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Description
TECHNICAL FIELD

[0001] The present invention relates to refrigeration
systems each including a plurality of utilization side heat
exchangers, more particularly to a refrigeration system
capable of performing defrosting operation in a refriger-
ation cycle in order to defrost a plurality of utilization side
heat exchangers.

BACKGROUND ART

[0002] Refrigeration systems including refrigerant cir-
cuits operating in refrigeration cycles are known, and are
widely used in, for example, cooling machines such as
chillers or freezers for storing food and other materials
and air conditioners for cooling and heating the air in
rooms.

[0003] For example, Patent Document 1 discloses an
air conditioner capable of operating in a two-stage com-
pression refrigeration cycle. The refrigerant circuit in this
air conditioner includes a high-stage compressor, a low-
stage compressor, an outdoor heat exchanger, and an
indoor heat exchanger. During heating operation of the
air conditioner, a two-stage compression refrigeration cy-
cleinwhich the low-stage compressor and the high-stage
compressor are operated, the indoor heat exchanger
serves as a condenser, and the outdoor heat exchanger
serves as an evaporator, is performed. The air condition-
er described above is capable of performing defrosting
operation of melting frost on the outdoor heat exchanger
in winter. During this defrosting operation, only the high-
stage compressor is operated, and a refrigeration cycle
(i.e., so-called reverse cycle defrosting) in which the out-
door heat exchanger serves as a condenser and the in-
door heat exchanger serves as an evaporator is per-
formed.

[0004] Patent Document 2 discloses a refrigeration
system for cooling the interior with a plurality of utilization
side heat exchangers. In this refrigeration system, utili-
zation side circuits each including a plurality of utilization
side heat exchangers are connected in parallel to a heat-
source side circuit including a heat-source side heat ex-
changer. During cooling operation of this refrigeration
system, a refrigeration cycle in which the heat-source
side heat exchanger serves as a condenser and the uti-
lization side heat exchangers serve as evaporators is
performed. Consequently, the air in the interior is cooled
by each of the utilization side heat exchangers.

Patent Document 1: Japanese Laid-Open Patent
Publication No. 2004-85047

Patent Document 2: Japanese Laid-Open Patent
Publication No. 2002-228297
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DISCLOSURE OF INVENTION
Problems that the Invention is to Solve

[0005] In a refrigeration system including a plurality of
utilization side heat exchangers as disclosed in Patent
Document 2, defrosting operation disclosed in Patent
Document 1 is expected to be performed to defrost the
utilization side heat exchangers at a time. However, in
defrosting operation with such reverse cycle defrosting,
condensed refrigerant may become liquid refrigerant and
accumulate in the utilization side heat exchangers to
cause so-called refrigerant stagnation. Such simultane-
ous defrosting of a plurality of utilization side heat ex-
changers as described above may increase the total
amount of refrigerant which has accumulated in the uti-
lization side heat exchangers, thus failing to keep a suf-
ficient amount of refrigerant for defrosting. This results
in the problem of inefficient defrosting of the utilization
side heat exchangers.

[0006] In particular, in many refrigeration systems op-
erating in a two-stage compression refrigeration cycle as
described above, the pressure at a low-pressure side is
extremely low, and each of the utilization side heat ex-
changers has a large capacity. Accordingly, when a plu-
rality of utilization side heat exchangers are defrosted in
such a refrigeration system, a large amount of refrigerant
accumulates in each of the utilization side heat exchang-
ers, and thus it becomes more difficult to keep a sufficient
amount of refrigerant for defrosting.

[0007] Itis therefore an object of the present invention
toincrease, in a refrigeration system capable of perform-
ing defrosting operation to defrost a plurality of utilization
side heat exchangers, the efficiency in the defrosting op-
eration by keeping a sufficient amount of refrigerant for
defrosting.

Means of Solving the Problems

[0008] Afirstaspectofthe presentinventionis directed
to a refrigeration system including: a heat-source side
circuit (40) including a compressor (41, 42, 43) and a
heat-source side heat exchanger (44); and a plurality of
utilization side circuits (100, 120; 110, 160) respectively
including utilization side heat exchangers (102, 112) and
connected in parallel to the heat-source side circuit (40).
This refrigeration system is switchable between cooling
operation performed in a refrigeration cycle in which the
heat-source side heat exchanger (44) serves as a con-
denser and the utilization side heat exchangers (102,
112) serve as evaporators, and defrosting operation per-
formed in a refrigeration cycle in which the utilization side
heat exchangers (102, 112) serve as condensers and
the heat-source side heat exchanger (44) serves as an
evaporator. In the refrigeration system, the defrosting op-
eration includes an individual defrosting process in which
part of the utilization side heat exchangers (102, 112) is
operated as a condenser and the other part of the utili-
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zation side heat exchangers (102, 112) is stopped, the
individual defrosting process being performed a plurality
of times in such a manner that each of the utilization side
heat exchangers (102, 112) serves as a condenser at
least once in the defrosting operation by switching the
part of the utilization side heat exchangers (102, 112)
serving as a condenser every time, and a discharge proc-
ess in which refrigerant is discharged from the part of the
utilization side heat exchangers (102, 112) stopped in
the individual defrosting process.

[0009] In the refrigeration system of the first aspect,
the plurality of utilization side circuits (100, 120; 110, 160)
are connected in parallel to the heat-source side circuit
(40), thereby forming a refrigerant circuit. This refrigera-
tion system is capable of performing cooling operation
for cooling, for example, the inside of a freezer case with
the utilization side heat exchanger (102, 112) and de-
frosting operation for melting frost on the surface of the
utilization side heat exchanger (102, 112).

[0010] Specifically, inthe cooling operation, refrigerant
compressed by the compressor (41, 42, 43) condenses
in the heat-source side heat exchanger (44), is subjected
to pressure reduction at, for example, an expansion
valve, and then is sent to each of the utilization side heat
exchangers (102, 112). In each of the utilization side heat
exchangers (102, 112), the refrigerant takes heat from
the air, and evaporates. Consequently, the air in the
freezer case, for example, is cooled. The refrigerant that
has evaporated in the utilization side heat exchanger
(102, 112) is sucked into the compressor (41, 42, 43),
and is compressed again.

[0011] On the other hand, in the defrosting operation,
the individual defrosting process in which only part of the
utilization side heat exchangers (102, 112) to be defrost-
ed serves as a condenser and the other utilization side
heat exchangers (102, 112) not to be defrosted is
stopped, is performed. This individual defrosting process
is now described based on a specific example.

[0012] It is assumed that the first utilization side heat
exchanger (102) is defrosted and the second utilization
side heat exchanger (112) is not defrosted in the individ-
ual defrosting process, for example. In this case, refrig-
erant compressed by the compressor (41, 42, 43) is sent
only to the first utilization side heat exchanger (102), and
is not sent to the second utilization side heat exchanger
(112). In the first utilization side heat exchanger (102),
the refrigerant dissipates heat to frost on the surface of
a heat exchanger pipe. Consequently, in the first utiliza-
tion side heat exchanger (102), the refrigerant condens-
es, and the frost on the surface of the heat exchanger
tube gradually melts to be removed. The refrigerant con-
densed in the first utilization side heat exchanger (102)
is subjected to pressure reduction at, for example, an
expansion valve, and then evaporates in the heat-source
side heat exchanger (44). The refrigerant that has evap-
orated in the heat-source side heat exchanger (44) is
sucked into the compressor (41, 42, 43), and is com-
pressed again.
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[0013] In the defrosting operation, the individual de-
frosting process as described above is repeated in such
a manner that the target of defrosting is sequentially
switched in a given order. Specifically, after completion
ofthe individual defrosting process in the above example,
an individual defrosting process in which the second uti-
lization side heat exchanger (112) is defrosted (i.e.,
serves as a condenser) and the first utilization side heat
exchanger (102) is not defrosted (i.e., is stopped), is per-
formed. Accordingly, in this aspect of the present inven-
tion, a larger amount of refrigerant is sent to each of the
utilization side heat exchangers (102, 112) thanin a case
where refrigerant is split into the utilization side heat ex-
changers (102, 112) and the utilization side heat ex-
changers (102, 112) are defrosted at a time. Therefore,
even when refrigerant stagnates in the utilization side
heat exchanger (102, 112) in the individual defrosting
process, no shortage of refrigerant for use in defrosting
of the utilization side heat exchangers (102, 112) occurs.
[0014] In addition, the defrosting operation includes
the discharge process for discharging refrigerant from
part of the utilization side heat exchangers (102, 112) not
to be defrosted. Specifically, in the individual defrosting
process, refrigerant may remain in the part of the utiliza-
tion side heat exchangers (102, 112) which is stopped.
However, in this aspect of the present invention, this re-
frigerant is discharged in the discharge process. As a
result, in the individual defrosting process, the amount
ofrefrigerant capable of being sent to part of the utilization
side heat exchangers (102, 112) to be defrosted can fur-
ther increase.

[0015] In a second aspect of the present invention, in
the refrigeration system of the first aspect, the heat-
source side circuit (40) includes the high-stage compres-
sor (41,42, 43), whereas the utilization side circuits (100,
120; 110, 160) respectively include low-stage compres-
sors (121, 122, 123; 161, 162, 163). In the cooling oper-
ation, the high-stage compressor (41, 42, 43) and the
low-stage compressors (121, 122, 123; 161, 162, 163)
are driven to perform a two-stage compression refriger-
ation cycle, whereas in the defrosting operation, the high-
stage compressor (41, 42, 43) is driven to perform a re-
frigeration cycle. In the discharge process, part of the
low-stage compressors (121, 122, 123; 161, 162, 163)
of the utilization side circuits (100, 120; 110, 160) asso-
ciated with part of the utilization side heat exchangers
(102, 112) not to be defrosted is driven to send refrigerant
remaining in the part of the utilization side heat exchang-
ers (102, 112) not to be defrosted to the part of the utili-
zation side heat exchangers (102, 112) to be defrosted.
[0016] The refrigeration system of the second aspect
is configured to be capable of operating in a two-stage
compression refrigeration cycle. Specifically, the refrig-
erant circuit of this refrigeration system includes the high-
stage compressor (41, 42, 43) and the low-stage com-
pressors (121, 122, 123; 161, 162, 163). In the cooling
operation of this refrigeration system, refrigerant com-
pressed in the high-stage compressor (41, 42, 43) con-
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denses in the heat-source side heat exchanger (44), is
subjected to pressure reduction at, for example, a pres-
sure-reducing valve, and then is sent to each of the uti-
lization side heat exchangers (102, 112). The refrigerant
that has evaporated in the utilization side heat exchang-
ers (102, 112) is compressed in the low-stage compres-
sors (121, 122, 123; 161, 162, 163), and is sucked into
the high-stage compressor (41, 42, 43) to be further com-
pressed.

[0017] On the other hand, in the defrosting operation
of this refrigeration system, the individual defrosting proc-
ess is performed with the high-stage compressor (41, 42,
43) operated. Specifically, in the individual defrosting
process, refrigerant compressed in the high-stage com-
pressor (41, 42, 43) is sent to, for example, the first uti-
lization side heat exchanger (102) to be defrosted, and
is not sent to the second utilization side heat exchanger
(112) not to be defrosted. Refrigerant used for defrosting
of the first utilization side heat exchanger (102) is sub-
jected to pressure reduction at, for example, an expan-
sion valve, condenses in the heat-source side heat ex-
changer (44), and thenis sucked into the high-stage com-
pressor (41, 42, 43) to be compressed again.

[0018] In the discharge process in this aspect, refrig-
erantis sent to part of the utilization side heat exchangers
(102, 112) to be defrosted by operating part of the low-
stage compressors (121, 122, 123; 161, 162, 163) of the
utilization side circuits (100, 120; 110, 160) associated
with part of the utilization side heat exchangers (102,
112) not to be defrosted in the individual defrosting proc-
ess. Specifically, in the individual defrosting process, for
example, in a case where the second utilization side heat
exchanger (112) is stopped, the second low-stage com-
pressor (161, 162, 163) of the second utilization side cir-
cuit (110, 160) associated with the second utilization side
heat exchanger (112) is operated. Consequently, refrig-
erant in the second utilization side heat exchanger (112)
is sucked into the second low-stage compressor (161,
162, 163) to be compressed, and then is sent to the first
utilization side heat exchanger (102) to be defrosted. At
this time, in the second utilization side circuit (110, 160),
refrigerant in, for example, the pipe of the suction side of
the second low-stage compressor (161, 162, 163) is also
sent to the first utilization side heat exchanger (102). Ac-
cordingly, in the individual defrosting process, the
amount of refrigerant capable of being sent to the utili-
zation side heat exchanger (102, 112) to be defrosted
further increases.

[0019] In athird aspect of the present invention, in the
refrigeration system of the second aspect, the utilization
side circuits (100, 120; 110, 160) respectively include
expansion valves (101, 111) for reducing pressures of
refrigerant at inflow ends of the utilization side heat ex-
changers (102, 112) in the cooling operation, and in the
individual defrosting process, part of the expansion
valves (101, 111) of the utilization side circuits (100, 120;
110, 160) associated with the part of the utilization side
heat exchangers (102, 112) to be defrosted is opened,

10

15

20

25

30

35

40

45

50

55

whereas part of the expansion valves (101, 111) of the
utilization side circuits (100, 120; 110, 160) associated
with the part of the utilization side heat exchangers (102,
112) not to be defrosted is fully closed.

[0020] In the third aspect, the utilization side circuits
(100, 120; 110, 160) respectively include the expansion
valves (101, 111). In the cooling operation, refrigerant
condensed in the heat-source side heat exchanger (44)
is subjected to pressure reduction at the expansion
valves (101, 111), and then is sent to the utilization side
heat exchangers (102, 112) to evaporate.

[0021] On the other hand, in the individual defrosting
process, the expansion valve (101, 111) is opened in the
utilization side circuit (100, 120; 110, 160) associated
with the utilization side heat exchanger (102, 112) to be
defrosted. In the utilization side circuit (100, 120; 110,
160) not to be defrosted, the expansion valve (101, 111)
is fully closed. In this state, when the high-stage com-
pressor (41,42, 43)is operated, refrigerant expelled from
the high-stage compressor (41, 42, 43) flows into the
utilization side heat exchanger (102, 112) to be defrosted.
Onthe other hand, the fully-closed expansion valve (101,
111) prevents this refrigerant from flowing in the utiliza-
tion side heat exchanger (102, 112) not to be defrosted.
Accordingly, in the individual defrosting process, a larger
amount of refrigerant can be sent to the utilization side
heat exchanger (102, 112) to be defrosted.

[0022] In a fourth aspect of the present invention, in
the refrigeration system of the third aspect, in the dis-
charge process, the part of the expansion valves (101,
111) of the utilization side circuits (100, 120; 110, 160)
associated with the part of the utilization side heat ex-
changers (102, 112) not to be defrosted in the individual
defrosting process is fully closed.

[0023] In the discharge process in the fourth aspect,
the expansion valve (101, 111) is fully closed in the uti-
lization side circuit (100, 120; 110, 160) associated with
the utilization side heat exchanger (102, 112) not to be
defrosted, and the low-stage compressor (121, 122, 123;
161, 162, 163) is operated. Specifically, for example, in
the stopped second utilization side circuit (110, 160), the
second expansion valve (111) is fully closed, and the
second low-stage compressor (161, 162, 163) is operat-
ed. Consequently, in the second utilization side circuit
(110, 160), refrigerant remaining from the fully-closed
second expansion valve (111) to the suction port of the
second low-stage compressor (161, 162, 163) is sucked
into the second low-stage compressor (161, 162, 163)
to be compressed, and is sent to the first utilization side
heat exchanger (102) to be defrosted. Accordingly, in the
individual defrosting process, the amount of refrigerant
capable of being sentto the utilization side heat exchang-
er (102, 112) to be defrosted can further increase.
[0024] In addition, fully-closing the expansion valve
(101, 111) in the manner described above causes a rapid
decrease in pressure at the suction side of the operating
low-stage compressor (121, 122, 123; 161, 162, 163).
Accordingly, even if liquid refrigerant has accumulated
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in the utilization side heat exchanger (102, 112) not to
be defrosted and pipes before and after this part, the
pressure of this liquid refrigerant rapidly decreases, and
thus the liquid refrigerant is likely to evaporate. This can
prevent refrigerant in the liquid state from being sucked
into the low-stage compressors (121, 122, 123; 161, 162,
163), thus avoiding a so-called liquid compression phe-
nomenon in the low-stage compressors (121, 122, 123;
161, 162, 163).

[0025] In a fifth aspect of the present invention, in the
refrigeration system of one of the second through fourth
aspects, the utilization side circuits (100, 120; 110, 160)
respectively include bypass pipes (145, 185) connecting
suction sides and discharge sides of the low-stage com-
pressors (121, 122, 123; 161, 162, 163) and provided
with shut-off valves (SV6, SV11) which are closed during
the cooling operation, and in the individual defrosting
process, part of the shut-off valves (SV6, SV11) of the
utilization side circuits (100, 120; 110, 160) associated
with the part of the utilization side heat exchangers (102,
112) to be defrosted is opened, whereas part of the shut-
off valves (SV6, SV11) of the utilization side circuits (100,
120; 110, 160) associated with the part of the utilization
side heat exchangers (102, 112) not to be defrosted is
closed.

[0026] In the fifth aspect, the utilization side circuits
(100, 120; 110, 160) respectively include the bypass
pipes (145, 185). During the cooling operation, the shut-
off valves (SV6, SV11) of the bypass pipes (145, 185)
are closed. Accordingly, refrigerant that has evaporated
in the utilization side heat exchangers (102, 112) does
notflowinthe bypass pipes (145, 185), butis compressed
in the low-stage compressors (121, 122, 123; 161, 162,
163), and then is further compressed in the high-stage
compressor (41, 42, 43).

[0027] On the other hand, in the individual defrosting
process, the shut-off valve (SV6, SV 11) of the utilization
side circuit (100, 120; 110, 160) associated with the uti-
lization side heat exchanger (102, 112) not to be defrost-
edis closed. Accordingly, this closed shut-off valve (SV6,
SV11) prevents refrigerant compressed in the high-stage
compressor (41, 42, 43) from being sent to the utilization
side heat exchanger (101, 112) not to be defrosted
through the bypass pipe (145, 185). As a result, in the
individual defrosting process, a larger amount of refrig-
erant can be sent to the utilization side heat exchanger
(102, 112) to be defrosted.

[0028] In a sixth aspect of the present invention, in the
refrigeration system of the fifth aspect, in the discharge
process, the part of the shut-off valves (SV6, SV11) of
the utilization side circuits (100, 120; 110, 160) associ-
ated with the part of the utilization side heat exchangers
(102, 112) not to be defrosted is closed.

[0029] Inthe discharge process in the sixth aspect, the
shut-off valve (SV6, SV11) of the utilization side circuit
(100, 120; 110, 160) associated with the utilization side
heat exchanger (102, 112) not to be defrosted is closed,
and the low-stage compressor (121, 122, 123; 161, 162,
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163) is operated. Specifically, for example, in the second
utilization side circuit (110, 160) associated with the
stopped second utilization side heat exchanger (112),
the shut-off valve (SV 11) is closed, and the second low-
stage compressor (161, 162, 163) is operated. This pre-
vents refrigerant expelled from the second low-stage
compressor (161, 162, 163) from returning to the suction
side of the second low-stage compressor (161, 162, 163)
through the second bypass pipe (185) in the second uti-
lization side circuit (110, 160). Accordingly, refrigerant in
the second utilization side circuit (110, 160) can be quick-
ly discharged, thus further increasing the amount of re-
frigerant capable of being sent to the utilization side heat
exchanger (102, 112) to be defrosted in the individual
defrosting process.

[0030] In aseventh aspect of the present invention, in
the refrigeration system of the fifth aspect, the utilization
side circuits (100, 120; 110, 160) respectively include
vessel-like oil separators (124, 164) for causing oil in re-
frigerant expelled from the low-stage compressors (121,
122, 123; 161, 162, 163) to be sucked in the low-stage
compressors (121, 122, 123; 161, 162, 163), and an end
of each of the bypass pipes (145, 185) is connected to
an associated one of the oil separators (124, 164).
[0031] In the seventh aspect, the oil separators (124,
164) are respectively provided at the discharge sides of
the low-stage compressors (121, 122, 123; 161, 162,
163). This oil separator (124, 164) separates oil from re-
frigerant expelled from the low-stage compressor (121,
122,123; 161, 162, 163) during, for example, the cooling
operation. The oil separated by the oil separator (124,
164) is sucked into the low-stage compressor (121, 122,
123; 161, 162, 163) through, for example, an oil return
pipe, and is used for lubricating a compression mecha-
nism, for example.

[0032] In a case where the oil separator (124, 164) is
provided in the utilization side circuit (100, 120; 110, 160),
refrigerant may also accumulate in the oil separator (124,
164) during the defrosting operation. Specifically, in the
defrosting operation, the high-stage compressor (41, 42,
43) communicates with a pipe through which refrigerant
flows in the oil separator (124, 164), and thus refrigerant
expelled from the high-stage compressor (41, 42, 43)
accumulates in the oil separator (124, 164) in some cas-
es. This may cause shortage of refrigerant capable of
being sent to the utilization side heat exchanger (102,
112) in the defrosting operation, thus reducing the ca-
pacity of defrosting the utilization side heat exchanger
(102, 112).

[0033] To prevent this problem, according to this as-
pect, an end of the bypass pipe (145, 185) is connected
to the oil separator (124, 164) in order to avoid accumu-
lation of refrigerant in the oil separator (124, 164). With
this configuration, in the defrosting operation, refrigerant
expelled from the high-stage compressor (41, 42, 43)
flows into the bypass pipe (145, 185) through the oil sep-
arator (124, 164), and is sent to the utilization side heat
exchanger (102, 112) to be defrosted. Specifically, in the
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defrosting operation, refrigerant in the oil separator (124,
164) is always pushed to the bypass pipe (145, 185), and
thus accumulation of refrigerant in the oil separator (124,
164) is prevented. As a result, the amount of refrigerant
capable of being sent to the utilization side heat exchang-
er (102, 112) to be defrosted can further increase.
[0034] An eighth aspect of the presentinvention, in the
refrigeration system of the seventh aspect, an end of
each of the bypass pipes (145, 185) is connected to a
bottom of an associated one of the oil separators (124,
164).

[0035] In the eighth aspect, an end of the bypass pipe
(145, 185) is connected to the bottom of the oil separator
(124, 164). This configuration allows refrigerant which
has accumulated in the oil separator (124, 164) during
the defrosting operation to easily flow into the bypass
pipe (145, 185). Even if refrigerant in the oil separator
(124, 164) condenses and liquid refrigerant accumulates
in the bottom of the oil separator (124, 164), this liquid
refrigerant quickly flows into the bypass pipe (145, 185).
[0036] In a ninth aspect of the present invention, in the
refrigeration system of one of the first through eighth as-
pects, the utilization side heat exchangers (102, 112) are
placed in a case, and share a fin (102a).

[0037] In the ninth aspect, the utilization side heat ex-
changers (102, 112) are placed in the same case. In ad-
dition, the utilization side heat exchangers (102, 112)
share the same fin (102a). Accordingly, in the individual
defrosting process, when the utilization side heat ex-
changer (102, 112) to be defrosted serves as a condens-
er, heat of refrigerant in this utilization side heat exchang-
er (102, 112) is transmitted to the other utilization side
heat exchanger (102, 112) by way of the fin (102a). Con-
sequently, in the individual defrosting process, frost on
the surface of the utilization side heat exchanger (102,
112) which is stopped can be melted by utilizing heat of
the utilization side heat exchanger (102, 112) serving as
a condenser.

[0038] In atenth aspect of the present invention, in the
refrigeration system of one of the first through ninth as-
pects, in the defrosting operation, when a degree of su-
percooling of refrigerant flowing from part of the utilization
side heat exchangers (102, 112) to be defrosted reaches
a given temperature or more, a target of defrosting in the
individual defrosting process is switched.

[0039] In the defrosting operation in the tenth aspect,
when condensed liquid refrigerant accumulates in the
utilization side heat exchanger (102, 112) to be defrosted
and the degree of supercooling of this liquid refrigerant
reaches a given temperature or more, the target of de-
frosting in the individual defrosting process is switched.
Consequently, even if the individual defrosting process
is repeated with the target of defrosting appropriately
switched between the utilization side heat exchangers
(102, 112), itis possible to prevent liquid refrigerant from
accumulating in the utilization side heat exchanger (102,
112). This further ensures prevention of shortage of re-
frigerant for use in defrosting of the utilization side heat
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exchanger (102, 112).

[0040] In an eleventh aspect of the present invention,
in the refrigeration system of one of the first through ninth
aspects, in the defrosting operation, when a temperature
of refrigerant flowing from part of the utilization side heat
exchangers (102, 112) to be defrosted reaches a given
temperature or more, a target of defrosting in the individ-
ual defrosting process is switched.

[0041] In the defrosting operation in the eleventh as-
pect, when condensed liquid refrigerant accumulates in
the utilization side heat exchanger (102, 112) to be de-
frosted and the temperature of the refrigerant in the uti-
lization side heat exchanger (102, 112) reaches a given
temperature or more, the target of defrosting in the indi-
vidual defrosting process is switched. Consequently,
even if the individual defrosting process is repeated with
the target of defrosting appropriately switched between
the utilization side heat exchangers (102, 112), it is pos-
sible to prevent liquid refrigerant from accumulating in
the utilization side heat exchanger (102, 112). This fur-
ther ensures prevention of shortage of refrigerant for use
in defrosting of the utilization side heat exchanger (102,
112).

EFFECTS OF THE INVENTION

[0042] According to the present invention, in the de-
frosting operation, the individual defrosting process is
performed with the target of defrosting appropriately
switched among the plurality of utilization side heat ex-
changers (102, 112). Accordingly, a smaller amount of
refrigerant accumulates in the utilization side heat ex-
changers (102, 112) than a case where defrosting is per-
formed with all the utilization side heat exchangers (102,
112) used as condensers. Accordingly, in this individual
defrosting process, a sufficient amount of refrigerant can
be used for defrosting of the utilization side heat exchang-
ers (102, 112), thus increasing the efficiency in defrosting
operation.

[0043] In addition, according to the present invention,
the discharge process in which refrigerant in the utiliza-
tion side heat exchanger (102, 112) not to be defrosted
in the individual defrosting process is sent to the utiliza-
tion side heat exchanger (102, 112) to be defrosted, is
performed. Accordingly, refrigerant in the utilization side
heat exchanger (102, 112) which is stopped can be used
for defrosting of the utilization side heat exchanger (102,
112) to be defrosted, thus further ensuring that a sufficient
amount of refrigerant is kept for defrosting of the utiliza-
tion side heat exchanger (102, 112).

[0044] In the second aspect of the present invention,
in the refrigeration system capable of operating in a two-
stage compression refrigeration cycle in which the utili-
zation side heat exchangers (102, 112) tend to have large
capacities, the individual defrosting process is performed
with the target of defrosting switched. Accordingly, in this
aspect, even if a large amount of liquid refrigerant accu-
mulates in the utilization side heat exchanger (102, 112),
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a sufficient amount of refrigerant can be kept for defrost-
ing of the utilization side heat exchanger (102, 112).
[0045] In the discharge process of this aspect, refrig-
erant compressed in the low-stage compressor (121,
122, 123; 161, 162, 163) is sent to part of the utilization
side heat exchanger (102, 112) to be defrosted. This con-
figuration allows heat input to the low-stage compressor
(121, 122, 123; 161, 162, 163) to be used for defrosting
of the utilization side heat exchanger (102, 112) to be
defrosted.

[0046] In the individual defrosting process in the third
aspect of the present invention, the expansion valve
(101, 111) associated with the utilization side heat ex-
changer (102, 112) not to be defrosted is fully closed.
This ensures that flowing of refrigerant in the utilization
side heat exchanger (102, 112) not to be defrosted is
prevented. Accordingly, a larger amount of refrigerant
can be sent to the utilization side heat exchanger (102,
112) to be defrosted.

[0047] In particular, in the discharge process in the
fourth aspect of the present invention, the expansion
valve (101, 111) associated with the utilization side heat
exchanger (102, 112) not to be defrosted is fully closed.
Accordingly, refrigerant that has accumulated between
the expansion valve (101, 111) and the suction port of
the low-stage compressor (121, 122, 123; 161, 162, 163)
can be sent to the utilization side heat exchanger (102,
112) to be defrosted. This ensures that a sufficient
amount of refrigerant is used for defrosting of the utiliza-
tion side heat exchanger (102, 112) to be defrosted. In
addition, fully closing the expansion valve (101, 111)
changes the refrigerant at the suction side of the low-
stage compressor (121, 122, 123; 161, 162, 163) into
gas, thus preventing a liquid compression phenomenon
in the low-stage compressor (121, 122, 123; 161, 162,
163).

[0048] In the fifth aspect of the present invention, the
utilization side circuits (100, 120; 110, 160) respectively
include bypass pipes (145, 185) connecting the suction
sides and the discharge sides of the low-stage compres-
sors (121, 122, 123; 161, 162, 163). Accordingly, in the
individual defrosting process, refrigerant expelled from
the high-stage compressor (41, 42, 43) can be sent to
the utilization side heat exchanger (102, 112) to be de-
frosted by way of the bypass pipe (145, 185).

[0049] In particular, in the discharge process in the
sixth aspect of the present invention, the shut-off valve
(SV6, SV11) associated with the utilization side heat ex-
changer (102, 112) not to be defrosted is closed. This
allows refrigerant compressed in the low-stage compres-
sor (121, 122, 123; 161, 162, 163) to be quickly sent to
the utilization side heat exchanger (102, 112) to be de-
frosted in the discharge process. Accordingly, a sufficient
amount of refrigerant can be used for defrosting of the
utilization side heat exchanger (102, 112) to be defrosted.
[0050] In the seventh aspect of the present invention,
an end of the bypass pipes (145, 185) is connected to
an associated one of the oil separators (124, 164). This
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ensures that refrigerant in the oil separator (124, 164) is
sent to the utilization side heat exchanger (102, 112) to
be defrosted by way of the bypass pipe (145, 185) in the
defrosting operation. Accordingly, a sufficient amount of
refrigerant can be used for defrosting of the utilization
side heat exchanger (102, 112).

[0051] In particular, in the eighth aspect of the present
invention, an end of each of the bypass pipes (145, 185)
is connected to the bottom of an associated one of the
oil separators (124, 164). Accordingly, liquid refrigerant,
for example, in the oil separator (124, 164) quickly flows
into the bypass pipe (145, 185), and is sent to the utili-
zation side heat exchanger (102, 112) to be defrosted.
[0052] In the ninth aspect of the present invention, the
plurality of utilization side heat exchangers (102, 112)
share the fin (102a). Accordingly, in the individual de-
frosting process, the utilization side heat exchanger (102,
112) which is stopped can be defrosted by utilizing heat
of refrigerant in the utilization side heat exchanger (102,
112) serving as a condenser. This can reduce the time
for defrosting the utilization side heat exchanger (102,
112).

[0053] Further, in the defrosting operation in the tenth
aspect of the present invention, when the degree of su-
percooling of refrigerant flowing from the utilization side
heat exchanger (102, 112) to be defrosted reaches to a
given temperature or more, the target of defrosting is
switched. This can prevent refrigerant stagnation in the
utilization side heat exchanger (102, 112). As a result, a
sufficient amount of refrigerant can be used for defrosting
of the utilization side heat exchanger (102, 112).

[0054] In the defrosting operation in the eleventh as-
pect of the present invention, when the temperature of
refrigerant flowing from part of the utilization side heat
exchangers (102, 112) to be defrosted reaches to a given
temperature or more, the target of defrosting is switched.
This can prevent refrigerant stagnation in the utilization
side heat exchanger (102, 112). As a result, a sufficient
amount of refrigerant can be used for defrosting of the
utilization side heat exchanger (102, 112).

BRIEF DESCRIPTION OF DRAWINGS
[0055]

[FIG. 1] FIG. 1 is a piping diagram showing a sche-
matic configuration of a refrigeration system accord-
ing to an embodiment.

[FIG. 2] FIG. 2 is a view schematically illustrating a
configuration of a cooling heat exchanger in the re-
frigeration system of the embodiment.

[FIG. 3] FIG. 3 is a piping diagram showing the vi-
cinity of a low-stage oil separator in the refrigeration
system of the embodiment.

[FIG. 4] FIG. 4 is a piping diagram showing a flow of
refrigerant in cooling operation of the refrigeration
system of the embodiment.

[FIG. 5] FIG. 5 is a piping diagram showing a flow of
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refrigerant in a pre-discharge process of the refrig-
eration system of the embodiment.

[FIG. 6] FIG. 6 is a piping diagram showing a flow of
refrigerant in a first individual defrosting process of
the refrigeration system of the embodiment.

[FIG. 7] FIG. 7 is a piping diagram showing a flow of
refrigerant in a first discharge process of the refrig-
eration system of the embodiment.

[FIG. 8] FIG. 8 is a piping diagram showing a flow of
refrigerant in a second individual defrosting process
of the refrigeration system of the embodiment.
[FIG. 9] FIG. 9 is a piping diagram showing a flow of
refrigerant in a second discharge process of the re-
frigeration system of the embodiment.

Description of Symbols

[0056]

10 refrigeration system

40 outdoor circuit (heat-source side circuit)

41,42,43 high-stage compressor (compressor)

44 heat-source side heat exchanger (out-
door heat exchanger)

100, 120 first freezing circuit, first booster circuit
(first utilization side circuit)

110, 160 second freezing circuit, second booster
circuit (second utilization side circuit)

101, 111 indoor expansion valve (expansion valve)

102, 112 cooling heat exchanger (utilization side
heat exchanger)

121, 161 low-stage compressor

124, 164 low-stage oil separator (oil separator)

145, 185 bypass pipe

SV6, SV11  solenoid valve (shut-off valve)

BEST MODE FOR CARRYING OUT THE INVENTION

[0057] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to the
drawings.

[0058] Arefrigeration system (10)according to this em-
bodimentis placed in, for example, a convenience store,
and is used to cool the interior of a freezer.

[0059] As shown in FIG. 1, the refrigeration system
(10) of this embodiment includes an outdoor unit (11), an
extension unit (12), a supercooling unit (13), a freezer
display case (14), a first booster unit (15), and a second
booster unit (16). The outdoor unit (11), the extension
unit (12), and the supercooling unit (13) are placed out-
doors. On the other hand, the other units (14, 15, 16) are
placed in a store such as a convenience store.

[0060] The outdoorunit(11)includes an outdoor circuit
(40). The extension unit (12) includes an extension circuit
(80). The supercooling unit (13) includes a supercooling
circuit (90). The outdoor circuit (40), the extension circuit
(80), and the supercooling circuit (90) are connected in
series to form a heat-source side circuit. The freezer dis-
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play case (14) includes a first freezing circuit (100) and
a second freezing circuit (110). The first booster unit (15)
includes a first booster circuit (120). The second booster
unit (16) includes a second booster circuit (160). The first
freezing circuit (100) and the first booster circuit (120)
are connected in series to form a first utilization side cir-
cuit. The second freezing circuit (110) and the second
booster circuit (160) are connected in series to form a
second utilization side circuit.

[0061] In this refrigeration system (10), the first utiliza-
tion side circuit (100, 120) and the second utilization side
circuit (110, 160) are connected in parallel to the heat-
source side circuit (40, 80, 90) to form a refrigerant circuit
in which refrigerant circulates in a vapor compression
refrigeration cycle.

[0062] Specifically, the ends of the outdoor circuit (40)
are provided with a first shut-off valve (21) and a second
shut-off valve (22), respectively. The second shut-off
valve (22) is connected to an end of the extension circuit
(80) through a first connection pipe (31). The other end
of the extension circuit (80) is connected to an end of the
supercooling circuit (90) through a second connection
pipe (32). The other end of the supercooling circuit (90)
is connected to an end of each of the first freezing circuit
(100) and the second freezing circuit (110) through a third
connection pipe (33). The other end of the first freezing
circuit (100) is connected to an end of the first booster
circuit (120) through a fourth connection pipe (34). The
other end of the second freezing circuit (110) is connect-
ed to an end of the second booster circuit (160) through
a fifth connection pipe (35). The other end of the first
booster circuit (120) is provided with a third shut-off valve
(23). The other end of the second booster circuit (160)
is provided with a fourth shut-off valve (24). The third
shut-off valve (23) and the fourth shut-off valve (24) are
connected to the first shut-off valve (21) through a sixth
connection pipe (36).

<<Qutdoor Unit>>

[0063] The outdoor circuit (40) of the outdoor unit (11)
includes a first high-stage compressor (41), a second
high-stage compressor (42), a third high-stage compres-
sor (43), an outdoor heat exchanger (44), a receiver (45),
an internal heat exchanger (46), an outdoor expansion
valve (47), and a four-way selector valve (48).

[0064] Each of the high-stage compressors (41, 42,
43)is fully-enclosed, and is a high-pressure domed scroll
compressor. The first high-stage compressor (41) is a
variable displacement compressor which is supplied with
electric power through an inverter. Specifically, the first
high-stage compressor (41) is configured to be change-
able in displacement by changing the output frequency
of the inverter to change the rotational speed of a motor
for the compressor. On the other hand, the second high-
stage compressor (42) and the third high-stage compres-
sor (43) are fixed displacement compressors. Specifical-
ly, the second high-stage compressor (42) and the third
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high-stage compressor (43) have their respective motors
always operated at constant rotational speeds, and are
not changeable in displacement.

[0065] The discharge side of the first high-stage com-
pressor (41) is connected to an end of a first discharge
pipe (51). The discharge side of the second high-stage
compressor (42) is connected to an end of a second dis-
charge pipe (52). The discharge side of the third high-
stage compressor (43) is connected to an end of a third
discharge pipe (53). The other ends of these discharge
pipes (51, 52, 53) are connected to the four-way selector
valve (48) through a high-stage discharge pipe (54). The
suction side of the first high-stage compressor (41) is
connected to an end of a first suction pipe (55). The suc-
tion side of the second high-stage compressor (42) is
connected to an end of a second suction pipe (56). The
suction side of the third high-stage compressor (43) is
connected to an end of a third suction pipe (57). The
other ends of these suction pipes (55, 56, 57) are con-
nected to the four-way selector valve (48) through a high-
stage suction pipe (58).

[0066] The high-stage discharge pipe (54) is provided
with a high-stage oil separator (59). An end of a high-
stage oil return pipe (59a) is connected to the bottom of
the high-stage oil separator (59). The other end of the
high-stage oil return pipe (59a) is connected to the high-
stage suction pipe (58). The high-stage oil return pipe
(59a) is provided with a first solenoid valve (SV1) which
can be appropriately opened and closed. The high-stage
oil separator (59) separates oil (i.e., refrigerating machine
oil) from the refrigerant expelled from the high-stage com-
pressors (41, 42, 43). The oil obtained by the high-stage
oil separator (59) is sucked into the high-stage compres-
sors (41, 42, 43) by way of the high-stage oil return pipe
(59a) with the first solenoid valve (SV1) opened.

[0067] The outdoor heat exchanger (44) is a cross-fin
type fin-and-tube heat exchanger, and is a heat-source
side heat exchanger. An outdoor fan (60) is provided near
the outdoor heat exchange (44). This outdoor heat ex-
changer (44) performs heat exchange between outdoor
air blown from the outdoor fan (60) and the refrigerant.
An end of the outdoor heat exchanger (44) is connected
to the four-way selector valve (48), whereas the other
end of the outdoor heat exchanger (44) is connected to
the top of the receiver (45) through a first liquid pipe (61).
[0068] The receiver (45) stores redundant refrigerant
in a vessel. The receiver (45) has an internal volume of
about 10 L (liters). The top of the receiver (45) is con-
nected to the first liquid pipe (61), and the bottom of the
receiver (45) is connected to a second liquid pipe (62).
[0069] Theinternal heat exchanger (46)includes afirst
heat exchanger tube (46a) and a second heat exchanger
tube (46b), and performs heat exchange between the
refrigerant flowing in the heat exchanger tube (46a) and
the refrigerant flowing in the heat exchanger tube (46b).
This internal heat exchanger (46) is, for example, a plate
heat exchanger.

[0070] An end of the first heat exchanger tube (46a) is
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connected to the second liquid pipe (62), and the other
end of the first heat exchanger tube (46a) is connected
to the second shut-off valve (22) through a third liquid
pipe (63). An end of a first branch pipe (64) and an end
of the second branch pipe (65) are connected to mid-
points of the third liquid pipe (63). The other ends of the
first and second branch pipes (64, 65) are connected to
midpoints of the first liquid pipe (61). The first branch pipe
(64) is provided with the outdoor expansion valve (47).
The outdoor expansion valve (47) is an electronic expan-
sion valve controllable in opening, and is a heat-source
side expansion valve. An end of a first injection pipe (66)
is connected to a midpoint of the first branch pipe (64).
The other end of the first injection pipe (66) is connected
to the high-stage suction pipe (58). The first injection pipe
(66) is provided with a first motor-operated valve (66a)
which is a motor-operated valve.

[0071] Anendofthe second heatexchangertube (46b)
is connected to a midpoint of the first branch pipe (64)
through a second injection pipe (67), and the other end
of the second heat exchanger tube (46b) is connected
to the high-stage suction pipe (58). The second injection
pipe (67) is provided with a second motor-operated valve
(67a) which is a motor-operated valve.

[0072] The four-way selector valve (48) includes first
through fourth ports. In the four-way selector valve (48),
the first port is connected to the high-stage discharge
pipe (54), the second port is connected to the outdoor
heat exchanger (44), the third port is connected to the
high-stage suction pipe (58), and the fourth port is con-
nected to the first shut-off valve (21). The four-way se-
lector valve (48) is switchable between a first position
(i.e., the position indicated by the solid lines in FIG. 1) in
which the first and second ports communicate with each
other and the third and fourth ports communicate with
each other, and a second position (i.e., the position indi-
cated by the broken lines in FIG. 1) in which the first and
fourth ports communicate with each other and the second
and third ports communicate with each other.

[0073] The outdoor circuit (40) includes various sen-
sors. Specifically, the first discharge pipe (51) is provided
with a first discharge temperature sensor (71), the sec-
ond discharge pipe (52) is provided with a second dis-
charge temperature sensor (72), and the third discharge
pipe (53) is provided with a third discharge temperature
sensor (73). The discharge temperature sensors (71, 72,
73) respectively detect the temperatures of the refriger-
antdischarged from the high-stage compressors (41, 42,
43). The high-stage discharge pipe (54) is provided with
a high-stage high-pressure pressure sensor (74). The
high-stage suction pipe (58) is provided with a high-stage
low-pressure pressure sensor (75). The high-stage high-
pressure pressure sensor (74) detects the pressure of
the refrigerant at a high-pressure side of the outdoor cir-
cuit (40). The high-stage low-pressure pressure sensor
(75) detects the pressure of the refrigerant at a low-pres-
sure side of the outdoor circuit (40). Near the outdoor fan
(60), an outdoor temperature sensor (76) is provided.
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The outdoor-temperature sensor (76) detects the tem-
perature of outdoor air surrounding the outdoor heat ex-
changer (44).

[0074] The outdoor circuit (40) includes a plurality of
check valves. Specifically, the first discharge pipe (51)
is provided with a first check valve (CV1), the second
discharge pipe (52) is provided with a second check valve
(CV2), and the third discharge pipe (53) is provided with
a third check valve (CV3). The first liquid pipe (61) is
provided with a fourth check valve (CV4), the third liquid
pipe (63) is provided with a fifth check valve (CV5), and
the second branch pipe (65) is provided with a sixth check
valve (CV6). These check valves and check valves which
will be described later allow the refrigerant to flow only
in the direction indicated by the arrows in FIG. 1, and
prevent the refrigerant from flowing in the opposite direc-
tion.

[0075] Inaddition to the first shut-off valve (21) and the
second shut-off valve (22), a plurality of shut-off valves
are provided in the outdoor circuit (40). Specifically, the
first liquid pipe (61) is provided with a fifth shut-off valve
(25), the second liquid pipe (62) is provided with a sixth
shut-off valve (26), and the first branch pipe (64) is pro-
vided with a seventh shut-off valve (27).

<<Extension Unit>>

[0076] The extension circuit (80) of the extension unit
(12) includes a refrigerant reservoir (81). This refrigerant
reservoir (81) is an elongated vessel in the shape of a
sealed cylinder, and is configured to store the refrigerant.
Specifically, the refrigerant reservoir (81) has an internal
volume of about 10 L to about 15 L. An end of a fourth
liquid pipe (82) and an end of a fifth liquid pipe (83) are
connected to the circumferential surface of the refrigerant
reservoir (81) near the bottom of the refrigerant reservoir
(81). The other end of the fourth liquid pipe (82) is con-
nected to the first connection pipe (31), and the other end
of the fifth liquid pipe (83) is connected to the second
connection pipe (32). In the extension circuit (80), the
fifth liquid pipe (83) is provided with an eighth shut-off
valve (28). The refrigerant reservoir (81) is configured to
be filled with the refrigerant through this eighth shut-off
valve (28).

<<Supercooling Unit>>

[0077] The supercooling circuit (90) of the supercool-
ing unit (13) includes a supercooling heat exchanger (91),
asupercooling side compressor (92), a supercooling side
outdoor heat exchanger (93), and a supercooling side
expansion valve (94). The supercooling heat exchanger
(91) includes a high-pressure side heat exchanger tube
(91a) and alow-pressure side heat exchanger tube (91b),
and is configured to perform heat exchange between the
refrigerant flowing in the heat exchanger tube (91 a) and
the refrigerant flowing in the heat exchanger tube (91b).
This supercooling heat exchanger (91) is, for example,
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a plate heat exchanger.

[0078] Anend of the high-pressure side heat exchang-
ertube (91 a) is connected to the second connection pipe
(32), and the other end of the high-pressure side heat
exchangertube (91a) is connected to the third connection
pipe (33). The low-pressure side heat exchanger tube
(91b) is located in a closed circuit (90a) in which the re-
frigerant circulates in a vapor compression refrigeration
cycle. In this closed circuit (90a), the supercooling side
compressor (92), the supercooling side outdoor heat ex-
changer (93), and the supercooling side expansion valve
(94) are located in this order from the outflow end of the
low-pressure side heat exchanger tube (91 b).

[0079] The supercooling side compressor (92) is avar-
iable displacement compressor. The supercooling side
outdoor heat exchanger (93) is a cross-fin type fin-and-
tube heat exchanger. A supercooling side outdoor fan
(95) is provided near the supercooling side outdoor heat
exchanger (93). The supercooling side outdoor heat ex-
changer (93) performs heat exchange between outdoor
air blown from the supercooling side outdoor fan (95) and
the refrigerant. The supercooling side expansion valve
(94) is an electronic expansion valve which is controllable
in opening.

[0080] The closed circuit (90a) of the supercooling unit
(13) includes a supercooling side low-pressure pressure
sensor (96) provided on a suction pipe of the supercool-
ing side compressor (92). The supercooling side low-
pressure pressure sensor (96) detects the pressure of
the refrigerant at a low-pressure side of the closed circuit
(90a). A supercooling side outdoor-temperature sensor
(97) is provided near the supercooling side outdoor fan
(95). The supercooling side outdoor-temperature sensor
(97) detects the temperature of outdoor air surrounding
the supercooling side outdoor heat exchanger (93).

<<Freezer Display Case>>

[0081] Inthefreezerdisplay case (14), thefirstfreezing
circuit (100) and the second freezing circuit (110) branch
off from the third connection pipe (33), and are connected
in parallel with each other. The first freezing circuit (100)
includes a first indoor expansion valve (101) and a first
cooling heat exchanger (102). The second freezing cir-
cuit (110) includes a second indoor expansion valve
(111) and a second cooling heat exchanger (112). The
indoor expansion valves (101, 111) are electronic expan-
sion valves controllable in opening, and are utilization
side expansion valves.

[0082] The cooling heat exchangers (102, 112) are
cross-fin type fin-and-tube heat exchangers, and are uti-
lization side heat exchangers. The first cooling heat ex-
changer (102) and the second cooling heat exchanger
(112) are placed in the same case. As shown in FIG. 2,
the cooling heat exchangers (102, 112) are close to each
other in such a manner that heat exchanger tubes thereof
penetrate the same fin (102a). That is, the cooling heat
exchangers (102, 112) share the fin (102a). The heat
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exchanger tubes of the respective cooling heat exchang-
ers (102, 112) may be in contact with each other, or may
be spaced apart ata given distance. InFIG. 1, the cooling
heat exchangers (102, 112) are separated from each oth-
er for convenience. Near the cooling heat exchangers
(102, 112), an in-case fan (103) is provided. Each of the
cooling heat exchangers (102, 112) performs heat ex-
change between in-case air blown from the in-case fan
(103) and the refrigerant.

[0083] In the freezer display case (14), a drain pan
(104) is placed under the cooling heat exchangers (102,
112). The drain pan (104) is an open vessel for recovering
frost and dew condensation water which have dropped
from the surfaces of the cooling heat exchangers (102,
112). A heating pipe part (33a) that is part of the third
connection pipe (33) is provided inside the drain pan
(104). The heating pipe part (33a) is formed along the
bottom plate of the drain pan (104). The heating pipe part
(33a) melts frost and ice blocks recovered in the drain
pan (104) by utilizing heat of the refrigerant flowing in the
heating pipe part (33a). In FIG. 1, the in-case fan (103),
the drain pan (104), and the heating pipe part (33a) are
illustrated at locations closer to the first cooling heat ex-
changer (102), for convenience.

[0084] The first freezing circuit (100) includes a first
refrigerant-temperature sensor (105) and a second re-
frigerant-temperature sensor (106). The first refrigerant-
temperature sensor (105) is located closer to the end of
the first cooling heat exchanger (102) serving as the in-
flow end during cooling operation. The second refriger-
ant-temperature sensor (106) is located closer to the end
of the first cooling heat exchanger (102) serving as the
outflow end during cooling operation. The second freez-
ing circuit (110) includes a third refrigerant-temperature
sensor (115) and a fourth refrigerant-temperature sensor
(116). The third refrigerant-temperature sensor (115) is
located closer to the end of the second cooling heat ex-
changer (112) serving as the inflow end during cooling
operation. The fourth refrigerant-temperature sensor
(116) is located closer to the end of the second cooling
heat exchanger (112) serving as the outflow end during
cooling operation. Each of the temperature sensors (105,
106, 115, 116) detects the temperature of the refrigerant
flowing in the associated portion. Anin-case temperature
sensor (107) is also provided near the in-case fan (103).
The in-case temperature sensor (107) detects the tem-
perature of in-case air in the freezer display case (14).

<<First Booster Unit>>

[0085] The first booster circuit (120) of the first booster
unit (15) includes a first low-stage compressor (121), a
second low-stage compressor (122), and a third low-
stage compressor (123). Each of the low-stage compres-
sors (121, 122, 123) is fully-enclosed, and is a high-pres-
sure domed scroll compressor. The first low-stage com-
pressor (121) is a variable displacement compressor
which is supplied with electric power through an inverter.
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Specifically, the first low-stage compressor (121) is con-
figured to be changeable in displacement by changing
the output frequency of the inverter to change the rota-
tional speed of a motor for the compressor. The second
low-stage compressor (122) and the third low-stage com-
pressor (123) are fixed displacement compressors. Spe-
cifically, the second and third low-stage compressors
(122, 123) have their respective motors always operated
at constant rotational speeds, and are not changeable in
displacement.

[0086] The discharge side of the first low-stage com-
pressor (121) is connected to an end of a fourth discharge
pipe (131). The discharge side of the second low-stage
compressor (122) is connected to an end of a fifth dis-
charge pipe (132). The discharge side of the third low-
stage compressor (123) is connected to an end of a sixth
discharge pipe (133). The other ends of these discharge
pipes (131, 132, 133) are connected to the third shut-off
valve (23) through a first low-stage discharge pipe (134).
The suction side of the first low-stage compressor (121)
is connected to a fourth suction pipe (135). The suction
side of the second low-stage compressor (122) is con-
nected to a fifth suction pipe (136). The suction side of
the third low-stage compressor (123) is connected to a
sixth suction pipe (137). The other ends of these suction
pipes (135, 136, 137) are connected to the fourth con-
nection pipe (34) through a first low-stage suction pipe
(138).

[0087] The first low-stage discharge pipe (134) is pro-
vided with a first low-stage oil separator (124). The first
low-stage oil separator (124) is in the shape of a sealed
cylinder. An end of a first low-stage oil return pipe (124a)
is connected to the bottom of the first low-stage oil sep-
arator (124). The other end of the first low-stage oil return
pipe (124a) is connected to the first low-stage suction
pipe (138). The first low-stage oil return pipe (124a) is
provided with a second solenoid valve (SV2). The first
low-stage oil separator (124) separates oil (i.e., refriger-
ating machine oil) from the refrigerant expelled from the
firstthrough third low-stage compressors (121, 122, 123).
The oil obtained by the first low-stage oil separator (124)
is sucked into the low-stage compressors (121, 122, 123)
by way of a low-stage oil return pipe (124a) with the sec-
ond solenoid valve (SV2) opened.

[0088] Firstthrough third oil discharge pipes (141, 142,
143) are respectively connected to the low-stage com-
pressors (121, 122, 123) of the first booster circuit (120).
An end of each of the oil discharge pipes (141, 142, 143)
opens into an oil sump in a casing of an associated one
of the low-stage compressors (121, 122, 123). The other
end of each of the oil discharge pipes (141, 142, 143) is
connected to the first low-stage discharge pipe (134).
The first through third oil discharge pipes (141, 142, 143)
are provided with a third solenoid valve (SV3), a fourth
solenoid valve (SV4), and a fifth solenoid valve (SV5),
respectively. In the oil discharge pipes (141, 142, 143),
when the solenoid valves (SV3, SV4, SV5) are opened,
redundant oil that has accumulated in the low-stage com-
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pressors (121, 122, 123) is sent to the high-stage com-
pressors (41, 42, 43) in the outdoor circuit (40).

[0089] The first booster circuit (120) includes a first es-
cape pipe (144), a first bypass pipe (145), a first suction
side injection pipe (146), and a first discharge side injec-
tion pipe (147).

[0090] When the low-stage compressors (121, 122,
123) are stopped because of failures or the like during
cooling operation which will be described later, the first
escape pipe (144) allows the refrigerant in the suction
sides of the low-stage compressors (121, 122, 123) to
be sent to the high-stage compressors (41, 42, 43) in the
outdoor circuit (40). An end of the first escape pipe (144)
is connected to the suction sides of the low-stage com-
pressors (121, 122, 123), and the other end of the first
escape pipe (144) is connected to a point between the
first low-stage oil separator (124) and the third shut-off
valve (23).

[0091] The first bypass pipe (145) allows the refriger-
antto bypass the low-stage compressors (121, 122, 123).
The first bypass pipe (145) connects the suction sides
and the discharge sides of the low-stage compressors
(121, 122, 123). Specifically, an end of the first bypass
pipe (145) is connected to the first low-stage suction pipe
(138). On the other hand, as illustrated in FIG. 3, the
other end of the first bypass pipe (145) is connected to
the first low-stage oil return pipe (124a) so as to be con-
nected to the bottom of the first low-stage oil separator
(124). The first bypass pipe (145) is provided with a sixth
solenoid valve (SV6).

[0092] The first suction side injection pipe (146) is con-
figured to send liquid refrigerant to the suction sides of
the low-stage compressors (121, 122, 123). During cool-
ing operation, the liquid refrigerant is sucked into the low-
stage compressors (121, 122, 123) as appropriate, thus
adjusting the temperature of the refrigerant expelled from
the low-stage compressors (121, 122, 123). An end of
the first suction side injection pipe (146) is connected to
the third connection pipe (33), and the other end of the
first suction side injection pipe (146) is connected to the
first low-stage suction pipe (138). The first suction side
injection pipe (146) is provided with a third motor-oper-
ated valve (146a) controllable in opening.

[0093] The first discharge side injection pipe (147)
sends the liquid refrigerant to the discharge sides of the
low-stage compressors (121, 122, 123). During cooling
operation, the liquid refrigerant is mixed with the refrig-
erant expelled from the low-stage compressors (121,
122, 123), and thus oil remaining in the expelled refrig-
erant can be easily transmitted with the refrigerant. Spe-
cifically, when the refrigerant expelled from the low-stage
compressors (121, 122, 123) is excessively dried, oil in
the refrigerant is likely to stagnate in, for example, the
connection pipes. However, the mixing of the liquid re-
frigerant in the expelled refrigerant facilitates transmis-
sion of the oil to the high-stage compressors (41, 42, 43)
in the outdoor circuit (40). An end of the first discharge
side injection pipe (147) is connected to the third con-
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nection pipe (33), and the other end of the first discharge
side injection pipe (147) is connected to the first low-
stage discharge pipe (134). The first discharge side in-
jection pipe (147) is provided with a fourth motor-operat-
ed valve (147a) controllable in opening.

[0094] The first booster circuit (120) includes various
sensors. Specifically, the fourth discharge pipe (131) is
provided with a fourth discharge temperature sensor
(151), the fifth discharge pipe (132) is provided with a
fifth discharge temperature sensor (152), and the sixth
discharge pipe (133) is provided with a sixth discharge
temperature sensor (153). The discharge temperature
sensors (151, 152, 153) respectively detect the temper-
atures of the refrigerant expelled from the low-stage com-
pressors (121, 122, 123). The first low-stage discharge
pipe (134) is provided with a first low-stage high-pressure
pressure sensor (154). The first low-stage suction pipe
(138) is provided with a first low-stage low-pressure pres-
sure sensor (155). The first low-stage high-pressure
pressure sensor (154) detects the pressure of the refrig-
erant at the discharge side of the first booster circuit
(120). The first low-stage low-pressure pressure sensor
(155) detects the pressure of the refrigerant at the suction
side of the first booster circuit (120).

[0095] Thefirstbooster circuit(120)includes a plurality
of check valves. Specifically, the fourth discharge pipe
(131) is provided with a seventh check valve (CV7), the
fifth discharge pipe (132) is provided with an eighth check
valve (CV8), and the sixth discharge pipe (133) is pro-
vided with a ninth check valve (CV9). The first escape
pipe (144) is provided with a tenth check valve (CV 10).

<<Second Booster Unit>>

[0096] The second booster circuit (160) of the second
booster unit (16) has a configuration similar to that of the
first booster circuit (120) described above, and thus de-
tailed description thereof is omitted. That is, the second
booster circuit (160) includes a fourth low-stage com-
pressor (161), a fifth low-stage compressor (162), and a
sixth low-stage compressor (163). The second booster
circuit (160) includes seventh through ninth discharge
pipes (171,172, 173), asecond low-stage discharge pipe
(174), seventh through ninth suction pipes (175, 176,
177), and a second low-stage suction pipe (178).

[0097] The second booster circuit(160)includes a sec-
ond low-stage oil separator (164), a second low-stage oil
return pipe (164a), and fourth through sixth oil discharge
pipes (181, 182, 183). The second low-stage oil return
pipe (164a) is provided with a seventh solenoid valve
(SV7). The oil discharge pipes (181, 182, 183) are re-
spectively provided with eighth through tenth solenoid
valves (SV8, SV9, SV 10). The second booster circuit
(160) includes a second escape pipe (184), a second
bypass pipe (185), a second suction side injection pipe
(186), and a second discharge side injection pipe (187).
The second bypass pipe (185) is provided with an elev-
enth solenoid valve (SV11), the second suction side in-
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jection pipe (186) is provided with a fifth motor-operated
valve (186a), and the second discharge side injection
pipe (187) is provided with a sixth motor-operated valve
(187a). The second booster circuit (160) further includes
seventh through ninth discharge temperature sensors
(191, 192, 193), a second low-stage high-pressure pres-
sure sensor (194), a second low-stage low-pressure
pressure sensor (195), and eleventh through fourteenth
check valves (CV 11, CV 12, CV13, CV 14).

<<Control Unit>>

[0098] The refrigeration system (10) of this embodi-
ment includes a controller (200) as a control unit. This
controller (200) is configured to receive detection signals
obtained by, for example, the sensors in the outdoor unit
(11), the supercooling unit (13), the freezer display case
(14), the first booster unit (15), and the second booster
unit (16), and to output control signals to components in
these units (11, 13, 14, 15, 16).

-Operation-

[0099] Operation of the refrigeration system (10) of this
embodiment is now described. This refrigeration system
(10) is capable of performing cooling operation for cooling
the inside of the freezer display case (14) and also per-
forming defrosting operation for defrosting the cooling
heat exchangers (102, 112) in the freezer display case
(14).

<Cooling Operation>

[0100] In the cooling operation shown in FIG. 4, the
four-way selector valve (48) is set at the first position.
The outdoor expansion valve (47) is fully closed. The
opening of each of the supercooling side expansion valve
(94), the first indoor expansion valve (101), and the sec-
ond indoor expansion valve (111) is adjusted, as appro-
priate. The sixth solenoid valve (SV6) and the eleventh
solenoid valve (SV11) are closed, and the other solenoid
valves are also closed in principle.

[0101] In the cooling operation, the outdoor fan (60),
the supercooling side outdoor fan (95), and the in-case
fan (103) are driven. The high-stage compressors (41,
42,43)inthe outdoor circuit (40), the low-stage compres-
sors (121, 122, 123) in the first booster circuit (120), the
low-stage compressors (161, 162, 163) in the second
booster circuit (160) are also driven. Consequently, the
refrigerant circuit in the cooling operation operates in a
two-stage compression refrigeration cycle in which the
outdoor heat exchanger (44) serves as a condenser and
the cooling heat exchangers (102, 112) serve as evap-
orators.

[0102] Specifically, the refrigerant expelled from the
high-stage compressors (41, 42, 43) passes through the
high-stage discharge pipe (54) and the four-way selector
valve (48), and flows into the outdoor heat exchanger
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(44). In the outdoor heat exchanger (44), the refrigerant
dissipates heat to the outdoor air, and condenses. The
refrigerant condensed in the outdoor heat exchanger (44)
passes through the receiver (45) and the first heat ex-
changer tube (46a) of the internal heat exchanger (46),
and flows into the third liquid pipe (63). Part of the refrig-
erant flowing in the third liquid pipe (63) is subjected to
pressure reduction at the second motor-operated valve
(67a) when flowing in the second injection pipe (67), and
then flows into the second heat exchanger tube (46b) of
the internal heat exchanger (46). In the internal heat ex-
changer (46), heat is exchanged between the high-pres-
sure refrigerant flowing in the first heat exchanger tube
(46a) and the low-pressure refrigerant flowing in the sec-
ond heat exchanger tube (46b). Consequently, heat of
the refrigerant in the first heat exchanger tube (46a) is
taken as heat of evaporation of the refrigerant flowing in
the second heat exchanger tube (46b). That is, in the
internal heat exchanger (46), the refrigerant flowing in
the first heat exchanger tube (46a) is cooled. The refrig-
erant evaporated in the second heat exchanger tube
(46b) flows into the high-stage suction pipe (58).

[0103] The refrigerant that has flown from the third lig-
uid pipe (63) passes through the refrigerant reservoir
(81), and then flows into the high-pressure side heat ex-
changer tube (91 a) of the supercooling heat exchanger
(91). On the other hand, in the closed circuit (90a) of the
supercooling unit (13), a vapor compression refrigeration
cycle is performed. Specifically, in the closed circuit
(90a), the refrigerant compressed in the supercooling
side compressor (92) condenses in the supercooling side
outdoor heat exchanger (93), then is subjected to pres-
sure reduction in the supercooling side expansion valve
(94), and then flows into the low-pressure side heat ex-
changer tube (91b) of the supercooling heat exchanger
(91). In the supercooling heat exchanger (91), heat of
the refrigerant in the high-pressure side heat exchanger
tube (91 a) is taken as heat of evaporation of the refrig-
erantin the low-pressure side heat exchanger tube (91b).
That is, in the supercooling heat exchanger (91), the re-
frigerant flowing in the high-pressure side heat exchang-
er tube (91a) is further cooled.

[0104] The refrigerant that has flown from the high-
pressure side heat exchanger tube (91a) of the super-
cooling heat exchanger (91) flows through the third con-
nection pipe (33), and then flows into the heating pipe
part (33a). At this time, frost that has dropped from the
surfaces of the cooling heat exchangers (102, 112) and
ice blocks produced by freezing of dew condensation wa-
ter has accumulated in the drain pan (104). Accordingly,
when the drain pan (104) is heated with the refrigerant
flowing in the heating pipe part (33a), frost and ice blocks
in the drain pan (104) melt. Water produced by the melt-
ing in the drain pan (104) is drained from the drain pan
(104) through, for example, the drain pipe. On the other
hand, the refrigerant flowing in the heating pipe part (33a)
gives heat of melting to the frost and ice blocks in the
drainpan (104), and thusis further cooled. The refrigerant
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that has flown from the heating pipe part (33a) is distrib-
uted to the first freezing circuit (100) and the second
freezing circuit (110).

[0105] Therefrigerantthat has flown into the first freez-
ing circuit (100) is subjected to pressure reduction when
passing through the first indoor expansion valve (101),
and then flows into the first cooling heat exchanger (102).
In the first cooling heat exchanger (102), the refrigerant
takes heat from the in-case air, and evaporates. Conse-
quently, the air in the freezer display case (14) is cooled.
The refrigerant that has evaporated in the first cooling
heat exchanger (102) flows into the first booster circuit
(120).

[0106] In the same manner, the refrigerant that has
flown into the second freezing circuit (110) is subjected
to pressure reduction when passing through the second
indoor expansion valve (111), and then flows into the
second cooling heat exchanger (112). Inthe second cool-
ing heat exchanger (112), the refrigerant takes heat from
the in-case air, and evaporates. The refrigerant that has
evaporated in the second cooling heat exchanger (112)
flows into the second booster circuit (160). In this manner,
the air in the freezer display case (14) is kept at, for ex-
ample, -30°C.

[0107] The refrigerant that has flown into the first
booster circuit (120) is sucked into the low-stage com-
pressors (121, 122, 123). The refrigerant compressed in
the low-stage compressors (121, 122, 123) passes
through the first low-stage oil separator (124), and flows
into the sixth connection pipe (36). In the first low-stage
oil separator (124), oil is separated from the refrigerant
expelled from the low-stage compressors (121, 122,
123). The oil obtained by the separation is sucked into
the low-stage compressors (121, 122, 123) through the
first low-stage oil return pipe (124a) by appropriately
opening the second solenoid valve (SV2).

[0108] In the same manner, the refrigerant that has
flown into the second booster circuit (160) is sucked into
the low-stage compressors (161, 162, 163). The refrig-
erant compressed by the low-stage compressors (161,
162, 163) passes through the second low-stage oil sep-
arator (164), and flows into the sixth connection pipe (36).
In the second low-stage oil separator (164), oil is sepa-
rated from the refrigerant expelled from the low-stage
compressors (161, 162, 163). The oil obtained by the
separation is sucked into the low-stage compressors
(161, 162, 163) through the second low-stage oil return
pipe (164a) by appropriately opening the seventh sole-
noid valve (SV7).

[0109] The refrigerant merged in the sixth connection
pipe (36) passes through the four-way selector valve
(48), and flows into the high-stage suction pipe (58). This
refrigerant is mixed with the refrigerant which has flown
from the second heat exchanger tube (46b) of the internal
heat exchanger (46) described above, and is sucked into
the high-stage compressors (121, 122, 123) to be com-
pressed.
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<Defrosting Operation>

[0110] In defrosting operation of the refrigeration sys-
tem (10), a first individual defrosting process for defrost-
ing the first cooling heat exchanger (102) and a second
individual defrosting process for defrosting the second
cooling heat exchanger (112) are repeated.

[0111] In the refrigeration system (10), when the cool-
ing operation described above is continuously performed
for a given period of time or longer, the cooling operation
shifts to defrosting operation. Specifically, when a timer
provided in the controller (200) indicates a given set pe-
riod, it is determined that an increasing amount of frost
has accumulated in the cooling heat exchangers (102,
112), thus performing defrosting operation.

[0112] In this defrosting operation, a first individual de-
frosting process is performed first. The first individual de-
frosting process is aimed at defrosting the first cooling
heat exchanger (102). Before starting the defrosting op-
eration, a pre-discharge process for recovering refriger-
ant in the second cooling heat exchanger (112) not to be
defrosted in the first individual defrosting process, which
is performed first in the subsequent operation, is per-
formed.

<<Pre-discharge Operation>>

[0113] In the pre-discharge process shown in FIG. 5,
the four-way selector valve (48) is set at the first position,
and the high-stage compressors (41, 42, 43) operate.
The outdoor expansion valve (47) is fully closed. The
opening of the supercooling side expansion valve (94) is
adjusted. In the first utilization side circuit (100, 120) as-
sociated with the first cooling heat exchanger (102) to be
defrosted in the first individual defrosting process, which
will be described later, the opening of each of the first
indoor expansion valve (101), the third motor-operated
valve (146a), and the fourth motor-operated valve (147a)
is adjusted as appropriate, and the sixth solenoid valve
(SV6) is closed. In the first utilization side circuit (100,
120), the low-stage compressors (121, 122, 123) are op-
erated. On the other hand, in the second utilization side
circuit (110, 160) associated with the second cooling heat
exchanger (112) not to be defrosted in the first individual
defrosting process, each of the second indoor expansion
valve (111), the fifth motor-operated valve (186a), and
the sixth motor-operated valve (187a) is fully closed, and
the eleventh solenoid valve (SV11) is also closed. In the
second utilization side circuit (110, 160), the fourth low-
stage compressor (161) which is a variable displacement
compressor is operated.

[0114] In this pre-discharge process, the refrigerant
compressed in the high-stage compressors (41, 42, 43)
condenses in the outdoor heat exchanger (44), and then
is sent only to the first utilization side circuit (100, 120).
In the first utilization side circuit (100, 120), the refrigerant
subjected to pressure reduction at the first indoor expan-
sion valve (101) evaporates in the first cooling heat ex-
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changer (102). Accordingly, in this pre-discharge proc-
ess, cooling of the air in the freezer display case (14) is
still continued. The refrigerant that has evaporated in the
first cooling heat exchanger (102) is compressed in the
low-stage compressors (121, 122, 123) in the first boost-
er circuit (120), and flows into the sixth connection pipe
(36).

[0115] Onthe other hand, in the second utilization side
circuit (110, 160), the refrigerant is sealed in between the
second indoor expansion valve (111) and the suction
ports of the low-stage compressors (161, 162, 163).
When the fourth low-stage compressor (161) is driven in
this state, the refrigerant that has accumulated in the sec-
ond cooling heat exchanger (112) and the refrigerant
sealed in the other pipes are sucked into the fourth low-
stage compressor (161) to be compressed. This causes
a rapid decrease in the pressure at the suction side of
the fourth low-stage compressor (161). Accordingly,
even if the temporarily sealed refrigerant condenses and
becomes liquid, the pressure of this refrigerant is re-
duced, and the refrigerant becomes gas. This can avoid
a so-called liquid compression phenomenon in which the
liquid refrigerant is sucked into the fourth low-stage com-
pressor (161).

[0116] The refrigerant expelled from the fourth low-
stage compressor (161) passes through the second low-
stage oil separator (164), and flows into the sixth con-
nection pipe (36). In this manner, in the second utilization
side circuit (110, 160) not to be defrosted in the first in-
dividual defrosting process, the refrigerant is discharged
outside the system with operation of the low-stage com-
pressor (161), and is recovered to the outdoor circuit (40).
During the pre-discharge process, this refrigerant is sent
to the first cooling heat exchanger (102), and is used for
cooling of the freezer display case (14).

[0117] In addition, in the pre-discharge process, the
seventh solenoid valve (SV7) is opened as appropriate,
thereby returning oil recovered in the second low-stage
oil separator (164) to the second low-stage oil return pipe
(164a). Further, at this time, the eighth solenoid valve
(SV8) is opened. This causes redundant oil in the fourth
low-stage compressor (161) to be sent to the sixth con-
nection pipe (36) by way of the fourth oil discharge pipe
(181), and is finally sucked into the high-stage compres-
sors (41, 42, 43). As described above, in this pre-dis-
charge process, oil recovery operation in which oil in the
low-stage compressor (161) in the second utilization side
circuit (110, 160) not to be defrosted in the first individual
defrosting process is sent to the high-stage compressors
(41, 42, 43) is also performed.

[0118] Inthe pre-discharge process, operation capac-
ity of the fourth low-stage compressor (161) is controlled
according to the refrigerant temperatures at the dis-
charge sides of the low-stage compressors (161, 162,
163) in the second utilization side circuit (110, 160). Spe-
cifically, the fourth low-stage compressor (161) is con-
trolled in such a manner that the operation frequency
decreases as the temperature of the expelled refrigerant
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detected by the seventh discharge temperature sensor
(191).

[0119] Inthe pre-discharge process, when the temper-
ature detected by the seventh discharge temperature
sensor (191) reaches a given temperature or more, the
fourth low-stage compressor (161) is stopped. Conse-
quently, the pre-discharge process is completed, and the
first individual defrosting process is performed.

<<First Individual Defrosting Process>>

[0120] In the first individual defrosting process shown
in FIG. 6, the four-way selector valve (48) is set at the
second position, and the high-stage compressors (41,
42, 43). The opening of each of the outdoor expansion
valve (47) and the supercooling side expansion valve
(94) is adjusted. In the first utilization side circuit (100,
120) associated with the first cooling heat exchanger
(102) to be defrosted in the firstindividual defrosting proc-
ess, thefirstindoor expansion valve (101) is fully opened,
each of the third motor-operated valve (146a) and the
fourth motor-operated valve (147a) is fully closed, and
the sixth solenoid valve (SV6) is opened. In the first uti-
lization side circuit (100, 120), the low-stage compres-
sors (121, 122, 123) are stopped.

[0121] Onthe other hand, in the second utilization side
circuit (110, 160) associated with the second cooling heat
exchanger (112) not to be defrosted in the first individual
defrosting process, each of the second indoor expansion
valve (111), the fifth motor-operated valve (186a), and
the sixth motor-operated valve (187a) is fully closed, and
the eleventh solenoid valve (SV11) is closed. In the sec-
ond utilization side circuit (110, 160), the low-stage com-
pressors (161, 162, 163) are stopped.

[0122] In the firstindividual defrosting process, the re-
frigerant compressed in the high-stage compressors (41,
42, 43) flows into the sixth connection pipe (36). The re-
frigerant that has flown into the sixth connection pipe (36)
passes through the first booster circuit (120), and flows
into the first low-stage oil separator (124). In the first low-
stage oil separator (124), the refrigerant that has accu-
mulated therein is pushed out, and flows into the first
bypass pipe (145). The refrigerant flowing in the first by-
pass pipe (145) flows into the first freezing circuit (100)
by way of the first low-stage suction pipe (138).

[0123] The refrigerantthat has flown into the first freez-
ing circuit (100) flows in the first cooling heat exchanger
(102). In the first cooling heat exchanger (102), frost on
the surface of the first cooling heat exchanger (102) is
heated from the inside thereof to be melted, whereas the
refrigerant gives heat of melting to the frost to condense.
The refrigerant condensed in the first cooling heat ex-
changer (102) passes through the fully-open first indoor
expansion valve (101), and then flows in the heating pipe
part (33a) of the third connection pipe (33). Consequent-
ly, this refrigerant heats the inside of the drain pan (104),
thereby melting the frost and ice blocks in the drain pan
(104). The refrigerant that has passed through the third
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connection pipe (33) is cooled in the supercooling heat
exchanger (91), and then flows into the refrigerant res-
ervoir (81).

[0124] Inthis case, the refrigerant reservoir (81) stores
refrigerant for increasing the amount of refrigerant for
use in defrosting the cooling heat exchangers (102, 112)
during defrosting operation. Specifically, the refrigerant
may stagnate in the cooling heat exchangers (102, 112)
during defrosting operation, resulting in a deficiency of
the refrigerant for use in defrosting. However, the refrig-
erant reservoir (81) stores the refrigerant in an amount
enough to compensate for the deficiency. Accordingly,
when refrigerant stagnation occurs in the cooling heat
exchangers (102, 112), refrigerant in an amount corre-
sponding to the amount of the stagnating refrigerant flows
from the refrigerant reservoir (81) into the fourth liquid
pipe (82) as appropriate, thereby adding the refrigerant
in the refrigerant circuit.

[0125] The refrigerant that has flown from the refriger-
ant reservoir (81) is further cooled in the internal heat
exchanger (46), and then is subjected to pressure reduc-
tion in the outdoor expansion valve (47). The refrigerant
whose pressure has been reduced in the outdoor expan-
sion valve (47) condenses in the outdoor heat exchanger
(44), and is sucked into the high-stage compressors (41,
42, 43).

[0126] Onthe other hand, in the second utilization side
circuit (110, 160), the second indoor expansion valve
(111), the eleventh solenoid valve (SV11), the fifth motor-
operated valve (186a), and the sixth motor-operated
valve (187a) are closed. Accordingly, no refrigerant is
sent to the second utilization side circuit (110, 160), and
thus the second cooling heat exchanger (112) not to be
defrosted in the first individual defrosting process is
stopped.

[0127] The first individual defrosting process as de-
scribed above is completed before a given amount of
liquid refrigerant accumulates in the first cooling heat ex-
changer (102). Specifically, as the first individual defrost-
ing process continues, liquid refrigerant accumulates in
the first cooling heat exchanger (102), and thus the de-
gree of supercooling of the refrigerant which has flown
from the first cooling heat exchanger (102) increases. In
the first individual defrosting process, the degree of su-
percooling is calculated from the difference between the
condensation temperature of the first cooling heat ex-
changer (102) obtained from the values detected by the
high-stage high-pressure pressure sensor (74) and the
first refrigerant-temperature sensor (105) and the tem-
perature of the refrigerant detected by the second refrig-
erant-temperature sensor (106). When the obtained de-
gree of supercooling reaches a given temperature (e.g.,
5°C) or more, the first individual defrosting process is
completed.

[0128] After the completion of the first individual de-
frosting process, the next individual defrosting process
is performed so as to switch the cooling heat exchanger
(102, 112) to be defrosted. Specifically, after the com-
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pletion of the first individual defrosting process, the de-
frosting target is changed from the first cooling heat ex-
changer (102) to the second cooling heat exchanger
(112), and then a second individual defrosting process
is performed.

[0129] After the first individual defrosting process de-
scribed above, the refrigerant remains in the first cooling
heat exchanger (102) and the pipes located before and
after the first cooling heat exchanger (102). If the second
individual defrosting process was immediately performed
after this state, an insufficient amount of refrigerant might
be kept for defrosting of the second cooling heat ex-
changer. To prevent this, in the refrigeration system (10)
of this embodiment, before the second individual defrost-
ing process, a discharge process (i.e., a first discharge
process) for discharging refrigerant in the first cooling
heat exchanger (102) not to be defrosted in the second
individual defrosting process is performed, in the same
manner as in the pre-discharge process described
above.

<<First Discharge Process>>

[0130] In the first discharge process shown in FIG. 7,
the four-way selector valve (48) is set at the second po-
sition, and the high-stage compressors (41, 42, 43) op-
erate. In addition, the opening of each of the outdoor
expansion valve (47) and the supercooling side expan-
sion valve (94) is adjusted. In the second utilization side
circuit (110, 160) associated with the second cooling heat
exchanger (112) to be defrosted in the second individual
defrosting process, the second indoor expansion valve
(111) is fully opened, the fifth motor-operated valve
(186a) and the sixth motor-operated valve (187a) are
closed, and the eleventh solenoid valve (SV11) is
opened. In the second utilization side circuit (110, 160),
the low-stage compressors (161, 162, 163) are stopped.
[0131] On the other hand, in the first utilization side
circuit (100, 120) associated with the first cooling heat
exchanger (102) not to be defrosted in the second indi-
vidual defrosting process, each of the first indoor expan-
sion valve (101), the third motor-operated valve (146a),
and the fourth motor-operated valve (147a) is fully
closed, and the sixth solenoid valve (SV6) is also closed.
In the first utilization side circuit (100, 120), the first low-
stage compressor (121) which is a variable displacement
compressor is operated.

[0132] In the first discharge process, the refrigerant
compressed in the high-stage compressors (41, 42, 43)
flows into the sixth connection pipe (36). The refrigerant
flowing in the sixth connection pipe (36) passes through
the second booster circuit (160), and then flows into the
second low-stage oil separator (164). In the second low-
stage oil separator (164), the refrigerant that has accu-
mulated therein is pushed out, and flows into the second
bypass pipe (185). The refrigerant flowing in the second
bypass pipe (185) flows into the second freezing circuit
(110) by way of the second low-stage suction pipe (178).
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[0133] The refrigerant that has flown into the second
freezing circuit (110) flows into the second cooling heat
exchanger (112). In the second cooling heat exchanger
(112), frost on the surface of the second cooling heat
exchanger (112) is heated from the inside thereof to be
melted, whereas the refrigerant gives heat of melting to
the frost to condense. The refrigerant condensed in the
second cooling heat exchanger (112) passes through the
fully-open second indoor expansion valve (111), and
flows into the heating pipe part (33a) of the third connec-
tion pipe (33). Consequently, this refrigerant heats the
inside of the drain pan (104), thereby melting the frost
and ice blocks in the drain pan (104). The subsequent
flow of the refrigerant is the same as in the first individual
defrosting process described above, and thus descrip-
tion thereof is omitted.

[0134] On the other hand, in the first utilization side
circuit (100, 120), the refrigerant is sealed in between the
first indoor expansion valve (101) and the suction ports
of the low-stage compressors (141, 142, 143). When the
first low-stage compressor (121) is driven in this state,
the refrigerant that has accumulated in the first cooling
heat exchanger (102) and the refrigerant sealed in the
other pipes are sucked into the first low-stage compres-
sor (141) to be compressed. This causes a rapid de-
crease in the pressure at the suction side of the first low-
stage compressor (121), and the refrigerant becomes
gas. Accordingly, it is possible to avoid a liquid compres-
sion phenomenon in the first low-stage compressor
(121).

[0135] The refrigerant compressed in the first low-
stage compressor (121) passes through the first low-
stage oil separator (124), and flows into the sixth con-
nection pipe (36). This refrigerant is mixed with the re-
frigerant expelled from the high-stage compressors (41,
42, 43), and is sent to the second utilization side circuit
(110, 160). That is, the refrigerant discharged from the
first utilization side circuit (100, 120) is used for defrosting
the second cooling heat exchanger (112). In this case,
the refrigerant discharged from the first utilization side
circuit (100, 120) is provided with heat input from the first
low-stage compressor (121). Accordingly, the capacity
to defrost the second cooling heat exchanger (112) is
enhanced.

[0136] In the first discharge process, the second sole-
noid valve (SV2) and the third solenoid valve (SV3) are
opened as appropriate, in the same manner as in the
pre-discharge process described above. Consequently,
oil recovery operation in which redundant oil in the first
low-stage compressor (121) is sent to the high-stage
compressors (41, 42, 43) is performed.

[0137] Asthe pre-discharge process described above,
the first discharge process is completed when the tem-
perature detected by the fourth discharge temperature
sensor (151) reaches a given temperature or more, and
then the second individual defrosting process is per-
formed.
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32
<<Second Individual Defrosting Process>>

[0138] In the second individual defrosting process
shown in FIG. 8, the four-way selector valve (48) is set
at the second position, and the high-stage compressors
(41, 42, 43) operate. In addition, the opening of each of
the outdoor expansion valve (47) and the supercooling
side expansion valve (94) is adjusted. In the second uti-
lization side circuit (110, 160) associated with the second
cooling heat exchanger (112) to be defrosted in the sec-
ond individual defrosting process, the second indoor ex-
pansion valve (111) is fully opened, each of the fifth mo-
tor-operated valve (186a) and the sixth motor-operated
valve (187a) is fully closed, and the eleventh solenoid
valve (SV11) is opened. In the second utilization side
circuit (110, 160), the low-stage compressors (161, 162,
163) are stopped.

[0139] On the other hand, in the first utilization side
circuit (100, 120) associated with the first cooling heat
exchanger (102) not to be defrosted in the second indi-
vidual defrosting process, each of the first indoor expan-
sion valve (101), the third motor-operated valve (146a),
and the fourth motor-operated valve (147a) is fully
closed, and the sixth solenoid valve (SV6) is also closed.
In the first utilization side circuit (100, 120), the low-stage
compressors (121, 122, 123) are stopped.

[0140] Inthe second individual defrosting process, the
refrigerant compressed in the high-stage compressors
(41, 42, 43) flows into the sixth connection pipe (36). The
refrigerant that has flown into the sixth connection pipe
(36) passes through the second booster circuit (160), and
then flows into the second low-stage oil separator (164).
In the second low-stage oil separator (164), the refriger-
antthat has accumulated therein is pushed out, and flows
into the second bypass pipe (185). The refrigerant that
has flown into the second bypass pipe (185) flows into
the second freezing circuit (110) by way of the second
low-stage suction pipe (178).

[0141] The second freezing circuit (110) defrosts the
second cooling heat exchanger (112), in the same man-
ner as in the first individual defrosting process described
above. The refrigerant that has flown from the second
cooling heat exchanger (112) is also used for heating the
inside of the drain pan (104). The subsequent flow of the
refrigerant is the same as in the first individual defrosting
process described above, and thus description thereof
is omitted.

[0142] The second individual defrosting process de-
scribed above is completed before a given amount of
liquid refrigerant accumulates in the second cooling heat
exchanger (112). Specifically, in the second individual
defrosting process, the degree of supercooling is calcu-
lated from the difference between the refrigerant temper-
ature detected by the third refrigerant-temperature sen-
sor (115) and the refrigerant temperature detected by the
fourth refrigerant-temperature sensor (116), forexample.
When the obtained degree of supercooling reaches a
given temperature (e.g., 5°C) or more, the second indi-
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vidual defrosting process is completed.

[0143] After the completion of the second individual
defrosting process, the first individual defrosting process
is performed again. Before this first individual defrosting
process, a process (i.e., a second discharge process) for
discharging the refrigerant in the second cooling heat
exchanger (112) is performed, in the same manner as in
the first discharge process described above.

<<Second Discharge Process>>

[0144] In the second discharge process shown in FIG.
9, the four-way selector valve (48) is set at the second
position, and the high-stage compressors (41, 42, 43)
operate. In addition, the opening of each of the outdoor
expansion valve (47) and the supercooling side expan-
sion valve (94) is adjusted. In the first utilization side cir-
cuit (100, 120) associated with the first cooling heat ex-
changer (102) to be defrosted in the first individual de-
frosting process, the first indoor expansion valve (101)
is fully opened, the third motor-operated valve (146a) and
the fourth motor-operated valve (147a) are closed, and
the sixth solenoid valve (SV6) is opened. In the first uti-
lization side circuit (100, 120), the low-stage compres-
sors (121, 122, 123) are stopped.

[0145] Onthe other hand, in the second utilization side
circuit (110, 160) associated with the second cooling heat
exchanger (112) not to be defrosted in the first individual
defrosting process, each of the second indoor expansion
valve (111), the fifth motor-operated valve (186a), and
the sixth motor-operated valve (187a) is fully closed, and
the eleventh solenoid valve (SV11) is also closed. In the
second utilization side circuit (110, 160), the fourth low-
stage compressor (161) which is a variable displacement
compressor is operated.

[0146] Intheseconddischarge process, therefrigerant
in the second utilization side circuit (110, 160) is dis-
charged to outside the system, as in the first discharge
process described above. This refrigerant is sent to the
first cooling heat exchanger (102), and is used for de-
frosting, together with the refrigerant expelled from the
high-stage compressors (41, 42, 43).

[0147] As described above, in defrosting operation, a
series of a first individual defrosting process—a first dis-
charge process—a second individual defrosting proc-
ess—a second discharge process—a first individual de-
frosting process—... is repeated after the pre-discharge
process. This defrosting operation is completed when a
timer provided in the controller (200) indicates a given
set period, and then the cooling operation starts again.

-Advantages of Embodiment-

[0148] In the above embodiment, the first individual
defrosting process and the second individual defrosting
process are sequentially performed in the defrosting op-
eration in such a manner that the cooling heat exchang-
ers (102, 112) are alternately defrosted. Accordingly, in
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this embodiment, the amount of refrigerant that accumu-
lates in the cooling heat exchangers (102, 112) is smaller
than in a case where the two cooling heat exchangers
(102, 112) are defrosted as condensers at a time. Con-
sequently, inthe individual defrosting processes, itis pos-
sible to keep a sufficient amount of refrigerant for defrost-
ing of the cooling heat exchangers (102, 112), and thus
enhancing the efficiency in defrosting operation.

[0149] In addition, in the above embodiment, before
the individual defrosting processes, discharge operation
for sending refrigerant in the cooling heat exchanger
(102, 112) not to be defrosted to the cooling heat ex-
changer (102, 112) to be defrosted. Accordingly, in this
embodiment, the refrigerant in the cooling heat exchang-
er (102, 112) to be stopped in the subsequent individual
defrosting process can be used for defrosting of the cool-
ing heat exchanger (102, 112) to be defrosted, thus en-
suring that shortage of the refrigerant caused by refrig-
erant stagnation is avoided.

[0150] Further, in the first discharge process and the
second discharge process of this embodiment, refriger-
ant compressed by the low-stage compressors (121,
161) is sent to the cooling heat exchanger (102, 112) to
be defrosted. Accordingly, heat input from the low-stage
compressors (121, 161) can be used for defrosting of the
cooling heat exchangers (102, 112), thus enhancing the
capacity to defrost the cooling heat exchangers (102,
112).

[0151] In the discharge processes, the indoor expan-
sion valve (101, 111) in the utilization side circuit (100,
120; 110, 160) not to be defrosted is fully closed. Accord-
ingly, the refrigerant is sealed in between the indoor ex-
pansion valve (101, 111) and the suction ports of the low-
stage compressors (121, 122, 123; 161, 162, 163), and
this refrigerant is sent to the cooling heat exchanger (102,
112) to be defrosted. When the low-stage compressor
(121, 161) is operated in this manner, the refrigerant at
the suction side is subjected to pressure reduction, and
becomes gas. Accordingly, it is also possible to avoid a
liquid compression phenomenon in the low-stage com-
pressor (121, 161).

[0152] In addition, in the embodiment, an end of each
of the bypass pipes (145, 185) is connected to an asso-
ciated one of the low-stage oil separators (124, 164).
Accordingly, in the defrosting operation, the refrigerant
that has accumulated in the low-stage oil separators
(124, 164) can be sent to the cooling heat exchanger
(102, 112) to be defrosted by way of the bypass pipes
(145, 185). Consequently, a sufficient amount of refrig-
erant can be kept for defrosting of the cooling heat ex-
changers (102, 112). In particular, since an end of each
of the bypass pipes (145, 185) is connected to the bottom
of an associated one of the low-stage oil separators (124,
164), liquid refrigerant that has accumulated in the low-
stage oil separators (124, 164), for example, can also
quickly flow into the bypass pipes (145, 185).

[0153] Moreover, in the embodiment, the cooling heat
exchangers (102, 112) share a fin. Accordingly, in the
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individual defrosting processes, one of the cooling heat
exchangers (102, 112) which is stopped is defrosted by
utilizing heat of refrigerant in the other cooling heat ex-
changer (102, 112) serving as a condenser. This results
in reduction of time necessary for defrosting the cooling
heat exchanger (102, 112).

[0154] Furthermore, in the defrosting operation of the
embodiment, when the degree of supercooling of the re-
frigerant that has flown from the cooling heat exchanger
(102, 112) to be defrosted reaches a given temperature
or more, the target of defrosting is switched. This can
avoid refrigerant stagnation in the cooling heat exchang-
ers (102, 112). As a result, a sufficient amount of refrig-
erant can be kept for defrosting of the cooling heat ex-
changers (102, 112).

<<Other Embodiments>>

[0155] The above embodiment may have the following
configurations.
[0156] In the above embodiment, the individual de-

frosting processes are performed in the refrigeration sys-
tem which can operate in a two-stage compression re-
frigeration cycle. Alternatively, the individual defrosting
processes may be performed on a cooling heat exchang-
er in a refrigeration system operating in a single-stage
compression refrigeration cycle.

[0157] Inthe above embodiment, two cooling heat ex-
changers (102, 112) are provided, and these cooling heat
exchangers (102, 112) are alternately subjected to indi-
vidual defrosting processes. However, three or more
cooling heat exchangers may be provided in such aman-
ner that each individual defrosting process is performed
on atleast one of these cooling heat exchangers selected
in a given order.

[0158] Inthe above embodiment, the cooling heat ex-
changers (102, 112) are placed in the same case. Alter-
natively, the cooling heat exchangers (102, 112) may be
placed in different freezer display cases in such amanner
that individual defrosting processes are respectively per-
formed on the cooling heat exchangers (102, 112).
[0159] In the discharge processes of the above em-
bodiment, when the temperature of the refrigerant ex-
pelled from the low-stage compressor (121, 161) reaches
a given temperature or more, the low-stage compressor
(121, 161) is stopped. Alternatively, the low-stage com-
pressor (121, 161) may stopped, when the pressure at
the suction side of the low-stage compressor (121, 161)
decreases to a given pressure or less, for example.
[0160] In the above embodiment, when the degree of
supercooling of the cooling heat exchanger (102, 112)
to be defrosted reaches a give temperature or more, the
target of defrosting is switched, and the process pro-
ceeds to the next individual defrosting process. Alterna-
tively, the temperature of the refrigerant flowing from the
cooling heat exchanger (102, 112) may be detected by
the refrigerant temperature sensor (105, 115) such that
when this temperature reaches a given temperature or
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more, the target of defrosting is switched and the next
individual defrosting operation is performed. The pres-
sure at the high-pressure side of the outdoor circuit (40),
for example, may also be detected by the high-stage
high-pressure pressure sensor (74) such that when this
pressure reaches a given pressure or more, the process
shifts to the next individual defrosting process.

[0161] 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

[0162] As can be seen from the above description, the
present invention relates to refrigeration systems each
including a plurality of utilization side heat exchangers,
and is particularly useful for a refrigeration system capa-
ble of performing defrosting operation in a refrigeration
cycle in which a plurality of utilization side heat exchang-
ers are defrosted.

Claims

1. Arefrigeration system including: a heat-source side
circuit (40) including a compressor (41, 42, 43) and
a heat-source side heat exchanger (44); and a plu-
rality of utilization side circuits (100, 120; 110, 160)
respectively including utilization side heat exchang-
ers (102, 112) and connected in parallel to the heat-
source side circuit (40),
the refrigeration system being switchable between
cooling operation performed in a refrigeration cycle
in which the heat-source side heat exchanger (44)
serves as a condenser and the utilization side heat
exchangers (102, 112) serve as evaporators, and
defrosting operation performed in a refrigeration cy-
cle in which the utilization side heat exchangers (102,
112) serve as condensers and the heat-source side
heat exchanger (44) serves as an evaporator,
wherein
the defrosting operation includes
an individual defrosting process in which part of the
utilization side heat exchangers (102, 112) is oper-
ated as a condenser and the other part of the utili-
zation side heat exchangers (102, 112) is stopped,
the individual defrosting process being performed a
plurality of times in such a manner that each of the
utilization side heat exchangers (102, 112) serves
as a condenser at least once in the defrosting oper-
ation by switching the part of the utilization side heat
exchangers (102, 112) serving as a condenser every
time, and
a discharge process in which refrigerant is dis-
charged from the part of the utilization side heat ex-
changers (102, 112) stopped in the individual de-
frosting process.
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The refrigeration system of claim 1, wherein the heat-
source side circuit (40) includes the high-stage com-
pressor (41, 42, 43), whereas the utilization side cir-
cuits (100, 120; 110, 160) respectively include low-
stage compressors (121, 122, 123; 161, 162, 163),
in the cooling operation, the high-stage compressor
(41, 42, 43) and the low-stage compressors (121,
122,123; 161, 162, 163) are driven to perform a two-
stage compression refrigeration cycle, whereas in
the defrosting operation, the high-stage compressor
(41, 42, 43) is driven to perform a refrigeration cycle
in which only part of the utilization side heat exchang-
ers (102, 112) to be defrosted serves as a condenser,
and

in the discharge process, part of the low-stage com-
pressors (121, 122, 123; 161, 162, 163) of the utili-
zation side circuits (100, 120; 110, 160) associated
with part of the utilization side heat exchangers (102,
112) not to be defrosted is driven to send refrigerant
remaining in the part of the utilization side heat ex-
changers (102, 112) not to be defrosted to the part
of the utilization side heat exchangers (102, 112) to
be defrosted.

The refrigeration system of claim 2, wherein the uti-
lization side circuits (100, 120; 110, 160) respectively
include expansion valves (101, 111) for reducing
pressures of refrigerant at inflow ends of the utiliza-
tion side heat exchangers (102, 112) in the cooling
operation, and

in the individual defrosting process, part of the ex-
pansion valves (101, 111) of the utilization side cir-
cuits (100, 120; 110, 160) associated with the part
of the utilization side heat exchangers (102, 112) to
be defrosted is opened, whereas part of the expan-
sion valves (101, 111) of the utilization side circuits
(100, 120; 110, 160) associated with the part of the
utilization side heat exchangers (102, 112) not to be
defrosted is fully closed.

The refrigeration system of claim 3, wherein in the
discharge process, the part of the expansion valves
(101, 111) of the utilization side circuits (100, 120;
110, 160) associated with the part of the utilization
side heat exchangers (102, 112) not to be defrosted
is fully closed.

The refrigeration system of claim 2, wherein the uti-
lization side circuits (100, 120; 110, 160) respectively
include bypass pipes (145, 185) connecting suction
sides and discharge sides of the low-stage compres-
sors (121, 122, 123; 161, 162, 163) and provided
with shut-off valves (SV6, SV11) which are closed
during the cooling operation, and

in the individual defrosting process, part of the shut-
off valves (SV6, SV11) of the utilization side circuits
(100, 120; 110, 160) associated with the part of the
utilization side heat exchangers (102, 112) to be de-
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frosted is opened, whereas part of the shut-off valves
(SV6, SV11) of the utilization side circuits (100, 120;
110, 160) associated with the part of the utilization
side heat exchangers (102, 112) not to be defrosted
is closed.

The refrigeration system of claim 5, wherein in the
discharge process, the part of the shut-off valves
(SV6, SV11) of the utilization side circuits (100, 120;
110, 160) associated with the part of the utilization
side heat exchangers (102, 112) not to be defrosted
is closed.

The refrigeration system of claim 5, wherein the uti-
lization side circuits (100, 120; 110, 160) respectively
include vessel-like oil separators (124, 164) for caus-
ing oil in refrigerant expelled from the low-stage com-
pressors (121,122,123; 161, 162, 163) to be sucked
in the low-stage compressors (121, 122, 123; 161,
162, 163), and

an end of each of the bypass pipes (145, 185) is
connected to an associated one of the oil separators
(124, 164).

The refrigeration system of claim 7, wherein an end
of each of the bypass pipes (145, 185) is connected
to a bottom of an associated one of the oil separators
(124, 164).

The refrigeration system of claim 1, wherein the uti-
lization side heat exchangers (102, 112) are placed
in a case, and share a fin (102a).

The refrigeration system of claim 1, wherein in the
defrosting operation, when a degree of supercooling
of refrigerant flowing from part of the utilization side
heat exchangers (102, 112) to be defrosted reaches
a given temperature or more, a target of defrosting
in the individual defrosting process is switched.

The refrigeration system of claim 1, wherein in the
defrosting operation, when a temperature of refrig-
erant flowing from part of the utilization side heat
exchangers (102, 112) to be defrosted reaches a
given temperature or more, a target of defrosting in
the individual defrosting process is switched.



EP 2 105 685 A1

21



EP 2 105 685 A1

FIG.2 102a
102:2E A
112~ )

§ )

@ )

@ 5

S

FIG.3 134(174)
. S TO OUTDOOR CIRCUIT
124(164)
/(mzﬁb 1%4(1 74) 10 DISCHARGE SIDE
/ 7 — OF LOW-STAGE
COMPRESSOR
SV6(SV1i1
( )% J)
l S -1 24a(164a)U o
TO SUCTION SIDE
| 145(185) 4?, ______ OF LOWoSTAGE ™ -
; COMPRESSOR
TO SUCTION SIDE SV2(SV7)

OF LOW-STAGE
COMPRESSOR -

22



EP 2 105 685 A1

NON[-EV [nonfCY [am LY

E;_-_--._

qmﬂ | TS R (N [ ]
— JZEAD VZZAD L2 IAD
¢ o yG— WL
M > 63
: > | s Y9
o> A 1) _NW._%
97>  OF 8Y
e e e . —— |~I |||||||||||||||||||||||
o !

7 OId

23



EP 2 105 685 A1

G DId

24



EP 2 105 685 A1

9014

25



EP 2 105 685 A1

0

T

m
m
m
m_
v
19~ S _]m
pe L—
0
144 “
e i =t
C
D ]
C 5 <
C , A | ~0z!
09> A N mew < T 9AS 7
o = of o .t ] g1 oo
................... s —
- g

L D1d

26



EP 2 105 685 A1

Q16—
e
_
6!
16
..ml:._. o—/wu_:: m: .....
P nhw Zh|
¢ m
] I._ ) H
m ) " C !
! 9 _ “
i !
i ot 29] AL, g9 N i L = "
_ F m . .
m SCvy, “ >
I e (I o — | ().
m JPAD ] > (15eor
| T “ |
! ! Y01 |
s |1 e e R Teer (O T e 00)
| “
m “
N4 _ TN _
I'\¢ i m
. =P i
& ) _
m ) _
“ C - \Y 74 '
logs A7 i
_mh\g (0174 .m
L U U I~.. lllllllllllllllllllllll
~ L

ol | 8 OId

27



EP 2 105 685 A1

w
16}
6]
..—.I:.“
it § J -
T :
¥9 i
5 _ ™\ ‘
(437 29 £9 |
- O
Ly .
% 0% m 9ht wm_
st mc - /%01
e _ ﬁ
TYAD " ¢ > X501
T _ N D :
i C 53
19~ | €0} |
: T T
m vl
by GG~ m
\di— "
e “
C ) _
C i
D) H
| @ r |
A i
7= op ! (
oL | 002

of | . 6 D14

28



EP 2 105 685 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2008/050282

A. CLASSIFICATION OF SUBJECT MATTER
F25B47/02(2006.01)1,

F25B43/02(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F25B47/02, F25B43/02

Minimum documentation searched (classification system followed by classification symbols)

Jitsuyo Shinan Koho

Kokai Jitsuyo Shinan Kocho 1971-2008

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
1922-1996 Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2008
1994-2008

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2000-121207 A (Daikin Industries, Ltd.), 1,9,11
A 28 April, 2000 (28.04.00), 2-8,10

Claim 1; Par. Nos. [0009], [0012] to [0015],
[0070]; Figs. 1 to 6
(Family: none)
Y JP 2000-205708 A (Daikin Industries, Ltd.), 1,9,11
A 28 July, 2000 (28.07.00), 2-8,10
Claims 1, 2; Par. Nos. [0008], [0015], [0055],
[0062]; Figs. 1 to &
(Family: none)
Y JP 2002-243319 A (Daikin Industries, Ltd.), 9
A 28 August, 2002 (28.08.02), 1-8,10,11
Par. Nos. [0034], [0038]; Fig. 1
(Family: none)

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

07 April, 2008 (07.04.08)

Date of mailing of the international search report

15 April, 2008 (15.04.08)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

29




EP 2 105 685 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2008/050282

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 7-120121 A (Daikin Industries, Ltd.), 11
A 12 May, 1995 (12.05.95), 1-10

Par. Nos. [0005], [0014]; Figs. 1, 2
& US 5689964 A & EP 676602 Al
& WO 1995/012098 Al & AU 7950294 A
& CN 1116000 A
A JP 2000-105030 A (Daikin Industries, Ltd.), 1-11
11 April, 2000 (11.04.00),
Par. Nos. [0009], [0011], [0012], [0059];
Figs. 1, 2
& EP 1118823 Al & WO 2000/019157 Al
& DE 69913184 D & AU 5997599 A
& AU 745198 B & ES 2212674 T
& CN 1320205 A
A JP 2004-85047 A (Daikin Industries, Ltd.), 1-11
18 March, 2004 (18.03.04),
Par. Nos. [0070], [0071]; Figs. 1 to 8
(Family: none)
A JP 10-220932 A (Mitsubishi Heavy Industries, 1-11
Ltd.),
21 August, 1998 (21.08.98),
Par. Nos. [0006], [0007], [0024], [0044] to
[0049]; Fig. 11
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

30




EP 2 105 685 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2004085047 A [0004] * JP 2002228297 A [0004]

31



	bibliography
	description
	claims
	drawings
	search report

