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(54) REFRIGERATION UNIT

(57) In a refrigerant circuit (20), the variable capacity
compressor (40a) sucks refrigerant through afirst suction
pipe (51), and a second fixed capacity compressor (40c)
sucks refrigerant through a third suction pipe (53). Re-
frigeration oil of an oil separator (47a-47c) flows into the
compressor (40a-40c) through an oil return pipe (54) and
a main injection pipe (61) together with intermediate-
pressure refrigerant. During a normal operation, a con-
troller (200) adjusts the degree of opening of an injection
motor-operated valve (64a-64c) so that the temperature
of refrigerant discharged from the corresponding com-

pressor reaches a predetermined target value. If the first
suction pipe (51) has a pressure lower than that of the
third suction pipe (53), the controller temporarily decreas-
es the degree of opening of the first injection motor-op-
erated valve (64a) as compared to that during the normal
operation, and temporarily increases the degree of open-
ing of the third injection motor-operated valve (64c) as
compared to that during the normal operation. As aresult,
the flow rate of intermediate-pressure refrigerant and re-
frigeration oil flowing into the second fixed capacity com-
pressor (40c) is increased.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigerating
apparatus in which so-called "intermediate-pressure in-
jection" to supply intermediate-pressure refrigerant to a
compressor, and particularly relates to a refrigerating ap-
paratus in which refrigeration oil separated from refrig-
erantdischarged from a compressor is supplied to a com-
pressor together with intermediate-pressure refrigerant.

BACKGROUND ART

[0002] Conventionally, a refrigerating apparatus has
been known, which includes a refrigerant circuit perform-
ing a refrigeration cycle. The refrigerating apparatus of
this type has been widely used for coolers such as re-
frigerators and freezers for storing food etc. and air con-
ditioners for cooling/heating an inside of a room.

[0003] PatentDocument 1 discloses arefrigerating ap-
paratus including a heat source unit, a compartment unit,
and an indoor unit. In a refrigerant circuit of the refriger-
ating apparatus, the followings are connected together:
a first compressor, a second compressor, and a heat
source heat exchanger which are accommodated in the
heat source unit, a compartment expansion valve and a
compartment heat exchanger which are accommodated
in the compartment unit, and an indoor expansion valve
and an indoor heat exchanger which are accommodated
in the indoor unit.

[0004] Specifically, high-pressurelines extending from
outlets of the first and second compressors are joined
together, and are switchably connected to the heat
source heat exchanger and the indoor heat exchanger.
A first low-pressure line extending from an inlet of the
first compressor is connected to the compartment heat
exchanger through the compartment expansion valve. A
second low-pressure line extending from an inlet of the
second compressor is connected to the indoor heat ex-
changer through the indoor expansion valve. During an
operation of the refrigerating apparatus, an inside of a
refrigerator compartment is cooled by the compartment
heat exchanger while conditioning air inside a room by
the indoor heat exchanger.

[0005] In the refrigerant circuit of the refrigerating ap-
paratus disclosed in Patent Document 1, an oil separator
is provided on an outlet side of the first and second com-
pressors, and an oil return pipe extending from an oil
outlet port of the oil separator is connected to an injection
pipe. The injection pipe is for injecting intermediate-pres-
sure refrigerant to the first and second compressors. The
injection pipe includes a main pipe branched from the
high-pressure line connected to the outlet of the heat
source heat exchanger, and a plurality of branch pipes,
each of which is further branched from the main pipe and
is connected to each of intermediate ports of the first and
second compressors.
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[0006] Duringanoperation of the firstand second com-
pressors, refrigeration oil is separated from refrigerant
discharged from the first and second compressors and
containing the refrigeration oil in the oil separator. The
refrigeration oil separated from the discharged refriger-
antinthe oil separator flows into the injection pipe through
the oil return pipe. The refrigeration oil joins refrigerant
flowing through the injection pipe, and then returns to the
first and second compressors.

CITATION LIST
PATENT DOCUMENT

[0007] PATENT DOCUMENT 1: Japanese Patent
Publication No. 2008-076017

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0008] However, when the injection pipe is used to re-
turns refrigeration oil in the oil separator to the first and
second compressors as in the refrigerating apparatus
disclosed in Patent Document 1, there is a possibility that
more refrigeration oil returns to either one of the first and
second compressors than to the remaining one of the
first and second compressors.

[0009] Thatis, in a conventional refrigerating appara-
tus, first and second low-pressure lines are provided as
low-pressure lines of a refrigerant circuit, and the pres-
sures of the first and second low-pressure lines (i.e., the
pressure of refrigerant flowing through the low-pressure
lines) are determined depending on an evaporation pres-
sure of a utilization heat exchanger connected to the low-
pressure lines. Typically, an evaporation pressure of re-
frigerant in a compartment heat exchanger cooling an
inside of a refrigerator compartment is lower than an
evaporation pressure of refrigerant in an indoor heat ex-
changer cooling an inside of a room. Thus, when com-
paring the pressures of the first and second low-pressure
lines with each other, the pressure of the first low-pres-
sure line connected to the compartment heat exchanger
is lower than that of the second low-pressure line during
cooling the inside of the room.

[0010] When the pressures of the first and second law-
pressure lines are different from each other as in the fore-
going, pressures at the intermediate ports of the com-
pressors connected to the low-pressure lines are also
different from each other. Thus, during cooling the inside
of the room, the pressure at the intermediate port of the
first compressors is lower than that of the second com-
pressor, and the amount of refrigeration oil sent back
from the oil separator to the compressor (i.e., the first
compressor) having a lower pressure at the intermediate
portis larger than the amount of refrigeration oil sent back
from the oil separator to the compressor having a higher
pressure at the intermediate port. As a result, the amount
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of refrigeration oil stored in the second compressor is
decreased, and therefore there is a possibility that the
second compressor is damaged due to inadequate lubri-
cation.

[0011] The present invention has been made in view
of the foregoing, and it is an objective of the present in-
vention to, in a refrigerating apparatus including a plural-
ity of compressors, in which intermediate-pressure injec-
tion to the compressors is performed so that refrigeration
oil separated from refrigerant discharged from the com-
pressors is supplied to the compressors together with
intermediate-pressure refrigerant, ensure the amount of
refrigeration oil stored in all of the compressors to avoid
damaging the compressor in advance, and improve re-
liability of the refrigerating apparatus.

SOLUTION TO THE PROBLEM

[0012] A first aspect of the invention is intended for a
refrigerating apparatus includes a refrigerant circuit (20)
in which a refrigeration cycle is performed. The refriger-
ant circuit (20) includes a first evaporator (91), a second
evaporator (81, 44), a first compressor (40a) sucking re-
frigerant evaporated in the first evaporator (91), a second
compressor (40c) sucking refrigerant evaporated in the
second evaporator (81, 44), a condenser (44, 81) into
which refrigerant discharged from the first compressor
(40a) and the second compressor (40c) flows, an injec-
tion circuit (60) having a main injection pipe (61) through
which intermediate-pressure refrigerant flows, a first
branched pipe (62a) connecting the main injection pipe
(61) to the first compressor (40a), and a second branched
pipe (62c) connecting the main injection pipe (61) to the
second compressor (40c), and an oil return circuit (49)
in which refrigeration oil separated from refrigerant dis-
charged from the first compressor (40a) and the second
compressor (40c) is supplied to the main injection pipe
(61). The refrigerating apparatus further includes a flow
rate adjusting mechanism (250) configured to perform a
normal operation in which a refrigerant flow rate in each
of the first branched pipe (62a) and the second branched
pipe (62c) is adjusted so that a physical amount for con-
trol reaches a predetermined target control value. The
flow rate adjusting mechanism (250) makes determina-
tion using either one of a condition in which a pressure
of refrigerant sucked into the first compressor (40a) is
greater than a pressure of refrigerant sucked into the
second compressor (40c), and a condition in which the
pressure of refrigerant sucked into the first compressor
(40a) is equal to or greater than the pressure of refrigerant
sucked into the second compressor (40c), as a determi-
nation condition. The flow rate adjusting mechanism
(250) intermittently performs an operation in which the
refrigerant flow rate in the first branched pipe (62a) is
increased as compared to that during the normal opera-
tion, and the refrigerant flow rate in the second branched
pipe (62c) is decreased as compared to that during the
normal operation, as an oil distribution operation when
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the determination condition is satisfied. The flow rate ad-
justing mechanism (250) intermittently performs an op-
eration in which the refrigerant flow rate in the first
branched pipe (62a) is decreased as compared to that
during the normal operation, and the refrigerant flow rate
in the second branched pipe (62c) is increased as com-
pared to that during the norman operation, as the oil dis-
tribution operation when the determination condition is
not satisfied.

[0013] Inthe first aspectof the invention, intermediate-
pressure refrigerant is supplied to the first compressor
(40a) and the second compressor (40c) by the injection
circuit (60). Intermediate-pressure refrigerant flowing
through the first branched pipe (62a) is supplied to a com-
pression chamber of the first compressor (40a) in the
middle of a compression process. Intermediate-pressure
refrigerant flowing through the second branched pipe
(62c) is supplied to a compression chamber of the second
compressor (40c) in the middle of a compression proc-
ess. Note that the intermediate-pressure refrigerant has
a pressure higher than those of refrigerant (sucked re-
frigerant) sucked into the first compressor (40a) and re-
frigerant (sucked refrigerant) sucked into the second
compressor (40c), and has a pressure lower than those
of refrigerant discharged from the first compressor (40a)
and refrigerant discharged from the second compressor
(40c).

[0014] In the first aspect of the invention, refrigeration
oil is supplied from the oil return circuit (49) to the main
injection pipe (61) of the injection circuit (60). The refrig-
eration oil flowing into the main injection pipe (61) flows
into the first compressor (40a) through the first branched
pipe (62a) together with intermediate-pressure refriger-
ant, and flows into the second compressor (40c) through
the second branched pipe (62c) together with intermedi-
ate-pressure refrigerant.

[0015] In the first aspect of the invention, the flow rate
adjusting mechanism (250) adjusts the refrigerant flow
rate in the first branched pipe (62a) and the refrigerant
flow rate in the second branched pipe (62c). Anincrease/
decrease in refrigerant flow rate in the first branched pipe
(62a) results in an increase/decrease in amount of refrig-
eration oil supplied to the first compressor (40a) together
with intermediate-pressure refrigerant. In addition, an in-
crease/decrease in refrigerant flow rate in the second
branched pipe (62c) results in an increase/decrease in
amount of refrigeration oil supplied to the second com-
pressor (40c) together with intermediate-pressure refrig-
erant.

[0016] In the first aspect of the invention, the flow rate
adjusting mechanism (250) intermittently performs the
oil distribution operation. The flow rate adjusting mech-
anism (250) performs an operation which is different be-
tween a case where the determination condition is sat-
isfied and a case where the determination condition is
not satisfied, as the oil distribution operation.

[0017] When the determination condition is satisfied,
it can be assumed that a pressure in the compression
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chamber of the first compressor (40a) in the middle of
the compression process is higher than that in the com-
pression chamber of the second compressor (40c) in the
middle of compression process, and it is more likely that
refrigeration oil returns to the second compressor (40c)
than to the first compressor (40a). Thus, as the oil distri-
bution operation when the determination condition is sat-
isfied, the flow rate adjusting mechanism (250) of the first
aspect of the invention performs an operation in which
the refrigerant flow rate in the first branched pipe (62a)
is increased as compared to that during the normal op-
eration, and the refrigerant flow rate in the second
branched pipe (62c) is decreased as compared to that
during the normal operation. During the oil distribution
operation, the flow rate of intermediate-pressure refrig-
erant and refrigeration oil flowing into the first compressor
(40a) through the first branched pipe (62a) is increased
as compared to that during the normal operation, and the
flow rate of intermediate-pressure refrigerant and refrig-
eration oil flowing into the second compressor (40c)
through the second branched pipe (62c) is decreased as
compared to that during the normal operation. Thus,
when the determination condition is satisfied, the amount
of refrigeration oil stored in the first compressor (40a) is
decreased while performing the normal operation by the
flow rate adjusting mechanism (250), but is increased
while performing the oil distribution operation by the flow
rate adjusting mechanism (250). The flow rate adjusting
mechanism (250) temporarily stops the normal operation
and performs the oil distribution operation. In such aman-
ner, the flow rate adjusting mechanism (250) recovers
the amount of refrigeration oil stored in the first compres-
sor (40a), and then restarts the normal operation.

[0018] When the determination condition is not satis-
fied, it can be assumed that the pressure in the compres-
sion chamber of the second compressor (40c) in the mid-
dle of the compression process is higher than that in the
compression chamber of the first compressor (40a) in
the middle of compression process, and it is more likely
that refrigeration oil returns to the first compressor (40a)
than to the second compressor (40c). Thus, as the oil
distribution operation when the determination condition
is not satisfied, the flow rate adjusting mechanism (250)
of the first aspect of the invention performs an operation
in which the refrigerant flow rate in the first branched pipe
(62a) is decreased as compared to that during the normal
operation, and the refrigerant flow rate in the second
branched pipe (62c) is increased as compared to that
during the normal operation. During the oil distribution
operation, the flow rate of intermediate-pressure refrig-
erantand refrigeration oil flowing into the first compressor
(40a) through the first branched pipe (62a) is decreased
as compared to that during the normal operation, and the
flow rate of intermediate-pressure refrigerant and refrig-
eration oil flowing into the second compressor (40c)
through the second branched pipe (62c) is increased as
compared to that during the normal operation. Thus,
when the determination condition is not satisfied, the
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amount of refrigeration oil stored in the second compres-
sor (40c) is decreased while performing the normal op-
eration by the flow rate adjusting mechanism (250), but
is increased while performing the oil distribution opera-
tion by the flow rate adjusting mechanism (250). The flow
rate adjusting mechanism (250) temporarily stops the
normal operation and performs the oil distribution oper-
ation. In such a manner, the flow rate adjusting mecha-
nism (250) recovers the amount of refrigeration oil stored
in the second compressor (40c), and then restarts the
normal operation.

[0019] A second aspect of the invention is intended for
the refrigerating apparatus of the first aspect of the in-
vention, in which the flow rate adjusting mechanism (250)
includes a first flow rate adjusting valve (64a) provided
in the first branched pipe (62a), a second flow rate ad-
justing valve (64c) provided in the second branched pipe
(62c¢), and an opening degree control section (220) con-
figured to control a degree of opening of each of the first
flow rate adjusting valve (64a) and the second flow rate
adjusting valve (64c) so that the physical amount for con-
trol reaches a predetermined target control value. In the
second aspect of the invention, the opening degree con-
trol section (220) performs one or both of an operation
in which the degree of opening of the first flow rate ad-
justing valve (64a) is increased as compared to that dur-
ing the normal operation, and an operation in which the
degree of opening of the second flow rate adjusting valve
(64c) is decreased as compared to that during the normal
operation, as the oil distribution operation when the de-
termination condition is satisfied, and performs one or
both of an operation in which the degree of opening of
the first flow rate adjusting valve (64a) is decreased as
compared to that during the normal operation, and an
operation in which the degree of opening of the second
flow rate adjusting valve (64c) is increased as compared
to that during the normal operation, as the oil distribution
operation when the determination condition is not satis-
fied.

[0020] In the second aspect of the invention, the flow
rate adjusting mechanism (250) includes the first flow
rate adjusting valve (64a), the second flow rate adjusting
valve (64b), and the opening degree control section
(220). The opening degree control section (220) adjusts
the first flow rate adjusting valve (64a) in order to adjust
the refrigerant flow rate in the first branched pipe (62a),
and adjusts the second flow rate adjusting valve (64c) in
order to adjust the refrigerant flow rate in the second
branched pipe (62c).

[0021] When the determination condition is satisfied,
the flow rate adjusting mechanism (250) of the second
aspect of the invention performs one or both of the op-
eration in which the degree of opening of the first flow
rate adjusting valve (64a) is increased as compared to
that during the normal operation, and the operation in
which the degree of opening of the second flow rate ad-
justing valve (64c) is decreased as compared to that dur-
ing the normal operation, as the oil distribution operation.
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In the injection circuit (60), intermediate-pressure refrig-
erant and refrigeration oil flowing through the main injec-
tion pipe (61) flow so as to be branched into the first
branched pipe (62a) and the second branched pipe (62c¢).
Thus, not only in the case where both of the operation in
which the degree of opening of the first flow rate adjusting
valve (64a) is increased as compared to that during the
normal operation, and the operation in which the degree
of opening of the second flow rate adjusting valve (64c)
is decreased as compared to that during the normal op-
eration, but also in the case where either one of such two
operations is performed, the refrigerant flow rate in the
first branched pipe (62a) is increased, and the refrigerant
flow rate in the second branched pipe (62c) is decreased.
[0022] When the determination condition is not satis-
fied, the flow rate adjusting mechanism (250) of the sec-
ond aspect of the invention performs one or both of the
operation in which the degree of opening of the first flow
rate adjusting valve (64a) is decreased as compared to
that during the normal operation, and the operation in
which the degree of opening of the second flow rate ad-
justing valve (64c) is increased as compared to that dur-
ing the normal operation, as the oil distribution operation.
As described above, in the injection circuit (60), interme-
diate-pressure refrigerant and refrigeration oil flowing
through the main injection pipe (61) flow so as to be
branched into the first branched pipe (62a) and the sec-
ond branched pipe (62c). Thus, notonly inthe case where
both of the operation in which the degree of opening of
the first flow rate adjusting valve (64a) is decreased as
compared to that during the normal operation, and the
operation in which the degree of opening of the second
flow rate adjusting valve (64c) is increased as compared
to that during the normal operation, but also in the case
where either one of such two operations is performed,
the refrigerant flow rate in the first branched pipe (62a)
is decreased, and the refrigerant flow rate in the second
branched pipe (62c) is increased.

[0023] A third aspect of the invention is intended for
the refrigerating apparatus of the second aspect of the
invention, in which the opening degree control section
(220) uses a temperature or a superheating degree of
refrigerant discharged from the first compressor (40a) as
a first physical amount for control and adjusts the degree
of opening of the first flow rate adjusting valve (64a) so
that the first physical amount for control reaches a first
target control value; uses a temperature or a superheat-
ing degree of refrigerant discharged from the second
compressor (40c) as a second physical amount for con-
trol and adjusts the degree of opening of the second flow
rate adjusting valve (64c) so that the second physical
amount for control reaches a second target control value;
in the normal operation, sets the first and second target
control values to a predetermined normal target value to
adjust the degree of opening of each of the first flow rate
adjusting valve (64a) and the second flow rate adjusting
valve (64c); if the degree of opening of the first flow rate
adjusting valve (64a) is increased as compared to that
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during the normal operation in the oil distribution opera-
tion, sets the first target control value to a value lower
than the normal target value; if the degree of opening of
the first flow rate adjusting valve (64a) is decreased as
compared to that during the normal operation in the olil
distribution operation, sets the first target control value
to a value higher than the normal target value; if the de-
gree of opening of the second flow rate adjusting valve
(64c) is increased as compared to that during the normal
operation in the oil distribution operation, sets the second
target control value to a value lower than the normal tar-
getvalue; and if the degree of opening of the second flow
rate adjusting valve (64c) is decreased as compared to
that during the normal operation in the oil distribution op-
eration, sets the second target control value to a value
higher than the normal target value.

[0024] A fourth aspect of the invention is intended for
the refrigerating apparatus of the first aspect of the in-
vention, in which the flow rate adjusting mechanism (250)
uses a temperature or a superheating degree of refrig-
erant discharged from the first compressor (40a) as a
first physical amount for control and adjusts the refriger-
ant flow rate in the first branched pipe (62a) so that the
first physical amount for control reaches afirst target con-
trol value, and uses a temperature or a superheating de-
gree of refrigerant discharged from the second compres-
sor (40c) as a second physical amount for control and
adjusts the refrigerant flow rate in the second branched
pipe (62c) so that the second physical amount for control
reaches a second target control value.

[0025] In the third and fourth aspects of the invention,
the opening degree control section (220) uses the tem-
perature or the superheating degree of refrigerant (dis-
charged refrigerant) discharged from the first compres-
sor (40a) as the first physical amount for control and ad-
justs the degree of opening of the first flow rate adjusting
valve (64a). The opening degree control section (220)
uses the temperature or the superheating degree of re-
frigerant (discharged refrigerant) discharged from the
second compressor (40c) as the second physical amount
for control and adjusts the degree of opening of the sec-
ond flow rate adjusting valve (64c). During the normal
operation, in the opening degree control section (220),
both of the first and second target control values are set
to the normal target value. That is, during the normal
operation, the opening degree control section (220) ad-
justs the degree of opening of the first flow rate adjusting
valve (64a) so that the first physical amount for control
reaches the normal target value, and adjusts the degree
of opening of the second flow rate adjusting valve (64c)
so that the second physical amount for control reaches
the normal target valve.

[0026] Typically, in a compressor in which intermedi-
ate-pressure refrigerant is supplied to a compression
chamber in the middle of a compression process, a great-
er flow rate of intermediate-pressure refrigerant supplied
to the compressor results in a lower temperature or su-
perheating degree of refrigerant discharged from the
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compressor, and a smaller flow rate of intermediate-pres-
sure refrigerant supplied to the compressor results in a
higher temperature or superheating degree of refrigerant
discharged from the compressor.

[0027] When the first target control value is set so as
to be lower than the normal target value, the refrigerant
flow rate in the first branched pipe (62a) is increased,
and the temperature or superheating degree of refriger-
antdischarged from the first compressor (40a). Thus, the
degree of opening of the first flow rate adjusting valve
(64a) is increased as compared to that during the normal
operation. When the first target control value is set so as
to be higher than the normal target value, the refrigerant
flow rate in the first branched pipe (62a) is decreased,
and the temperature or superheating degree of refriger-
ant discharged from the first compressor (40a) is in-
creased. Thus, the degree of opening of the first flow rate
adjusting valve (64a) is decreased as compared to that
during the normal operation.

[0028] Similarly, when the second target control value
is set so as to be lower than the normal target value, the
refrigerant flow rate in the second branched pipe (62c)
is increased, and the temperature or superheating de-
gree of refrigerant discharged from the second compres-
sor (40c). Thus, the degree of opening of the second flow
rate adjusting valve (64c) is increased as compared to
that during the normal operation. When the second target
control value is set so as to be higher than the normal
target value, the refrigerant flow rate in the second
branched pipe (62c) is decreased, and the temperature
or superheating degree of refrigerant discharged from
the second compressor (40c) is increased. Thus, the de-
gree of opening of the second flow rate adjusting valve
(64c) is decreased as compared to that during the normal
operation.

[0029] During the oil distribution operation, the open-
ing degree control section (220) of the third aspect of the
invention changes the first target control value from the
normal target value to increase/decrease the degree of
opening of the first flow rate adjusting valve (64a) as com-
pared to that during the normal operation, and changes
the second target control value from the normal control
value to increase/decrease the degree of opening of the
second flow rate adjusting valve (64c) as compared to
that during the normal operation.

[0030] A fifth aspect of the invention is intended for the
refrigerating apparatus of the first aspect of the invention,
in which the refrigerant circuit (20) further includes a third
compressor (40b) configured to selectively sucks either
one of refrigerant evaporated in the first evaporator (91)
and refrigerant evaporated in the second evaporator (81,
44), the injection circuit (60) further includes a third
branched pipe (62b) connecting the main injection pipe
(61) to the third compressor (40b), and the oil return cir-
cuit (49) supplies refrigeration oil which is separated from
refrigerant discharged from the first compressor (40a),
the second compressor (40c), and the third compressor
(40b), to the main injection pipe (61). In the fifth aspect
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of the invention, the flow rate adjusting mechanism (250)
includes a first flow rate adjusting valve (64a) provided
in the first branched pipe (62a), a second flow rate ad-
justing valve (64c) provided in the second branched pipe
(62c), a third flow rate adjusting valve (64b) provided in
the third branched pipe (62b), and an opening degree
control section (220) configured to control a degree of
opening of each of the first flow rate adjusting valve (64a),
the second flow rate adjusting valve (64c), and the third
flow rate adjusting valve (64b) so that the physical
amount for control is a predetermined target control val-
ue. In the fifth aspect of the invention, in a state in which
the third compressor (40b) sucks refrigerant evaporated
in the first evaporator (91), the opening degree control
section (220) performs one or both of an operation in
which the degree of opening of each of the first flow rate
adjusting valve (64a) and the third flow rate adjusting
valve (64b) is increased as compared to that during the
normal operation, and an operation in which the degree
of opening of the second flow rate adjusting valve (64c)
is decreased as compared to that during the normal op-
eration, as the oil distribution operation when the deter-
mination condition is satisfied; and performs one or both
of an operation in which the degrees of opening of the
first flow rate adjusting valve (64a) and the third flow rate
adjusting valve (64b) are decreased as compared to that
during the normal operation, and an operation in which
the degree of opening of the second flow rate adjusting
valve (64c) is increased as compared to that during the
normal operation, as the oil distribution operation when
the determination condition is not satisfied. In the fifth
aspect of the invention, in a state in which the third com-
pressor (40b) sucks refrigerant evaporated in the second
evaporator (81, 44), the opening degree control section
(220) performs one or both of an operation in which the
degree of opening of the first flow rate adjusting valve
(64a) is increased as compared to that during the normal
operation, and an operation in which the degree of open-
ing of each of the second flow rate adjusting valve (64c)
and the third flow rate adjusting valve (64b) is decreased
as compared to that during the normal operation, as the
oil distribution operation when the determination condi-
tion is satisfied; and performs one or both of an operation
in which the degree of opening of the first flow rate ad-
justing valve (64a) is decreased as compared to that dur-
ing the normal operation, and an operation in which the
degree of opening of each of the second flow rate ad-
justing valve (64c) and the third flow rate adjusting valve
(64b) is increased as compared to that during the normal
operation, as the oil distribution operation when the de-
termination condition is not satisfied.

[0031] Inthe fifth aspect of the invention, intermediate-
pressure refrigerant flowing through the third branched
pipe (62b) is supplied to a compression chamber of the
third compressor (40b) in the middle of a compression
process. Refrigeration oil flowing into the main injection
pipe (61) from the oil return circuit (49) flows into the third
compressor (40b) through the third branched pipe (62b).
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An increase/decrease in refrigerant flow rate in the third
branched pipe (62b) results in an increase/decrease in
amount of refrigeration oil supplied to the third compres-
sor (40b) together with intermediate-pressure refrigerant.
[0032] The flow rate adjusting mechanism (250) of the
fifth aspect of the invention includes the first flow rate
adjusting valve (64a), the second flow rate adjusting
valve (64c), the third flow rate adjusting valve (64b), and
the opening degree control section (220). The opening
degree control section (220) adjusts the degree of open-
ing of the first flow rate adjusting valve (64a) in order to
adjust the refrigerant flow rate in the first branched pipe
(62a), adjusts the degree of opening of the second flow
rate adjusting valve (64c) in order to adjust the refrigerant
flow rate in the second branched pipe (62c), and adjusts
the degree of opening of the third flow rate adjusting valve
(64b) in order to adjust the refrigerant flow rate in the
third branched pipe (62b).

[0033] Itis assumed that, in a state in which the third
compressor (40b) and the first compressor (40a) suck
refrigerant evaporated in the first evaporator (91), a pres-
sure inthe compression chamber of the third compressor
(40b) in the middle of the compression process is sub-
stantially equal to the pressure in the compression cham-
ber of the first compressor (40a) in the middle of the com-
pression process. Thus, when the determination condi-
tion is satisfied in such a state, it can be assumed that it
is more likely that refrigeration oil returns to the second
compressor (40c) than to the first compressor (40a) and
the third compressor (40b). When the determination con-
dition is satisfied in the foregoing state, the opening de-
gree control section (220) of the fifth aspect of the inven-
tion performs one or both of the operation in which the
degree of opening of each of the first flow rate adjusting
valve (64a) and the third flow rate adjusting valve (64b)
is increased as compared to that during the normal op-
eration, and the operation in which the degree of opening
of the second flow rate adjusting valve (64c) is decreased
as compared to that during the normal operation, as the
oil distribution operation. On the other hand, when the
determination condition is not satisfied in the foregoing
state, it can be assumed that it is more likely that refrig-
eration oil returns to the first compressor (40a) and the
third compressor (40b) than to the second compressor
(40c). When the determination condition is not satisfied
in the foregoing state, the opening degree control section
(220) of the fifth aspect of the invention performs one or
both of the operation in which the degree of opening of
each of the first flow rate adjusting valve (64a) and the
third flow rate adjusting valve (64b) is decreased as com-
pared to that during the normal operation, and the oper-
ation in which the degree of opening of the second flow
rate adjusting valve (64c) is increased as compared to
that during the normal operation, as the oil distribution
operation.

[0034] In the injection circuit (60) of the fifth aspect of
the invention, intermediate-pressure refrigerant and re-
frigeration oil flowing through the main injection pipe (61)
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flow so as to be branched into the first branched pipe
(62a), the second branched pipe (62c), and the third
branched pipe (62b). Thus, not only in the case where
both of the operation in which the degree of opening of
each of the first flow rate adjusting valve (64a) and the
third flow rate adjusting valve (64b) is increased as com-
pared to that during the normal operation, and the oper-
ation in which the degree of opening of the second flow
rate adjusting valve (64c) is decreased as compared to
that during the normal operation, but also in the case
where either one of such two operations is performed,
the refrigerant flow rate in the first branched pipe (62a)
and the third branched pipe (62b) is increased, and the
refrigerant flow rate in the second branched pipe (62c)
is decreased. As a result, the flow rate of refrigeration oil
flowing into the first compressor (40a) through the first
branched pipe (62a), and the flow rate of refrigeration oil
flowing into the third compressor (40b) through the third
branched pipe (62b) are increased, and the flow rate of
refrigeration oil flowing into the second compressor (40c)
through the second branched pipe (62c) is decreased.
In addition, not only in the case where both of the oper-
ation in which the degree of opening of each of the first
flow rate adjusting valve (64a) and the third flow rate ad-
justing valve (64b) is decreased as compared to that dur-
ing the normal operation, and the operation in which the
degree of opening of the second flow rate adjusting valve
(64c) is increased as compared to that during the normal
operation, but also in the case where either one of such
two operations is performed, the refrigerant flow rate in
the first branched pipe (62a) and the third branched pipe
(62b) is decreased, and the refrigerant flow rate in the
second branched pipe (62c) is increased. As a result, the
flow rate of refrigeration oil flowing into the first compres-
sor (40a) through the first branched pipe (62a) and the
flow rate of refrigeration oil flowing into the third compres-
sor (40b) through the third branched pipe (62b) are de-
creased, and the flow rate of refrigeration oil flowing into
the second compressor (40c) through the second
branched pipe (62c) is increased.

[0035] Itis assumed that, in a state in which the third
compressor (40b) and the second compressor (40c) suck
refrigerant evaporated in the second evaporator (81, 44),
the pressure in the compression chamber of the third
compressor (40b) in the middle of the compression proc-
ess is substantially equal to the pressure in the compres-
sion chamber of the second compressor (40c) in the mid-
dle of the compression process. Thus, when the deter-
mination condition is satisfied in such a state, it can be
assumed that it is more likely that refrigeration oil returns
to the second compressor (40c) and the third compressor
(40b) than to the first compressor (40a). When the de-
termination condition is satisfied in the foregoing state,
the opening degree control section (220) of the fifth as-
pect of the invention performs one or both of the operation
in which the degree of opening of the first flow rate ad-
justing valve (64a) is increased as compared to that dur-
ing the normal operation, and the operation in which the
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degree of opening of each of the second flow rate ad-
justing valve (64c) and the third flow rate adjusting valve
(64b) is decreased as compared to that during the normal
operation, as the oil distribution operation. On the other
hand, when the determination condition is not satisfied
in the foregoing state, it can be assumed that it is more
likely that refrigeration oil returns to the first compressor
(40a) than to the second compressor (40c) and the third
compressor (40b). When the determination condition is
not satisfied in the foregoing state, the opening degree
control section (220) of the fifth aspect of the invention
performs one or both of the operation in which the degree
of opening of the first flow rate adjusting valve (64a) is
decreased as compared to that during the normal oper-
ation, and the operation in which the degree of opening
of each of the second flow rate adjusting valve (64c) and
the third flow rate adjusting valve (64b) is increased as
compared to that during the normal operation, as the oil
distribution operation.

[0036] As described above, in the injection circuit (60)
of the fifth aspect of the invention, intermediate-pressure
refrigerant and refrigeration oil flowing through the main
injection pipe (61) flow so as to be branched into the first
branched pipe (62a), the second branched pipe (62c),
and the third branched pipe (62b). Thus, not only in the
case where both of the operation in which the degree of
opening of the first flow rate adjusting valve (64a) is in-
creased as compared to that during the normal operation,
and the operation in which the degree of opening of each
of the second flow rate adjusting valve (64c) and the third
flow rate adjusting valve (64b) is decreased as compared
to that during the normal operation, but also in the case
where either one of such two operations is performed,
the refrigerant flow rate in the first branched pipe (62a)
is increased, and the refrigerant flow rate in the second
branched pipe (62c) and the third branched pipe (62b)
is decreased. As a result, the flow rate of refrigeration oil
flowing into the first compressor (40a) through the first
branched pipe (62a) is increased, and the flow rate of
refrigeration oil flowing into the second compressor (40c)
through the second branched pipe (62c) and the flow rate
of refrigeration oil flowing into the third compressor (40b)
through the third branched pipe (62b) are decreased. In
addition, not only in the case where both of the operation
in which the degree of opening of the first flow rate ad-
justing valve (64a) is decreased as compared to that dur-
ing the normal operation, and the operation in which the
degree of opening of each of the second flow rate ad-
justing valve (64c) and the third flow rate adjusting valve
(64Db) is increased as compared to that during the normal
operation, but also in the case where either one of such
two operations is performed, the refrigerant flow rate in
the first branched pipe (62a) is decreased, and the re-
frigerant flow rate in the second branched pipe (62c) and
the third branched pipe (62b) is increased. As a result,
the flow rate of refrigeration oil flowing into the first com-
pressor (40a) through the first branched pipe (62a) is
decreased, and the flow rate of refrigeration oil flowing
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into the second compressor (40c) through the second
branched pipe (62c) and the flow rate of refrigeration oil
flowing into the third compressor (40b) through the third
branched pipe (62b) are increased.

[0037] A sixth aspect of the invention is intended for
the refrigerating apparatus of any one of the first to fifth
aspects of the invention, in which the flow rate adjusting
mechanism (250) extends a duration time of the oil dis-
tribution operation as a difference between the pressure
of refrigerant sucked into the first compressor (40a) and
the pressure of refrigerant sucked into the second com-
pressor (40c) increases.

[0038] Inthe sixth aspect of the invention, the flow rate
adjusting mechanism (250) adjusts the duration time of
the oil distribution operation. A larger difference between
the pressure of refrigerant sucked into the first compres-
sor (40a) and the pressure of refrigerant sucked into the
second compressor (40c) results in a larger difference
between the flow rate of refrigeration oil flowing into the
first compressor (40a) through the first branched pipe
(62a) and the flow rate of refrigeration oil flowing into the
second compressor (40c) through the second branched
pipe (62c). Thus, the flow rate adjusting mechanism (250)
extends the duration time of the oil distribution operation
as the difference between the pressure of refrigerant
sucked into the first compressor (40a) and the pressure
of refrigerant sucked into the second compressor (40c)
increases, and increases the amount of refrigeration oil
flowing into one of the first compressor (40a) and the
second compressor (40c), which has a lower pressure
of sucked refrigerant during the oil distribution operation.
[0039] A seventh aspect of the invention is intended
for the refrigerating apparatus of any one of the first to
fifth aspects of the invention, in which the injection circuit
(60) is connected to an intermediate-pressure expansion
valve (63) configured to expand high-pressure refrigerant
into intermediate-pressure refrigerant and provided in the
main injection pipe (61), and to a subcooling heat ex-
changer (65) configured to cool high-pressure liquid re-
frigerant flowing from the condenser (44,81) to at least
one of thefirstevaporator (91) and the second evaporator
(81, 44) by exchanging heat between the high-pressure
liquid refrigerant and intermediate-pressure refrigerant
flowing through the main injection pipe (61), and the in-
jection circuit (60) further includes an intermediate-pres-
sure control section (225) which, if both of the first com-
pressor (40a) and the second compressor (40c) are in
operation, adjusts a degree of opening of the intermedi-
ate-pressure expansion valve (63) so that a pressure of
intermediate-pressure refrigerant flowing through the
main injection pipe (61) reaches a predetermined target
pressure, and which, if either one of the first compressor
(40a) and the second compressor (40c) is in operation,
and the remaining one of the first compressor (40a) and
the second compressor (40c) is stopped, adjusts the de-
gree of opening of the intermediate-pressure expansion
valve (63) so that a degree of superheating of interme-
diate-pressure refrigerant flowing out from the subcool-
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ing heat exchanger (65) reaches a predetermined target
superheating degree.

[0040] In the seventh aspect of the invention, the in-
termediate-pressure expansion valve (63) and the sub-
cooling heat exchanger (65) are connected to the injec-
tion circuit (60). In the main injection pipe (61), interme-
diate-pressure refrigerant flowing out from the interme-
diate-pressure expansion valve (63) is supplied to the
subcooling heat exchanger (65). In the subcooling heat
exchanger (65), high-pressure liquid refrigerant flowing
out from the condenser (44, 81) is cooled by the inter-
mediate-pressure refrigerant. The degree of opening of
the intermediate-pressure expansion valve (63) is adjust-
ed by the intermediate-pressure control section (225).
By changing the degree of opening of the intermediate-
pressure expansion valve (63), the pressure of interme-
diate-pressure refrigerant flowing through the main injec-
tion pipe (61) is changed.

[0041] When both of the first compressor (40a) and
the second compressor (40c) are in operation, there is a
possibility that the pressure of intermediate-pressure re-
frigerant flowing through the main injection pipe (61) is
lower than the pressure in the compression chamber of
one of the first compressor (40a) and the second com-
pressor (40c) in the middle of the compression process
depending on the degree of opening of the intermediate-
pressure expansion valve (63). In the foregoing state,
refrigerant backwardly flows from the compression
chamber in the compression process to the injection cir-
cuit (60). In such a case, the intermediate-pressure con-
trol section (225) of the seventh aspect of the invention
adjusts the degree of opening of the intermediate-pres-
sure expansion valve (63) so that the pressure of inter-
mediate-pressure refrigerant flowing through the main
injection pipe (61) reaches the predetermined target
pressure. As long as the target pressure is set to an ap-
propriate value, supply of intermediate-pressure refrig-
erant to both of the first compressor (40a) and the second
compressor (40c) is ensured.

[0042] On the other hand, when either one of the first
compressor (40a) and the second compressor (40c) is
in operation, and the remaining one of the first compres-
sor (40a) and the second compressor (40c) is stopped,
refrigerant does not backwardly flow from the compres-
sion chamber of the operated compressor in the middle
of the compression process to the injection circuit (60).
In' such a case, the intermediate-pressure control section
(225) of the seventh aspect of the invention adjusts the
degree of opening of the intermediate-pressure expan-
sion valve (63) so that the degree of superheating of in-
termediate-pressure refrigerant flowing out from the in-
termediate-pressure expansion valve (63) reaches the
predetermined target superheating degree. As long as
the target superheating degree is set to an appropriate
value, high-pressure refrigerant is sufficiently cooled in
the subcooling heat exchanger (65).
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ADVANTAGES OF THE INVENTION

[0043] In the present invention, the flow rate adjusting
mechanism (250) intermittently performs the oil distribu-
tion operation. The flow rate adjusting mechanism (250)
performs the operation which is different between the
case where the determination condition is satisfied and
the case where the determination condition is not satis-
fied, as the oil distribution operation.

[0044] As described above, when the determination
condition is satisfied, it can be assumed that it is more
likely that refrigeration oil returns to the second compres-
sor (40c) than to the first compressor (40a). In such a
case, the flow rate adjusting mechanism (250) of the
present invention intermittently performs the operation in
which the refrigerant flow rate in the first branched pipe
(62a) is increased as compared to that during the normal
operation, and the refrigerant flow rate in the second
branched pipe (62c) is decreased as compared to that
during the normal operation, as the oil distribution oper-
ation. During the oil distribution operation, the flow rate
of refrigeration oil flowing into the first compressor (40a)
through thefirstbranched pipe (62a) is increased as com-
pared to that during the normal operation. Thus, when
the determination condition is satisfied, if the oil distribu-
tion operation is performed, the amount of refrigeration
oil stored in the first compressor (40a) and decreased
during the normal operation can be recovered.

[0045] When the determination condition is not satis-
fied, it can be assumed that it is more likely that refriger-
ation oil returns to the first compressor (40a) than to the
second compressor (40c). In such a case, the flow rate
adjusting mechanism (250) of the present invention in-
termittently performs the operation in which the refriger-
ant flow rate in the first branched pipe (62a) is decreased
as compared to that during the normal operation, and the
refrigerant flow rate in the second branched pipe (62c)
is increased as compared to that during the normal op-
eration, as the oil distribution operation. During the oll
distribution operation, the flow rate of refrigeration oil
flowing into the second compressor (40c) through the
second branched pipe (62c) is increased as compared
to that during the normal operation. Thus, when the de-
termination condition is not satisfied, if the oil distribution
operation is performed, the amount of refrigeration oil
stored in the second compressor (40c) and decreased
during the normal operation can be recovered.

[0046] As described above, according to the present
invention, the flow rate adjusting mechanism (250) per-
forms the oil distribution operation to ensure the sufficient
amount of refrigeration oil stored in both of the first com-
pressor (40a) and the second compressor (40c). Thus,
according to the present invention, damage of the first
compressor (40a) and the second compressor (40c) due
to inadequate lubrication can be avoided in advance,
thereby improving reliability of the refrigerating apparatus
(10).

[0047] In the second aspect of the invention, the first
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flow rate adjusting valve (64a) is provided in the first
branched pipe (62a), and the second flow rate adjusting
valve (64c)is provided in the second branched pipe (62c).
The degrees of opening of the first flow rate adjusting
valve (64a) and the second flow rate adjusting valve (64c)
are adjusted by the opening degree control section (220).
Thus, according to the second aspect of the invention,
the degrees of opening of the first flow rate adjusting
valve (64a) and the second flow rate adjusting valve (64c)
are adjusted to ensure a control of the flow rate of refrig-
eration oil supplied to the first compressor (40a) through
the first branched pipe (62a) together with intermediate-
pressure refrigerant and the flow rate of refrigeration oil
supplied to the second compressor (40c) through the
second branched pipe (62c¢) together with intennediate-
pressure refrigerant.

[0048] In the third aspect of the invention, the opening
degree control section (220) sets the target control value
to the normal target value during the normal operation to
adjust the degrees of opening of the first flow rate adjust-
ing valve (64a) and the second flow rate adjusting valve
(64c), and sets the target control value to the value dif-
ferent from the normal target value during the oil distri-
bution operation to adjust the degrees of opening of the
first flow rate adjusting valve (64a) and the second flow
rate adjusting valve (64c). Thus, according to the third
aspect of the invention, a change in opening degree of
the first flow rate adjusting valve (64a) and the second
flow rate adjusting valve (64c) during the oil distribution
operation from the value during the normal operation can
be ensured, and an increase/decrease in refrigerant flow
rate in the first branched pipe (62a) and the second
branched pipe (62c¢) during the oil distribution operation
from the value during the normal operation can be en-
sured.

[0049] The refrigerant circuit (20) of the fifth aspect of
the invention is switchable between the state in which
the first compressor (40a) and the third compressor (40b)
suck refrigerant evaporated in the first evaporator (91),
and the second compressor (40c) sucks refrigerant evap-
orated in the second evaporator (81, 44); and the state
in which the first compressor (40a) sucks refrigerant
evaporated in the first evaporator (91), and the second
compressor (40c) and the third compressor (40b) suck
refrigerant evaporated in the second evaporator (81, 44).
The opening degree control section (220) of the fifth as-
pect of the invention performs the two operation modes
corresponding to the foregoing two states as the oil dis-
tribution operation of the third flow rate adjusting valve
(64b) corresponding to the third compressor (40b). Thus,
according to the fifth aspect of the invention, the sufficient
amount of refrigeration oil stored in the third compressor
(40b) selectively sucking refrigerant evaporated in the
first evaporator (91) and refrigerant evaporated in the
second evaporator (81, 44) can be ensured, and damage
of the third compressor (40b) due to inadequate lubrica-
tion can be avoided in advance.

[0050] Inthe sixth aspect of the invention, the flow rate
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adjusting mechanism (250) extends the duration time of
the oil distribution operation as the difference between
the pressure of refrigerant sucked into the first compres-
sor (40a) and the pressure of refrigerant sucked into the
second compressor (40c) increases. Thus, according to
the sixth aspect of the invention, the duration time of the
oil distribution operation can be extended as the differ-
ence between the amount of refrigeration oil stored in
the first compressor (40a) and the amount of refrigeration
oil stored in the second compressor (40c) increases, and
the sufficient amount of refrigeration oil stored in both of
the first compressor (40a) and the second compressor
(40c¢) can be ensured.

[0051] In the seventh aspect of the invention, when
both of the first compressor (40a) and the second com-
pressor (40c) are in operation, the intermediate-pressure
control section (225) adjusts the degree of opening of
the intermediate-pressure expansion valve (63) so that
the pressure of intermediate-pressure refrigerant flowing
through the main injection pipe (61) reaches the prede-
termined target pressure. Thus, as long as the target
pressure is set to the appropriate value, the supply of
intermediate-pressure refrigerant to both of the first com-
pressor (40a) and the second compressor (40c) can be
ensured. In addition, when either one of the first com-
pressor (40a) and the second compressor (40c) is in op-
eration, the intermediate-pressure control section (225)
adjusts the degree of opening of the intermediate-pres-
sure expansion valve (63) so that the degree of super-
heating of intermediate-pressure refrigerant flowing out
fromthe subcooling heatexchanger (65) reaches the pre-
determined target superheating degree. Thus, as long
as the target superheating value is set to the appropriate
value, high-pressure liquid refrigerant can be sufficiently
cooled in the subcooling heat exchanger (65).

BRIEF DESCRIPTION OF THE DRAWINGS
[0052]

[FIG. 1] FIG. 1 is a refrigerant circuit diagram illus-
trating a configuration of a refrigerating apparatus of
a first embodiment.

[FIG. 2] FIG. 2 is a refrigerant circuit diagram illus-
trating a process during a first mode of a cooling
operation in the refrigerating apparatus of the first
embodiment.

[FIG. 3] FIG. 3 is a refrigerant circuit diagram illus-
trating a process during a second mode of the cooling
operation in the refrigerating apparatus of the first
embodiment.

[FIG. 4] FIG. 4 is a refrigerant circuit diagram illus-
trating a process during a normal heating operation
in the refrigerating apparatus of the firstembodiment.
[FIG. 5] FIG. 5 is a refrigerant circuit diagram illus-
trating a process during a heat recovery heating op-
eration in the refrigerating apparatus of the first em-
bodiment.
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[FIG. 6] FIG. 6 is a block diagram illustrating a con-
figuration of a controller of the first embodiment.
[FIG. 7] FIG. 7 is a table illustrating an operation of
a time setting section of the controller of the first em-
bodiment.

[FIG. 8] FIG. 8 is a control flowchart illustrating an
opening degree control operation of a first injection
motor-operated valve, which is performed by the
controller of the first embodiment.

[FIG. 9] FIG. 9 is a control flowchart illustrating an
opening degree control operation of a second injec-
tion motor-operated valve, which is performed by the
controller of the first embodiment.

[FIG. 10] FIG. 10 is a control flowchart illustrating an
opening degree control operation of a third injection
motor-operated valve, which is performed by the
controller of the first embodiment.

[FIG. 11] FIG. 11 is a block diagram illustrating a
configuration of a controller of a second embodi-
ment.

[FIG. 12] FIG. 12 is a control flowchart illustrating an
opening degree control operation of a first injection
motor-operated valve, which is performed by an mo-
tor-operated valve control section of the second em-
bodiment.

[FIG. 13] FIG. is is a control flowchart illustrating a
process performed by the motor-operated valve con-
trol section at step ST36 of FIG. 12.

[FIG. 14] FIG. 14 is a control flowchart illustrating an
opening degree control operation of a second injec-
tion motor-operated valve, which is performed by the
motor-operated valve control section of the second
embodiment.

[FIG. 15] FIG. 15 is a control flowchart illustrating a
process performed by the motor-operated valve con-
trol section at step ST56 of FIG. 14.

[FIG. 16] FIG. 16 is a control flowchart illustrating an
opening degree control operation of a third injection
motor-operated valve, which is performed by the mo-
tor-operated valve control section of the second em-
bodiment.

[FIG. 17] FIG. 17 is a control flowchart illustrating a
process performed by the motor-operated valve con-
trol section at step ST86 of FIG. 16.

[FIG. 18] FIG. 18 is a control flowchart illustrating an
opening degree control operation of a subcooling ex-
pansion valve, which is performed by an intermedi-
ate-pressure control section of the second embodi-
ment.

DESCRIPTION OF EMBODIMENTS

[0053] Embodiments of the present invention will be
described below in detail with reference to the drawings.

<<First Embodiment of the Invention>>

[0054] A first embodiment of the present invention will
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be described. A refrigerating apparatus (10) of the
present embodiment is installed in, e.g., a convenience
store to condition air inside the store and cool an inside
of a showcase etc.

[0055] As illustrated in FIG. 1, the refrigerating appa-
ratus (10) of the present embodimentincludes an outdoor
unit (11), an air-conditioning unit (12), a chilling unit (13),
a freezing unit (14), and a booster unit (15). Note that the
number of each of the foregoing units has been set forth
merely for purposes of examples in nature. The outdoor
unit (11) is installed outside a room. The air-conditioning
unit (12) is installed in a store such as salerooms. The
chilling unit (13) is installed in a showcase of a chiller,
and cools an inside of the showcase. The freezing unit
(14) is installed in a showcase of a freezer, and cools an
inside of the showcase. The booster unit (15) is installed
near the showcase of the freezer.

[0056] An outdoor circuit (30) is accommodated in the
outdoor unit (11). An air-conditioning circuit (80) is ac-
commodated in the air-conditioning unit (12). A chilling
circuit (90) is accommodated in the chilling unit (13). A
freezing circuit (100) is accommodated in the freezing
unit (14). A booster circuit (110) is accommodated in the
booster unit (15). In the refrigerating apparatus (10), the
air-conditioning circuit (80), the chilling circuit (90), the
freezing circuit (100), and the booster circuit (110) are
connected together through pipes to form a refrigerant
circuit (20).

<Qutdoor Unit and Outdoor Circuit>

[0057] The outdoor circuit (30) includes a variable ca-
pacity compressor (40a) which is a first compressor, a
first fixed capacity compressor (40b) which is a third com-
pressor, and a second fixed capacity compressor (40c)
which is a second compressor. All of the three compres-
sors (40a, 40b, 40c) are hermetic scroll compressors.
[0058] An electric motor of the variable capacity com-
pressor (40a) is driven by alternate current supplied from
aninverter which is not shown in the figure. When chang-
ing an output frequency of the inverter, a rotational speed
of the electric motor of the variable capacity compressor
(40a) is changed, and an operational capacity of the var-
iable capacity compressor (40a) is changed. On the other
hand, electric motors of the first fixed capacity compres-
sor (40b) of the second fixed capacity compressor (40c)
are driven by alternate current directly supplied from a
commercial power source. In the first fixed capacity com-
pressor (40b) and the second fixed capacity compressor
(40c), a rotational speed of each of the electric motors is
a value corresponding to a frequency of the alternate
current supplied from the commercial power source, and
an operational capacity of the compressor (40b, 40c) is
maintained constant.

[0059] The outdoor circuit (30) further includes an out-
door heat exchanger (44), an outdoor expansion valve
(45), a receiver (46), and a subcooling heat exchanger
(65). In addition, the outdoor circuit (30) includes two lig-
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uid inlet/outlet side closing valves (55, 57) and two gas
inlet/outlet side closing valves (56, 58). Further, the out-
door circuit (30) includes three four-way valves (41, 42,
43).

[0060] The outdoor heat exchanger (44) is a fin-and-
tube heat exchanger, and exchanges heat between re-
frigerant and outdoor air. The outdoor expansion valve
(45) is an electronic expansion valve having a variable
degree of opening. The subcooling heat exchanger (65)
is a plate-type heat exchanger including a plurality of first
flow paths (66) and a plurality of second flow paths (67),
and exchanges heat between refrigerant flowing through
the first flow path (66) and refrigerant flowing through the
second flow path (67). The four-way valve (41, 42, 43)
is switchable between a first state (state indicated by a
solid line in FIG. 1) in which a first port is communicated
with a third port, and a second port is communicated with
a fourth port; a second state (state indicated by a dashed
line in FIG. 1) in which the first port is communicated with
the fourth port, and the second port is communicated with
the third port.

[0061] A discharge pipe (50) is connected to an outlet
of the compressor (40a, 40b, 40c). Specifically, an inlet
end of the discharge pipe (50) is branched into three
pipes. A first branched pipe is connected to the outlet of
the variable capacity compressor (40a). A second
branched pipe is connected to the outlet of the first fixed
capacity compressor (40b). A third branched pipe is con-
nected to the outlet of the second fixed capacity com-
pressor (40c). An outlet end of the discharge pipe (50)
is connected to the first port of the first four-way valve
(41). An oil separator (47a, 47b, 47¢) and a check valve
(CV1, CV2, CV3) are provided in each of the branched
pipes of the discharge pipe (50). In each of the branched
pipes of the discharge pipe (50), the check valve (CV1,
CV2, CV3) is arranged downstream the oil separator
(47a,47b,47c). The check valve (CV1, CV2, CV3) allows
a refrigerant flow from the compressor (40a, 40b, 40c)
to the first four-way valve (41), and blocks a refrigerant
flow in an opposite direction.

[0062] A first suction pipe (51) is connected to an inlet
of the variable capacity compressor (40a). Specifically,
an outlet end of the first suction pipe (51) is branched
into two pipes. A first branched pipe is connected to the
inlet of the variable capacity compressor (40a), and a
second branched pipe is connected to the fourth port of
the third four-way valve (43). A check valve (CV4) is pro-
vided in the second branched pipe of the first suction pipe
(51). The check valve (CV4) allows a refrigerant flow to-
ward the third four-way valve (43), and blocks a refriger-
ant flow in an opposite direction. An inlet end of the first
suction pipe (51) is connected to the second gas inlet/
outlet side closing valve (58).

[0063] An outlet end of a second suction pipe (52) is
connected to an inlet of the first fixed capacity compres-
sor (40b). An inlet end of the second suction pipe (52) is
connected to the third port of the third four-way valve (43).
[0064] A third suction pipe (53) is connected to an inlet
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of the second fixed capacity compressor (40c). Specifi-
cally, an outlet end of the third suction pipe (53) is
branched into two pipes. A first branched pipe is con-
nected to the inlet of the second fixed capacity compres-
sor (40c), and a second branched pipe is connected to
the third port of the third four-way valve (43). A check
valve (CV5) is provided in the second branched pipe of
the third suction pipe (53). The check valve (CV5) allows
a refrigerant flow toward the third four-way valve (43),
and blocks a refrigerant flow in an opposite direction. An
inlet end of the third suction pipe (53) is connected to the
second port of the second four-way valve (42).

[0065] The second port of the first four-way valve (41)
is connected to the fourth port of the second four-way
valve (42). The third port of the first four-way valve (41)
is connected to a gas inlet/outlet end of the outdoor heat
exchanger (44). The fourth port of the first four-way valve
(41) is connected to the first gas inlet/outlet side closing
valve (56). The first port of the second four-way valve
(42) is connected to the discharge pipe (50) downstream
the check valve (CV1, CV2, CV3). The third port of the
second four-way valve (42) is closed. The first port of the
third four-way valve (43) is connected to the discharge
pipe (50) downstream the check valve (CV1, CV2, CV3)
through a high-pressure injection pipe (38).

[0066] One end of a first connecting pipe (31) is con-
nected to a liquid inlet/outlet end of the outdoor heat ex-
changer (44). The other end of the first connecting pipe
(31) is connected to a top portion of the receiver (46). In
the first connecting pipe (31), a solenoid valve (SV1) and
a check valve (CV6) are provided in this order from one
end of the first connecting pipe (31) to the other end. The
check valve (CV6) allows a refrigerant flow from the out-
door heat exchanger (44) to the receiver (46), and blocks
a refrigerant flow in an opposite direction.

[0067] One end of a second connecting pipe (32) is
connected to a bottom portion of the receiver (46). The
other end of the second connecting pipe (32) is connect-
ed to the second liquid inlet/outlet side closing valve (57).
The first flow path (66) of the subcooling heat exchanger
(65) is arranged in the middle of the second connecting
pipe (32).

[0068] One end of a third connecting pipe (33) is con-
nected to the firstliquid inlet/outlet side closing valve (55).
The other end of the third connecting pipe (33) is con-
nected to the first connecting pipe (31) between the check
valve (CV6) and the receiver (46). A check valve (CV7)
is provided in the third connecting pipe (33). The check
valve (CV7) allows a refrigerant flow from the first liquid
inlet/outlet side closing valve (55) to the receiver (46),
and blocks a refrigerant flow in an opposite direction.
[0069] One end of a fourth connecting pipe (34) is con-
nected to the second connecting pipe (32) between the
receiver (46) and the subcooling heat exchanger (65).
The other end of the fourth connecting pipe (34) is con-
nected to the third connecting pipe (33) between the first
liquid inlet/outlet side closing valve (55) and the check
valve (CV7). A check valve (CV8) is provided in the fourth



23

connecting pipe (34). The check valve (CV8) allows a
refrigerant flow from one end of the fourth connecting
pipe (34) to the other end, and blocks a refrigerant flow
in an opposite direction.

[0070] One end of a fifth connecting pipe (35) is con-
nected to the second connecting pipe (32) between the
subcooling heat exchanger (65) and the second liquid
inlet/outlet side closing valve (57). The other end of the
fifth connecting pipe (35) is connected to the first con-
necting pipe (31) between the outdoor heat exchanger
(44) and the solenoid valve (SV1). In the fifth connecting
pipe (35), acheck valve (CV9) and the outdoor expansion
valve (45) are provided in this order from one end of the
fifth connecting pipe (35) to the other end. The check
valve (CV9) allows a refrigerant flow from one end of the
fifth connecting pipe (35) to the other end, and blocks a
refrigerant flow in an opposite direction.

[0071] One end of a sixth connecting pipe (36) is con-
nected to the fifth connecting pipe (35) between the check
valve (CV9) and the outdoor expansion valve (45). The
other end of the sixth connecting pipe (36) is connected
to the first connecting pipe (31) between the check valve
(CV6) and the receiver (46). A check valve (CV10) is
provided in the sixth connecting pipe (36). The check
valve (CV10) allows a refrigerant flow from one end of
the sixth connecting pipe (36) to the other end, and blocks
a refrigerant flow in an opposite direction.

[0072] One end of a seventh connecting pipe (37) is
connected to an upper portion of the receiver (46). The
other end of the seventh connecting pipe (37) is connect-
ed to a main injection pipe (61) of an injection circuit (60)
which will be described later downstream the subcooling
heat exchanger (65). A solenoid valve (SV2) is provided
in the seventh connecting pipe (37).

[0073] The injection circuit (60) is provided in the out-
door circuit (30). The injection circuit (60) includes the
main injection pipe (61), a first injection pipe (62a) which
is a first branched pipe, a second injection pipe (62b)
which is a third branched pipe, and a third injection pipe
(62c) which is a second branched pipe.

[0074] One end of the main injection pipe (61) is con-
nected to the second connecting pipe (32) between the
subcooling heat exchanger (65) and the second liquid
inlet/outlet side closing valve (57). The other end of the
main injection pipe (61) is connected to one end of the
injection pipe (62a, 62b, 62c). In the main injection pipe
(61), the second flow path (67) of the subcooling heat
exchanger (65) and a subcooling expansion valve (63)
which is an intermediate-pressure expansion valve are
provided in this order from one end of the main injection
pipe (61) to the other end. The subcooling expansion
valve (63) is an electronic expansion valve having a var-
iable degree of opening.

[0075] The other end of the first injection pipe (62a) is
connected to the variable capacity compressor (40a).
The other end of the second injection pipe (62b) is con-
nected to the first fixed capacity compressor (40b). The
other end of the third injection pipe (62c) is connected to
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the second fixed capacity compressor (40c). The first in-
jection pipe (62a) can be communicated with a compres-
sion chamber of the variable capacity compressor (40a)
in the middle of a compression process. The second in-
jection pipe (62b) can be communicated with a compres-
sion chamber of the first fixed capacity compressor (40b)
in the middle of a compression process. The third injec-
tion pipe (62c) can be communicated with a compression
chamber of the second fixed capacity compressor (40c)
in the middle of a compression process.

[0076] A first injection motor-operated valve (64a)
which is a first flow rate adjusting valve is provided in the
first injection pipe (62a). A second injection motor-oper-
ated valve (64b) which is a third flow rate adjusting valve
is provided in the second injection pipe (62b). A third
injection motor-operated valve (64c) which is a second
flow rate adjusting valve is provided in the third injection
pipe (62c). The injection motor-operated valve (64a, 64b,
64c) is an electronic expansion valve having a variable
degree of opening, and adjusts a flow rate of refrigerant
supplied from the injection circuit (60) to the compressor
(40a, 40b, 40c).

[0077] An oil return pipe (54) is connected to the injec-
tion circuit (60). An outlet end of the oil return pipe (54)
is connected to the main injection pipe (61) of the injection
circuit (60) downstream the subcooling heat exchanger
(65). In addition, an inlet end of the oil return pipe (54) is
branched into three pipes. A first branched pipe is con-
nected to the oil separator (47a). A second branched pipe
is connected to the oil separator (47b). A third branched
pipe is connected to the oil separator (47c). A check valve
(CV11,CV12, CV13) and a capillary tube (48a, 48b, 48c)
are provided in each of the branched pipes. In each of
the branched pipes, the capillary tube (48a, 48b, 48¢) is
arranged downstream the check valve (CV11, CV12,
CV13). The check valve (CV11, CV12, CV13) allows a
refrigeration oil flow in a direction in which refrigeration
oil flows out from the oil separator (47a, 47b, 47c), and
blocks a refrigeration oil flow in an opposite direction.
The oil return pipe (54) and the three oil separators (473,
47b, 47c) provided in the discharge pipe (50) together
form an oil return circuit (49).

[0078] A plurality of temperature sensors and a plural-
ity of pressure sensors are provided in the outdoor circuit
(30).

[0079] Adischarge pipetemperature sensor (74a, 74b,

74c) is attached to each of the branched pipes of the
discharge pipe (50) between the compressor (40a, 40b,
40c) and the oil separator (47a, 47b, 47c). The first dis-
charge pipe temperature sensor (74a) measures the tem-
perature of the branched pipe connected to the variable
capacity compressor (40a) as a physical amount indicat-
ing the temperature of refrigerant discharged from the
variable capacity compressor (40a). The second dis-
charge pipe temperature sensor (74b) measures the tem-
perature of the branched pipe connected to the first fixed
capacity compressor (40b) as a physical amount indicat-
ing the temperature of refrigerant discharged from the
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first fixed capacity compressor (40b). The third discharge
pipe temperature sensor (74c) measures the tempera-
ture of the branched pipe connected to the second fixed
capacity compressor (40c) as a physical amount indicat-
ing the temperature of refrigerant discharged from the
second fixed capacity compressor (40c). A high-pressure
sensor (70) is connected to the discharge pipe (50). The
high-pressure sensor (70) measures the pressure of re-
frigerant discharged from the compressor (40a, 40b, 40c)
and flowing through the discharge pipe (50).

[0080] Atemperature sensor(75)is attached to a trunk
portion of the first suction pipe (51). The first suction pipe
temperature sensor (75) measures the temperature of
the first suction pipe (51) as a physical amount indicating
the temperature of refrigerant flowing toward the variable
capacity compressor (40a) through the first suction pipe
(51). In addition, a first low-pressure sensor (71) is con-
nected to the trunk portion of the first suction pipe (51).
The first low-pressure sensor (71) measures the pres-
sure of refrigerant flowing toward the variable capacity
compressor (40a) through the first suction pipe (51).
[0081] A second suction pipe temperature sensor (76)
is attached to a trunk portion of the third suction pipe (53).
The second suction pipe temperature sensor (76) meas-
ures the temperature of the third suction pipe (53) as a
physical amount indicating the temperature of refrigerant
flowing toward the second fixed capacity compressor
(40c) through the third suction pipe (53). In addition, a
second low-pressure sensor (72) is connected to the
trunk portion of the third suction pipe (53). The second
low-pressure sensor (72) measures the pressure of re-
frigerant flowing toward the second fixed capacity com-
pressor (40c) through the third suction pipe (53).

[0082] An injection pipe temperature sensor (77) is at-
tached to the main injection pipe (61) of the injection cir-
cuit (60) downstream the subcooling heat exchanger
(65). The injection pipe temperature sensor (77) meas-
ures the temperature of the injection circuit (60) as a
physical amount indicating the temperature of refrigerant
flowing toward the compressor (40a, 40b, 40c) through
the injection circuit (60). In addition, anintermediate pres-
sure sensor (73) is connected to the main injection pipe
(61) of the injection circuit (60) downstream the subcool-
ing heat exchanger (65). The intermediate pressure sen-
sor (73) measures the pressure of refrigerant flowing to-
ward the compressor (40a, 40b, 40c) through the main
injection pipe (61) of the injection circuit (60).

[0083] The outdoor unit (11) includes an outdoor fan
(79) which is a heat source fan, and an outdoor temper-
ature sensor (78). The outdoor fan (79) supplies outdoor
air to the outdoor heat exchanger (44). The outdoor tem-
perature sensor (78) measures the temperature of out-
door air sent to the outdoor heat exchanger (44) by the
outdoor fan (79).

<Air-Conditioning Unit and Air-Conditioning Circuit>

[0084] A liquid inlet/outlet end of the air-conditioning
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circuit (80) is connected to the first liquid inlet/outlet side
closing valve (55) of the outdoor circuit (30) through a
first liquid inlet/outlet side communication pipe (21), and
a gas inlet/outlet end of the air-conditioning circuit (80)
is connected to the first gas inlet/outlet side closing valve
(56) of the outdoor circuit (30) through a first gas inlet/
outlet side communication pipe (22). In the air-condition-
ing circuit (80), an air-conditioning expansion valve (82)
and an air-conditioning heat exchanger (81) which is a
utilization heat exchanger are provided in this order from
the liquid inlet/outlet end of the air-conditioning circuit
(80) to the gas inlet/outlet end. The air-conditioning ex-
pansion valve (82) is an electronic expansion valve hav-
ing a variable degree of opening. The air-conditioning
heat exchanger (81) is a fin-and-tube heat exchanger,
and exchanges heat between refrigerant and room air.
[0085] Two temperature sensors are attached to the
air-conditioning circuit (80). A gas refrigerant tempera-
ture sensor (84) is attached to the air-conditioning circuit
(80) between the air-conditioning heat exchanger (81)
and the gas inlet/outlet end of the air-conditioning circuit
(80). The gas refrigerant temperature sensor (84) meas-
ures the temperature of a pipe forming the air-condition-
ing circuit (80) as a physical amount indicating the tem-
perature of refrigerant flowing between the air-condition-
ing heat exchanger (81) and the gas inlet/outlet end of
the air-conditioning circuit (80) in the air-conditioning cir-
cuit (80). A heat exchanger temperature sensor (85) is
attached to a heat transfer pipe forming the air-condition-
ing heat exchanger (81). The heat exchanger tempera-
ture sensor (85) measures the temperature of the heat
transfer pipe as a physical amount indicating a temper-
ature (i.e., an evaporation temperature and a condensa-
tion temperature) of refrigerant, a phase of which is being
changed in the heat transfer pipe of the air-conditioning
heat exchanger (81).

[0086] The air-conditioning unit (12) includes an air-
conditioning fan (83) and an indoor temperature sensor
(86). The air-conditioning fan (83) supplies room air of,
e.g., a saleroom to the air-conditioning heat exchanger
(81). The indoor temperature sensor (86) measures the
temperature of room air sent to the air-conditioning heat
exchanger (81) by the air-conditioning fan (83).

<Chilling Unit and Chilling Circuit>

[0087] Aliquidinlet/outlet end of the chilling circuit (90)
is connected to the second liquid inlet/outlet side closing
valve (57) of the outdoor circuit (30) through a second
liquid inlet/outlet side communication pipe (23), and a
gas inlet/outlet end of the chilling circuit (90) is connected
to the second gas inlet/outlet side closing valve (58) of
the outdoor circuit (30) through a second gas inlet/outlet
side communication pipe (24). In the chilling circuit (90),
a chilling solenoid valve (93), a chilling expansion valve
(92), and a chilling heat exchanger (91) are provided in
this order from the liquid inlet/outlet end of the chilling
circuit (90) to the gas inlet/outlet end. The chilling expan-
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sion valve (92) is a thermostatic expansion valve includ-
ing a thermo sensitive tube. The chilling heat exchanger
(91) is a fin-and-tube heat exchanger, and exchanges
heat between refrigerant and compartment air in the
showcase of the chiller.

[0088] The chilling unit (13) includes a chilling fan (94)
and a chiller compartment temperature sensor (95). The
chilling fan (94) supplies compartment air in the show-
case of the chiller to the chilling heat exchanger (91). The
chiller compartment temperature sensor (95) measures
the temperature of compartment air sent to the chilling
heat exchanger (91) by the chilling fan (94).

<Freezing Unit and Freezing Circuit>

[0089] A liquid inlet/outlet end of the freezing circuit
(100) is connected to the second liquid inlet/outlet side
closing valve (57) of the outdoor circuit (30) through the
second liquid inlet/outlet side communication pipe (23),
and a gas inlet/outlet end of the freezing circuit (100) is
connected to the booster circuit (110) through a pipe. In
the freezing circuit (100), a freezing solenoid valve (103),
a freezing expansion valve (102), and a freezing heat
exchanger (101) are provided in this order from the liquid
inlet/outlet end of the freezing circuit (100) to the gas
inlet/outlet end. The freezing expansion valve (102) is a
thermostatic expansion valve including a thermosensi-
tive tube. The freezing heat exchanger (101) is a fin-and-
tube heat exchanger, and exchanges heat between re-
frigerant and compartment air in the showcase of the
freezer.

[0090] The freezing unit (14) includes a freezing fan
(104) and a freezer compartment temperature sensor
(105). The freezing fan (104) supplies compartment air
in the showcase of the freezer to the freezing heat ex-
changer (101). The freezer compartment temperature
sensor (105) measures the temperature of compartment
air sent to the freezing heat exchanger (101) by the freez-
ing fan (104).

<Booster Unit and Booster Circuit>

[0091] One end of the booster circuit (110) is connect-
ed to the gas inlet/outlet end of the freezing circuit (100)
through a pipe, and the other end of the booster circuit
(110) is connected to the second gas inlet/outlet side
closing valve (58) of the outdoor circuit (30) through the
second gas inlet/outlet side communication pipe (24). In
the booster circuit (110), a booster compressor (111), an
oil separator (112), and a check valve (CV14) are pro-
vided in this order from one end of the booster circuit
(110) to the other end.

[0092] The booster compressor (111) is a hermetic
scroll compressor. An electric motor of the booster com-
pressor (111) is driven by alternate current supplied from
an inverter which is not shown in the figure. When chang-
ing an output frequency of the inverter, a rotational speed
of the electric motor of the booster compressor (111) is
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changed, and an operational capacity of the booster com-
pressor (111) is changed. The check valve (CV14) allows
a refrigerant flow from the booster compressor (111) to
the second gas inlet/outlet side communication pipe (24),
and blocks a refrigerant flow in an opposite direction.

[0093] The booster circuit (110) includes an oil return
pipe (113) and a bypass pipe (114). One end of the oil
return pipe (113) is connected to the oil separator (112),
and the other end of the oil return pipe (113) is connected
to the booster circuit (110) upstream the booster com-
pressor (111). A capillary tube (115) is provided in the oil
return pipe (113). One end of the bypass pipe (114) is
connected to the booster circuit (110) upstream the
booster compressor (111), and the other end of the by-
pass pipe (114) is connected to the booster circuit (110)
between the oil separator (112) and the check valve
(CV14). A check valve (CV15) is provided in the bypass
pipe (114). The check valve (CV15) allows a refrigerant
flow from one end of the bypass pipe (114) to the other
end, and blocks arefrigerant flow in an opposite direction.

<Controller>

[0094] A controller (200) receives detection values of
the foregoing sensors (70-78), and controls an operation
of the refrigerating apparatus (10) based on the detection
values.

[0095] Forexample, in the controller (200), the degree
of opening of the injection motor-operated valve (64a,
64b, 64c) is adjusted based on the detection value of the
discharge pipe temperature sensor (74a, 74b, 74c). That
is, the controller (200) uses the temperature of refrigerant
discharged from the compressor (40a, 40b, 40c) as a
physical amount for control, and adjusts the degree of
opening of the injection motor-operated valve (64a, 64b,
64c) so that the detection value of the discharge pipe
temperature sensor (74a, 74b, 74c), which is an actual
measured value of the physical amount for control reach-
es a predetermined target control value.

[0096] Specifically, the controller (200) uses the tem-
perature of refrigerant discharged from the variable ca-
pacity compressor (40a) as a first physical amount for
control, and adjusts the degree of opening of the first
injection motor-operated valve (64a) so that the detection
value of the first discharge pipe temperature sensor (74a)
falls within a predetermined temperature range. In addi-
tion, the controller (200) uses the temperature of refrig-
erant discharged from the first fixed capacity compressor
(40b) as a second physical amount for control, and ad-
justs the degree of opening of the second injection motor-
operated valve (64b) so that the detection value of the
second discharge pipe temperature sensor (74b) falls
within a predetermined temperature range. Further, the
controller (200) uses the temperature of refrigerant dis-
charged from the second fixed capacity compressor
(40c) as a third physical amount for control, and adjusts
the degree of opening of the third injection motor-oper-
ated valve (64c) so that the detection value of the third
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discharge pipe temperature sensor (74c) falls within a
predetermined temperature range.

[0097] If the temperature of refrigerant discharged
from the compressor (40a, 40b, 40c) (i.e., the detection
value of the discharge pipe temperature sensor (74a,
74b, 74c)) exceeds the predetermined temperature
range, the controller (200) increases the degree of open-
ing of the injection motor-operated valve (64a, 64b, 64c)
corresponding to the compressor (40a, 40b, 40c) to in-
crease the amount of intermediate-pressure refrigerant
supplied to the compressor (40a, 40b, 40c), thereby de-
creasing the temperature of refrigerant discharged from
the compressor (40a, 40b, 40c).

[0098] On the other hand, if the temperature of refrig-
erant discharged from the compressor (40a, 40b, 40c)
falls below the predetermined temperature range, the
controller (200) decreases the degree of opening of the
injection motor-operated valve (64a, 64b, 64c) corre-
sponding to the compressor (40a, 40b, 40c) to decrease
the amount of intermediate-pressure refrigerant supplied
to the compressor (40a, 40b, 40c), thereby increasing
the temperature of refrigerant discharged from the com-
pressor (40a, 40b, 40c).

[0099] Since an operation frequency of the variable
capacity compressor (40a) (i.e., a frequency of alternate
current supplied to the electric motor of the variable ca-
pacity compressor (40a)) is variable, the temperature of
discharged refrigerant is likely to be lower than the pre-
determined temperature range. This is because, when
lowering the operation frequency of the variable capacity
compressor (40a), a time period for which the compres-
sion chamber of the variable capacity compressor (40a)
in the middle of the compression process is communi-
cated with the first injection pipe (62a) is extended, and
the amount of intermediate-pressure refrigerant flowing
into the compression chamber through the first injection
pipe (62a) is increased.

[0100] Thus, when decreasing the operational capac-
ity of the variable capacity compressor (40a) (i.e., lower-
ing the operation frequency of the variable capacity com-
pressor (40a)), the temperature of discharged refrigerant
is lowered, and therefore the degree of opening of the
first injection motor-operated valve (64a) is decreased in
response to such a temperature change. This reduces
flowing of a large amount of intermediate-pressure re-
frigerant into the compression chamber of the variable
capacity compressor (40a) in the middle of the compres-
sion process.

[0101] As illustrated in FIG. 6, the controller (200) in-
cludes a target setting section (205), an adjusting section
(210), and a time setting section (215). The target setting
section (205), the adjusting section (210), and the time
setting section (215) will be described below in detail.
[0102] The controller (200) serves as an opening de-
gree control section configured to separately control the
degrees of opening of the injection motor-operated
valves (64a, 64b, 64c). In addition, the controller (200)
and the injection motor-operated valves (64a, 64b, 64c)
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provided in the injection circuit (60) together form a flow
rate adjusting mechanism (250).

Operations

[0103] Operations of the refrigerating apparatus (10)
will be described. The refrigerating apparatus (10) of the
present embodiment performs various operations. A
cooling operation, a normal heating operation, and a heat
recovery heating operation of the operations performed
in the refrigerating apparatus (10) will be described. Note
that, as will be described later, compartment air is cooled
in the chilling unit (13) and the freezing unit (14) in any
of the cooling operation, the normal heating operation,
and the heat recovery heating operation.

<Cooling Operation>

[0104] The cooling operation of the refrigerating appa-
ratus (10) will be described with reference to FIG. 2.
[0105] During the cooling operation, in the refrigerant
circuit (20), refrigerant circulates to perform a refrigera-
tion cycle. In such a state, in the refrigerant circuit (20),
the outdoor heat exchanger (44) is operated as a con-
denser (i.e., aradiator), and the air-conditioning heat ex-
changer (81), the chilling heat exchanger (91), and the
freezing heat exchanger (101) are operated as evapora-
tors. Inthe air-conditioning heat exchanger (81) operated
as a second evaporator, an evaporation temperature of
refrigerantis setto, e.g., 5°C. Inthe chilling heat exchang-
er (91) operated as a first evaporator, the evaporation
temperature of refrigerantis setto, e.g.,-5°C. Inthe freez-
ing heat exchanger (101), the evaporation temperature
of refrigerant is set to, e.g., -20°C.

[0106] Inthe cooling operation, the first four-way valve
(41) and the second four-way valve (42) are set to the
first state. The third four-way valve (43) is set to the first
state when refrigerant flowing into the outdoor circuit (30)
through the second gas inlet/outlet side communication
pipe (24)is sucked into the first fixed capacity compressor
(40b), and is set to the second state when refrigerant
flowing into the outdoor circuit (30) through the first gas
inlet/outlet side communication pipe (22) is sucked into
the first fixed capacity compressor (40b). An example will
be described herein, in which the third four-way valve
(43) is set to the first state.

[0107] Inthe cooling operation, the outdoor expansion
valve (45) is set to a completely-closed state. The de-
grees of opening of the air-conditioning expansion valve
(82), the subcooling expansion valve (63), the first injec-
tion motor-operated valve (64a), the second injection mo-
tor-operated valve (64b), and the third injection motor-
operated valve (64c) are adjusted as necessary. The
controller (200) adjusts the degrees of opening of the air-
conditioning expansion valve (82), the injection motor-
operated valves (64a, 64b, 64c), and the subcooling ex-
pansion valve (63). Further, in the cooling operation, the
solenoid valve (SV1) is opened, and the solenoid valve
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(SV2) is closed.

[0108] High-pressure refrigerant discharged from the
variable capacity compressor (40a), the first fixed capac-
ity compressor (40b), and the second fixed capacity com-
pressor (40c) to the discharge pipe (50) flows into the
outdoor heat exchanger (44) through the first four-way
valve (41). Such refrigerant is condensed by dissipating
heat to outdoor air supplied by the outdoor fan (79). The
high-pressure refrigerant flowing out from the outdoor
heat exchanger (44) flows into the second connecting
pipe (32) through the receiver (46). Subsequently, a part
of the refrigerant flowing through the second connecting
pipe (32) flows into the first liquid inlet/outlet side com-
munication pipe (21) through the fourth connecting pipe
(34), and the remaining refrigerant flows into the first flow
path (66) of the subcooling heat exchanger (65). The
refrigerant flowing into the first flow path (66) of the sub-
cooling heat exchanger (65) is cooled by intermediate-
pressure refrigerant flowing through the second flow path
(67), and the degree of subcooling of such refrigerant is
increased. A part of the refrigerant flowing into the second
connecting pipe (32) through the first flow path (66) of
the subcooling heat exchanger (65) flows into the injec-
tion circuit (60), and the remaining refrigerant flows into
the second liquid inlet/outlet side communication pipe
(23).

[0109] The pressure of the high-pressure refrigerant
flowing into the first liquid inlet/outlet side communication
pipe (21) is reduced when passing through the air-con-
ditioning expansion valve (82), and the refrigerant flows
into the air-conditioning heat exchanger (81). Such re-
frigerant is evaporated by absorbing heat from room air
supplied by the air-conditioning fan (83). The air-condi-
tioning unit (12) supplies the air cooled in the air-condi-
tioning heat exchanger (81) to the room. The refrigerant
flowing out from the air-conditioning heat exchanger (81)
flows into the outdoor circuit (30) through the first gas
inlet/outlet side communication pipe (22). Then, such re-
frigerant passes through the first four-way valve (41) and
the second four-way valve (42) in this order, and flows
into the third suction pipe (53). The refrigerant flowing
into the third suction pipe (53) is sucked into the second
fixed capacity compressor (40c). The second fixed ca-
pacity compressor (40c) compresses the sucked refrig-
erant, and discharges the compressed refrigerant to the
discharge pipe (50).

[0110] A part of the high-pressure refrigerant flowing
into the second liquid inlet/outlet side communication
pipe (23) flows into the chilling circuit (90), and the re-
maining refrigerant flows into the freezing circuit (100).
[0111] The pressure of the refrigerant flowing into the
chilling circuit (90) is reduced when passing through the
chilling expansion valve (92), and the refrigerant flows
into the chilling heat exchanger (91). Such refrigerant is
evaporated by absorbing heat from compartment air sup-
plied by the chilling fan (94). The chilling unit (13) supplies
the air cooled in the chilling heat exchanger (91) to the
showcase of the chiller. The refrigerant flowing out from
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the chilling heat exchanger (91) flows into the second
gas inlet/outlet side communication pipe (24).

[0112] The pressure of the refrigerant flowing into the
freezing circuit (100) is reduced when passing through
the freezing expansion valve (102), and the refrigerant
flows into the freezing heat exchanger (101). Such re-
frigerant is evaporated by absorbing heat from compart-
ment air supplied by the freezing fan (104). The freezing
unit (14) supplies the air cooled in the freezing heat ex-
changer (101) to the showcase of the freezer. The refrig-
erant flowing out from the freezing heat exchanger (101)
flows into the booster circuit (110), and is sucked into the
booster compressor (111). The booster compressor
(111) compresses the sucked refrigerant and discharge
the compressed refrigerant. The refrigerant discharged
from the booster compressor (111) flows into the second
gas inlet/outlet side communication pipe (24), and joins
the refrigerant flowing out from the chilling circuit (90).
[0113] The refrigerant flowing through the second gas
inlet/outlet side communication pipe (24) flows into the
first suction pipe (51) of the outdoor circuit (30). A part
of the refrigerant flowing through the first suction pipe
(51) is sucked into the variable capacity compressor
(40a). The remaining refrigerant passes through the third
four-way valve (43) and the second suction pipe (52) in
this order, and is sucked into the first fixed capacity com-
pressor (40b). Both of the variable capacity compressor
(40a) and the first fixed capacity compressor (40b) com-
press the sucked refrigerant, and discharge the com-
pressed refrigerant to the discharge pipe (50).

[0114] The pressure of the high-pressure liquid refrig-
erantflowinginto the injection circuit (60) is reduced when
passing through the subcooling expansion valve (63),
and the refrigerantis changed into intermediate-pressure
refrigerant in a gas-liquid two-phase state. The interme-
diate-pressure refrigerant flows into the second flow path
(67) of the subcooling heat exchanger (65), and is evap-
orated by absorbing heat from refrigerant flowing through
the first flow path (66) of the subcooling heat exchanger
(65). The intermediate-pressure refrigerant flowing out
from the subcooling heat exchanger (65) passes through
the main injection pipe (61), and flows so as to be
branched into the three injection pipes (62a, 62b, 62c¢).
Then, such refrigerant flows into the compression cham-
bers of the compressors (40a, 40b, 40c) in the middle of
the compression process.

[0115] Refrigeration oil is stored in a casing of the com-
pressor (40a, 40b, 40c), and is used for lubrication of a
compression mechanism. A part of the refrigeration oil
used for the lubrication of the compression mechanism
is discharged from the compressor (40a, 40b, 40c) to-
gether with the compressed high-pressure refrigerant.
[0116] The refrigeration oil contained in the refrigerant
(discharged refrigerant) discharged from the variable ca-
pacity compressor (40a) is separated from gas refriger-
ant in the oil separator (47a). The refrigeration oil con-
tained in the refrigerant (discharged refrigerant) dis-
charged from the first fixed capacity compressor (40b) is
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separated from gas refrigerant in the oil separator (47b).
The refrigeration oil contained in the refrigerant (dis-
charged refrigerant) discharged from the second fixed
capacity compressor (40c) is separated from gas refrig-
erant in the oil separator (47c).

[0117] The refrigeration oil separated from the dis-
charged refrigerant in the oil separators (47a, 47b, 47c)
flows into the main injection pipe (61) through the oil re-
turn pipe (54). The refrigeration oil flowing into the main
injection pipe (61) and the intermediate-pressure refrig-
erant flow so as to be branched into the three injection
pipes (62a, 62b, 62c), and then flow into the compression
chambers of the compressors (40a, 40b, 40c) in the mid-
dle of the compression process.

[0118] The refrigerating apparatus (10) of the present
embodiment can perform a first mode of the cooling op-
eration as illustrated in FIG. 2, and a second mode of the
cooling operation as illustrated in FIG. 3.

[0119] In the first mode of the cooling operation, the
third four-way valve (43) is set to the first state (see FIG.
2). As described above, in the first mode of the cooling
operation, the variable capacity compressor (40a) and
the first fixed capacity compressor (40b) suck low-pres-
sure refrigerant flowing through the first suction pipe (51),
and the second fixed capacity compressor (40c) sucks
low-pressure refrigerant flowing through the third suction
pipe (53). That is, in the first mode of the cooling opera-
tion, the variable capacity compressor (40a) and the first
fixed capacity compressor (40b) suck refrigerant evapo-
rated in the chilling heat exchanger (91), and the second
fixed capacity compressor (40c) sucks refrigerant evap-
orated in the air-conditioning heat exchanger (81).
[0120] In the second mode of the cooling operation,
the third four-way valve (43) is set to the second state
(see FIG. 3). Inthe second mode of the cooling operation,
the variable capacity compressor (40a) sucks low-pres-
sure refrigerant flowing through the first suction pipe (51),
and the first fixed capacity compressor (40b) and the sec-
ond fixed capacity compressor (40c) suck low-pressure
refrigerant flowing through the third suction pipe (53).
That is, in the second mode of the cooling operation, the
variable capacity compressor (40a) sucks refrigerant
evaporated in the chilling heat exchanger (91), and the
first fixed capacity compressor (40b) and the second
fixed capacity compressor (40c) suck refrigerant evapo-
rated in the air-conditioning heat exchanger (81).

<Normal Heating Operation>

[0121] The normal heating operation of the refrigerat-
ing apparatus (10) will be described with reference to
FIG. 4.

[0122] During the normal heating operation, in the re-
frigerant circuit (20), refrigerant circulates to perform a
refrigeration cycle. In such a state, in a normal heating
circuit, the air-conditioning heat exchanger (81) is oper-
ated as a condenser (i.e., a radiator), and the outdoor
heat exchanger (44), the chilling heat exchanger (91),
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and the freezing heat exchanger (101) are operated as
evaporators. In the outdoor heat exchanger (44) operat-
ed as a second evaporator, an evaporation temperature
of refrigerant is set to, e.g., 0°C. In the chilling heat ex-
changer (91) operated as a first evaporator, the evapo-
ration temperature of refrigerant is set to, e.g., -5°C. In
the freezing heat exchanger (101), the evaporation tem-
perature of refrigerant is set to, e.g., -20°C. Note that the
evaporation temperature of refrigerant in the outdoor
heat exchanger (44) is changed depending on an outdoor
temperature. Thus, during midwinter during which the
outdoor temperature drops below freezing, the evapora-
tion temperature of refrigerant in the outdoor heat ex-
changer (44) may be set to, e.g.,-10°C.

[0123] Specifically, in the normal heating operation,
the first four-way valve (41) is set to the second state,
and the second four-way valve (42) is set to the first state.
An example will be described herein, in which the third
four-way valve (43) is set to the first state.

[0124] Inthe normal heating operation, the degrees of
opening of the outdoor expansion valve (45), the air-con-
ditioning expansion valve (82), the subcooling expansion
valve (63), the first injection motor-operated valve (64a),
the second injection motor-operated valve (64b), and the
third injection motor-operated valve (64c) are adjusted
as necessary. In the controller (200), an expansion valve
control section (201) adjusts the degree of opening of
the outdoor expansion valve (45), a discharge tempera-
ture control section (203) adjusts the degrees of opening
of the injection motor-operated valves (64a, 64b, 64c),
and a subcooling control section (204) adjusts the degree
of opening of the subcooling expansion valve (63). Fur-
ther, in the normal heating operation, both of the solenoid
valves (SV1, SV2) are closed.

[0125] High-pressure refrigerant discharged from the
variable capacity compressor (40a), the first fixed capac-
ity compressor (40b), and the second fixed capacity com-
pressor (40c) to the discharge pipe (50) passes through
the first four-way valve (41), and then flows into the air-
conditioning heat exchanger (81) through the first gas
inlet/outlet side closing valve (56). Such refrigerant is
condensed by dissipating heat to room air supplied by
the air-conditioning fan (83). The air-conditioning unit
(12) supplies the air heated in the air-conditioning heat
exchanger (81) to the room.

[0126] The refrigerant flowing out from the air-condi-
tioning heat exchanger (81) passes through the air-con-
ditioning expansion valve (82), and then flows into the
outdoor circuit (30) through the first liquid inlet/outlet side
communication pipe (21). Subsequently, such refrigerant
flows into the receiver (46) through the third connecting
pipe (33). The refrigerant flowing out from the receiver
(46) to the second connecting pipe (32) flows into the
first flow path (66) of the subcooling heat exchanger (65).
Therefrigerant is cooled by intermediate-pressure refrig-
erant flowing through the second flow path (67), and the
degree of subcooling of such refrigerant is increased. A
part of the refrigerant flowing out from the first flow path
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(66) of the subcooling heat exchanger (65) flows into the
fifth connecting pipe (35), and the remaining refrigerant
continues to flow through the second connecting pipe
(32). A part of the refrigerant flowing toward the second
liquid inlet/outlet side closing valve (57) through the sec-
ond connecting pipe (32) flows into the injection circuit
(60), and the remaining refrigerant flows into the second
liquid inlet/outlet side communication pipe (23).

[0127] The pressure of the refrigerant flowing into the
fifth connecting pipe (35) is reduced when passing
through the outdoor expansion valve (45), and then the
refrigerant flows into the outdoor heat exchanger (44).
Such refrigerant is evaporated by absorbing heat from
outdoor air supplied by the outdoor fan (79). The refrig-
erant flowing out from the outdoor heat exchanger (44)
passes through the first four-way valve (41) and the sec-
ond four-way valve (42) in this order, and flows into the
third suction pipe (53). Such refrigerant is sucked into
the second fixed capacity compressor (40c). The second
fixed capacity compressor (40c) compresses the sucked
refrigerant and discharges the compressed refrigerant to
the discharge pipe (50).

[0128] A part of the high-pressure refrigerant flowing
into the second liquid inlet/outlet side communication
pipe (23) flows into the chilling circuit (90), and the re-
maining refrigerant flows into the freezing circuit (100).
As in the cooling operation, the pressure of the refrigerant
flowing into the chilling circuit (90) is reduced when pass-
ing through the chilling expansion valve (92), and then
the refrigerant flows into the chilling heat exchanger (91).
Such refrigerant is evaporated by absorbing heat from
compartment air supplied by the chilling fan (94), and
flows into the second gas inlet/outlet side communication
pipe (24). Meanwhile, as in the cooling operation, the
pressure of the refrigerant flowing into the freezing circuit
(100) is reduced when passing through the freezing ex-
pansion valve (102), and the refrigerant flows into the
freezing heat exchanger (101). Such refrigerant is evap-
orated by absorbing heat from compartment air supplied
by the freezing fan (104). Then, the refrigerant is com-
pressed by the booster compressor (111), and flows into
the second gas inlet/outlet side communication pipe (24).
As in the first mode of the cooling operation, a part of the
refrigerant flowing through the second gas inlet/outlet
side communication pipe (24) is sucked into the variable
capacity compressor (40a), and the remaining refrigerant
is sucked into the first fixed capacity compressor (40b).
Both of the variable capacity compressor (40a) and the
first fixed capacity compressor (40b) compress the
sucked refrigerant, and discharge the compressed refrig-
erant to the discharge pipe (50).

[0129] The pressure of the refrigerant flowing into the
injection circuit (60) is reduced when passing through the
subcooling expansion valve (63), and the refrigerant
flows into the second flow path (67) of the subcooling
heat exchanger (65). Such refrigerant is evaporated by
absorbing heat from refrigerant flowing through the first
flow path (66) of the subcooling heat exchanger (65). The
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intermediate-pressure refrigerant flowing out from the
subcooling heat exchanger (65) is mixed with refrigera-
tion oil supplied from the oil separators (47a, 47b, 47c)
through the oil return pipe (54), and then flows into the
compression chambers of the compressors (40a, 40b,
40c) in the middle of the compression process.

[0130] The refrigerating apparatus (10) of the present
embodiment can perform first and second modes of the
heating operation.

[0131] In the first mode of the heating operation, the
third four-way valve (43) is set to the first state (see FIG.
4). As described above, in the first mode of the heating
operation, the variable capacity compressor (40a) and
the first fixed capacity compressor (40b) suck low-pres-
sure refrigerant flowing through the first suction pipe (51),
and the second fixed capacity compressor (40c) sucks
low-pressure refrigerant flowing through the third suction
pipe (53). That is, in the first mode of the heating opera-
tion, the variable capacity compressor (40a) and the first
fixed capacity compressor (40b) suck refrigerant evapo-
rated in the chilling heat exchanger (91), and the second
fixed capacity compressor (40c) sucks refrigerant evap-
orated in the outdoor heat exchanger (44).

[0132] In the second mode of the heating operation,
the third four-way valve (43) is set to the second state.
In the second mode of the heating operation, the variable
capacity compressor (40a) sucks low-pressure refriger-
ant flowing through the first suction pipe (51), and the
first fixed capacity compressor (40b) and the second
fixed capacity compressor (40c) suck low-pressure re-
frigerant flowing through the third suction pipe (53). That
is, in the second mode of the heating operation, the var-
iable capacity compressor (40a) sucks refrigerant evap-
orated in the chilling heat exchanger (91), and the first
fixed capacity compressor (40b) and the second fixed
capacity compressor (40c) suck refrigerant evaporated
in the outdoor heat exchanger (44).

<Heat Recovery Heating Operation>

[0133] The heat recovery heating operation of the re-
frigerating apparatus (10) will be described with refer-
ence to FIG. 5.

[0134] During the heat recovery heating operation, in
the refrigerant circuit (20), refrigerant circulates to per-
form a refrigeration cycle. In such a state, in the heat
recovery heating operation, the air-conditioning heat ex-
changer (81) is operated as a condenser (i.e., a radiator),
and the chilling heat exchanger (91) and the freezing
heat exchanger (101) are operated as evaporators. In
addition, the outdoor heat exchanger (44) is stopped.
Since the outdoor heat exchanger (44) is stopped in the
heat recovery heating operation, the outdoor fan (79) is
stopped. Further, the second fixed capacity compressor
(40c) is stopped in the heat recovery heating operation.
[0135] Specifically, in the heat recovery heating oper-
ation, the first four-way valve (41) is set to the second
state, the second four-way valve (42) is set to the first
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state, and the third four-way valve (43) is set to the first
state.

[0136] Inthe heatrecovery heating operation, the out-
door expansion valve (45) is set to a completely-closed
state. The degrees of opening of the air-conditioning ex-
pansion valve (82), the subcooling expansion valve (63),
the first injection motor-operated valve (64a), the second
injection motor-operated valve (64b), and the third injec-
tion motor-operated valve (64c) are adjusted as neces-
sary. Further, in the heat recovery heating operation, both
of the solenoid valves (SV1, SV2) are closed.

[0137] High-pressure refrigerant discharged from the
variable capacity compressor (40a) and the first fixed ca-
pacity compressor (40b) to the discharge pipe (50) pass-
es through the first four-way valve (41), and then flows
into the air-conditioning heat exchanger (81) through the
first gas inlet/outlet side closing valve (56). Such refrig-
erant is condensed by dissipating heat to room air sup-
plied by the air-conditioning fan (83). The air-conditioning
unit (12) supplies the air heated in the air-conditioning
heat exchanger (81) to the room. The refrigerant flowing
out from the air-conditioning heat exchanger (81) passes
through the air-conditioning expansion valve (82), and
then flows into the outdoor circuit (30) through the first
liquid inlet/outlet side communication pipe (21). Subse-
quently, such refrigerant flows into the receiver (46)
through the third connecting pipe (33).

[0138] The refrigerant flowing out from the receiver
(46) to the second connecting pipe (32) flows into the
first flow path (66) of the subcooling heat exchanger (65).
The refrigerantis cooled by intermediate-pressure refrig-
erant flowing through the second flow path (67), and the
degree of subcooling of such refrigerant is increased. A
part of the refrigerant flowing out from the first flow path
(66) of the subcooling heat exchanger (65) flows into the
injection circuit (60), and the remaining refrigerant flows
into the second liquid inlet/outlet side communication
pipe (23).

[0139] A part of the high-pressure refrigerant flowing
into the second liquid inlet/outlet side communication
pipe (23) flows into the chilling circuit (90), and the re-
maining refrigerant flows into the freezing circuit (100).
As inthe cooling operation, the pressure of the refrigerant
flowing into the chilling circuit (90) is reduced when pass-
ing through the chilling expansion valve (92), and the
refrigerant flows into the chilling heat exchanger (91).
Such refrigerant is evaporated by absorbing heat from
compartment air supplied by the chilling fan (94), and
then flows into the second gas inlet/outlet side commu-
nication pipe (24). Meanwhile, as in the cooling operation,
the pressure of the refrigerant flowing into the freezing
circuit (100) is reduced when passing through the freez-
ing expansion valve (102), and the refrigerant flows into
the freezing heat exchanger (101). Such refrigerant is
evaporated by absorbing heat from compartment air sup-
plied by the freezing fan (104). Then, the refrigerant is
compressed by the booster compressor (111), and flows
into the second gas inlet/outlet side communication pipe
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(24). As in the cooling operation, a part of the refrigerant
flowing through the second gas inlet/outlet side commu-
nication pipe (24) is sucked into the variable capacity
compressor (40a), and the remaining refrigerant is
sucked into the first fixed capacity compressor (40b).
Both of the variable capacity compressor (40a) and the
first fixed capacity compressor (40b) compress the
sucked refrigerant and discharge the compressed refrig-
erant to the discharge pipe (50).

[0140] The pressure of the refrigerant flowing into the
injection circuit (60) is reduced when passing through the
subcooling expansion valve (63), and the refrigerant
flows into the second flow path (67) of the subcooling
heat exchanger (65). Such refrigerant is evaporated by
absorbing heat from the refrigerant flowing through the
first flow path (66). The intermediate-pressure refrigerant
flowing out from the subcooling heat exchanger (65) is
mixed with refrigeration oil supplied from the first and
second oil separators (47a, 47b) through the oil return
pipe (54), and then flows into the compression chambers
of the first and second compressors (40a, 40b) in the
middle of the compression process.

Control Operation of Controller

[0141] As described above, the controller (200) in-
cludes the target setting section (205), the adjusting sec-
tion (210), and the time setting section. (215) (see FIG. 6).
[0142] The target setting section (205) sets a target
discharge temperature value which is a target value of a
discharged refrigerant temperature of the compressor
(40a, 40b, 40c). The target setting section (205) includes
a first setting section (206) and a second setting section
(207).

[0143] The first setting section (206) compares the
pressure of the first suction pipe (51) (i.e., the detection
value of the first low-pressure sensor (71)) and the pres-
sure of the third suction pipe (53) (i.e., the detection value
of the second low-pressure sensor (72)) to each other,
and sets the target value of the discharged refrigerant
temperature (target discharge temperature value) of the
compressor (40a, 40b, 40c) sucking refrigerant through
either one of the first suction pipe (51) and the third suc-
tion pipe (53), which has a lower pressure, to a value
higher than a normal target value Tdm in a normal oper-
ation. The first setting section (206) perform such an op-
eration as an oil distribution operation.

[0144] The second setting section (207) compares the
pressure of the first suction pipe (51) (i.e., the detection
value of the first low-pressure sensor (71)) and the pres-
sure of the third suction pipe (53) (i.e., the detection value
of the second low-pressure sensor (72)) to each other,
and sets the target value of the discharged refrigerant
temperature (target discharge temperature value) of the
compressor (40a, 40b, 40c) sucking refrigerant through
either one of the first suction pipe (51) and the third suc-
tion pipe (563), which has a higher pressure, to a value
lower than the normal target value Tdm in the normal
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operation. The second setting section (207) performs
such an operation as the oil distribution operation.
[0145] The adjusting section (210) adjusts the degree
of opening of the injection motor-operated valve (64a,
64b, 64c) corresponding to the compressor (40a, 40b,
40c) so thatthe discharge temperature of the compressor
(40a, 40b, 40c) reaches the target discharge temperature
value which is set by the target setting section (205).
[0146] The time setting section (215) sets a duration
time of the oil distribution operation. As illustrated in FIG.
7, the time setting section (215) sets a longer duration
time of the oil distribution operation for a larger pressure
difference ALP which is an absolute value of a difference
between a detection value LP1 of the first low-pressure
sensor (71) and a detection value LP2 of the second low-
pressure sensor (72).

[0147] The time setting section (215) alternately sets
"0" and "1" as a determination parameter F. If the deter-
mination parameter F = 0, the controller (200) performs
the normal operation in which the target discharge tem-
perature value of the compressor (40a, 40b, 40c) is set
to the normal target value Tdm. On the other hand, if the
determination parameter F = 1, the controller (200) per-
forms the oil distribution operation in which the target
discharge temperature value of the compressor (40a,
40b, 40c) is set to a value different from the normal target
value Tdm.

[0148] A control cycle in FIG. 7 is a cycle in which the
time setting section (215) switches the determination pa-
rameter F between "0" and "1." For example, if 1.5 <ALP
< 2.25, the time setting section (215) performs an oper-
ation in which the determination parameter F is set to "0"
for (10 - 1.5) X t1 seconds, is subsequently set to "1" for
1.5 xt1 seconds, and then is set to "0" again. A value for
"t1in FIG. 7 is set to, e.g., "120."

[0149] Next, an opening degree control operation of
the injection motor-operated valve (64a, 64b, 64c), which
is performed by the controller (200) will be described with
reference to control flowcharts of FIGS. 8-10.

<Opening Degree Control of First Injection Motor-oper-
ated Valve>

[0150] FIG. 8 is a control flowchart illustrating an op-
eration in which the controller (200) controls the degree
of opening of the first injection motor-operated valve
(64a).

[0151] Atstep ST1, it is determined whether or not at
least one of first and second conditions is satisfied. The
first condition is a condition in which a discharge super-
heating degree Tdsh1 calculated by using detection val-
ues of the first discharge pipe temperature sensor (74a)
and the high-pressure sensor (70) is smaller than a pre-
determined discharge superheating degree upper limit
Tdshs (Tdsh1 < Tdshs), a detection value Td1 of the first
discharge pipe temperature sensor (74a) is lower than a
discharge temperature lower limit Tdmin which is set to
a value lower than the normal target value Tdm (Td1 <
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Tdmin), and an intermediate-pressure refrigerant super-
heating degree Tgsh calculated by using detection val-
ues of the injection pipe temperature sensor (77) and the
intermediate pressure sensor (73) is smaller than a pre-
determined intennediate-pressure refrigerant superheat-
ing degree upper limit Tgshm (Tgsh < Tgshm).

[0152] The first condition is for determining whether or
not the variable capacity compressor (40a) is in an ab-
normal wet operation (i.e., an operation in which the de-
gree of wetness of refrigerant sucked into the variable
capacity compressor (40a) is too high). The discharge
superheating degree upper limit Tdshs is set within a
range in which the variable capacity compressor (40a)
is not in the abnormal wet operation. In addition, the dis-
charge temperature lower limit Tdmin is set to a value so
that, when the detection value Td1 of the first discharge
pipe temperature sensor (74a) falls below the discharge
temperature lower limit Tdmin, it can be determined that
the variable capacity compressor (40a) is in the abnormal
wet operation.

[0153] The second condition is a condition in which the
detection value Td1 of the first discharge pipe tempera-
ture sensor (74a) is higher than a discharge temperature
upper limit Tdmax which is set to a value higher than the
normal target value Tdm (Td1 > Tdmax).

[0154] The second condition is for determining wheth-
er or not the variable capacity compressor (40a) is in an
abnormal superheating operation (i.e., an operation in
which the degree of superheating of refrigerant dis-
charged from the variable capacity compressor (40a) is
too high). The discharge temperature upper limit Tdmax
is set to a value so that, when the detection value Td1 of
the first discharge pipe temperature sensor (74a) ex-
ceeds the discharge temperature upper limit Tdmayx, it
can be determined that the variable capacity compressor
(40a) is in the abnormal superheating operation.

[0155] If atleast one of the first and second conditions
is satisfied at step ST1, it is determined that the variable
capacity compressor (40a) is in the abnormal wet oper-
ation or the abnormal superheating operation, and the
process proceeds to step ST2.

[0156] Atstep ST2, itis determined whether or not the
second condition is satisfied. If the second condition is
satisfied, the process proceeds to step ST3. At step ST3,
a change amount dpls of an opening degree value of the
first injection motor-operated valve (64a) is calculated
based on a current opening degree value EV3pls of the
firstinjection motor-operated valve (64a). A larger current
opening degree value EV3pls results in a larger change
amount dpls, and a smaller current opening degree value
EV3pls results in a smaller change amount dpls. Next,
at step ST9, a value obtained by adding the change
amountdpls calculated at step ST3 to the current opening
degree value EV3pls of the first injection motor-operated
valve (64a) is set as a new opening degree value EV3pls.
Thus, the degree of opening of the first injection motor-
operated valve (64a) is increased. In addition, a flow rate
of intermediate-pressure refrigerant flowing into the var-
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iable capacity compressor (40a) through the firstinjection
pipe (62a) is increased, and the degree of superheating
of refrigerant discharged from the variable capacity com-
pressor (40a) is decreased. Consequently, continuation
of the abnormal superheating operation of the variable
capacity compressor (40a) is avoided.

[0157] On the other hand, if the second condition is
not satisfied at step ST2, the process proceeds to step
ST4. At step ST4, the change amount dpls of the opening
degree value of the first injection motor-operated valve
(64a) is calculated based on the current opening degree
value EV3pls of the first injection motor-operated valve
(64a). A larger current opening degree value EV3pls re-
sults in a larger change amount dpls, and a smaller cur-
rent opening degree value EV3pls results in a smaller
change amount dpls. Next, at step ST9, a value obtained
by subtracting the change amount dpls calculated at step
ST4 from the current opening degree value EV3pls of
the first injection motor-operated valve (64a) is set as a
new opening degree value EV3pls. Thus, the degree of
opening of the first injection motor-operated valve (64a)
is decreased. In addition, the flow rate of intermediate-
pressure refrigerant flowing into the variable capacity
compressor (40a) through the first injection pipe (62a) is
decreased, and the degree of superheating of refrigerant
discharged from the variable capacity compressor (40a)
isincreased. Consequently, continuation of the abnormal
wet operation of the variable capacity compressor (40a)
is avoided.

[0158] If both of the first and second conditions are not
satisfied at step ST1, it is determined that the operation
of the variable capacity compressor (40a) is the normal
operation which is neither the abnormal wet operation
nor the abnormal superheating operation, and the proc-
ess proceeds to step ST5.

[0159] At step ST5, it is determined whether or not a
condition in which both of the variable capacity compres-
sor (40a) connected to the first suction pipe (51) and the
second fixed capacity compressor (40c) connected to
the third suction pipe (53) are in operation, and a condi-
tion in which the determination parameter F is "1" (F = 1)
are satisfied. If the two conditions are satisfied, the proc-
ess proceeds to step ST6. If the two conditions are not
satisfied, the process proceeds to step ST7.

[0160] At step ST6, a detection value LP1 of the first
low-pressure sensor (71) (i.e., an actual measured value
of the pressure of the first suction pipe (51)) and a de-
tection value LP2 of the second low-pressure sensor (72)
(i.e., an actual measured value of the pressure of the
third suction pipe (53)) are compared to each other. If
the detection value LP1 of the first low-pressure sensor
(71) is equal to or less than the detection value LP2 of
the second low-pressure sensor (72) (LP1 < LP2), a tar-
get discharge temperature value a of the variable capac-
ity compressor (40a) is set to a value Tdm + AT, which
is higher than the normal target value Tdm. If the detec-
tion value LP1 of the first low-pressure sensor (71) is
greater than the detection value LP2 of the second low-
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pressure sensor (72) (LP1 > LP2), the target discharge
temperature value a of the variable capacity compressor
(40a) is set to a value Tdm - AT, which is lower than the
normal target value Tdm. On the other hand, at step ST7,
the target discharge temperature value of the variable
capacity compressor (40a) is set to the normal target
value Tdm.

[0161] As described above, LP1<LP2is a determina-
tion condition at step ST6. At step ST6, if the determina-
tion condition is satisfied (if LP1 < LP2), the target dis-
charge temperature value a of the variable capacity com-
pressor (40a) is set to the value higher than the normal
target value Tdm. If the determination condition is not
satisfied (if LP1 > LP2), the target discharge temperature
value a of the variable capacity compressor (40a) is set
to the value lower than the normal target value Tdm.
[0162] Note that, at step ST6, LP1 < LP2 may be a
determination condition. In such a case, at step ST6, if
the determination, condition is satisfied (if LP1 < LP2),
the target discharge temperature value a of the variable
capacity compressor (40a) is set to the value higher than
the normal target value Tdm. If the determination condi-
tion is not satisfied (if LP1 > LP2), the target discharge
temperature value a of the variable capacity compressor
(40a) is set to the value lower than the normal target
value Tdm.

[0163] Next, at step ST8, the change amount dpls of
the opening degree value of the first injection motor-op-
erated valve (64a) is calculated based on a difference
(Td1 - a) between the detection value Td1 of the first
discharge pipe temperature sensor (74a) and the target
discharge temperature value a of the variable capacity
compressor (40a), which is set at step ST6 or ST7. Note
that a smaller difference (Td1 - a) results in a smaller
change amount dpls.

[0164] Next, at step ST9, a value obtained by adding
the change amount dpls calculated at step ST8 to the
current opening degree value EV3pls of the first injection
motor-operated valve (64a) is set as a new opening de-
gree value EV3pls. The degree of opening of the first
injection motor-operated valve (64a) is set to the new
opening degree value EV3pls.

[0165] Atstep ST9, alower limit of the opening degree
value EV3pls of the first injection motor-operated valve
(64a) is set. Thus, the first injection motor-operated valve
(64a) is not completely closed. In the present embodi-
ment, the lower limit of the opening degree value EV3pls
is setto "43." Note that the opening degree value EV3pls
when the first injection motor-operated valve (64a) is
completely opened is "480."

[0166] A flow from step ST5 to step ST9 corresponds
to a control operation by the adjusting section (210). Such
a control operation maintains the discharge temperature
of the variable capacity compressor (40a) at a predeter-
mined target value. A sequence from step ST5 to step
ST9 through step ST6 corresponds to the oil distribution
operation, and a sequence from step ST5 to step ST9
through step ST7 corresponds to the normal operation.
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[0167] When step ST9 is completed, the process re-
turns to step ST1, and the determination is made again
at step ST1. In such a manner, a flow from step ST1 to
step ST9 is repeated.

<Opening Degree Control of Second Injection Motor-op-
erated Valve>

[0168] FIG. 9 is a control flowchart illustrating an op-
eration in which the controller (200) controls the degree
of opening of the second injection motor-operated valve
(64Db).

[0169] An opening degree control operation of the sec-
ond injection motor-operated valve (64b) is similar to that
of the first injection motor-operated valve (64a), except
for a part of the opening degree control operation. The
opening degree control operations of the first injection
motor-operated valve (64a) and the second injection mo-
tor-operated valve (64b) are different from each other in
that the variable capacity compressor (40a) correspond-
ing to the first injection motor-operated valve (64a) ex-
clusively sucks refrigerant through the first suction pipe
(51), whereas the first fixed capacity compressor (40b)
corresponding to the second injection motor-operated
valve (64b) selectively sucks refrigerant through one of
the first suction pipe (51) and the third suction pipe (53).
That is, in the cooling operation and the normal heating
operation, the first fixed capacity compressor (40b) sucks
refrigerant through the first suction pipe (51) in the first
mode, and sucks refrigerant through the third suction
pipe (53) in the second made.

[0170] Steps ST10-ST13 and ST19 of the control flow-
chart illustrated in FIG. 9 correspond to steps ST1-ST4
and ST8 of the control flowchart illustrated in FIG. 8. In
a process at steps ST10-ST13 and ST19 of FIG. 9, the
variable capacity compressor (40a), the first discharge
pipe temperature sensor (74a), and the first injection mo-
tor-operated valve (64a) in the process at steps ST1-ST4
and ST8 of FIG. 8 are replaced by the first fixed capacity
compressor (40b), the second discharge pipe tempera-
ture sensor (74b), and the second injection motor-oper-
ated valve (64b), respectively. In addition, a process at
step ST14 of FIG. 9 is the same as the process at step
ST5 of FIG. 8.

[0171] Inthe control flowchartillustrated in FIG. 9, step
ST17 is performed after step ST15 instead of performing
step ST6 of FIG. 8. That is, If it is determined that the
refrigerating apparatus (10) is in the first mode (i.e., in a
state in which the first fixed capacity compressor (40b)
sucks refrigerant through the first suction pipe (51)) at
step ST15, the process proceeds to step ST16, and the
same process as that at step ST6 of FIG. 8 is performed.
Onthe other hand, if itis determined that the refrigerating
apparatus (10) is not in the first mode (i.e., in the second
mode in which the first fixed capacity compressor (40b)
sucks refrigerant through the third suction pipe (53)) at
step ST15, the process proceeds to step ST17.

[0172] Atstep ST17, a detection value LP1 of the first
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low-pressure sensor (71) and a detection value LP2 of
the second low-pressure sensor (72) are compared to
each other. If the detection value LP1 of the first low-
pressure sensor (71) is equal to or less than the detection
value LP2 of the second low-pressure sensor (72) (LP1
<LP2), atarget discharge temperature value a of the first
fixed capacity compressor (40b) is set to a value Tdm -
AT, which is lower than a normal target value Tdm. If the
detection value LP1 of the first low-pressure sensor (71)
is greater than the detection value LP2 of the second
low-pressure sensor (72) (LP1 > LP2), the target dis-
charge temperature value a of the first fixed capacity
compressor (40b) is set to a value Tdm + AT, which is
higher than the normal target value Tdm.

[0173] As described above, at steps ST16 and ST17,
LP1 < LP2 is a determination condition. The target dis-
charge temperature value a of the first fixed capacity
compressor (40b) is set to a value which is different be-
tween a case where the determination condition is sat-
isfied (LP1 < LP2) and a case where the determination
condition is not satisfied (LP1 > LP2). Note that, at steps
ST16and ST17, LP1 <LP2 may be a determination con-
dition, and the target discharge temperature value a of
the first fixed capacity compressor (40b) may be setto a
value which is different between a case where the deter-
mination condition is satisfied (LP1 < LP2) and a case
where the determination condition is not satisfied (LP1 >
LP2).

[0174] Atstep ST20, achange amountdpls of an open-
ing degree value of the second injection motor-operated
valve (64b) is used, which is calculated at step ST12,
ST13, or ST19. At step ST20, a value obtained by adding
the change amount dpls to a current opening degree val-
ue EV4pls of the second injection motor-operated valve
(64b) is set as a new opening degree value EV4pls. The
degree of opening of the second injection motor-operated
valve (64b) is set to the new opening degree value
EV4pls.

[0175] In addition, at step ST20, a lower limit of the
new opening degree value EV4pls is set to a value which
is different between the first and second modes. Specif-
ically, if either one of the following conditions is satisfied:
a condition in which a determination parameter F = 1 and
the refrigerating apparatus (10) is in the first mode, and
a condition in which the determination parameter F = 0,
the lower limit of the opening degree value EV4pls of the
second injection motor-operated valve (64b) is set to
"43." On the other hand, if a condition is satisfied, in which
the determination parameter F = 1 and the refrigerating
apparatus (10) is in the second mode, the lower limit of
the opening degree value EV4pls of the second injection
motor-operated valve (64b) is set to "200."

[0176] In the opening degree control operation of the
second injection motor-operated valve (64b) by the con-
troller (200), a sequence from step ST 14 to step ST20
through steps ST15and ST16, and a sequence from step
ST14 to step ST20 through steps ST15 and ST17 corre-
spond to the oil distribution operation. A sequence from
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step ST14 to step ST20 through step ST18 corresponds
to the normal operation.

<Opening Degree Control of Third Injection Motor-oper-
ated Valve>

[0177] FIG. 10is a control flowchart illustrating an op-
eration in which the controller (200) controls the degree
of opening of the third injection motor-operated valve
(64c).

[0178] An opening degree control operation of the third
injection motor-operated valve (64c) is similar to that of
the first injection motor-operated valve (64a), except for
a part of the opening degree control operation. The open-
ing degree control operations of the first injection motor-
operated valve (64a) and the third injection motor-oper-
ated valve (64c) are different from each other in that the
variable capacity compressor (40a) corresponding to the
first injection motor-operated valve (64a) exclusively
sucks refrigerant through the first suction pipe (51),
whereas the second fixed capacity compressor (40c¢) cor-
responding to the third injection motor-operated valve
(64c) exclusively sucks refrigerant through the third suc-
tion pipe (53).

[0179] Steps ST21-ST24 and ST28 of the control flow-
chart illustrated in FIG. 10 correspond to steps ST1-ST4
and ST8 of the control flowchart illustrated in FIG. 8. In
a process at steps ST21-ST24 and ST28 of FIG. 10, the
variable capacity compressor (40a), the first discharge
pipe temperature sensor (74a), and the first injection mo-
tor-operated valve (64a) in the process at steps ST1-ST4
and ST8 of FIG. 8 are replaced by the second fixed ca-
pacity compressor (40c), the third discharge pipe tem-
perature sensor (74c), and the third injection motor-op-
erated valve (64c), respectively. In addition, a process
at step ST25 of FIG. 10 is the same as that at step ST5
of FIG. 8.

[0180] In the control flowchart illustrated in FIG. 10,
step ST26 is performed instead of performing step ST6
of FIG. 8.

[0181] At step ST26, a detection value LP1 of the first
low-pressure sensor (71) and a detection value LP2 of
the second low-pressure sensor (72) are compared to
each other. If the detection value LP1 of the first low-
pressure sensor (71) is equal to or less than the detection
value LP2 of the second low-pressure sensor (72) (LP1
< LP2), a target discharge temperature value a of the
second fixed capacity compressor (40c) is set to a value
Tdm - AT, which is lower than a normal target value Tdm.
If the detection value LP1 of the first low-pressure sensor
(71) is greater than the detection value LP2 of the second
low-pressure sensor (72) (LP1 > LP2), the target dis-
charge temperature value a of the second fixed capacity
compressor (40c) is set to a value Tdm + AT, which is
higher than the normal target value Tdm.

[0182] As described above, at step ST26, LP1 < LP2
is a determination condition. The target discharge tem-
perature value a of the second fixed capacity compressor
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(40c) is set to a value which is different between a case
where the determination condition is satisfied (LP1 <
LP2) and a case where the determination condition is not
satisfied (LP1 > LP2). Note that, at step ST26, LP1 <LP2
may be a determination condition, and the target dis-
charge temperature value a of the second fixed capacity
compressor (40c) may be set to a value which is different
between a case where the determination condition is sat-
isfied (LP 1 < LP2) and a case where the determination
condition is not satisfied (LP1 > LP2).

[0183] Atstep ST29, achange amountdpls ofanopen-
ing degree value of the third injection motor-operated
valve (64c) is used, which is calculated at step ST23,
ST24, 0or ST28. At step ST29, a value obtained by adding
the change amount dpls to a current opening degree val-
ue EV5pls of the third injection motor-operated valve
(64c) is set as a new opening degree value EV5pls. The
degree of opening of the third injection motor-operated
valve (64c) is set to the new opening degree value
EV5pls.

[0184] In addition, at step ST29, a lower limit of the
new opening degree value EV5pls is set to a value which
is different between a case where a determination pa-
rameter F is "1" and a case where the determination pa-
rameter F is "0." Specifically, if the determination param-
eter F = 0, the lower limit of the opening degree value
EV5pls of the third injection motor-operated valve (64c)
is set to "43." On the other hand, if the determination
parameter F = 1, the lower limit of the opening degree
value EV5pls of the third injection motor-operated valve
(64c) is set to "200."

[0185] In the opening degree control operation of the
third injection motor-operated valve (64c) by the control-
ler (200), a sequence from step ST 25 to step ST29
through step ST26 corresponds to the oil distribution op-
eration. A sequence from step ST25 to step ST29 through
step ST27 corresponds to the normal operation.

Advantages of First Embodiment

[0186] Inthe present embodiment, the controller (200)
serving as the opening degree control section of the flow
rate adjusting mechanism (250) intermittently performs
the oil distribution operation. Based on the determination
condition in which the detection value LP1 of the first low-
pressure sensor (71) is equal to or less than the detection
value LP2 of the second low-pressure sensor (72) (LP1
< LP2), the controller (200) performs the operation which
is different between the case where the determination
condition is satisfied and the case where the determina-
tion condition is not satisfied, as the oil distribution oper-
ation.

[0187] As described above, if the determination con-
dition is satisfied, it can be assumed that it is more likely
that refrigeration oil returns to the second fixed capacity
compressor (40c) than to the variable capacity compres-
sor (40a). In such a state, the controller (200) intermit-
tently performs the operation in which the refrigerant flow
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rate in the first injection pipe (62a) is increased as com-
pared to that during the normal operation, and the refrig-
erant flow rate in the third injection pipe (62c) is de-
creased as compared to that during the normal operation,
as the oil distribution operation. During the oil distribution
operation, the flow rate of refrigeration oil flowing into the
variable capacity compressor (40a) through the first in-
jection pipe (62a) is increased as compared to that during
the normal operation. Thus, if the oil distribution operation
is performed when the determination condition is satis-
fied, the amount of refrigeration oil stored in the variable
capacity compressor (40a) and decreased during the
normal operation can be recovered.

[0188] In addition, if the determination condition is not
satisfied, it can be assumed that it is more likely that
refrigeration oil returns to the variable capacity compres-
sor (40a) than to the second fixed capacity compressor
(40c). The controller (200) intermittently performs the op-
eration in which the refrigerant flow rate in the first injec-
tion pipe (62a) is decreased as compared to that during
the normal operation, and the refrigerant flow rate in the
third injection pipe (62c) is increased as compared to that
during the normal operation, as the oil distribution oper-
ation. During the oil distribution operation, the flow rate
of refrigeration oil flowing into the second fixed capacity
compressor (40c) through the third injection pipe (62c)
is increased as compared to that during the normal op-
eration. Thus, if the oil distribution operation is performed
when the determination condition is not satisfied, the
amount of refrigeration oil stored in the second fixed ca-
pacity compressor (40c) and decreased during the nor-
mal operation can be recovered.

[0189] As described above, according to the present
embodiment, the controller (200) performs the oil distri-
bution operation to ensure a sufficient amount of refrig-
eration oil stored in both of the variable capacity com-
pressor (40a) and the second fixed capacity compressor
(40c). Thus, according to the present embodiment, dam-
age of the variable capacity compressor (40a) and the
second fixed capacity compressor (40c) due to inade-
quate lubrication can be avoided in advance, thereby im-
proving reliability of the refrigerating apparatus (10).
[0190] Inthe present embodiment, the controller (200)
sets the target control value to the normal target value
Tdm to adjust the degrees of opening of the first injection
motor-operated valve (64a) and the third injection motor-
operated valve (64c) during the normal operation, and
sets the target control value to the value different from
the normal target value Tdm to adjust the degrees of
opening of the first injection motor-operated valve (64a)
and the third injection motor-operated valve (64c) during
the oil distribution operation. Thus, according to the
present embodiment, a change in opening degree of the
first injection motor-operated valve (64a) and the third
injection motor-operated valve (64c) during the oil distri-
bution operation from the value during the normal oper-
ation can be ensured, and an increase/decrease in re-
frigerant flow rate in the first injection pipe (62a) and the
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third injection pipe (62c) during the oil distribution oper-
ation from the value during the normal operation can be
ensured.

[0191] The refrigerant circuit (20) of the present em-
bodiment is switchable between the first and second
modes in each of the cooling operation and the normal
heating operation. For example, in the first mode of the
cooling operation, the variable capacity compressor
(40a) and the first fixed capacity compressor (40b) suck
refrigerantevaporated in the chilling heat exchanger (91),
and the second fixed capacity compressor (40c) sucks
refrigerant evaporated in the air-conditioning heat ex-
changer (81). In the second mode of the cooling opera-
tion, the variable capacity compressor (40a) sucks refrig-
erant evaporated in the chilling heat exchanger (91), and
the first fixed capacity compressor (40b) and the second
fixed capacity compressor (40c) suck refrigerant evapo-
rated in the air-conditioning heat exchanger (81). The
controller (200) of the present embodiment selects either
one of an operation suitable for the first mode and an
operation suitable for the second mode, and performs
the selected operation as the oil distribution operation for
the second injection motor-operated valve (64b). Thus,
according to the present embodiment, a sufficient
amount of refrigeration oil stored in the first fixed capacity
compressor (40b) selectively sucking refrigerant evapo-
rated in the chilling heat exchanger (91) and refrigerant
evaporated in the air-conditioning heat exchanger (81)
can be ensured, thereby avoiding damage of the first
fixed capacity compressor (40b) due to inadequate lubri-
cation in advance.

[0192] The controller (200) of the present embodiment
extends the duration time of the oil distribution operation
as the difference between the detection value LP of the
first low-pressure sensor (71) and the detection value
LP2 of the second low-pressure sensor (72) increases.
Thus, according to the present embodiment, the duration
time of the oil distribution operation can be extended as
a difference between the amount of refrigeration oil
stored in the variable capacity compressor (40a) and the
amount of refrigeration oil stored in the second fixed ca-
pacity compressor (40c) increases. Consequently, the
sufficient amount of refrigeration oil stored in both of the
variable capacity compressor (40a) and the second fixed
capacity compressor (40c) can be ensured.

<<Second Embodiment of the Invention>>

[0193] A second embodiment of the present invention
will be described. A refrigerating apparatus (10) of the
present embodiment has a configuration of a controller
(200), which is changed from the configuration of the con-
troller (200) of the first embodiment. The controller (200)
of the present embodiment will be described herein.

[0194] Asiillustrated in FIG. 11, the controller (200) of
the present embodiment includes an motor-operated
valve control section (220) and an intermediate-pressure
control section (225). The motor-operated valve control
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section (220) includes a determination parameter setting
section (221). In the present embodiment, the motor-op-
erated valve control section (220) serves as an opening
degree control section. In addition, the motor-operated
valve control section (220) and injection motor-operated
valves (64a, 64b, 64c) provided in an injection circuit (60)
together form a flow rate adjusting mechanism (250).

[0195] The motor-operated valve control section (220)
uses the degree of superheating of refrigerant dis-
charged from a compressor (40a, 40b, 40c) as a physical
amount for control, and separately adjusts the degrees
of opening of the injection motor-operated valves (64a,
64b, 64c) so that the degree of superheating of refrigerant
discharged from the compressor (40a, 40b, 40c) reaches
a predetermined target control value. Specifically, the
motor-operated valve control section (220) calculates the
degree of superheating of refrigerant discharged from
the variable capacity compressor (40a) by using detec-
tion values of a first discharge pipe temperature sensor
(74a) and a high-pressure sensor (70), and adjusts the
degree of opening of the first injection motor-operated
valve (64a) so that the calculated degree of superheating
ofdischarged refrigerantreaches the target control value.
In addition, the motor-operated valve control section
(220) calculates the degree of superheating of refrigerant
discharged from the first fixed capacity compressor (40b)
by using detection values of a second discharge pipe
temperature sensor (74b) and the high-pressure sensor
(70), and adjusts the degree of opening of the second
injection motor-operated valve (64b) so that the calculat-
ed degree of superheating of discharged refrigerant
reaches the target control value. Further, the motor-op-
erated valve control section (220) calculates the degree
of superheating of refrigerant discharged from the sec-
ond fixed capacity compressor (40c) by using detection
values of a third discharge pipe temperature sensor (74c)
and the high-pressure sensor (70), and adjusts the de-
gree of opening of the third injection motor-operated
valve (64c) so that the calculated degree of superheating
ofdischarged refrigerantreaches the target control value.
[0196] Furthermore, the motor-operated valve control
section (220) adjusts the degree of opening of the injec-
tion motor-operated valve (64a-64c) while operating the
corresponding compressor (40a-40c), and maintains the
injection motor-operated valve (64a-64c) at a complete-
ly-closed state while stopping the corresponding com-
pressor (40a-40c). Thatis, the motor-operated valve con-
trol section (220) performs an opening degree control
operation of the first injection motor-operated valve (64a)
while operating the variable capacity compressor (40a),
and maintains the first injection motor-operated valve
(64a) at the completely-closed state while stopping the
variable capacity compressor (40a). The motor-operated
valve control section (220) performs an opening degree
control operation of the second injection motor-operated
valve (64b) while operating the first fixed capacity com-
pressor (40b), and maintains the second injection motor-
operated valve (64b) at the completely-closed state while
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stopping the first fixed capacity compressor (40b). The
motor-operated valve control section (220) performs an
opening degree control operation of the third injection
motor-operated valve (64c) while operating the second
fixed capacity compressor (40c), and maintains the third
injection motor-operated valve (64c) at the completely-
closed state while stopping the second fixed capacity
compressor (40c).

[0197] The determination parameter setting section
(221) alternately sets "0" and "1" as a determination pa-
rameter F. Specifically, the determination parameter set-
ting section (221) repeats an operation in which the de-
termination parameter F is changed to "1" after a lapse
of 17 minutes since the determination parameter F is set
to "0," and the determination parameter F is changed
back to "0" after a lapse of 3 minutes since the determi-
nation parameter F is setto"1." Thatis, the determination
parameter setting section (221) repeatedly performs the
operation in which the determination parameter F is
maintained at "0" for 17 minutes, followed by maintaining
the determination parameter F at "1" for 3 minutes.
[0198] Although will be described in detail later, if the
determination parameter F = 0, the motor-operated valve
control section (220) performs a normal operation in
which a target value of a discharge superheating degree
ofthe compressor (40a, 40b, 40c) is set to a normal target
value. If the determination parameter F = 1, the motor-
operated valve control section (220) performs an oil dis-
tribution operation in which the target value of the dis-
charge superheating degree of the compressor (40a,
40b, 40c) is set to a value different from the normal target
value.

[0199] The intermediate-pressure control section
(225) performs an opening degree control operation of a
subcooling expansion valve (63). The intermediate-pres-
sure control section (225) selectively performs an oper-
ation in which the degree of opening of the subcooling
expansion valve (63) is adjusted based on a detection
value MP of an intermediate pressure sensor (73), and
an operation in which the degree of opening of the sub-
cooling expansion valve (63) is adjusted based on a su-
perheating degree SHm of intermediate-pressure refrig-
erant flowing out through a second flow path (67) of a
subcooling heat exchanger (65).

Control Operation of Motor-operated Valve Control Sec-
tion

[0200] An operation performed by the motor-operated
valve control section (220) of the controller (200) will be
described. As described above, the motor-operated
valve control section (220) separately adjusts the degree
of opening of the injection motor-operated valve (64a,
64b, 64c). Note that values for a temperature and a su-
perheating degree described below are set forth merely
for purposes of examples in nature.
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<Opening Degree Control of First Injection Motor-oper-
ated Valve>

[0201] An opening degree control of the first injection
motor-operated valve (64a) by the motor-operated valve
control section (220) will be described with reference to
control flowcharts of FIGS. 12 and 13. Although will be
described in detail below, as illustrated in the control flow-
chart of FIG. 13, the motor-operated valve control section
(220) uses the degree of superheating of refrigerant dis-
charged from the variable capacity compressor (40a) as
a physical amount for control, and adjusts the degree of
opening of the first injection motor-operated valve (64a)
so that such a superheating degree reaches a predeter-
mined target control value.

[0202] At step ST31 of FIG. 12, the motor-operated
valve control section (220) determines whether or not all
of three conditions are satisfied. A first condition at step
ST31 is a condition in which the degree of superheating
(discharge superheating degree Tdsh1) of refrigerant
discharged from the variable capacity compressor (40a)
is less than 15°C (Tdsh1 < 15°C). A second condition at
step ST31 is a condition in which the temperature (dis-
charge temperature Td1) of refrigerant discharged from
the variable capacity compressor (40a) is less than 60°C
(Td1<60°C). A third condition at step ST31 is a condition
in which a superheating degree SHm of intermediate-
pressure refrigerant flowing out through the second flow
path (67) of the subcooling heat exchanger (65) is less
than 5°C (SHm <5°C). Note thatthe superheating degree
SHm of intermediate-pressure refrigerant is calculated
by using detection values of the injection pipe tempera-
ture sensor (77) and the intermediate pressure sensor
(73).

[0203] Atstep ST31, ifall of the first, second, and third
conditions are satisfied, it can be assumed that the de-
gree of wetness of refrigerant sucked into the variable
capacity compressor (40a) is too high. In such a case,
the process proceeds to step ST32, and the motor-op-
erated valve control section (220) forcibly decreases the
degree of opening of the first injection motor-operated
valve (64a). As a result, a flow rate of intermediate-pres-
sure refrigerant flowing into the variable capacity com-
pressor (40a) through a first injection pipe (62a) is de-
creased, thereby rising the discharge temperature Td1
of the variable capacity compressor (40a).

[0204] On the other hand, at step ST31, if at least one
of the first, second, and third conditions is not satisfied,
it can be assumed that the degree of wetness of refrig-
erant sucked into the variable capacity compressor (40a)
is not so high. In such a case, the process proceeds to
step ST33, and the motor-operated valve control section
(220) performs the process at step ST33.

[0205] Atstep ST33, the motor-operated valve control
section (220) determines whether or not a condition is
satisfied, in which the discharge temperature Td1 of the
variable capacity compressor (40a) exceeds 100°C (Td1
> 100°C). If such a condition is satisfied, it is determined
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that the discharge temperature Td1 of the variable ca-
pacity compressor (40a) is extremely risen. In such a
case, the process proceeds to step ST34, and the motor-
operated valve control section (220) forcibly increases
the degree of opening of the firstinjection motor-operated
valve (64a). As a result, the flow rate of intermediate-
pressure refrigerant flowing into the variable capacity
compressor (40a) through the first injection pipe (62a) is
increased, thereby dropping the discharge temperature
Td1 of the variable capacity compressor (40a).

[0206] Onthe other hand, atstep ST33, if the condition
(Td1 > 100°C) is not satisfied, it is determined that it is
not necessary to forcibly drop the discharge temperature
Td1 of the variable capacity compressor (40a), and there-
fore the process proceeds to step ST35.

[0207] Atstep ST35, the motor-operated valve control
section (220) determines whether or not a condition is
satisfied, in which both of the variable capacity compres-
sor (40a) and the second fixed capacity compressor (40c)
are in operation. If such a condition is satisfied, the proc-
ess proceeds to step ST36, and the motor-operated valve
control section (220) performs an opening degree control
for an oil distribution, which is illustrated in the control
flowchart of FIG. 13. The opening degree control for the
oil distribution will be described later.

[0208] On the other hand, if the foregoing condition is
not satisfied at step ST35, it is determined that the vari-
able capacity compressor (40a) is in operation, and the
second fixed capacity compressor (40c) is stopped. The
motor-operated valve control section (220) performs the
opening degree control of the first injection motor-oper-
ated valve (64a) because only the variable capacity com-
pressor (40a) is in operation. When the second fixed ca-
pacity compressor (40c) is stopped, the third injection
motor-operated valve (64c¢) is completely closed, and re-
frigeration oil does not flow into the second fixed capacity
compressor (40c) from an oil return circuit (49). In such
a case, the motor-operated valve control section (220)
adjusts the degree of opening of the first injection motor-
operated valve (64a) so that the discharge superheating
degree Tdsh1 of the variable capacity compressor (40a)
reaches a predetermined target value (in this case,
25°C).

[0209] The opening degree control for the oil distribu-
tion, which is performed at step ST36 will be described
with reference to the control flowchart of FIG. 13.
[0210] At step ST41 of FIG. 13, the motor-operated
valve control section (220) compares a detection value
LP1 of a first low-pressure sensor (71) (i.e., an actual
measured value of the pressure of a first suction pipe
(51)) and a detection value LP2 of a second low-pressure
sensor (72) (i.e., an actual measured value of the pres-
sure of a third suction pipe (53)) to each other. The motor-
operated valve control section (220) determines whether
or not a determination condition is satisfied, in which the
detection value LP1 of the first low-pressure sensor (71)
is greater than the detection value LP2 of the second
low-pressure sensor (72) (LP1 > LP2). Note that, at step
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ST41, a condition in which the detection value LP1 of the
first low-pressure sensor (71) is equal to or greater than
the detection value LP2 of the second low-pressure sen-
sor (72) (LP1>LP2) may be the determination condition.
[0211] Ifthe determination condition is satisfied at step
ST41 (i.e., if LP1 > LP2), the process proceeds to step
ST42, and the motor-operated valve control section (220)
performs the process at step ST42. At step ST42, the
motor-operated valve control section (220) determines
whether or not the determination parameter F = 1. If the
determination parameter F = 1, the process proceeds to
step ST43, and the motor-operated valve control section
(220) performs the oil distribution operation. On the other
hand, if the determination parameter F # 1 (i.e., the de-
termination parameter F = 0), the process proceeds to
step ST44, and the motor-operated valve control section
(220) performs the normal operation.

[0212] Atstep ST44, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh1 of the variable ca-
pacity compressor (40a) to "25°C" which is the normal
target value, and adjusts the degree of opening of the
first injection motor-operated valve (64a) so that the dis-
charge superheating degree Tdsh1 reaches 25°C. The
motor-operated valve control section (220) performs
such an operation as the normal operation.

[0213] On the other hand, at step ST43, the motor-
operated valve control section (220) sets the target con-
trol value of the discharge superheating degree Tdsh1
ofthe variable capacity compressor (40a) to "20°C" which
is lower than the normal target value, and adjusts the
degree of opening of the first injection motor-operated
valve (64a) so that the discharge superheating degree
Tdsh1 reaches 20°C. The motor-operated valve control
section (220) performs such an operation as the oil dis-
tribution operation. When the target control value of the
discharge superheating degree Tdsh1 is decreased as
compared to the normal target value by the oil distribution
operation, the degree of opening of the first injection mo-
tor-operated valve (64a) is increased as compared to that
during the normal operation, and a flow rate of interme-
diate-pressure refrigerant in the first injection pipe (62a)
is increased as compared to that during the normal op-
eration.

[0214] If the determination condition is not satisfied at
step ST41 (i.e., if LP1 < LP2), the process proceeds to
step ST45, and the motor-operated valve control section
(220) performs the process at step ST45. At step ST45,
the motor-operated valve control section (220) deter-
mines whether or not the determination parameter F =
1. If the determination parameter F = 1, the process pro-
ceedsto step ST46, and the motor-operated valve control
section (220) performs the oil distribution operation. On
the other hand, if the determination parameter F =1 (i.e.,
the determination parameter F = 0), the process pro-
ceedstostep ST47, and the motor-operated valve control
section (220) performs the normal operation.

[0215] Atstep ST47, the motor-operated valve control
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section (220) sets the target control value of the dis-
charge superheating degree Tdsh1 of the variable ca-
pacity compressor (40a) to "25°C" which is the normal
target value, and adjusts the degree of opening of the
first injection motor-operated valve (64a) so that the dis-
charge superheating degree Tdsh1 reaches 25°C. The
motor-operated valve control section (220) performs
such an operation as the normal operation. That is, the
motor-operated valve control section (220) performs the
same process as that of step ST44.

[0216] On the other hand, at step ST46, the motor-
operated valve control section (220) sets the target con-
trol value of the discharge superheating degree Tdsh1
of the variable capacity compressor (40a) to "30°C" which
is higher than the normal target value, and adjusts the
degree of opening of the first injection motor-operated
valve (64a) so that the discharge superheating degree
Tdsh1 reaches 30°C. The motor-operated valve control
section (220) performs such an operation as the oil dis-
tribution operation. When the target control value of the
discharge superheating degree Tdsh1 is increased as
compared to the normal target value by the oil distribution
operation, the degree of opening of the first injection mo-
tor-operated valve (64a) is decreased as compared to
that during the normal operation, and the flow rate of
intermediate-pressure refrigerant in the first injection
pipe (62a) is decreased as compared to that during the
normal operation.

[0217] After the process at step ST32, ST34, ST36, or
ST37 in the control flowchart of FIG. 12 is completed, the
process returns to step ST31, and the motor-operated
valve control section (220) performs the process at step
ST31 again. The motor-operated valve control section
(220) repeatedly performs the process illustrated in the
control flowcharts of FIGS. 12 and 13, e.g., every 10-20
seconds.

<Opening Degree Control of Third Injection Motor-oper-
ated Valve>

[0218] An opening degree control of the third injection
motor-operated valve (64c) by the motor-operated valve
control section (220) will be described with reference to
control flowcharts of FIGS. 16 and 17. Although will be
described in detail below, as illustrated in the control flow-
chartof FIG. 17, the motor-operated valve control section
(220) uses the degree of superheating of refrigerant dis-
charged from the second fixed capacity compressor
(40c) as a physical amount for control, and adjusts the
degree of opening of the third injection motor-operated
valve (64c) so that such a superheating degree reaches
a predetermined target control value.

[0219] At step ST81 of FIG. 16, the motor-operated
valve control section (220) performs a process similar to
that of step ST31 of FIG. 12 for the second fixed capacity
compressor (40c). Thatis, the motor-operated valve con-
trol section (220) determines whether or not a first con-
dition in which a discharge superheating degree Tdsh3
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of the second fixed capacity compressor (40c) is less
than 15°C (Tdsh3 < 15°C), a second condition in which
adischarge temperature Td3 of the second fixed capacity
compressor (40c) is less than 60°C (Td3 < 60°C), and a
third condition in which a superheating degree SHm of
intermediate-pressure refrigerant flowing out from the
subcooling heat exchanger (65) is less than 5°C (SHm
< 5°C) are satisfied.

[0220] Atstep ST81, if all of the first, second, and third
conditions are satisfied, it can be assumed that the de-
gree of wetness of refrigerant sucked into the second
fixed capacity compressor (40c) is too high. In such a
case, the process proceeds to step ST82, and the motor-
operated valve control section (220) forcibly decreases
the degree of opening of the third injection motor-oper-
ated valve (64c). As a result, a flow rate of intermediate-
pressure refrigerant flowing into the second fixed capac-
ity compressor (40c) through a third injection pipe (62c)
is decreased, thereby rising the discharge temperature
Td3 of the second fixed capacity compressor (40c).
[0221] On the other hand, at step ST81, if at least one
of the first, second, and third conditions is not satisfied,
it can be assumed that the degree of wetness of refrig-
erant sucked into the second fixed capacity compressor
(40c) is not so high. In such a case, the process proceeds
to step ST83, and the motor-operated valve control sec-
tion (220) performs the process at step ST83.

[0222] Atstep ST83, the motor-operated valve control
section (220) determines whether or not a condition is
satisfied, in which the discharge temperature Td3 of the
second fixed capacity compressor (40c) exceeds 100°C
(Td3 > 100°C). If such a condition is satisfied, it is deter-
mined that the discharge temperature Td3 of the second
fixed capacity compressor (40c) is extremely risen. In
such a case, the process proceeds to step ST84, and
the motor-operated valve control section (220) forcibly
increases the degree of opening of the third injection mo-
tor-operated valve (64c). As a result, the flow rate of in-
termediate-pressure refrigerant flowing into the second
fixed capacity compressor (40c) through the third injec-
tion pipe (62c) is increased, thereby dropping the dis-
charge temperature Td3 of the second fixed capacity
compressor (40c).

[0223] Onthe other hand, atstep ST83, if the condition
(Td3 > 100°C) is not satisfied, it is determined that it is
not necessary to forcibly drop the discharge temperature
Td3 of the second fixed capacity compressor (40c), and
therefore the process proceeds to step ST85.

[0224] Atstep ST85, the motor-operated valve control
section (220) determines whether or not a condition is
satisfied, in which both of the variable capacity compres-
sor (40a) and the second fixed capacity compressor (40c)
are in operation. If such a condition is satisfied, the proc-
ess proceeds to step ST86, and the motor-operated valve
control section (220) performs an opening degree control
for an oil distribution, which is illustrated in the control
flowchart of FIG. 17. The opening degree control for the
oil distribution will be described later.

10

15

20

25

30

35

40

45

50

55

29

56

[0225] On the other hand, if the foregoing condition is
not satisfied at step ST85, itis determined that the second
fixed capacity compressor (40c) is in operation, and the
variable capacity compressor (40a) is stopped. The mo-
tor-operated valve control section (220) performs the
opening degree control of the third injection motor-oper-
ated valve (64c) because only the second fixed capacity
compressor (40c) is in operation. When the variable ca-
pacity compressor (40a) is stopped, the first injection mo-
tor-operated valve (64a) is completely closed, and refrig-
eration oil does not flow into the variable capacity com-
pressor (40a) from the oil return circuit (49). In addition,
an operational capacity of the second fixed capacity com-
pressor (40c) is fixed to the maximum capacity. In such
a case, the motor-operated valve control section (220)
sets the third injection motor-operated valve (64c) to a
completely-opened state.

[0226] The opening degree control for the oil distribu-
tion, which is performed at step ST86 will be described
with reference to the control flowchart of FIG. 17.
[0227] At step ST91 of FIG. 17, the motor-operated
valve control section (220) compares a detection value
LP1 of the first low-pressure sensor (71) and a detection
value LP2 of the second low-pressure sensor (72) to each
other. The motor-operated valve control section (220)
determines whether or not a determination condition is
satisfied, in which the detection value LP1 of the first low-
pressure sensor (71) is greater than the detection value
LP2 of the second low-pressure sensor (72) (LP1>LP2).
Note that, at step ST91, a condition in which the detection
value LP1 of the first low-pressure sensor (71) is equal
to or greater than the detection value LP2 of the second
low-pressure sensor (72) (LP1 > LP2) may be the deter-
mination condition.

[0228] Ifthe determination condition is satisfied at step
ST91 (i.e., if LP1 > LP2), the process proceeds to step
ST92, and the motor-operated valve control section (220)
performs the process at step ST92. At step ST92, the
motor-operated valve control section (220) determines
whether or not the determination parameter F = 1. If the
determination parameter F = 1, the process proceeds to
step ST93, and the motor-operated valve control section
(220) performs the oil distribution operation. On the other
hand, if the determination parameter F # | (i.e., the de-
termination parameter F = 0), the process proceeds to
step ST94, and the motor-operated valve control section
(220) performs the normal operation.

[0229] Atstep ST94, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh3 of the second fixed
capacity compressor (40c) to "25°C" which is a normal
target value, and adjusts the degree of opening of the
third injection motor-operated valve (64c) so that the dis-
charge superheating degree Tdsh3 reaches 25°C. The
motor-operated valve control section (220) performs
such an operation as the normal operation.

[0230] On the other hand, at step ST93, the motor-
operated valve control section (220) sets the target con-
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trol value of the discharge superheating degree Tdsh3
of the second fixed capacity compressor (40c) to "30°C"
which is higher than the normal target value, and adjusts
the degree of opening of the third injection motor-oper-
ated valve (64c) so that the discharge superheating de-
gree Tdsh3 reaches 30°C. The motor-operated valve
control section (220) performs such an operation as the
oil distribution operation. When the target control value
ofthe discharge superheating degree Tdsh3is increased
as compared to the normal target value by the oil distri-
bution operation, the degree of opening of the third in-
jection motor-operated valve (64c) is decreased as com-
pared to that during the normal operation, and a flow rate
of intermediate-pressure refrigerant in the third injection
pipe (62c) is decreased as compared to that during the
normal operation.

[0231] If the determination condition is not satisfied at
step ST91 (i.e., if LP1 < LP2), the process proceeds to
step ST95, and the motor-operated valve control section
(220) performs the process at step ST95. At step ST95,
the motor-operated valve control section (220) deter-
mines whether or not the determination parameter F =
1. If the determination parameter F = 1, the process pro-
ceedstostep ST96, and the motor-operated valve control
section (220) performs the oil distribution operation. On
the other hand, if the determination parameter F = 1 (i.e.,
the determination parameter F = Q), the process pro-
ceedstostep ST97, and the motor-operated valve control
section (220) performs the normal operation.

[0232] Atstep ST97, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh3 of the second fixed
capacity compressor (40c) to "25°C" which is the normal
target value, and adjusts the degree of opening of the
third injection motor-operated valve (64c) so that the dis-
charge superheating degree Tdsh3 reaches 25°C. The
motor-operated valve control section (220) performs
such an operation as the normal operation. That is, the
motor-operated valve control section (220) performs the
same process as that of step ST94.

[0233] On the other hand, at step ST96, the motor-
operated valve control section (220) sets the target con-
trol value of the discharge superheating degree Tdsh3
of the second fixed capacity compressor (40c) to "20°C"
which is lower than the normal target value, and adjusts
the degree of opening of the third injection motor-oper-
ated valve (64c) so that the discharge superheating de-
gree Tdsh3 reaches 20°C. The motor-operated valve
control section (220) performs such an operation as the
oil distribution operation. When the target control value
of the discharge superheating degree Tdsh3 is de-
creased as compared to the normal target value by the
oil distribution operation, the degree of opening of the
third injection motor-operated valve (64c) is increased
as compared to that during the normal operation, and the
flow rate of intermediate-pressure refrigerant in the third
injection pipe (62c) is increased as compared to that dur-
ing the normal operation.
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[0234] After the process at step ST82, ST84, ST86, or
ST87 in the control flowchart of FIG. 16 is completed, the
process returns to step ST81, and the motor-operated
valve control section (220) performs the process at step
ST81 again. The motor-operated valve control section
(220) repeatedly performs the process illustrated in the
control flowcharts of FIGS. 16 and 17, e.g., every 10-20
seconds.

<Opening Degree Control of Second Injection Motor-op-
erated Valve>

[0235] An opening degree control of the second injec-
tion motor-operated valve (64b) by the motor-operated
valve control section (220) will be described with refer-
ence to control flowcharts of FIGS. 14 and 15. Although
will be described in detail below, as illustrated in the con-
trol flowchart of FIG. 15, the motor-operated valve control
section (220) uses the degree of superheating of refrig-
erant discharged from the first fixed capacity compressor
(40b) as a physical amount for control, and adjusts the
degree of opening of the second injection motor-operated
valve (64b) so that such a superheating degree reaches
a predetermine target control value.

[0236] A process from steps ST51-ST54 of FIG. 14
corresponds to the process from steps ST31-ST34 of
FIG. 12. That is, at step ST51, the motor-operated valve
control section (220) performs a process similar to that
of step ST31 of FIG. 12 by using a discharge superheat-
ing degree Tdsh2 and a discharge temperature Td2 of
the first fixed capacity compressor (40b). In addition, at
step ST52, the motor-operated valve control section
(220) performs a process similar to that of step ST32 of
FIG. 12, which is intended for the second injection motor-
operated valve (64b). Further, at step ST53, the motor-
operated valve control section (220) a process similar to
that of step ST33 of FIG. 12 by using the discharge tem-
perature Td2 of the first fixed capacity compressor (40b).
Furthermore, at step ST54, the motor-operated valve
control section (220) performs a process similar to that
of step ST34 of FIG. 12, which is intended for the second
injection motor-operated valve (64b).

[0237] If a condition (Td2 > 100°C) is not satisfied at
step ST53, the process proceeds to step ST55, and the
motor-operated valve control section (220) performs the
process at step ST55. At step ST55, the motor-operated
valve control section (220) determines whether or not a
condition is satisfied, in which both of the variable capac-
ity compressor (40a) and the second fixed capacity com-
pressor (40c) are in operation. If such a condition is sat-
isfied, the process proceeds to step ST56, and the motor-
operated valve control section (220) performs an opening
degree control for an oil distribution, which is illustrated
in the control flowchart of FIG. 15. The opening degree
control for the oil distribution will be described later. On
the other hand, if the foregoing condition is not satisfied
at step ST55, the process proceeds to step ST57, and
the motor-operated valve control section (220) sets the
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second injection motor-operated valve (64b) to a com-
pletely-opened state.

[0238] The opening degree control for the oil distribu-
tion, which is performed at step ST56 will be described
with reference to the control flowchart of FIG. 15.
[0239] At step ST61 of FIG. 15, the motor-operated
valve control section (220) compares a detection value
LP1 of the first low-pressure sensor (71) and a detection
value LP2 of the second low-pressure sensor (72) to each
other. The motor-operated valve control section (220)
determines whether or not a determination condition is
satisfied, in which the detection value LP1 of the first low-
pressure sensor (71) is greater than the detection value
LP2 of the second low-pressure sensor (72) (LP1>LP2).
Note that, at step ST61, a condition in which the detection
value LP1 of the first low-pressure sensor (71) is equal
to or greater than the detection value LP2 of the second
low-pressure sensor (72) (LP1 > LP2) may be the deter-
mination condition.

[0240] Ifthe determination condition is satisfied at step
ST61 (i.e., if LP1 > LP2), the process proceeds to step
ST62, and the motor-operated valve control section (220)
performs the process at step ST62. At step ST62, the
motor-operated valve control section (220) determines
whether or not the determination parameter F = 1. If the
determination parameter F = 1, the process proceeds to
step ST63, and the motor-operated valve control section
(220) performs the oil distribution operation. On the other
hand, if the determination parameter F = 1 (i.e., the de-
termination parameter F = 0), the process proceeds to
step ST66, and the motor-operated valve control section
(220) performs the normal operation.

[0241] Atstep ST66, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh2 of the first fixed ca-
pacity compressor (40b) to "25°C" which is a normal tar-
get value, and adjusts the degree of opening of the sec-
ond injection motor-operated valve (64b) so that the dis-
charge superheating degree Tdsh2 reaches 25°C. The
motor-operated valve control section (220) performs
such an operation as the normal operation.

[0242] On the other hand, at step ST63, the motor-
operated valve control section (220) determines whether
or not the refrigerating apparatus (10) is in the first mode.
If the refrigerating apparatus (10) is in the first mode, the
process proceeds to the step ST64, and the motor-op-
erated valve control section (220) performs the process
at step ST64. If the refrigerating apparatus (10) is not in
the first mode (i.e., the refrigerating apparatus (10) is in
the second mode), the process proceeds to step ST65,
and the motor-operated valve control section (220) per-
forms the process at step ST65.

[0243] During the first mode, the first fixed capacity
compressor (40b) sucks refrigerant through the first suc-
tion pipe (51). That is, the pressure of refrigerant sucked
into the first fixed capacity compressor (40b) is substan-
tially equal to the pressure of refrigerant sucked into the
variable capacity compressor (40a). At step ST64, the
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motor-operated valve control section (220) performs a
process similar to that of step ST43 of FIG. 13. That is,
the motor-operated valve control section (220) sets the
target control value of the discharge superheating degree
Tdsh2 of the first fixed capacity compressor (40b) to
"20°C" which is lower than the normal target value, and
adjusts the degree of opening of the second injection
motor-operated valve (64b) so that the discharge super-
heating degree Tdsh2 reaches 20°C. When the target
control value of the discharge superheating degree
Tdsh2 is decreased as compared to the normal target
value by the oil distribution operation, the degree of open-
ing of the second injection motor-operated valve (64b) is
increased as compared to that during the normal opera-
tion, and a flow rate of intermediate-pressure refrigerant
in a second injection pipe (62b) is increased as compared
to that during the normal operation.

[0244] On the other hand, during the second mode,
thefirstfixed capacity compressor (40b) sucks refrigerant
through the third suction pipe (53). That is, the pressure
of refrigerant sucked into the first fixed capacity compres-
sor (40b) is substantially equal to the pressure of refrig-
erant sucked into the second fixed capacity compressor
(40c). At step ST65, the motor-operated valve control
section (220) performs a process similar to that of step
ST930of FIG. 17. Thatis, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh2 of the first fixed ca-
pacity compressor (40b) to "30°C" which is higher than
the normal target value, and adjusts the degree of open-
ing of the second injection motor-operated valve (64b)
so that the discharge superheating degree Tdsh2 reach-
es 30°C. When the target control value of the discharge
superheating degree Tdsh2 is increased as compared
to the normal target value by the oil distribution operation,
the degree of opening of the second injection motor-op-
erated valve (64b) is degreased as compared to that dur-
ing the normal operation, and the flow rate of intermedi-
ate-pressure refrigerantin the second injection pipe (62b)
is decreased as compared to that during the normal op-
eration.

[0245] If the determination condition is not satisfied at
step ST61 (i.e., if LP1 < LP2), the process proceeds to
step ST67, and the motor-operated valve control section
(220) performs the process at step ST67. At step ST67,
the motor-operated valve control section (220) deter-
mines whether or not the determination parameter F =
1. If the determination parameter F = 1, the process pro-
ceedsto step ST68, and the motor-operated valve control
section (220) performs the oil distribution operation. On
the other hand, if the determination parameter F = 1 (i.e.,
the determination parameter F = 0), the process pro-
ceedstostep ST71, and the motor-operated valve control
section (220) performs the normal operation.

[0246] Atstep ST71, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh2 of the first fixed ca-
pacity compressor (40b) to "25°C" which is the normal
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target value, and adjusts the degree of opening of the
second injection motor-operated valve (64b) so that the
discharge superheating degree Tdsh2 reaches 25°C.
That is, at step ST71, the motor-operated valve control
section (220) performs the same process as that of step
ST66. The motor-operated valve control section (220)
performs such an operation as the normal operation.
[0247] On the other hand, at step ST68, the motor-
operated valve control section (220) determines whether
or not the refrigerating apparatus (10) is in the first mode.
If the refrigerating apparatus (10) is in the first mode, the
process proceeds to step ST69, and the motor-operated
valve control section (220) performs the process at step
ST69. If the refrigerating apparatus (10) is not in the first
mode (i.e., the refrigerating apparatus (10) is in the sec-
ond mode), the process proceeds to step ST70, and the
motor-operated valve control section (220) performs the
process at step ST70.

[0248] During the first mode, the first fixed capacity
compressor (40b) sucks refrigerant through the first suc-
tion pipe (51). That is, the pressure of refrigerant sucked
into the first fixed capacity compressor (40b) is substan-
tially equal to the pressure of refrigerant sucked into the
variable capacity compressor (40a). At step ST69, the
motor-operated valve control section (220) performs a
process similar to that of step ST46 of FIG. 13. That is,
the motor-operated valve control section (220) sets the
target control value of the discharge superheating degree
Tdshs2 of the first fixed capacity compressor (40b) to
"30°C" which is higher than the normal target value, and
adjusts the degree of opening of the second injection
motor-operated valve (64b) so that the discharge super-
heating degree Tdsh2 reaches 30°C. When the target
control value of the discharge superheating degree
Tdsh2 is increased as compared to the normal target
value by the oil distribution operation, the degree of open-
ing of the second injection motor-operated valve (64b) is
decreased as compared to that during the normal oper-
ation, and the flow rate of intermediate-pressure refrig-
erant in the second injection pipe (62b) is decreased as
compared to that during the normal operation.

[0249] On the other hand, during the second mode,
thefirstfixed capacity compressor (40b) sucks refrigerant
through the third suction pipe (53). That is, the pressure
of refrigerant sucked into the first fixed capacity compres-
sor (40b) is substantially equal to the pressure of refrig-
erant sucked into the second fixed capacity compressor
(40c). At step ST70, the motor-operated valve control
section (220) performs a process similar to that of step
ST96of FIG. 17. Thatis, the motor-operated valve control
section (220) sets the target control value of the dis-
charge superheating degree Tdsh2 of the first fixed ca-
pacity compressor (40b) to "20°C" which is lower than
the normal target value, and adjusts the degree of open-
ing of the second injection motor-operated valve (64b)
so that the discharge superheating degree Tdsh2 reach-
es 20°C. When the target control value of the discharge
superheating degree Tdsh2 is decreased as compared
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tothe normal target value by the oil distribution operation,
the degree of opening of the second injection motor-op-
erated valve (64b) is increased as compared to that dur-
ing the normal operation, and the flow rate of intermedi-
ate-pressure refrigerantinthe second injection pipe (62b)
is increased as compared to that during the normal op-
eration.

[0250] After the process at step ST52, ST54, ST56, or
ST57 in the control flowchart of FIG. 14 is completed, the
process returns to step ST51, and the motor-operated
valve control section (220) performs the process at step
ST51 again. The motor-operated valve control section
(220) repeatedly performs the process illustrated in the
control flowcharts of FIGS. 14 and 15, e.g., every 10-20
seconds.

<Advantages Obtained by Oil Return Operation of Motor-
operated Valve Control Section>

[0251] First, e.g., when the normal heating operation
is performed during midwinter during which an outdoor
temperature drops below freezing, the evaporation tem-
perature of refrigerant in the outdoor heat exchanger (44)
may be lower than that in the chilling heat exchanger
(91). In such a case, the detection value LP 1 of the first
low-pressure sensor (71) is higher than the detection val-
ue LP2 of the second low-pressure sensor (72). That is,
the pressure of refrigerant sucked into the variable ca-
pacity compressor (40a) is higher than the pressure of
refrigerant sucked into the second fixed capacity com-
pressor (40c). A pressure in the compression chamber
of the variable capacity compressor (40a) in the middle
of the compression process, which is communicated with
the first injection pipe (62a) is higher than a pressure in
the compression chamber of the second fixed capacity
compressor (40c) in the middle of the compression proc-
ess, which is communicated with the third injection pipe
(62c). In addition, a compression ratio in the variable ca-
pacity compressor (40a) is smallerthanthatin the second
fixed capacity compressor (40c).

[0252] On the other hand, if the determination param-
eter F =0, the motor-operated valve control section (220)
performs the normal operation. That is, in such a case,
the motor-operated valve control section (220) adjusts
the degree of opening of the firstinjection motor-operated
valve (64a) so that the discharge superheating degree
Tdsh1 of the variable capacity compressor (40a) reaches
the normal target value (25°C) (see step ST44 of FIG.
13), and adjusts the degree of opening of the third injec-
tion motor-operated valve (64c) so that the discharge su-
perheating degree Tdsh3 of the second fixed capacity
compressor (40c) reaches the normal target value (25°C)
(see step ST94 of FIG. 17). Thus, the flow rate of inter-
mediate-pressure refrigerant flowing into the variable ca-
pacity compressor (40a) through the first injection pipe
(62a) is smaller than the flow rate of intermediate-pres-
sure refrigerant flowing into the second fixed capacity
compressor (40c) through the third injection pipe (62c).
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As a result, during the normal operation, the flow rate of
refrigeration oil flowing into the variable capacity com-
pressor (40a) through the first injection pipe (62a) is
smaller than the flow rate of refrigeration oil flowing into
the second fixed capacity compressor (40c) through the
third injection pipe (62c), thereby decreasing the amount
of refrigeration oil stored in the variable capacity com-
pressor (40a).

[0253] When the normal operation is continued for a
predetermined period of time (in the present embodi-
ment, for 17 minutes) in a state in which the detection
value LP1 of the first low-pressure sensor (71) is higher
than the detection value LP2 of the second low-pressure
sensor (72), the motor-operated valve control section
(220) temporarily stops the normal operation and per-
forms the oil distribution operation in order to increase
the amount of refrigeration oil stored in the variable ca-
pacity compressor (40a). Specifically, the motor-operat-
ed valve control section (220) decreases the target con-
trol value of the discharge superheating degree Tdsh1
of the variable capacity compressor (40a) from the nor-
mal target value (25°C) to 20°C (see step ST43 of FIG.
13), and increases the target control value of the dis-
charge superheating degree Tdsh3 of the second fixed
capacity compressor (40c) from the normal target value
(25°C) to 30°C (see step ST93 of FIG. 17).

[0254] The determination parameter setting section
(221) of the motor-operated valve control section (220)
maintains the value for the determination parameter F at
"1" for a predetermined period of time (in the present
embodiment, for 3 minutes). Thus, the motor-operated
valve control section (220) of the present embodiment
performs the oil distribution operation for three minutes,
and then stops the oil distribution operation to restart the
normal operation.

[0255] When the target control value of the discharge
superheating degree Tdsh1 of the variable capacity com-
pressor (40a) is decreased to 20°C, the degree of open-
ing of the first injection motor-operated valve (64a) is in-
creased as compared to that during the normal operation.
On the other hand, when the target control value of the
discharge superheating degree Tdshs3 of the second
fixed capacity compressor (40c) is increased to 30°C,
the degree of opening of the third injection motor-oper-
ated valve (64c) is decreased as compared to that during
the normal operation. Thus, the flow rate of intermediate-
pressure refrigerant and refrigeration oil supplied to the
variable capacity compressor (40a) through the first in-
jection pipe (62a) is increased, and the flow rate of inter-
mediate-pressure refrigerant and refrigeration oil sup-
plied to the second fixed capacity compressor (40c)
through the third injection pipe (62c) is decreased. As a
result, the amount of refrigeration oil stored in the variable
capacity compressor (40a) is increased, thereby main-
taining the amount of refrigeration oil stored in the second
fixed capacity compressor (40c) at an appropriate value.
[0256] Next, when performing the cooling operation,
the evaporation temperature of refrigerant in the air-con-
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ditioning heat exchanger (81) is higher than that in the
chilling heat exchanger (91), and therefore the detection
value LP2 of the second low-pressure sensor (72) is high-
er than the detection value LP1 of the first low-pressure
sensor (71). That is, the pressure of refrigerant sucked
into the second fixed capacity compressor (40c) is higher
than the pressure of refrigerant sucked into the variable
capacity compressor (40a). Thus, the pressure in the
compression chamber of the second fixed capacity com-
pressor (40c) in the middle of the compression process,
which is communicated with the third injection pipe (62c)
is higher than the pressure in the compression chamber
of the variable capacity compressor (40a) in the middle
of the compression chamber, which is communicated
with the first injection pipe (62a). In addition, the com-
pression ratio in the second fixed capacity compressor
(40c) is smaller than that in the variable capacity com-
pressor (40a).

[0257] On the other hand, if the determination param-
eter F =0, the motor-operated valve control section (220)
performs the normal operation. That is, in such a case,
the motor-operated valve control section (220) adjusts
the degree of opening of the firstinjection motor-operated
valve (64a) so that the discharge superheating degree
Tdsh1 of the variable capacity compressor (40a) reaches
the normal target value (25°C) (see step ST47 of FIG.
13), and adjusts the degree of opening of the third injec-
tion motor-operated valve (64c) so that the discharge su-
perheating degree Tdsh3 of the second fixed capacity
compressor (40c) reaches the normal target value (25°C)
(see step STI7 of FIG. 17). Thus, the flow rate of inter-
mediate-pressure refrigerant flowing into the second
fixed capacity compressor (40c) through the third injec-
tion pipe (62c) is smaller than the flow rate of intermedi-
ate-pressure refrigerant flowing into the variable capacity
compressor (40a) through the first injection pipe (62a).
As a result, during the normal operation, the flow rate of
refrigeration oil flowing into the second fixed capacity
compressor (40c) through the third injection pipe (62c)
is smaller than the flow rate of refrigeration oil flowing
into the variable capacity compressor (40a) through the
first injection pipe (62a), thereby decreasing the amount
of refrigeration oil stored in the second fixed capacity
compressor (40c).

[0258] When the normal operation is continued for a
predetermined period of time (in the present embodi-
ment, for 17 minutes) in a state in which the detection
value LP2 of the second low-pressure sensor (72) is high-
er than the detection value LP1 of the first low-pressure
sensor (71), the motor-operated valve control section
(220) temporarily stops the normal operation and per-
forms the oil distribution operation in order to increase
the amount of refrigeration oil stored in the second fixed
capacity compressor (40c). Specifically, the motor-oper-
ated valve control section (220) increases the target con-
trol value of the discharge superheating degree Tdsh1
of the variable capacity compressor (40a) from the nor-
mal target value (25°C) to 30°C (see step ST46 of FIG.
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13), and decreases the target control value of the dis-
charge superheating degree Tdsh3 of the second fixed
capacity compressor (40c) from the normal target value
(25°C) to 20°C (see step ST96 of FIG. 17).

[0259] When the target control value of the discharge
superheating degree Tdsh1 of the variable capacity com-
pressor (40a) is increased to 30°C, the degree of opening
of the first injection motor-operated valve (64a) is de-
creased as compared to that during the normal operation.
On the other hand, when the target control value of the
discharge superheating degree Tdsh3 of the second
fixed capacity compressor (40c) is decreased to 20°C,
the degree of opening of the third injection motor-oper-
ated valve (64c) is increased as compared to that during
the normal operation. Thus, the flow rate of intermediate-
pressure refrigerant and refrigeration oil supplied to the
second fixed capacity compressor (40c) through the third
injection pipe (62c) is increased, and the flow rate of in-
termediate-pressure refrigerant and refrigeration oil sup-
plied to the variable capacity compressor (40a) through
the first injection pipe (62a) is decreased. As a result, the
amount of refrigeration oil stored in the second fixed ca-
pacity compressor (40c) is increased, thereby maintain-
ing the amount of refrigeration oil stored in the variable
capacity compressor (40a) at an appropriate value.
[0260] The motor-operated valve control section (220)
performs the oil distribution operation for the second in-
jection motor-operated valve (64b).

[0261] During the first mode, the first fixed capacity
compressor (40b) sucks refrigerant through the first suc-
tion pipe (51) as in the variable capacity compressor
(40a). Thus, when performing the normal operation in a
state in which the detection value LP1 of the first low-
pressure sensor (71) is higher than the detection value
LP2 of the second low-pressure sensor (72) during the
first mode, the refrigerant flow rate in each of the first
injection pipe (62a) and the second injection pipe (62b)
is smaller than that in the third injection pipe (62c), and
the amount of refrigerant stored in each of the variable
capacity compressor (40a) and the first fixed capacity
compressor (40b) is decreased. In such a case, the mo-
tor-operated valve control section (220) temporarily per-
forms the operation in which the target control value of
the discharge superheating degree Tdsh2 of the first
fixed capacity compressor (40b) is decreased from the
normal target value (25°C) to 20°C (see step ST64 of
FIG. 15), as the oil distribution operation. Then, the mo-
tor-operated valve control section (220) increases the
amount of refrigerant stored in the first fixed capacity
compressor (40b).

[0262] When performing the normal operation in a
state in which the detection value LP2 of the second low-
pressure sensor (72) is higher than the detection value
LP1 of the first low-pressure sensor (71) during the first
mode, the refrigerant flow rate in the third injection pipe
(62c) is smaller than the refrigerant flow rate in each of
the first injection pipe (62a) and the second injection pipe
(62b), thereby decreasing the amount of refrigerant
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stored in the second fixed capacity compressor (40c). In
such a case, the motor-operated valve control section
(220) temporarily performs the operation in which the tar-
get control value of the discharge superheating degree
Tdsh2 of the first fixed capacity compressor (40b) is in-
creased from the normal target value (25°C) to 30°C (see
step ST69 of FIG. 15), as the oil distribution operation.
As aresult, the refrigerant flow rate in the second injection
pipe (62b) is decreased, and the refrigerant flow rate in
the third injection pipe (62c) is increased. Thus, the
amount of refrigerant stored in the second fixed capacity
compressor (40c) is increased.

[0263] On the other hand, during the second mode,
thefirstfixed capacity compressor (40b) sucks refrigerant
through the third suction pipe (53) as in the second fixed
capacity compressor (40c). Thus, when performing the
normal operation in a state in which the detection value
LP1 of the first low-pressure sensor (71) is higher than
the detection value LP2 of the second low-pressure sen-
sor (72) during the second mode, the refrigerant flow rate
in the first injection pipe (62a) is smaller than that in each
of the second injection pipe (62b) and the third injection
pipe (62c), and the amount of refrigerant stored in the
variable capacity compressor (40a) is decreased. In such
a case, the motor-operated valve control section (220)
temporarily performs the operation in which the target
control value of the discharge superheating degree
Tdsh2 of the first fixed capacity compressor (40b) is in-
creased from the normal target value (25°C) to 30°C (see
step ST65 of FIG. 15), as the oil distribution operation.
As aresult, the refrigerant flow rate in the secondinjection
pipe (62b) is decreased, and the refrigerant flow rate in
the first injection pipe (62a) is increased. Thus, the
amount of refrigerant stored in the variable capacity com-
pressor (40a) is increased.

[0264] When performing the normal operation in a
state in which the detection value LP2 of the second low-
pressure sensor (72) is higher than the detection value
LP1 of the first low-pressure sensor (71) during the sec-
ond mode, the refrigerant flow rate in each of the second
injection pipe (62b) and the third injection pipe (62c) is
smaller than the refrigerant flow rate in the first injection
pipe (62a), thereby decreasing the amount of refrigerant
stored in the first fixed capacity compressor (40b). In such
a case, the motor-operated valve control section (220)
temporarily performs the operation in which the target
control value of the discharge superheating degree
Tdsh2 of the first fixed capacity compressor (40b) is de-
creased from the normal target value (25°C) to 20°C (see
step ST70 of FIG. 15), as the oil distribution operation.
As aresult, the refrigerantflow rate in the second injection
pipe (62b) is increased, and the amount of refrigerant
stored in the first fixed capacity compressor (40b) is in-
creased.
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Control Operation of Intermediate-Pressure Control Sec-
tion

[0265] An operation performed by the intermediate-
pressure control section (225) of the controller (200) will
be described. As described above, the intermediate-
pressure control section (225) adjusts the degree of
opening of the subcooling expansion valve (63). A control
operation performed by the intermediate-pressure con-
trol section (225) will be described with reference to a
control flowchart of FIG. 18.

[0266] At step ST101, the intermediate-pressure con-
trol section (225) determines whether or not a condition
is satisfied, in which both of the variable capacity com-
pressor (40a) and the second fixed capacity compressor
(40c) are in operation. Then, if such a condition is satis-
fied, the process proceeds to step ST102, and the inter-
mediate-pressure control section (225) performs the
process at step ST102. If the condition is not satisfied,
the process proceeds to step ST103, and the intermedi-
ate-pressure control section (225) performs the process
at step ST103.

[0267] At step ST102, the intermediate-pressure con-
trol section (225) adjusts the degree of opening of the
subcooling expansion valve (63) so that a detection value
MP of the intermediate pressure sensor (73) (i.e., an ac-
tual measured value of the pressure of intermediate-
pressure refrigerant flowing through the main injection
pipe (61)) reaches a predetermined target intermediate
pressure MPs.

[0268] In a state in which both of the variable capacity
compressor (40a) and the second fixed capacity com-
pressor (40c) are in operation, it is necessary to supply
intermediate-pressure refrigerant to both of the variable
capacity compressor (40a) and the second fixed capacity
compressor (40c). For the foregoing reason, it is neces-
sary that the pressure of internaediate-pressure refriger-
ant flowing through the main injection pipe (61) is set to
avalue higher than both of a pressure in the compression
chamber of the variable capacity compressor (40a) in the
middle of the compression process, which is communi-
cated with the first injection pipe (62a), and a pressure
in the compression chamber of the second fixed capacity
compressor (40c) in the middle of the compression proc-
ess, which is communicated with the third injection pipe
(62c).

[0269] The pressure in the compression chamber of
the variable capacity compressor (40a) in the middle of
the compression process can be estimated based on the
pressure of refrigerant sucked into the variable capacity
compressor (40a), and the pressure in the compression
chamber of the second fixed capacity compressor (40c)
in the middle of the compression process can be esti-
mated based on the pressure of refrigerant sucked into
the second fixed capacity compressor (40c). The inter-
mediate-pressure control section (225) uses a detection
value LP1 of the first low-pressure sensor (71) and a
detection value LP2 of the second low-pressure sensor
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(72) to calculate the target intermediate pressure MPs
which allows intermediate-pressure refrigerant to flow in-
to both of the variable capacity compressor (40a) and
the second fixed capacity compressor (40c), and adjusts
the degree of opening of the subcooling expansion valve
(63) by using the calculated target intermediate pressure
MPs. Thus, during the operation of both of the variable
capacity compressor (40a) and the second fixed capacity
compressor (40c), supply of intermediate-pressure re-
frigerant from the injection circuit (60) to both of the var-
iable capacity compressor (40a) and the second fixed
capacity compressor (40c) can be ensured.

[0270] At step ST103, the intermediate-pressure con-
trol section (225) adjusts the degree of opening of the
subcooling expansion valve (63) so that a superheating
degree SHm of intermediate-pressure refrigerant flowing
out from the second flow path (67) of the subcooling heat
exchanger (65) reaches a predetermined target value (in
the present embodiment, 5°C). In a state in which either
one of the variable capacity compressor (40a) and the
second fixed capacity compressor (40c) is in operation,
it is inevitable that the pressure of intermediate-pressure
refrigerant flowing through the main injection pipe (61) is
higher than the pressure in the compression chamber of
the operated one of the variable capacity compressor
(40a) and the second fixed capacity compressor (40c) in
the middle of the compression process, which is commu-
nicated with the injection pipe (62a, 62c). Thatis, in such
a state, itis not necessary to adjust the degree of opening
of the subcooling expansion valve (63) considering the
pressure of intermediate-pressure refrigerant flowing
through the main injection pipe (61).

[0271] In such a case, the intermediate-pressure con-
trol section (225) adjusts the degree of opening of the
subcooling expansion valve (63) so that the superheating
degree SHm of intermediate-pressure refrigerant reach-
esthetargetvalue. As aresult, aflow rate of intermediate-
pressure refrigerant supplied to the second flow path (67)
of the subcooling heat exchanger (65) is maintained at
a required and sufficient value, and therefore cooling of
high-pressure refrigerant flowing through the first flow
path (66) of the subcooling heat exchanger (65) can be
ensured.

<<Other Embodiment>>
First Variation

[0272] In each of the foregoing embodiments, the op-
eration in which the degree of opening of one of the first
injection motor-operated valve (64a) and the third injec-
tion motor-operated valve (64c) is increased as com-
pared to that during the normal operation, and the degree
of opening of the remaining one of the first injection mo-
tor-operated valve (64a) and the third injection motor-
operated valve (64c) is decreased as compared to that
during the normal operation is performed as the oil dis-
tribution operation.
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[0273] On the other hand, in each of the foregoing em-
bodiments, an operation in which only the degree of
opening of one of the first injection motor-operated valve
(64a) and the third injection motor-operated valve (64c)
is increased as compared to that during the normal op-
eration, and the degree of opening of the remaining one
of the first injection motor-operated valve (64a) and the
third injection motor-operated valve (64c) is maintained
at the same value as that during the normal operation
may be performed as the oil distribution operation. For
example, if only the degree of opening of the firstinjection
motor-operated valve (64a) is increased, and the degree
of opening of the third injection motor-operated valve
(64c) is maintained at the same value as that during the
normal operation, the refrigerant flow rate in the first in-
jection pipe (62a) is increased, thereby decreasing the
refrigerant flow rate in the third injection pipe (62c).
[0274] In addition, in each of the foregoing embodi-
ments, an operation in which only the degree of opening
of one of the first injection motor-operated valve (64a)
and the third injection motor-operated valve (64c) is de-
creased as compared to that during the normal operation,
and the degree of opening of the remaining one of the
first injection motor-operated valve (64a) and the third
injection motor-operated valve (64c) is maintained at the
same value as that during the normal operation may be
performed as the oil distribution operation. For example,
if the degree of opening of the first injection motor-oper-
ated valve (64a) is maintained at the same value as that
during the normal operation, and only the degree of open-
ing of the third injection motor-operated valve (64c) is
decreased, the refrigerant flow rate in the third injection
pipe (62c) is decreased, thereby increasing the refriger-
ant flow rate in the first injection pipe (62a).

Second Variation

[0275] In each of the foregoing embodiments, the in-
jection motor-operated valve (64a, 64b, 64c) having the
variable degree of opening is provided in the injection
pipe (62a-62c), and the degree of opening of the injection
motor-operated valve (64a, 64b, 64c) is adjusted to ad-
just the refrigerant flow rate in the injection pipe (62a-
62c). On the other hand, an openable solenoid valve may
be provided in the injection pipe (62a-62c), and the re-
frigerant flow rate in the injection pipe (62a-62c) may be
adjusted by the solenoid valve. In such a case, the re-
frigerant flow rate in the injection pipe (62a-62c) is ad-
justed by changing a time period for which the solenoid
valve is maintained at an opened state. That is, in order
to increase the refrigerant flow rate in the injection pipe
(62a-62c), the time period for which the solenoid valve
is maintained at the opened state is extended. Converse-
ly, in order to decrease the refrigerant flow rate in the
injection pipe (62a-62c), the time period for which the
solenoid valve is maintained at the opened state is short-
ened.
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Third Variation

[0276] In each of the foregoing embodiments, the in-
jection motor-operated valves (64a, 64b, 64c) are pro-
vided in all of the injection pipes (62a, 62b, 62c) of the
injection circuit (60). However, in some cases, an injec-
tion motor-operated valve may be provided only in one
of injection pipes. That is, if it can be determined in ad-
vance which one of the first suction pipe (51) and the
third suction pipe (53) has a lower pressure as in, e.g.,
a case where only the cooling operation of the second
embodiment is performed, the first injection motor-oper-
ated valve (64a) may be provided only in the injection
pipe (62a) connected to the compressor (40a) sucking
refrigerant through the first suction pipe (51) having the
lower pressure.

INDUSTRIAL APPLICABILITY

[0277] As described above, the present invention is
useful for the refrigerating apparatus in which refrigera-
tion oil separated from refrigerant discharged from the
compressor is supplied to the compressor together with
intermediate-pressure refrigerant.

DESCRIPTION OF REFERENCE CHARACTERS
[0278]

10 Refrigerating Apparatus

20 Refrigerant Circuit

40a Variable Capacity Compressor (First Compres-
sor)

40b  First Fixed Capacity Compressor (Third Com-
pressor)

40c  Second Fixed Capacity Compressor (Second
Compressor)

44 Outdoor Heat Exchanger (Condenser, Second
Evaporator)

49 Oil Return Circuit

60 Injection Circuit

61 Main Injection Pipe

62a  First Injection Pipe (First Branched Pipe)

62b  Second Injection Pipe (Third Branched Pipe)

62c  Third Injection Pipe (Second Branched Pipe)

63 Subcooling Expansion Valve (Intermediate-Pres-
sure Expansion Valve)

64a  First Injection Motor-operated Valve (First Flow
Rate Adjusting Valve)

64b  Second Injection Motor-operated Valve (Third
Flow Rate Adjusting Valve)

64c  Third Injection Motor-operated Valve (Second
Flow Rate Adjusting Valve)

65 Subcooling Heat Exchanger

81 Air-Conditioning Heat Exchanger (Second Evap-
orator, Condenser)

9 Chilling Heat Exchanger (First Evaporator)

220 Motor-operated Valve Control Section (Opening
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Degree Control Section)
225  Intermediate-Pressure Control Section
250 Flow Rate Adjusting Mechanism

Claims
1. Arefrigerating apparatus, comprising:

a refrigerant circuit (20) in which a refrigeration
cycle is performed,
wherein the refrigerant circuit (20) includes

a first evaporator (91),

a second evaporator (81, 44),

a first compressor (40a) sucking refrigerant
evaporated in the first evaporator (91),

a second compressor (40c) sucking refrig-
erant evaporated in the second evaporator
(81, 44),

a condenser (44, 81) into which refrigerant
discharged from the first compressor (40a)
and the second compressor (40c) flows,
an injection circuit (60) having a main injec-
tion pipe (61) through which intermediate-
pressure refrigerant flows, a first branched
pipe (62a) connecting the main injection
pipe (61) to the first compressor (40a), and
a second branched pipe (62c) connecting
the main injection pipe (61) to the second
compressor (40c), and

anoil return circuit (49) in which refrigeration
oil separated from refrigerant discharged
from the first compressor (40a) and the sec-
ond compressor (40c) is supplied to the
main injection pipe (61),

the refrigerating apparatus further includes

a flow rate adjusting mechanism (250) con-
figured to perform a normal operation in
which a refrigerant flow rate in each of the
first branched pipe (62a) and the second
branched pipe (62c) is adjusted so that a
physical amount for control reaches a pre-
determined target control value, and

the flow rate adjusting mechanism (250)

makes determination using either one of a
condition in which a pressure of refrigerant
sucked into the first compressor (40a) is
greater than a pressure of refrigerant
sucked into the second compressor (40c),
and a condition in which the pressure of re-
frigerant sucked into the first compressor
(40a) is equal to or greater than the pressure
of refrigerant sucked into the second com-
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72

pressor (40c), as a determination condition,
intermittently performs an operation in
which the refrigerant flow rate in the first
branched pipe (62a) is increased as com-
pared to that during the normal operation,
and the refrigerant flow rate in the second
branched pipe (62c) is decreased as com-
pared to that during the normal operation,
as an oil distribution operation when the de-
termination condition is satisfied, and

intermittently performs an operation in
which the refrigerant flow rate in the first
branched pipe (62a) is decreased as com-
pared to that during the normal operation,
and the refrigerant flow rate in the second
branched pipe (62c) is increased as com-
pared to that during the normal operation,
as the oil distribution operation when the de-
termination condition is not satisfied.

2. The refrigerating apparatus of claim 1. wherein
the flow rate adjusting mechanism (250) includes

a first flow rate adjusting valve (64a) provided in
the first branched pipe (62a),

a second flow rate adjusting valve (64c) provid-
ed in the second branched pipe (62c), and

an opening degree control section (220) config-
ured to control a degree of opening of each of
the first flow rate adjusting valve (64a) and the
second flow rate adjusting valve (64c) so that
the physical amount for control reaches a pre-
determined target control value, and

the opening degree control section (220)

performs one or both of an operation in which
the degree of opening of the first flow rate ad-
justing valve (64a) is increased as compared to
that during the normal operation, and an oper-
ation in which the degree of opening of the sec-
ond flow rate adjusting valve (64c) is decreased
as compared to that during the normal operation,
as the oil distribution operation when the deter-
mination condition is satisfied, and

performs one or both of an operation in which
the degree of opening of the first flow rate ad-
justing valve (64a) is decreased as compared
to that during the normal operation, and an op-
eration in which the degree of opening of the
second flow rate adjusting valve (64c) is in-
creased as compared to that during the normal
operation, as the oil distribution operation when
the determination condition is not satisfied.

3. The refrigerating apparatus of claim 2, wherein
the opening degree control section (220)
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uses a temperature or a superheating degree of
refrigerant discharged from the first compressor
(40a) as a first physical amount for control and
adjusts the degree of opening of the first flow
rate adjusting valve (64a) so that the first phys-
ical amount for control reaches a first target con-
trol value,

uses a temperature or a superheating degree of
refrigerant discharged from the second com-
pressor (40c) as a second physical amount for
control and adjusts the degree of opening of the
second flow rate adjusting valve (64c) so that
the second physical amount for control reaches
a second target control value,

in the normal operation, sets the firstand second
target control values to a predetermined normal
target value to adjust the degree of opening of
each of the first flow rate adjusting valve (64a)
and the second flow rate adjusting valve (64c),
if the degree of opening of the first flow rate ad-
justing valve (64a) is increased as compared to
that during the normal operation in the oil distri-
bution operation, sets the first target control val-
ue to a value lower than the normal target value,
if the degree of opening of the first flow rate ad-
justing valve (64a) is decreased as compared
to that during the normal operation in the oil dis-
tribution operation, sets the first target control
value to a value higher than the normal target
value,

if the degree of opening of the second flow rate
adjusting valve (64c) is increased as compared
to that during the normal operation in the oil dis-
tribution operation, sets the second target con-
trol value to a value lower than the normal target
value, and

if the degree of opening of the second flow rate
adjusting valve (64c) is decreased as compared
to that during the normal operation in the oil dis-
tribution operation, sets the second target con-
trol value to a value higher than the normal target
value.

4. The refrigerating apparatus of claim 1, wherein

the flow rate adjusting mechanism (250)

uses a temperature or a superheating degree of
refrigerant discharged from the first compressor
(40a) as a first physical amount for control and
adjusts the refrigerant flow rate in the first
branched pipe (62a) so that the first physical
amount for control reaches a first target control
value, and

uses a temperature or a superheating degree of
refrigerant discharged from the second com-
pressor (40c) as a second physical amount for
control and adjusts the refrigerant flow rate in
the second branched pipe (62c) so that the sec-
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ond physical amount for control reaches a sec-
ond target control value.

The refrigerating apparatus of claim 1, wherein

the refrigerant circuit (20) further includes a third
compressor (40b) configured to selectively sucks ei-
ther one of refrigerant evaporated in the first evap-
orator (91) and refrigerant evaporated in the second
evaporator (81, 44),

the injection circuit (60) further includes a third
branched pipe (62b) connecting the main injection
pipe (61) to the third compressor (40b),

the oil return circuit (49) supplies refrigeration oil
which is separated from refrigerant discharged from
the first compressor (40a), the second compressor
(40c), and the third compressor (40b), to the main
injection pipe (61),

the flow rate adjusting mechanism (250) includes

a first flow rate adjusting valve (64a) provided in
the first branched pipe (62a),

a second flow rate adjusting valve (64c) provid-
ed in the second branched pipe (62c),

a third flow rate adjusting valve (64b) provided
in the third branched pipe (62b), and

an opening degree control section (220) config-
ured to control a degree of opening of each of
the first flow rate adjusting valve (64a), the sec-
ond flow rate adjusting valve (64c), and the third
flow rate adjusting valve (64b) so that the phys-
ical amount for control is a predetermined target
control value,

the opening degree control section (220), in a state
in which the third compressor (40b) sucks refrigerant
evaporated in the first evaporator (91),

performs one or both of an operation in which
the degree of opening of each of the first flow
rate adjusting valve (64a) and the third flow rate
adjusting valve (64b) is increased as compared
to that during the normal operation, and an op-
eration in which the degree of opening of the
second flow rate adjusting valve (64c) is de-
creased as compared to that during the normal
operation, as the oil distribution operation when
the determination condition is satisfied, and
performs one or both of an operation in which
the degrees of opening of the first flow rate ad-
justing valve (64a) and the third flow rate adjust-
ing valve (64b) are decreased as compared to
that during the normal operation, and an oper-
ation in which the degree of opening of the sec-
ond flow rate adjusting valve (64c) is increased
as compared to that during the normal operation,
as the oil distribution operation when the deter-
mination condition is not satisfied, and



75 EP 2 402 681 A1 76

the opening degree control section (220), in a state
in which the third compressor (40b) sucks refrigerant
evaporated in the second evaporator (81, 44),

performs one or both of an operation in which
the degree of opening of the first flow rate ad-
justing valve (64a) is increased as compared to
that during the normal operation, and an oper-
ation in which the degree of opening of each of
the second flow rate adjusting valve (64c) and
the third flow rate adjusting valve (64b) is de-
creased as compared to that during the normal
operation, as the oil distribution operation when
the determination condition is satisfied, and

performs one or both of an operation in which
the degree of opening of the first flow rate ad-
justing valve (64a) is decreased as compared
to that during the normal operation, and an op-
eration in which the degree of opening of each
of the second flow rate adjusting valve (64c) and
the third flow rate adjusting valve (64b) is in-
creased as compared to that during the normal
operation, as the oil distribution operation when
the determination condition is not satisfied.

The refrigerating apparatus of any one of claims 1-5,
wherein

the flow rate adjusting mechanism (250) extends a
duration time of the oil distribution operation as a
difference between the pressure of refrigerant
sucked into the first compressor (40a) and the pres-
sure of refrigerant sucked into the second compres-
sor (40c) increases.

The refrigerating apparatus of any one of claims 1-5,
wherein
the injection circuit (60) is connected to

an intermediate-pressure expansion valve (63)
configured to expand high-pressure refrigerant
into intermediate-pressure refrigerant and pro-
vided in the main injection pipe (61), and

a subcooling heat exchanger (65) configured to
cool high-pressure liquid refrigerant flowing from
the condenser (44, 81) to at least one of the first
evaporator (91) and the second evaporator (81,
44) by exchanging heat between the high-pres-
sure liquid refrigerant and intermediate-pres-
sure refrigerant flowing through the main injec-
tion pipe (61), and

the injection circuit (60) further includes an interme-
diate-pressure control section (225) which, if both of
the first compressor (40a) and the second compres-
sor (40c) are in operation, adjusts a degree of open-
ing of the internletliate-pressure expansion valve
(63) so that a pressure of intermediate-pressure re-
frigerant flowing through the main injection pipe (61)
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reaches a predetermined target pressure, and
which, if either one of the first compressor (40a) and
the second compressor (40c) is in operation, and the
remaining one of the first compressor (40a) and the
second compressor (40c) is stopped, adjusts the de-
gree of opening of the intermediate-pressure expan-
sion valve (63) so that a degree of superheating of
intermediate-pressure refrigerant flowing out from
the subcooling heat exchanger (65) reaches a pre-
determined target superheating degree.
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FIG.6
CONTROLLER ~ 200
250 ~. TARGET SETTING SECTION F—— 205
FIRST SETTING
SECTION —— 206
SECOND SETTING
SECTION —t 207
ADJUSTING
SECTION — 210
TIME SETTING | |
SECTION 215
FIG.7
ALP= ALPZ2251 1525 ALP<2.25 0752 ALP<S15 | 02 ALP<COT5
ABS(LP1-LP2) I B ' T e '
DURATION TIME OF
OIL DISTRIBUTION 1.75 X t1 1.5 X1 1.25 % t1 t1
OPERATION (SECONDS)
CONTROL CYCLE 0xt

(SECONDS}
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FIG.8
(START )
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FIG.10
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FIG.11
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