amount of refrigerating machine oil can return to the first
compressor (14a) in an operating state which needs re-
frigerating machine oil. As a result, a shortage of refrig-
erating machine oil in the first compressor (14a) can be
reduced.
[0026] In the fifth aspect, when the second compressor
(14b) stops while the first compressor (14a) operates,
the refrigerant-inflow stop valve (CV2) prevents a flow of
a high-pressure refrigerant into the second compressor
(14b), and a refrigerant in the discharge space (100) in
this second compressor (14b) is sucked into the first com-
pressor (14a). With this configuration, the pressure of the
discharge space (100) in the second compressor (14b)
is forcedly reduced. In a compressor such as a high-pres-
sure domed compressor in which the discharge space
(100) filled with a refrigerant compressed by the fluid ma-
chine (82) is formed in the casing (70), when operation
is stopped, a refrigerant flows from the discharge space
(100) into the fluid machine (82), and the pressure in the
fluid machine (82) becomes substantially equal to that of
the discharge space (100). Thus, if the pressure of the
discharge space (100) in the nonoperating second com-
pressor (14b) cannot be forcedly reduced, the fluid ma-
chine (82) compresses a high-pressure refrigerant at a
restart of the second compressor (14b), and the pressure
at the discharge side of the fluid machine (82) might ex-
cessively increase to damage the fluid machine (82). In
contrast, in the fifth aspect, the pressure in the discharge
space (100) in the second compressor (14b) is forcedly
reduced, and the pressure in the fluid machine (82) of
the second compressor (14b) is reduced according to
the decrease in the pressure of the discharge space
(100). Accordingly, it is possible to prevent the fluid ma-
chine (82) of the second compressor (14b) from com-
pressing a high-pressure refrigerant at the restart, there-
by preventing damage on the second compressor (14b)
at the restart.
[0027] In the sixth aspect, refrigerating machine oil
separated in each of the oil separators (37a, 37b) returns
to the compression chambers (73) with intermediate
pressures of the respective compressors (14a, 14b). If
refrigerating machine oil separated in the oil separators
(37) returned to the suction side of each of the compres-
sors (14), the flow rate of a low-pressure refrigerant
sucked by the compressors (14) decreases according to
the amount of returned refrigerating machine oil. Accord-
ingly, the amount of a refrigerant circulating in the refrig-
erant circuit (4) decreases, thereby reducing the operat-
ing capability of the refrigeration system. In contrast, in
the sixth aspect, the flow rate of a low-pressure refriger-
ant to be sucked by the compressors (14) does not
change depending on returned refrigerating machine oil.
Accordingly, refrigerating machine oil can return to the

compressors (14) without degradation of operating ca-
pability of the refrigeration system.
[0028] In the seventh aspect, as the amount of refrig-
erating machine oil discharged from a compressor (14)
with a variable operation capacity increases, a larger
amount of refrigerating machine oil returns to this com-
pressor (14) with the variable operation capacity. That
is, even when the operation capacity of the compressor
(14) with the variable operation capacity varies to change
the flow rate of discharged refrigerating machine oil, the
amount of refrigerating machine oil in the compressor
(14) with the variable operation capacity does not greatly
change. Accordingly, even in the case of using a com-
pressor (14) with a variable operation capacity in which
the flow rate of refrigerating machine oil changes depend-
ing on the operation capacity thereof, an oil imbalance
in the compressor mechanism (40) can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

[FIG. 1] FIG. 1 is a refrigerant circuit diagram of a
refrigeration system according to a first embodiment
of the present invention.
[FIG. 2] FIG. 2 is a longitudinal cross-sectional view
illustrating a compressor according to the first em-
bodiment.
[FIG. 3] FIG. 3 is a transverse cross-sectional view
illustrating a fixed scroll of the compressor of the first
embodiment.
[FIG. 4] FIG. 4 is a refrigerant circuit diagram of a
refrigeration system according to a second embod-
iment of the present invention.

DESCRIPTION OF REFERENCE CHARACTERS

[0030]

1 refrigeration system
4 refrigerant circuit
14a first compressor
14b second compressor
30 injection passageway
32 oil return passageway
37 oil separator
40 compressor mechanism
42 branch injection pipe (branch injection passage-

way)
47 pre-junction pipe (pre-junction passageway)
48 junction pipe (junction passageway)
56 discharge pipe

DESCRIPTION OF EMBODIMENTS

[0031] Embodiments of the present invention will be
described hereinafter with reference to the drawings.
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«FIRST EMBODIMENT»

[0032] A first embodiment of the present invention will
be described. The first embodiment is directed to a re-
frigeration system (1) according to the present invention.
The refrigeration system (1) is a so-called separate-type
refrigeration system (1) in which two internal units (60)
are connected to one external unit (10), and is configured
to cool the inside of a refrigerator.
[0033] The external unit (10) includes an external cir-
cuit (11). Each of the internal units (60) includes an in-
ternal circuit (61). In the refrigeration system (1), the in-
ternal circuits (61) are connected in parallel to the exter-
nal circuit (11) through a liquid connection pipe (2) and
a gas connection pipe (3), thereby forming a refrigerant
circuit (4) which performs a vapor compression refriger-
ation cycle.
[0034] A first shut-off valve (12) and a second shut-off
valve (13) are provided at respective ends of the external
circuit (11). The first shut-off valve (12) is connected to
one end of the liquid connection pipe (2). The other end
of the liquid connection pipe (2) is divided into two parts
respectively connected to liquid ends of the internal cir-
cuits (61). The second shut-off valve (13) is connected
to one end of the gas connection pipe (3). The other end
of the gas connection pipe (3) is divided into two parts
respectively connected to gas ends of the internal circuits
(61).

«External Unit»

[0035] The external circuit (11) of the external unit (10)
includes a compressor mechanism (40), an external heat
exchanger (15), a receiver (16), a cooling heat exchanger
(17), a first external expansion valve (18), a second ex-
ternal expansion valve (19), and a four-way selector
valve (20).
[0036] The compressor mechanism (40) includes a
first compressor (14a) having a variable operation ca-
pacity, a second compressor (14b) having a fixed oper-
ation capacity, and a third compressor (14c) having a
fixed operation capacity. These compressors (14a, 14b,
14c) are connected in parallel.
[0037] Each of the first compressor (14a), the second
compressor (14b), and the third compressor (14c) is a
high-pressure domed hermetic scroll compressor. Power
is supplied to the first compressor (14a) through an in-
verter. The operation capacity of the first compressor
(14a) can be adjusted stepwise by changing the output
frequency of the inverter. On the other hand, each of the
second compressor (14b) and the third compressor (14c)
is operated by driving an electric motor at a constant ro-
tation speed, and the operation capacities of the second
compressor (14b) and the third compressor (14c) cannot
be changed. The configuration of the compressors (14)
will be specifically described later.
[0038] In the compressor mechanism (40), only the
first compressor (14a) is started at a startup (i.e., at a

start of operation) of the compressor mechanism (40). In
the compressor mechanism (40) after the startup, as the
necessary operation capacity increases, the second
compressor (14b) and the third compressor (14c) are
started in this order. On the other hand, as the necessary
operation capacity decreases, the third compressor (14c)
and the second compressor (14b) are stopped in this
order. In the compressor mechanism (40), the first com-
pressor (14a) is continuously operated from the startup
to the stop of the compressor mechanism (40). During
this period, the second compressor (14b) and the third
compressor (14c) are turned on/off according to the nec-
essary operation capacity.
[0039] A first discharge pipe (56a) of the first compres-
sor (14a), a second discharge pipe (56b) of the second
compressor (14b), and a third discharge pipe (56c) of the
third compressor (14c) are connected to one discharge
junction pipe (21). On each of the discharge pipes (56),
an oil separator (37), a high-pressure pressure switch
(39), a check valve (CV1, CV2, CV3) are provided in this
order from the side close to the compressor (14).
[0040] Each of the check valves (CV1, CV2, CV3) is
configured to stop a flow of a refrigerant toward the com-
pressor (14). The high-pressure pressure switch (39) is
configured to urgently stop the compressor (14). The oil
separator (37) is in the shape of a hermetic container,
and is configured to separate refrigerating machine oil
from a refrigerant discharged from the compressor (14).
The oil separator (37) constitutes an oil separation mech-
anism (38) configured to separate refrigerating machine
oil from a refrigerant discharged from the compressor
mechanism (40). In the first embodiment, the oil separa-
tor (37) is provided on each discharge pipe (56). In this
configuration, the size of the oil separator (37) can be
reduced, as compared to a configuration in which one oil
separator is provided on the discharge junction pipe (21).
[0041] In the first embodiment, an oil return passage-
way (32) is provided in order to return refrigerating ma-
chine oil separated by the oil separators (37) to the com-
pressors (14). The oil return passageway (32) is connect-
ed to the bottoms (specifically, the bottom surfaces) of
the oil separators (37). The oil return passageway (32)
temporally combines streams of refrigerating machine oil
separated by the oil separators (37), and then distributes
the resultant refrigerating machine oil to the compressors
(14). Specifically, the oil return passageway (32) includes
three pre-junction pipes (47) and one junction pipe (48).
The three pre-junction pipes (47) are made of a first pre-
junction pipe (47a), a second pre-junction pipe (47b), and
a third pre-junction pipe (47c). Each of the pre-junction
pipes (47) constitutes a pre-junction passageway (47).
The junction pipe (48) constitutes a junction passageway
(48).
[0042] An end of the first pre-junction pipe (47a) is con-
nected to a first oil separator (37a) on the first discharge
pipe (56a). An end of the second pre-junction pipe (47b)
is connected to a second oil separator (37b) on the sec-
ond discharge pipe (56b). An end of the third pre-junction
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pipe (47c) is connected to a third oil separator (37c) on
the third discharge pipe (56c). The other end of the first
pre-junction pipe (47a) and the other end of the second
pre-junction pipe (47b) are joined together at an end of
the junction pipe (48). The other end of the third pre-
junction pipe (47c) is connected to the second pre-junc-
tion pipe {47b).
[0043] The other end of the junction pipe (48) is con-
nected to a connection injection tube (33) of an injection
passageway (30), which will be described later. The oil
return passageway (32) of this embodiment is configured
to allow combined refrigerating machine oil from the oil
separators (37) to be distributed to the compressors (14)
by connecting the junction passageway (48) to a portion
of the injection passageway (30) located upstream of a
branch point of the injection passageway (30) to the com-
pressors (14). The junction pipe (48) communicates with
compression chambers (73) having intermediate pres-
sures of the compressors (14) through the injection pas-
sageway (30).
[0044] The first pre-junction pipe (47a) includes a cap-
illary tube (41a) for reducing the pressure of a high-pres-
sure refrigerant to the intermediate pressure. On the sec-
ond pre-junction pipe (47b) and the third pre-junction pipe
(47c), check valves (CV4, CV5) for stopping flows of re-
frigerants to the oil separators (37b, 37c) and capillary
tubes (41b, 41c) for reducing the pressures of high-pres-
sure refrigerants to the intermediate pressures are pro-
vided in this order from the side close to the oil separators
(37).
[0045] In this embodiment, the check valves (CV4,
CV5) are provided only on the pre-junction pipes (47b,
47c) connected to the second compressor (14b) and the
third compressor (14c) which are turned on/off during a
period from the startup to the stop of the compressor
mechanism (40). The check valve (CV4) prevents refrig-
erating machine oil from flowing from the discharge side
into the second compressor (14b) through the second oil
separator (37b) when the internal pressure of the second
compressor (14b) decreases while the first compressor
(14a) operates and the second compressor (14b) does
not operate. The check valve (CV5) prevents refrigerat-
ing machine oil from flowing from the discharge side into
the third compressor (14c) through the third oil separator
(37c) when the internal pressure of the third compressor
(14c) decreases while the first compressor (14a) oper-
ates and the third compressor (14c) does not operate.
[0046] A first suction pipe (57a) is connected to the
suction side of the first compressor (14a). A second suc-
tion pipe (57b) is connected to the suction side of the
second compressor (14b). A third suction pipe (57c) is
connected to the suction side of the third compressor
(14c). The inlet ends of these suction pipes (57a, 57b,
57c) are connected to the four-way selector valve (20)
through a suction junction pipe (22).
[0047] The external heat exchanger (15) is a cross-fin
type fin-and-tube heat exchanger. An external fan (23)
for sending external air to the external heat exchanger

(15) is provided near the external heat exchanger (15).
The external heat exchanger (15) performs heat ex-
change between a refrigerant and external air.
[0048] A gas side of the external heat exchanger (15)
is collected to the four-way selector valve (20). A liquid
side of the external heat exchanger (15) is connected to
the top of the receiver (16) through the first liquid pipe
(24). The first liquid pipe (24) includes a check valve
(CV8) for stopping a flow of a refrigerant toward the ex-
ternal heat exchanger (15). On the first liquid pipe (24),
a capillary tube (51) is provided in parallel with the check
valve (CV8).
[0049] The cooling heat exchanger (17) includes a
high-pressure side channel (17a) and a low-pressure
side channel (17b), and performs heat exchange be-
tween refrigerants respectively flowing in the channels
(17a, 17b). The cooling heat exchanger (17) is a plate
heat exchanger, for example. The cooling heat exchang-
er (17) may be other types of heat exchangers such as
a dual-tube heat exchanger.
[0050] An inflow end of the high-pressure side channel
(17a) is connected to the bottom of the receiver (16)
through a refrigerant pipe. An outflow end of the high-
pressure side channel (17a) is connected to the first shut-
off valve (12) through a second liquid pipe (25). The sec-
ond liquid pipe (25) has a check valve (CV9) for stopping
a flow of a refrigerant toward the high-pressure side chan-
nel (17a).
[0051] On the other hand, an inflow end of the low-
pressure side channel (17b) is connected to a first branch
pipe (26) branching off from a portion of the second liquid
pipe (25) between the cooling heat exchanger (17) and
the check valve (CV9). The first branch pipe (26) has the
second external expansion valve (19). The second ex-
ternal expansion valve (19) is an electronic expansion
valve having an adjustable opening degree. An outflow
end of the low-pressure side channel (17b) is connected
to an end of the connection injection tube (33).
[0052] The other end of the connection injection tube
(33) is divided into a first branch injection pipe (42a) con-
stituting a first branch injection passageway (42a), a sec-
ond branch injection pipe (42b) constituting a second
branch injection passageway (42b), and a third branch
injection pipe (42c) constituting a third branch injection
passageway (42c). The first branch injection pipe (42a)
is connected to the compression chamber (73) having
an intermediate pressure of the first compressor (14a).
The second branch injection pipe (42b) is connected to
the compression chamber (73) having an intermediate
pressure of the second compressor (14b). The third
branch injection pipe (42c) is connected to the compres-
sion chamber (73) having an intermediate pressure of
the third compressor (14c). The connection injection tube
(33) is connected to an outlet end of the junction pipe
(48). The connection injection tube (33), the first branch
injection pipe (42a), the second branch injection pipe
(42b), and the third branch injection pipe (42c) constitute
the injection passageway (30) for injecting a refrigerant
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into the compression chambers (73) having intermediate
pressures of the compressors (14).
[0053] On the second branch injection pipe (42b) and
the third branch injection pipe (42c), solenoid valves
(SV1, SV2) which are freely opened and closed and
check valves (CV6, CV7) for stopping flows of refriger-
ants toward the cooling heat exchanger (17) are provided
in this order from the side close to the connection injection
tube (33). In this embodiment, the solenoid valves (SV1,
SV2) and the check valves (CV6, CV7) are provided only
on the branch injection pipes (42b, 42c) connected to the
second compressor (14b) and the third compressor (14c)
which are turned on/off from the startup to the stop of the
compressor mechanism (40).
[0054] The solenoid valve (SV1) is open during oper-
ation of the second compressor (14b), and is closed dur-
ing nonoperation of the second compressor (14b). In the
same manner, the solenoid valve (SV2) is open during
operation of the third compressor (14c), and is closed
during nonoperation of the third compressor (14c). Ac-
cordingly, refrigerating machine oil in the oil return pas-
sageway (32) does not return to the nonoperating com-
pressor (14), but returns to only the operating compres-
sor (14). Each of the solenoid valves (SV1, SV2) consti-
tutes an oil non-return valve.
[0055] The solenoid valves (SV1, SV2) are pilot-oper-
ated solenoid valves. Accordingly, even in the closed
state of the solenoid valves (SV1, SV2), leakage of re-
frigerants from the compressors (14b, 14c) occurs. In the
first embodiment, in order to prevent such refrigerant
leakage, the check valves (CV6, CV7) are provided in
addition to the solenoid valves (SV1, SV2).
[0056] The receiver (16) is located between the exter-
nal heat exchanger (15) and the cooling heat exchanger
(17), and can temporarily store a high-pressure refriger-
ant condensed in the external heat exchanger (15). The
gas vent pipe (44) connected to the connection injection
tube (33) is connected to the top of the receiver (16). The
gas vent pipe (44) has a solenoid valve (SV3) which is
freely opened and closed.
[0057] A second branch pipe (28) branches off from a
portion of the second liquid pipe (25) between the check
valve (CV9) and the first shut-off valve (12). An end of
the second branch pipe (28) opposite an end thereof con-
nected to the second liquid pipe (25) is connected to a
portion of the first liquid pipe (24) between the check valve
(CV8) and the receiver (16). The second branch pipe (28)
has a check valve (CV10) for stopping a flow of a refrig-
erant from the receiver (16).
[0058] A third branch pipe (29) branches off from a
portion of the second liquid pipe (25) between the cooling
heat exchanger (17) and the check valve (CV9). An end
of the third branch pipe (29) opposite an end thereof con-
nected to the second liquid pipe (25) is connected to a
portion of the first liquid pipe (24) between the external
heat exchanger (15) and the check valve (CV8). A refrig-
erant flowing in the third branch pipe (29) bypasses the
receiver (16) and the cooling heat exchanger (17). The

third branch pipe (29) has a first external expansion valve
(18) made of an electronic expansion valve having an
adjustable opening degree.
[0059] The four-way selector valve (20) has a first port
(P1) connected to the discharge junction pipe (21), a sec-
ond port (P2) connected to the suction junction pipe (22),
a third port (P3) connected to the external heat exchanger
(15), and a fourth port (P4) connected to the second shut-
off valve (13). This four-way selector valve (20) can be
switched between a first state (indicated by solid lines in
FIG. 1) in which the first port (P1) communicates with the
third port (P3) and the second port (P2) communicates
with the fourth port (P4) and a second state (indicated
by broken lines in FIG. 1) in which the first port (P1) com-
municates with the fourth port (P4) and the second port
(P2) communicates with the third port (P3).
[0060] The external unit (10) includes various types of
sensors. Specifically, the discharge junction pipe (21) in-
cludes a discharge pressure sensor (43). The discharge
pipes (56) are provided with discharge temperature sen-
sors (34a, 34b, 34c). The first suction pipe (57a) includes
a suction pressure sensor (36). The suction junction pipe
(22) includes a suction temperature sensor (58). The sec-
ond liquid pipe (25) includes a liquid temperature sensor
(45). An external temperature sensor (46) is provided
near the external fan (23).

«Internal Unit»

[0061] The two internal units (60) have the same con-
figuration. In each of the internal circuits (61) of the in-
ternal units (60), a drain-pan heating pipe (62), an internal
expansion valve (63), and an internal heat exchanger
(64) are provided in this order from the liquid end to the
gas end of the internal circuit (61).
[0062] The internal expansion valve (63) is made of an
electronic expansion valve having an adjustable opening
degree. The internal heat exchanger (64) is made of a
cross-fin type fin-and-tube heat exchanger. An internal
fan (65) for sending internal air to the internal heat ex-
changer (64) is provided near the internal heat exchanger
(64). The internal heat exchanger (64) performs heat ex-
change between internal air and a refrigerant.
[0063] A drain pan (66) including a drain-pan heating
pipe (62) is provided below the internal heat exchanger
(64). The drain pan (66) is used for collecting frost or dew
condensation water dropping from the surface of the in-
ternal heat exchanger (64). In the drain pan (66), ice
blocks generated by freezing of the collected frost or dew
condensation water are melted by utilizing heat of a re-
frigerant flowing in the drain-pan heating pipe (62).
[0064] Each of the internal units (60) has three tem-
perature sensors. Specifically, an evaporation tempera-
ture sensor (67) is provided on the heat exchanger tube
of the internal heat exchanger (64). A gas temperature
sensor (68) is provided near the gas end of the internal
circuit (61). An internal temperature sensor (69) is pro-
vided near the internal fan (65).
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<Configuration of Compressor>

[0065] Configurations of the compressors (14a, 14b,
14c) will be described hereinafter with reference to FIGS.
2 and 3. The compressors (14a, 14b, 14c) have the same
configuration, and thus, only the configuration of the first
compressor (14a) will be described below.
[0066] The first compressor (14a) includes a casing
(70) in the shape of a vertically oriented hermetic con-
tainer. In the casing (70), an electric motor (85) and a
fluid machine (82) are disposed such that the electric
motor (85) is located below the fluid machine (82). The
electric motor (85) includes a stator (83) fixed to the body
of the casing (70), and a rotor (84) located inside the
stator (83). A crank shaft (90) is coupled to the rotor (84).
[0067] The fluid machine (82) includes a movable
scroll (76) and a fixed scroll (75). The movable scroll (76)
includes a substantially disc-shaped movable-side head
(76b) and a spiral movable-side lap (76a). A cylindrical
projection (76c) into which an eccentric portion of the
crank shaft (90) is inserted, is formed so as to stand on
the back surface (i.e., the lower surface) of the movable-
side head (76b). The movable scroll (76) is supported by
a housing (77) located below the movable scroll (76) with
an Oldham ring (79) sandwiched therebetween. On the
other hand, the fixed scroll (75) includes a substantially
disc-shaped fixed-side head (75b) and a spiral fixed-side
lap (75a). In the fluid machine (82), the fixed-side lap
(75a) engages with the movable-side lap (76a), thereby
forming a plurality of compression chambers (73) be-
tween these laps (75a, 76a).
[0068] Each of the compressors (14) of the first em-
bodiment employs a so-called asymmetric spiral struc-
ture, and the number of turns (i.e., the length of the spiral)
of the fixed-side lap (75a) differs from that of the movable-
side lap (76a). The compression chambers (73) include:
a first compression chamber (73a) located between the
inner peripheral surface of the fixed-side lap (75a) and
the outer peripheral surface of the movable-side lap
(76a); and a second compression chamber (73b) located
between the outer peripheral surface of the fixed-side lap
(75a) and the inner peripheral surface of the movable-
side lap (76a).
[0069] The fluid machine (82) has a suction port (98)
formed in an outer edge portion of the fixed scroll (75).
The suction port (98) is connected to the first suction pipe
(57a). The suction port (98) intermittently communicates
with one of the first compression chamber (73a) and the
second compression chamber (73b), according to revo-
lution of the movable scroll (76). The suction port (98)
has a suction check valve (not shown) for stopping a flow
of a refrigerant returning to the first suction pipe (57a)
from the compression chambers (73).
[0070] The fluid machine (82) also has a discharge port
(93) formed in a center portion of the fixed-side head
(75b). The discharge port (93) intermittently communi-
cates with one of the first compression chamber (73a)
and the second compression chamber (73b), according

to revolution of the movable scroll (76). The discharge
port (93) is open to a muffler space (96) located above
the fixed scroll (75).
[0071] In the fixed-side head (75b) of the fluid machine
(82), an intermediate-pressure port (99) connected to the
first branch injection pipe (42a) is formed. The interme-
diate-pressure port (99) is formed to extend across the
fixed-side lap (75a) near a portion between the center of
the fixed-side head (75b) and the external periphery. The
intermediate-pressure port (99) communicates with both
of the first compression chamber (73a) with an interme-
diate pressure and the second compression chamber
(73b) with an intermediate pressure.
[0072] The casing (70) is divided by the disc-shaped
housing (77) into an upper suction space (101) and a
lower discharge space (100). The suction space (101)
communicates with the suction port (98) through a com-
munication port, which is not shown. The discharge
space (100) communicates with the muffler space (96)
through a communication passageway (103). During op-
eration, a refrigerant discharged from the discharge port
(93) flows into the discharge space (100) through the
muffler space (96), and thus, the discharge space (100)
becomes a high-pressure space which is filled with a re-
frigerant compressed in the fluid machine (82). The first
discharge pipe (56a) is open to the discharge space
(100).
[0073] An oil sump for storing refrigerating machine oil
is formed at the bottom of the casing (70). A first oil supply
passageway (104) which is open to the oil sump is formed
in the crank shaft (90). The movable-side head (76b) has
a second oil supply passageway (105) connected to the
first oil supply passageway (104). In this compressor
(14), refrigerating machine oil from the oil sump is sup-
plied to the low-pressure side compression chambers
(73) through the first oil supply passageway (104) and
the second oil supply passageway (105).

-Operational Behavior-

[0074] Operational behavior of the refrigeration sys-
tem (1) of the first embodiment will be described below.
In cooling operation of the refrigeration system (1), a least
the first compressor (14a) of the three compressors (14a,
14b, 14c) is operated so that the interior (i.e., the inside
of, for example, a refrigerator) is cooled by the internal
units (60).

<Cooling Operation>

[0075] In cooling operation, the four-way selector valve
(20) is set in the first state, and the first external expansion
valve (18) is fully closed. When the compressor mecha-
nism (40) is operated in this state, a vapor compression
refrigeration cycle in which the external heat exchanger
(15) serves as a condenser and each of the internal heat
exchangers (64) serves as a evaporator, is performed in
the refrigerant circuit (4). In this refrigerant circuit (4), a
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refrigerant flows in the direction indicated by arrows of
solid lines in FIG. 1.
[0076] During the cooling operation, superheat degree
control of controlling the opening degree of each of the
internal expansion valves (63) is performed such that the
difference between the value detected by each of the gas
temperature sensors (68) and the value detected by each
of the evaporation temperature sensors (67) is constant.
The opening degree of the second external expansion
valve (19) is controlled such that the value detected by
the liquid temperature sensor (45) is constant.
[0077] Specifically, when operation of the compressor
mechanism (40) is started, refrigerating machine oil is
separated in the oil separators (37) from a refrigerant
discharged from the compressor mechanism (40), and
the resultant refrigerant flows into the external heat ex-
changer (15). In the external heat exchanger (15), the
refrigerant exchanges heat with external air to be con-
densed. The refrigerant condensed in the external heat
exchanger (15) passes through the receiver (16), and
then through the high-pressure side channel (17a) of the
cooling heat exchanger (17), and flows into the second
liquid pipe (25). In the second liquid pipe (25), part of the
refrigerant flows into the first branch pipe (26). The other
part of the refrigerant flows into the liquid connection pipe
(2).
[0078] The refrigerant which has flown into the first
branch pipe (26) is subjected to pressure reduction in the
second external expansion valve (19), and then flows
through the low-pressure side channel (17b) of the cool-
ing heat exchanger (17). In the cooling heat exchanger
(17), an intermediate-pressure refrigerant in the low-
pressure side channel (17b) is heated by a high-pressure
refrigerant in the high-pressure side channel (17a). On
the other hand, the refrigerant in the high-pressure side
channel (17a) is cooled by the intermediate-pressure re-
frigerant in the low-pressure side channel (17b) to be in
a subcooling state. The refrigerant heated in the low-
pressure side channel (17b) is combined with the refrig-
erating machine oil in the oil return passageway (32), and
is distributed to the branch injection pipes (42) to be in-
jected into the compression chambers (73) with the in-
termediate pressures of the compressors (14). In the first
embodiment, mixture of the refrigerant flowing into the
compression chambers (73) under the intermediate pres-
sures of the compressors (14) with an oil drop can reduce
noise caused by the flow of the refrigerant.
[0079] On the other hand, the refrigerant which has
flown into the liquid connection pipe (2) is distributed to
the internal circuits (61), is subjected to pressure reduc-
tion in the internal expansion valves (63), and then flows
into the internal heat exchangers (64). In each of the in-
ternal heat exchangers (64), the refrigerant exchanges
heat with internal air, and evaporates. The internal air is
cooled by the refrigerant. The refrigerants which have
evaporated in the internal heat exchangers (64) are com-
bined together in the gas connection pipe (3), and then
are sucked into the suction sides of the compressors (14).

<Defrosting Operation>

[0080] In this refrigeration system (1), when the
amount of frost attached to the internal heat exchangers
(64) during cooling operation increases, defrosting oper-
ation is performed in order to remove the frost. In the
defrosting operation, defrosting processes of the respec-
tive internal heat exchangers (64) are performed at the
same time.
[0081] In the defrosting operation, the four-way selec-
tor valve (20) is set in the second state, and each of the
internal expansion valves (63) is fully opened. When the
compressor mechanism (40) is operated in this state, a
vapor compression refrigeration cycle in which the exter-
nal heat exchanger (15) serves as an evaporator and
each of the internal heat exchangers (64) serves as a
condenser, is performed in the refrigerant circuit (4). In
this refrigerant circuit (4), a refrigerant flows in the direc-
tion indicated by arrows of broken lines in FIG. 1. In the
defrosting operation, the opening degrees of the first ex-
ternal expansion valve (18) and the second external ex-
pansion valve (19) are adjusted as necessary.
[0082] Specifically, when operation of the compressor
mechanism (40) is started, refrigerating machine oil is
separated in the oil separators (37) from a refrigerant
discharged from the compressor mechanism (40), and
then the resultant refrigerant is distributed to the internal
heat exchangers (64). In each of the internal heat ex-
changers (64), frost attached to the internal heat ex-
changer (64) is melted by a high-pressure refrigerant,
and the refrigerant is cooled by the frost to be condensed.
The refrigerants condensed in the respective internal
heat exchangers (64) are combined together in the liquid
connection pipe (2), and the resultant refrigerant passes
through the receiver (16), and then flows into the third
branch pipe (29) through the high-pressure side channel
(17a) of the cooling heat exchanger (17). The refrigerant
which has flown into the third branch pipe (29) is subject-
ed to pressure reduction in the first external expansion
valve (18), and then flows into the external heat exchang-
er (15). In the external heat exchanger (15), the refriger-
ant exchanges heat with external air, and evaporates.
The refrigerant which has evaporated in the external heat
exchanger (15) is sucked into the suction sides of the
compressors (14).
[0083] In the first embodiment, in the cooling operation
and the defrosting operation, refrigerating machine oil
discharged together with refrigerants from the compres-
sors (14), flows into the oil separators (37), and is sepa-
rated from the refrigerants in the oil separators (37). The
refrigerating machine oil separated in one of the oil sep-
arators (37) flows into the junction pipe (48) through the
pre-junction pipes (47), and is combined together with
refrigerating machine oil separated in the other oil sep-
arators (37). The refrigerating machine oil streams com-
bined in the junction pipe (48) are combined with a re-
frigerant in the injection passageway (30), and the result-
ant refrigerating machine oil is distributed to the com-
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pressors (14) at a branch point of the injection passage-
way (30). The refrigerating machine oil distributed to the
compressors (14) flows into the compression chambers
(73) with intermediate pressures of the respective com-
pressors (14).
[0084] In the first embodiment, refrigerating machine
oil streams separated in the oil separators (37) are com-
bined together in the oil return passageway (32), and
then the resultant refrigerating machine oil is distributed
to the compressors (14). In each of the compressors (14),
as the oil surface in the oil sump becomes higher, the oil
mixture rate increases, i.e., the amount of refrigerating
machine oil contained in a discharged refrigerant per a
unit flow rate increases. Accordingly, when refrigerating
machine oil begins to flow mainly into, for example, the
first compressor (14a), the flow rate of refrigerating ma-
chine oil discharged from the first compressor (14a) in-
creases, and the flow rate of refrigerating machine oil
discharged from the second and third compressors (14b,
14c) decreases. On the other hand, the flow rate of re-
frigerating machine oil returning to the compressors (14)
changes according to the total flow rate of refrigerating
machine oil discharged from the compressors (14). Thus,
even when the flow rate of refrigerating machine oil dis-
charged from the first compressor (14a) increases, the
flow rate of the refrigerating machine oil returning to the
first compressor (14a) does not increase accordingly.
Likewise, even when the flow rate of refrigerating ma-
chine oil discharged from the second and third compres-
sors (14b, 14c) decreases, the flow rate of refrigerating
machine oil returning to the second and third compres-
sors (14b, 14c) does not decrease accordingly. There-
fore, when refrigerating machine oil begins to flow mainly
into the first compressor (14a), the amount of refrigerat-
ing machine oil in the first compressor (14a) decreases,
and the amount of refrigerating machine oil in the second
and third compressors (14b, 14c) increases. In this man-
ner, in this embodiment, when an oil imbalance begins
to occur in the compressor mechanism (40), progress of
this oil imbalance is automatically reduced.
[0085] In the first embodiment, as the operation capac-
ity of the first compressor (14a) increases, a larger
amount of refrigerating machine oil is discharged from
the first compressor (14a). On the other hand, as the
operation capacity of the first compressor (14a) increas-
es, the flow rate of refrigerating machine oil to be distrib-
uted to the first compressor (14a) increases. Accordingly,
in the first compressor (14a), even when the operation
capacity changes to change the flow rate of discharged
refrigerating machine oil, the amount of refrigerating ma-
chine oil in the oil sump does not greatly change. Thus,
in the second and third compressors (14b, 14c), the
amount of refrigerating machine oil in the oil sump does
not greatly change, either.
[0086] In the first embodiment, the second compressor
(14b) is switched from an operating state to a nonopera-
tion state while the first compressor (14a) operates in
some cases. In such cases, when the second compres-

sor (14b) is stopped, the movable scroll (76) pushed
against the fixed scroll (75) during operation falls in the
second compressor (14b), and a refrigerant in the dis-
charge space (100) flows into the suction check valve,
so that the pressure in the fluid machine (82) becomes
high. If the second compressor (14b) is started again with
the pressure in the fluid machine (82) being high, the fluid
machine (82) compresses the high-pressure refrigerant,
resulting in that the discharge pressure of the fluid ma-
chine (82) excessively increases to damage the fluid ma-
chine (82) in some cases. In the first embodiment, to
prevent the second compressor (14b) from being dam-
aged at the restart of the second compressor (14b), the
check valve (CV2) constituting a refrigerant-inflow stop
valve is provided and the discharge side of the second
compressor (14b) communicates with the compression
chamber (73) with the intermediate pressure of the first
compressor (14a) through the second pre-junction pipe
(47b), the junction pipe (48), and the first branch injection
pipe (42a). With this configuration, a flow of the refrigerant
discharged from the first compressor (14a) into the non-
operating second compressor (14b) is stopped, and in
addition, a refrigerant in the discharge space (100) in the
second compressor (14b) is sucked by the first compres-
sor (14a). Accordingly, the pressure of the discharge
space (100) in the second compressor (14b) and the
pressure in the fluid machine (82) gradually decrease
immediately after the second compressor (14b) is
stopped. In the same manner, in the case where the third
compressor (14c) is stopped, the pressure of the dis-
charge space (100) in the third compressor (14c) and the
pressure in the fluid machine (82) gradually decrease.

-Advantages of First Embodiment-

[0087] In the first embodiment, the oil return passage-
way (32) is configured so as to combine refrigerating ma-
chine oil streams respectively separated in the oil sepa-
rators (37), and then distribute the resultant refrigerating
machine oil to the compressors (14). With this configu-
ration, even when an oil imbalance in which refrigerating
machine oil flows mainly into a specific one of the com-
pressors (14) occurs in the compressor mechanism (40),
progress of the oil imbalance is automatically reduced.
Accordingly, a significant imbalance of refrigerating ma-
chine oil in a specific compressor (14) hardly occurs, and
each of the compressors (14) is hardly in short of refrig-
erating machine oil. As a result, lubrication failures due
to a shortage of refrigerating machine oil in one of the
compressors (14) can be reduced.
[0088] In the first embodiment, refrigerating machine
oil combined in the oil return passageway (32) is distrib-
uted to the compressors (14) at a branch point of the
injection passageway (30). That is, no branch point is
provided on the oil return passageway (32), but the
branch point of the injection passageway (30) is used to
distribute the combined refrigerating machine oil to the
compressors (14). Accordingly, a configuration in which
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refrigerating machine oil streams separated in the oil sep-
arators (37) are combined together and the resultant re-
frigerating machine oil is distributed to the compressors
(14), can be simplified.
[0089] In the first embodiment, refrigerating machine
oil in the oil return passageway (32) does not return to
nonoperating ones of the compressors (14) and returns
only to an operating one of the compressors (14). This
configuration can reduce accumulation of the refrigerat-
ing machine oil in the nonoperating compressors (14).
Accordingly, as compared to a configuration in which the
oil non-return valve (SV1) is not provided, a large amount
of refrigerating machine oil can return to an operating
one of the compressors (14) which needs refrigerating
machine oil. As a result, a shortage of refrigerating ma-
chine oil in the operating compressor (14) can be re-
duced.
[0090] In the first embodiment, the check valve (CV4)
is provided in the second pre-junction pipe (47b) such
that a flow of refrigerating machine oil from the discharge
side into the nonoperating second compressor (14b) is
stopped. Accordingly, as compared to a configuration in
which the check valve (CV4) is not provided in the second
pre-junction pipe (47b), a large amount of refrigerating
machine oil can return to the operating first compressor
(14a) which needs refrigerating machine oil. As a result,
a shortage of refrigerating machine oil in the first com-
pressor (14a) can be reduced. The same advantages
can also be obtained by providing the check valve (CV5)
on the third pre-junction pipe (47c).
[0091] In the first embodiment, in the case where the
second compressor (14b) is stopped while the first com-
pressor (14a) operates, the check valve (CV2) stops a
flow of a high-pressure refrigerant into the second com-
pressor (14b), and a refrigerant in the discharge space
(100) in the second compressor (14b) is sucked by the
first compressor (14a). With this configuration, the pres-
sure of the discharge space (100) in the second com-
pressor (14b) is forcedly reduced. This decrease in the
pressure of the discharge space (100) causes the pres-
sure in the fluid machine (82) of the second compressor
(14b) to also decrease. Consequently, it is possible to
prevent the fluid machine (82) of the second compressor
(14b) from compressing a high-pressure refrigerant at a
restart of the second compressor (14b), thereby reducing
damage on the second compressor (14b) at the restart.
The same advantages can also be obtained by providing
the check valve (CV3) in the third discharge pipe (56c).
[0092] In the first embodiment, refrigerating machine
oil separated in the oil separators (37) is returned to the
compression chambers (73) with the intermediate pres-
sures of the compressors (14). Thus, the flow rates of
low-pressure refrigerants to be sucked by the compres-
sors (14) do not change depending on the returned re-
frigerating machine oil. Accordingly, refrigerating ma-
chine oil can return to the compressors (14) without deg-
radation of operating capability of the refrigeration sys-
tem.

[0093] In the first embodiment, as the amount of refrig-
erating machine oil discharged from the first compressor
(14a) with a variable operation capacity increases, a larg-
er amount of refrigerating machine oil returns to the first
compressor (14a). That is, even when the operation ca-
pacity of the first compressor (14a) varies to change the
flow rate of discharged refrigerating machine oil, the
amount of refrigerating machine oil in the first compressor
(14a) does not greatly change. Accordingly, in the case
of using a compressor (14) with a variable operation ca-
pacity in which the flow rate of refrigerating machine oil
changes depending on the operation capacity, an oil im-
balance in the compressor mechanism (40) can be re-
duced.

«Second Embodiment»

[0094] A second embodiment of the present invention
will be described. In the following description, aspects
different from those in the first embodiment are de-
scribed.
[0095] As illustrated in FIG. 4, a refrigeration system
(1) according to the second embodiment includes an air
conditioning unit (50) configured to perform air condition-
ing of interior space, and an internal units (60) including
a cold storage unit (60a) and a refrigeration unit (60b). A
refrigerant circuit (4) includes an air conditioning section
(71) provided with the air conditioning unit (50) and a
cooling section (72) provided with the cold storage unit
(60a) and the refrigeration unit (60b). The air conditioning
section (71) and the cooling section (72) share a liquid
connection pipe (2). In the cooling section (72), a booster
unit (80) is serially connected to the refrigeration unit
(60b).

<<External Unit>>

[0096] A discharge side of a compressor mechanism
(40) is provided with a second four-way selector valve
(111). The second four-way selector valve (111) has a
first port (P1) connected to a discharge branch pipe (97)
branching off from a discharge junction pipe (21), a sec-
ond port (P2) connected to a third suction pipe (57c), and
a fourth port (P4) connected to a second port (P2) of a
first four-way selector valve (20). A third port (P3) of the
second four-way selector valve (111) is configured as a
shut-off port which is closed.
[0097] On the other hand, a suction side of the com-
pressor mechanism (40) is provided with a third four-way
selector valve (112). The third four-way selector valve
(112) has a first port (P1) connected to a second high-
pressure pipe (121), which will be described later, a sec-
ond port (P2) connected to a second suction pipe (57b),
a third port (P3) connected to a second suction branch
pipe (31b) branching off from a third suction pipe (57c),
and a fourth port (P4) connected to a first suction branch
pipe (31a) branching off from a first suction pipe (57a).
The first suction branch pipe (31a) and the second suc-
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tion branch pipe (31b) respectively have check valves
(CV11, CV12) which allow only flows of refrigerants to-
ward the third four-way selector valve (112). The first
suction pipe (57a) is connected to a third shut-off valve
(113).
[0098] Each of the first through third four-way selector
valves (20, 111, 112) can be switched between a first
state (indicated by solid lines in FIG. 1) in which the first
port (P1) communicates with the third port (P3) and the
second port (P2) communicates with the fourth port (P4)
and a second state (indicated by broken lines in FIG. 1)
in which the first port (P1) communicates with the fourth
port (P4) and the second port (P2) communicates with
the third port (P3).
[0099] A check valve (CV13) for stopping a flow of a
refrigerant toward a first oil separator (37a) is provided
at a position of a first pre-junction pipe (47a) upstream
of a capillary tube (41a). On a first branch injection pipe
(42a), a solenoid valve (SV4) which is freely opened and
closed and a check valve (CV14) for stopping a flow of
a refrigerant toward a connection injection tube (33) are
provided in this order from the side close to the connec-
tion injection tube (33).
[0100] As the solenoid valves (SV1, SV2) are, the so-
lenoid valve (SV4) is open during operation of a first com-
pressor (14a), and is closed during nonoperation of the
first compressor (14a). The solenoid valve (SV4) is a pi-
lot-operated solenoid valve. Even in the closed state of
the solenoid valve (SV4), a refrigerant leaks from a por-
tion near the first compressor (14a). Accordingly, the
check valve (CV14) is provided in order to prevent a back-
flow of a refrigerant in the first branch injection pipe (42a).
[0101] A second branch pipe (28) branches off from a
first branch pipe (26). The second branch pipe (28) has
a third external expansion valve (110) made of an elec-
tronic expansion valve having an adjustable opening de-
gree. On the second branch pipe (28), a solenoid valve
(SV5) which is freely opened and closed is provided in
parallel with the third external expansion valve (110). A
first high-pressure pipe (120) connected to the discharge
junction pipe (21) branches off from the second branch
pipe (28). The first high-pressure pipe (120) has a check
valve (CV15) allowing only a flow of a refrigerant toward
the discharge junction pipe (21). A second high-pressure
pipe (121) connected to the third four-way selector valve
(112) branches off from the first high-pressure pipe (120).
A third high-pressure tube (122) connected to a first liquid
pipe (24) branches off from the second high-pressure
pipe (121). The third high-pressure tube (122) has a so-
lenoid valve (SV6) which is freely opened and closed.

«Air Conditioning Unit»

[0102] The air conditioning unit (50) houses an air con-
ditioning circuit (52) constituting part of the air condition-
ing section (71). A gas side of the air conditioning circuit
(52) is connected to a third gas connection pipe (3c). A
liquid side of the air conditioning circuit (52) is connected

to a third liquid connection pipe (2c) branching off from
the liquid connection pipe (2).
[0103] In the air conditioning circuit (52), an indoor ex-
pansion valve (53) made of an electronic expansion valve
having an adjustable opening degree and an indoor heat
exchanger (54) made of a cross-fin type fin-and-tube heat
exchanger are provided in this order from the liquid end
to the gas end. An indoor fan (55) for sending indoor air
to the indoor heat exchanger (54) is provided near the
indoor heat exchanger (54).

«Cold Storage Unit, Refrigeration Unit»

[0104] The cold storage unit (60a) and the refrigeration
unit (60b) respectively house internal circuits (61a, 61b)
constituting part of the cooling section (72). A gas side
of the first internal circuit (61a) of the cold storage unit
(60a) is connected to a first gas connection pipe (3a). A
liquid side of the first internal circuit (61a) is connected
to a first liquid connection pipe (2a) branching off from
the liquid connection pipe (2). On the other hand, a gas
side of the second internal circuit (61b) of the refrigeration
unit (60b) is connected to a second gas connection pipe
(3b). A liquid side of the second internal circuit (61b) is
connected to a second liquid connection pipe (2b)
branching off from the liquid connection pipe (2).
[0105] In the internal circuits (61a, 61b), internal ex-
pansion valves (63a, 63b) made of electronic expansion
valves having adjustable opening degrees and internal
heat exchangers (64a, 64b) made of cross-fin type fin-
and-tube heat exchangers are provided in this order from
the liquid end to the gas end. Internal fans (65a, 65b) for
sending internal air to the internal heat exchangers (64a,
64b) are provided near the internal heat exchangers
(64a, 64b).

«Booster Unit»

[0106] The booster unit (80) houses a booster circuit
(81) constituting part of the cooling section (72). The
booster circuit (81) includes a booster compressor (86).
On a discharge pipe (78) of the booster compressor (86),
an oil separator (87), a high-pressure pressure switch
(88), and a check valve (CV16) are provided in this order
from the side close to the booster compressor (86). The
oil separator (87) is connected to an oil return pipe (92)
including a capillary tube (91). The booster circuit (81)
includes a bypass pipe (95) for allowing a refrigerant to
bypass the booster compressor (86). The bypass pipe
(95) has a check valve (CV 17).

-Operational Behavior-

[0107] Operational behavior of the refrigeration sys-
tem (1) will be described hereinafter for each operation.
The refrigeration system (1) is configured to select from
among eight operation modes. Specifically, the eight op-
eration modes are: <i> air cooling operation of performing
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only air cooling by the air conditioning unit (50); <ii> air
heating operation of performing only air heating by the
air conditioning unit (50); <iii> cooling operation of per-
forming only cooling of the interior (i.e., the inside of, for
example, a refrigerator) by the cold storage unit (60a)
and the refrigeration unit (60b); <iv> first air cooling/cool-
ing operation of performing cooling of the interior by the
cold storage unit (60a) and the refrigeration unit (60b)
and air cooling by the air conditioning unit (50); <v> sec-
ond air cooling/cooling operation performed when the air
conditioning unit (50) has an insufficient air-cooling ca-
pability in the first air cooling/cooling operation; <vi> first
air heating/cooling operation of performing cooling of the
interior by the cold storage unit (60a) and the refrigeration
unit (60b) and air heating by the air conditioning unit (50)
without using the external heat exchanger (15); <vii> sec-
ond air heating/cooling operation performed when the air
conditioning unit (50) has a redundant air heating capa-
bility in the first air heating/cooling operation; and <viii>
third air heating/cooling operation performed when the
air conditioning unit (50) has an insufficient air heating
capability in the first air heating/cooling operation. In this
refrigeration system (1), the opening degree of the sec-
ond external expansion valve (19) is adjusted as neces-
sary, thereby adjusting the flow rate of a refrigerant to be
injected into compression chambers (73) with intermedi-
ate pressures of compressors (14).

<Air Cooling Operation>

[0108] In air cooling operation, the third compressor
(14c) is operated with the first four-way selector valve
(20) and the second four-way selector valve (111) set in
the first state. The opening degree of the indoor expan-
sion valve (53) is adjusted as necessary. The first exter-
nal expansion valve (18) and the internal expansion
valves (63) are closed. In the air cooling operation, when
the air cooling capability is insufficient, the second com-
pressor (14b) is also operated. In this case, the third four-
way selector valve (112) is set in the second state. The
first compressor (14a) is always stopped. In the air cool-
ing operation, a vapor compression refrigeration cycle in
which the external heat exchanger (15) serves as a con-
denser and the indoor heat exchanger (54) serves as an
evaporator, is performed.

<Air Heating Operation >

[0109] In air heating operation, the third compressor
(14c) is operated with the first four-way selector valve
(20) set in the second state and the second four-way
selector valve (111) set in the first state. The opening
degrees of the indoor expansion valve (53) and the first
external expansion valve (18) are adjusted as necessary.
The internal expansion valves (63) are closed. In the air
heating operation, when the air heating capability is in-
sufficient, the second compressor (14b) is also per-
formed. In this case, the third four-way selector valve

(112) is set in the second state. The first compressor
(14a) is always stopped. In the air heating operation, a
vapor compression refrigeration cycle in which the indoor
heat exchanger (54) serves as a condenser and the ex-
ternal heat exchanger (15) serves as an evaporator, is
performed.

<Cooling Operation>

[0110] In cooling operation, the first compressor (14a)
is operated with the first four-way selector valve (20) set
in the first state. The opening degrees of the internal ex-
pansion valves (63) are adjusted as necessary. The first
external expansion valve (18) and the indoor expansion
valve (53) are closed. In the cooling operation, when the
cooling capability for the interior is insufficient, the second
compressor (14b) is also performed. In this case, the
third four-way selector valve (112) is set in the first state.
The third compressor (14c) is always stopped. In the cool-
ing operation, a vapor compression refrigeration cycle in
which the external heat exchanger (15) serves as a con-
denser and each of the internal heat exchangers (64)
serves as an evaporator, is performed.

<First Air Cooling/Cooling Operation>

[0111] In first air cooling/cooling operation, the first
compressor (14a) and the third compressor (14c) are op-
erated with the first four-way selector valve (20) and the
second four-way selector valve (111) set in the first state.
The opening degrees of the internal expansion valves
(63) and the indoor expansion valve (53) are adjusted as
necessary. The first external expansion valve (18) is
closed. In the first air cooling/cooling operation, when the
cooling capability for the interior is insufficient, the second
compressor (14b) is also operated. In this case, the third
four-way selector valve (112) is set in the first state. In
the first air cooling/cooling operation, a vapor compres-
sion refrigeration cycle in which the external heat ex-
changer (15) serves as a condenser and each of the in-
door heat exchanger (54) and the internal heat exchang-
ers (64) serves as an evaporator, is performed.

<Second Air Cooling/Cooling Operation>

[0112] Second air cooling/cooling operation is per-
formed by switching the third four-way selector valve
(112) to the second state when the air cooling capability
is insufficient in the first air cooling/cooling operation. In
the second air cooling/cooling operation, the second
compressor (14b) is switched to the air conditioning sec-
tion (71). The settings in the second air cooling/cooling
operation are basically the same as those in the first air
cooling/cooling operation, except for the third four-way
selector valve (112).

25 26 



EP 2 258 992 A1

15

5

10

15

20

25

30

35

40

45

50

55

<First Air Heating/Cooling Operation>

[0113] First air heating/cooling operation is 100% heat
recovery operation in which the external heat exchanger
(15) is not used and cooling of the interior by the cold
storage unit (60a) and the refrigeration unit (60b) and air
heating by the air conditioning unit (50) are performed.
In the first air heating/cooling operation, the first com-
pressor (14a) is operated with the first four-way selector
valve (20) set in the second state and the second four-
way selector valve (111) set in the first state. The opening
degrees of the internal expansion valves (63) and the
indoor expansion valve (53) are adjusted as necessary.
The first external expansion valve (18), the second ex-
ternal expansion valve (19), and the third external ex-
pansion valve (110) are closed. In the first air heating/
cooling operation, when the cooling capability for the in-
terior is insufficient, the second compressor (14b) is also
operated. In this case, the third four-way selector valve
(112) is set in the first state. In the first air heating/cooling
operation, a vapor compression refrigeration cycle in
which the indoor heat exchanger (54) serves as a con-
denser and each of the internal heat exchangers (64)
serves as an evaporator, is performed.

<Second Air Heating/Cooling Operation>

[0114] Second air heating/cooling operation is per-
formed by switching the second four-way selector valve
(111) to the second state when the air heating capability
is redundant in the first air heating/cooling operation. In
the second air heating/cooling operation, the external
heat exchanger (15) serves as a condenser. The settings
in the second air heating/cooling operation are basically
the same as those in the first air heating/cooling opera-
tion, except for the second four-way selector valve (111).

<Third Air Heating/Cooling Operation>

[0115] Third air heating/cooling operation is performed
by operating the third compressor (14c) with the second
four-way selector valve (111) set in the first state and the
first external expansion valve (18) opened, when the air
heating capability is insufficient in the first air heating/
cooling operation. In the third air heating/cooling opera-
tion, a vapor compression refrigeration cycle in which the
indoor heat exchanger (54) serves as a condenser and
each of the internal heat exchangers (64) and the external
heat exchanger (15) serves as an evaporator, is per-
formed.

<<Other Embodiments>>

[0116] The foregoing embodiments may have the fol-
lowing configurations.
[0117] In the foregoing embodiments, the oil return
passageway (32) may be configured to allow refrigerating
machine oil to return to the suction pipes (57).

[0118] In the foregoing embodiments, the compres-
sors (14) may be compressors with symmetric spiral
structures, or compressors except scroll compressors.
[0119] In the foregoing embodiments, the second com-
pressor (14b) and the third compressor (14c) may be
compressors having variable operation capacities.
[0120] In the foregoing embodiments, the refrigeration
system (1) may be configured to perform a supercritical
cycle in which the high pressure of a refrigeration cycle
is higher than a critical pressure of a refrigerant. In this
case, a heat exchanger serving as a condenser in a nor-
mal refrigeration cycle in which the high pressure of a
refrigeration cycle is lower than a critical pressure of a
refrigerant, serves as a gas cooler.
[0121] The foregoing embodiments are merely pre-
ferred examples in nature, and are not intended to limit
the scope, applications, and use of the invention.

INDUSTRIAL APPLICABILITY

[0122] As described above, the present invention is
useful for a refrigeration system in which a compressor
mechanism including a plurality of compressors is pro-
vided in a refrigerant circuit.

Claims

1. A refrigeration system including a refrigerant circuit
(4) which is configured to perform a refrigeration cy-
cle and provided with a compressor mechanism (40)
including a first compressor (14a) and a second com-
pressor (14b) whose discharge sides are connected
to each other, the refrigeration system comprising:

oil separators (37a, 37b) provided at a discharge
pipe (56a) of the first compressor (14a) and a
discharge pipe (56b) of the second compressor
(14b), respectively; and
an oil return passageway (32) configured to
combine streams of refrigerating machine oil
separated in the oil separators (37a, 37b) and
distribute the combined refrigerating machine oil
to the first compressor (14a) and the second
compressor (14b).

2. The refrigeration system of claim 1, further compris-
ing an injection passageway (30) configured to inject
a refrigerant into the first compressor (14a) and the
second compressor (14b), wherein
the oil return passageway (32) includes a junction
passageway (48) in which refrigerating machine oil
from the oil separators (37a, 37b) flows, and
the junction passageway (48) is connected to a por-
tion of the injection passageway (30) located up-
stream of a branch point to the first compressor (14a)
and the second compressor (14b).
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3. The refrigeration system of claim 2, wherein the com-
pressor mechanism (40) is configured to always op-
erate the first compressor (14a) and adjust an oper-
ation capacity of the compressor mechanism (40) by
switching the second compressor (14b) between op-
eration and nonoperation,
the injection passageway (30) includes a first branch
injection passageway (42a) branching to the first
compressor (14a) and a second branch injection
passageway (42b) branching to the second com-
pressor (14b), and
only the second branch injection passageway (42b)
has an oil non-return valve (SV1) which is freely
opened and closed and prevents refrigerating ma-
chine oil from returning to the compressor (14b) to
which the branch injection passageway (42b) is con-
nected while the compressor (14b) stops.

4. The refrigeration system of claim 1 or 2, wherein the
compressor mechanism (40) is configured to always
operate the first compressor (14a) and adjust an op-
eration capacity of the compressor mechanism (40)
by switching the second compressor (14b) between
operation and nonoperation,
the oil return passageway (32) includes a first pre-
junction passageway (47a) connected to the oil sep-
arator (37a) at the discharge pipe (56a) of the first
compressor (14a) and a second pre-junction pas-
sageway (47b) connected to the oil separator (37b)
at the discharge pipe (56b) of the second compres-
sor (14b), and
only the second pre-junction passageway (47b) has
a check valve (CV4) for preventing refrigerating ma-
chine oil from returning to the oil separator (37b).

5. The refrigeration system of claim 1, wherein in the
second compressor (14b), a discharge space (100)
filled with a refrigerant compressed in a fluid machine
(82) configured to compress a fluid in a compression
chamber (73a, 73b) is formed in a casing (70) hous-
ing the fluid machine (82),
a refrigerant-inflow stop valve (CV2) is provided at
a portion of the discharge pipe (56b) of the second
compressor (14b) located downstream of the oil sep-
arator (37b), and stops a flow of a refrigerant into the
second compressor (14b) in a nonoperation state,
and
when the second compressor (14b) stops while the
first compressor (14a) operates, the first compressor
(14a) sucks a refrigerant in the discharge space
(100) in the second compressor (14b) through the
oil return passageway (32).

6. The refrigeration system of claim 1, wherein
an outlet side of the oil return passageway (32) com-
municates with compression chambers (73) with in-
termediate pressures of the respective compressors
(14a, 14b).

7. The refrigeration system of claim 1, wherein at least
one of the first compressor (14a) and the second
compressor (14b) is a compressor having a variable
operation capacity.
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