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(57)  Arefrigeration cycle device (1) has a switching
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the first compressor to a first passage (21) or a second
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and the second passage (22) with each other. A second
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branch unit (27) downstream of the condenser (14), and
a second connector (26) connects a part of the second
passage (22) on a suction side of the second compressor
(12) and a part of the third passage downstream of an
intermediate heat exchanger (16).
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is based on Japanese Patent
Application No. 2017-11594 filed on January 25, 2017
and Japanese Patent Application No. 2017-199593 filed
on October 13, 2017, the disclosures of which are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The presentdisclosure relates to a refrigeration
cycle device including plural compressors.

BACKGROUND ART

[0003] Conventionally, a refrigeration cycle device is
known, which includes plural compressors to compress
refrigerant.

[0004] A refrigeration cycle device described in Patent
Literature 1 includes flow passage switching means for
switching a connection state between two compressors
to a parallel connection state or a series connection state,
the flow passage switching means including six connec-
tion ports. The refrigeration cycle device connects the
two compressors in series by the operation of the flow
passage switching means during a cooling operation and
constitutes a so-called economizer refrigeration cycle us-
ing an intermediate heat exchanger. In the economizer
refrigeration cycle, part of a refrigerant flowing on the
downstream side of an outdoor heat exchanger is divert-
ed, decompressed by a capillary tube, and then intro-
duced into the intermediate heat exchanger. The refrig-
erant flowing out of the intermediate heat exchanger and
a refrigerant discharged from the low-stage side com-
pressor are mixed and flow into the high-stage side com-
pressor. Accordingly, the refrigeration cycle device re-
duces an enthalpy of the refrigerant to increase a cooling
capacity during the cooling operation.

[0005] Ontheotherhand, therefrigerationcycle device
connects the two compressorsin parallel by the operation
of the flow passage switching means during a heating
operation. At this time, the intermediate heat exchanger
is used as a mere refrigerant passage.

PRIOR ART LITERATURES
PATENT LITERATURE
[0006] Patent Literature 1 : JP H09-145189A
SUMMARY OF INVENTION

[0007] However, the refrigeration cycle device de-
scribed in Patent Literature 1 has a complicated structure

in which the flow passage switching means switches flow
passages connected to the six connection ports. Further,
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in the refrigeration cycle device, piping for connecting the
two compressors, the flow passage switching means,
and the outdoor heat exchanger has a complicated con-
figuration.

[0008] Further, in the refrigeration cycle device de-
scribed in Patent Literature 1, the intermediate heat ex-
changer is fully utilized only when the two compressors
are connected in series and used as a mere refrigerant
passage when the two compressors are connected in
parallel. That is, in the refrigeration cycle device, the in-
termediate heat exchanger is not effectively utilized.
[0009] It is an object of the present disclosure to pro-
vide a refrigeration cycle device that makes it possible
to simplify a configuration for switching a connection state
between a plurality of compressors to a series connection
state or a parallel connection state and effectively utilize
an intermediate heat exchanger in any connection state.
[0010] According to an aspect of the present disclo-
sure, a refrigeration cycle device that cools air in a space
to be cooled includes:

a first compressor that compresses and discharges
a refrigerant;

a switching unit that is disposed on a discharge side
of the first compressor and switches a flow of the
refrigerant discharged from the first compressor to
a first passage or a second passage;

a second compressor that is disposed on a middle
of the second passage, and compresses and dis-
charges the refrigerant flowing through the second
passage;

a first connector that connects a part of the second
passage on a discharge side of the second compres-
sor and the first passage;

a condenser that exchanges heat between the re-
frigerant flowing into the condenser from the first con-
nector and outside air;

a branch unitthat divides a flow passage on an outlet
side of the condenser to a third passage and a fourth
passage;

a first expansion valve that is disposed on a middle
of the third passage and decompresses the refriger-
ant flowing through the third passage;
anintermediate heat exchanger that exchanges heat
between the refrigerant flowing through the third pas-
sage on a downstream side of the first expansion
valve and the refrigerant flowing through the fourth
passage;

a second connector that connects a part of the sec-
ond passage on a suction side of the second com-
pressor and a part of the third passage on a down-
stream side of the intermediate heat exchanger;

a second expansion valve that is disposed on the
downstream side of the intermediate heat exchanger
on the fourth passage and decompresses the refrig-
erant flowing through the fourth passage; and

an evaporatorthatis disposed on a downstream side
of the second expansion valve on the fourth pas-
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sage, exchanges heat between the refrigerant flow-
ing through the fourth passage and air in the space
to be cooled, and discharges the refrigerant toward
a suction side of the first compressor.

[0011] According to the above configuration, since the
refrigeration cycle device includes the first passage, the
second passage, and the switching unit for switching the
two passages, the refrigeration cycle device is capable
of switching a connection state between the first com-
pressor and the second compressor to a series connec-
tion state or a parallel connection state. Thus, the refrig-
eration cycle device makes it possible to simplify the con-
figuration of the switching unit and the configuration of
piping for switching the connection state between the plu-
rality of compressors to a series connection state or a
parallel connection state.

[0012] Further, in the refrigeration cycle device, the in-
termediate heat exchanger exchanges heat between the
refrigerant flowing through the third passage on the
downstream side relative to the first expansion valve and
the refrigerant flowing through the fourth passage on the
upstream side relative to the second expansion valve in
any of the series connection state and the parallel con-
nection state between the compressors. Thus, a subcool-
ing degree of the refrigerant flowing through the fourth
passage on the downstream side of the intermediate heat
exchanger increases. Thus, the refrigeration cycle de-
vice is capable of increasing the cooling capability for
cooling airinthe space to be cooled by effectively utilizing
the intermediate heat exchangerin any of the series con-
nection state and the parallel connection state between
the compressors.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1is a diagram illustrating the configuration of a
refrigeration cycle device in a first embodiment.
FIG. 2 is a flowchart illustrating a control method of
the refrigeration cycle device in the firstembodiment.
FIG. 3 is a diagram illustrating a state in which a first
compressor and a second compressor are connect-
ed in parallel.

FIG. 4 is a diagram illustrating a state in which the
first compressor and the second compressor are
connected in series.

FIG. 5 is a flowchart illustrating a control method of
arefrigeration cycle device in a second embodiment.
FIG. 6 is a Mollier diagram illustrating the behavior
of arefrigerantwhen afirst compressorand a second
compressor are connected in series.

FIG. 7 is a Mollier diagram illustrating the behavior
of the refrigerant when the first compressor and the
second compressor are connected in series in a
state in which a cycle pressure difference is small.
FIG. 8 is a Mollier diagram illustrating the behavior
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of the refrigerant when the first compressor and the
second compressor are connected in parallel in a
state in which the cycle pressure difference is small.
FIG.9is a sectional view illustrating the configuration
of a rotary compressor included in a refrigeration cy-
cle device in a third embodiment.

FIG. 10 is an enlarged view of a part X of FIG. 9.
FIG. 11 is a sectional view illustrating the configura-
tion of a scroll compressor included in a refrigeration
cycle device in a fourth embodiment.

FIG. 12 is a sectional view taken along line XII-XII
of FIG. 11.

FIG. 13 is an explanatory diagram describing the op-
eration of the scroll compressor.

FIG. 14 is a flowchart illustrating the operation of a
refrigeration cycle device in a fifth embodiment.
FIG. 15 is a graph illustrating an example of a tran-
sition of an in-storage temperature by the operation
of the refrigeration cycle device in the fifth embodi-
ment.

FIG. 16 is a graph illustrating an example of a tran-
sition of an in-storage temperature by the operation
of a refrigeration cycle device of a comparative ex-
ample.

FIG. 17 is a diagram illustrating the configuration of
a refrigeration cycle device in a sixth embodiment.
FIG. 18 is a flowchart illustrating the operation of the
refrigeration cycle device in the sixth embodiment.
FIG. 19 is a graph illustrating the relationship be-
tween arotation speed of a first compressorincluded
in a refrigeration cycle device in a seventh embodi-
ment and a first necessary pressure difference nec-
essary for avoiding vane failure.

FIG. 20 is a graph illustrating the relationship be-
tween a rotation speed of a second compressor in-
cluded in the refrigeration cycle device in the seventh
embodiment and a second necessary pressure dif-
ference necessary for avoiding vane failure.

DETAILED DESCRIPTION

[0014] Hereinafter, embodiments will be described ac-
cording to the drawings. Same or equivalent portions
among respective embodiments below are labeled with
same reference numerals in the drawings.

First Embodiment

[0015] A first embodiment will be described. A refrig-
eration cycle device of the first embodiment is used in a
refrigerator which cools air in a freezer as a space to be
cooled and has a function of cooling an in-storage tem-
perature of the freezer to a very low temperature, for ex-
ample, approximately -30°C to -10°C.

[0016] As illustrated in FIG. 1, the refrigeration cycle
device 1 includes a first compressor 11, a second com-
pressor 12, a switching unit 13, a condenser 14, a first
expansion valve 15, an intermediate heat exchanger 16,
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a second expansion valve 17, and an evaporator 18
which are connected through, for example, pipes. For
example, a fluorocarbon refrigerant such as R404A can
be employed as a refrigerant circulating through the re-
frigeration cycle device 1. Each component of the refrig-
eration cycle device 1 is driven and controlled by a control
device 20. In FIG. 1, a signal line between the control
device 20 and each component is indicated by a broken
line.

[0017] The first compressor 11 and the second com-
pressor 12 are both electric compressors. Each of the
first compressor 11 and the second compressor 12 in-
cludes a refrigerant compression mechanism (not illus-
trated) and an electric motor (not illustrated) for rotating
the refrigerant compression mechanism. The refrigerant
compression mechanismis driven to rotate by the electric
motor to compress the refrigerant sucked through a suc-
tion port and discharge the refrigerant through a dis-
charge port. The refrigerant compression mechanism is
a fixed displacement compression mechanism whose
discharge capacity is fixed. For example, a rotary or scroll
compression mechanism can be employed as the refrig-
erant compression mechanism. The electric motor is driv-
en and controlled by the control device 20. A refrigerant
discharge amount of each of the first compressor 11 and
the second compressor 12 is varied by controlling a ro-
tation speed of the electric motor by the control device 20.
[0018] The switching unit 13 is disposed on the dis-
charge side of the first compressor 11. The switching unit
13 ofthe presentembodimentis a flow passage switching
valve which includes an inflow port 130, a first outflow
port 131, and a second outflow port 132. When the
switching unit 13 causes the inflow port 130 and the first
outflow port 131 to communicate with each other, the
switching unit 13 interrupts communication between the
inflow port 130 and the second outflow port 132. When
the switching unit 13 interrupts communication between
the inflow port 130 and the first outflow port 131, the
switching unit 13 causes the inflow port 130 and the sec-
ond outflow port 132 to communicate with each other.
The switching unit 13 is, for example, a three-way valve.
[0019] The inflow port 130 is connected to a passage
on the discharge side of the first compressor 11. The first
outflow port 131 is connected to a first passage 21, and
the second outflow port 132 is connected to a second
passage 22. Thus, the switching unit 13 is capable of
switching the flow of the refrigerant discharged from the
first compressor 11 to the first passage 21 or the second
passage 22.

[0020] The second compressor 12 is disposed on the
middle of the second passage 22. The second compres-
sor 12 compresses and discharges the refrigerant flowing
through the second passage 22.

[0021] A part of the second passage 22 on the dis-
charge side of the second compressor 12, a part of the
first passage 21 on the side opposite to the switching unit
13, and a passage on the inlet side of the condenser 14
are connected by a first connector 25 which is a three-
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way joint. Accordingly, the refrigerant flowing through the
first passage 21 or the second passage 22 flows into the
condenser 14 via the first connector 25.

[0022] In the present embodiment, the first passage
21 connects the first outflow port 131 of the switching
unit 13 and the first connector 25 to each other. The sec-
ond passage 22 connects the second outflow port 132
of the switching unit 13 and the first connector 25 to each
other.

[0023] Onthe second passage 22, a second connector
26 which is a three-way joint is disposed between the
second outflow port 132 of the switching unit 13 and a
suction port of the second compressor 12. The second
connector 26 connects the second passage 22 and a
third passage 23 (described below). Thus, the second
connector 26 connects a part of the second passage 22
on the suction side of the second compressor 12 and a
part of the third passage 23 on the downstream side of
the intermediate heat exchanger 16.

[0024] The first connector 25 and the second connec-
tor 26 may include plural pipes joined together or plural
flow passages formed on a metal block or a resin block.
[0025] The condenser 14 is a radiation heat exchanger
which exchanges heat between the refrigerant flowing
through a refrigerant passage (not illustrated) formed in-
side the condenser 14 and air outside the freezer (that
is, the outside air) to radiate heat of the high-pressure
refrigerant to the outside air. The high-pressure refriger-
ant flowing through the refrigerant passage inside the
condenser 14 is cooled and condensed by radiating heat
to the outside air.

[0026] The flow passage on the outlet side of the con-
denser 14 is divided into the third passage 23 and a fourth
passage 24 by a branch unit 27. That is, the passage on
the outlet side of the condenser 14, the third passage 23,
and the fourth passage 24 are connected by the branch
unit 27 which is a three-way joint. Accordingly, the refrig-
erant flowing out of the outlet side of the condenser 14
is divided into the third passage 23 and the fourth pas-
sage 24. The branch unit 27 may include plural pipes
joined together or plural flow passages formed on a metal
block or a resin block.

[0027] In the present embodiment, the third passage
23 connects the branch unit 27 and the second connector
26 to each other. The fourth passage 24 connects the
branch unit 27 and a suction port of the first compressor
11 to each other.

[0028] The first expansion valve 15 for decompressing
the refrigerant flowing through the third passage 23 is
disposed on the middle of the third passage 23. The re-
frigerant decompressed by the first expansion valve 15
becomes a gas-liquid two-phase state and flows into the
intermediate heat exchanger 16. That is, the first expan-
sion valve 15 is disposed on the upstream side of the
intermediate heat exchanger 16 on the third passage 23.
[0029] On the other hand, the refrigerant flowing
through the fourth passage 24 also flows into the inter-
mediate heat exchanger 16. On the fourth passage 24,
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the second expansion valve 17 for decompressing the
refrigerant flowing through the fourth passage 24 is dis-
posed on the downstream side of the intermediate heat
exchanger 16.

[0030] The first expansion valve 15 and the second
expansion valve 17 are flow control valves capable of
mechanically or electrically controlling a refrigerant flow
rate. For example, the first expansion valve 15 changes
a valve opening degree by a mechanical mechanism to
control the refrigerant flow rate on the basis of the tem-
perature and the pressure of the refrigerant on the outlet
side of the intermediate heat exchanger 16. The second
expansion valve 17 changes a valve opening degree by
a mechanical mechanism to control the refrigerant flow
rate on the basis of the temperature and the pressure of
the refrigerant on the outlet side of the evaporator 18.
[0031] In the intermediate heat exchanger 16, heat is
exchanged between the refrigerant flowing through the
third passage 23 on the downstream side relative to the
first expansion valve 15 and the refrigerant flowing
through the fourth passage 24 on the upstream side rel-
ative to the second expansion valve 17. That is, in the
intermediate heat exchanger 16, heat is exchanged be-
tween the refrigerant that has been decompressed by
the first expansion valve 15 and brought into a gas-liquid
two-phase state on the third passage 23 and the high-
temperature and high-pressure refrigerant flowing
through the fourth passage 24. Accordingly, a subcooling
degree of the refrigerant flowing through the fourth pas-
sage 24 increases.

[0032] The intermediate heat exchanger 16 illustrated
in FIG. 1 is a counterflow heat exchanger in which a flow
direction of the refrigerant flowing through the third pas-
sage 23 is opposite to a flow direction of the refrigerant
flowing through the fourth passage 24. In the intermedi-
ate heat exchanger 16, the refrigerant flowing through
the third passage 23 and the refrigerant flowing through
the fourth passage 24 exchange heat without being
mixed. The intermediate heat exchanger 16 may be a
parallel flow heat exchanger in which the flow direction
of the refrigerant flowing through the third passage 23 is
the same as the flow direction of the refrigerant flowing
through the fourth passage 24.

[0033] The refrigerant flowing through the third pas-
sage 23 on the downstream side of the intermediate heat
exchanger 16 flows into the second passage 22 through
the second connector 26. A check valve (not illustrated)
may be disposed between the intermediate heat ex-
changer 16 and the second connector 26 on the third
passage 23.

[0034] On the other hand, the refrigerant flowing
through the fourth passage 24 on the downstream side
of the intermediate heat exchanger 16 is decompressed
by the second expansion valve 17 and brought into a
gas-liquid two-phase state, and flows into the evaporator
18.

[0035] The evaporator 18 is disposed on the down-
stream side of the second expansion valve 17 on the
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fourth passage 24. In the evaporator 18, heat is ex-
changed between the refrigerant that has been decom-
pressed by the second expansion valve 17 and brought
into a gas-liquid two-phase state on the fourth passage
24 and air circulating through the freezer as the space
to be cooled. Accordingly, air in the space to be cooled
is cooled. A part of the fourth passage 24 on the down-
stream side of the evaporator 18 is connected to the suc-
tion port of the first compressor 11. Thus, the refrigerant
flowing out of the evaporator 18 toward the first compres-
sor 11 is sucked into the suction port of the first compres-
sor 11.

[0036] The refrigeration cycle device 1 is provided with
a plurality of pressure sensors for detecting the pressure
of the refrigerant. Specifically, a first pressure sensor 31
is disposed on a part of the second passage 22 on the
discharge side of the second compressor 12. The first
pressure sensor 31 detects the pressure of the refrigerant
discharged from the second compressor 12. The first
pressure sensor 31 only needs to be disposed on a pas-
sage between the discharge side of the second compres-
sor 12 and the second expansion valve 17.

[0037] A second pressure sensor 32 is disposed on a
part of the fourth passage 24 on the downstream side of
the evaporator 18. The second pressure sensor 32 de-
tects the pressure of the refrigerant decompressed by
the second expansion valve 17. The second pressure
sensor 32 only needs to be disposed on a passage be-
tween the downstream side of the second expansion
valve 17 and the first compressor 11.

[0038] A third pressure sensor 33 is disposed on a part
of the third passage 23 on the downstream side of the
intermediate heat exchanger 16. The third pressure sen-
sor 33 detects the pressure of the refrigerant decom-
pressed by the first expansion valve 15. The third pres-
sure sensor 33 only needs to be disposed on a passage
between the downstream side of the first expansion valve
15 and the second compressor 12.

[0039] All detection signals output from the first to third
pressure sensors 33 are input to the control device 20.

[0040] The controldevice 20 includes amicrocomputer
which includes a CPU and a memory such as a ROM
and a RAM, and a peripheral circuit thereof. The control
device 20 performs various operations and processes in
accordance with a control program stored in the memory
to control the operation of a device to be controlled which
is connected to the output side. The memory of the control
device 20 includes a non-transitory tangible storage me-
dium.

[0041] A detection signal of an in-storage temperature
sensor 34 which detects an air temperature Tfr in the
space to be cooled and a detection signal of an outside
air temperature sensor 35 which detects the temperature
of the outside air which exchanges heat with the high-
pressure refrigerant in the condenser 14 are input to the
control device 20.

[0042] The control device 20 is electrically connected
to an operation panel 36. The operation panel 36 is pro-
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vided with an activation/stop switch 37 which outputs a
startrequest signal or a stop request signal for the freezer
and a temperature setting switch 38 for setting a set tem-
perature Tset which is set as a target value for cooling
the air temperature in the space to be cooled. An oper-
ation signal of the activation/stop switch 37 and an op-
eration signal of the temperature setting switch 38 are
also input to the control device 20.

[0043] Hereinbelow, the operation of the refrigeration
cycle device 1 of the first embodiment will be described
with reference to a flowchart of FIG. 2. FIG. 2 is a flow-
chartillustrating a control process executed by the control
device 20.

[0044] The control process is started when the activa-
tion/stop switch 37 disposed on the operation panel 36
outputs the start request signal. First, in step S10, an
initialization process of the control device 20 is per-
formed. Next, in step S20, the control device 20 reads a
detection signal of the in-storage temperature sensor 34,
a detection signal of the outside air temperature sensor
35, an operation signal of the temperature setting switch
38, and the like.

[0045] Then, in step S30, the control device 20 deter-
mines whether the difference between the air tempera-
ture Tfrin the space to be cooled and the set temperature
Tsetis larger than a predetermined temperature Tth. The
predetermined temperature Tth is appropriately deter-
mined in advance by, for example, an experiment and
stored in the memory of the control device 20. When the
difference between the air temperature Tfr in the space
to be cooled and the set temperature Tset is larger than
the predetermined temperature Tth, the control device
20 determines that a cool down mode which requires a
large cooling capacity should be executed and shifts the
process to step S40.

[0046] In step S40, the control device 20 drives the
switching unit 13 so that communication between the in-
flow port 130 and the second outflow port 132 of the
switching unit 13 is interrupted and the inflow port 130
and the first outflow port 131 communicate with each
other. That is, the control device 20 drives the switching
unit 13 to bring the first compressor 11 and the second
compressor 12 into a parallel connection state. The state
at this time is illustrated in FIG. 3. In FIG. 3, a part of the
second passage 22 where no refrigerant flows is indicat-
ed by a broken line.

[0047] Inthe state in which the first compressor 11 and
the second compressor 12 are connected in parallel, the
refrigerant discharged from the first compressor 11 flows
to the first passage 21 without flowing to the second pas-
sage 22. Thus, the second compressor 12 which is dis-
posed on the second passage 22 compresses only the
refrigerant flowing into the second compressor 12 from
the third passage 23. In the intermediate heat exchanger
16, heat is exchanged between the refrigerant flowing
through the third passage 23 and the refrigerant flowing
through the fourth passage 24. Accordingly, the subcool-
ing degree of the refrigerant flowing through the fourth
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passage 24 on the downstream side of the intermediate
heat exchanger 16 increases. Thus, the refrigeration cy-
cle device 1is capable of increasing the cooling capacity.
[0048] Ontheotherhand, whenthe difference between
the air temperature Tfr in the space to be cooled and the
set temperature Tset is smaller than the predetermined
temperature Tth in step S30, the control device 20 de-
termines that an in-range mode which requires fine ca-
pacity control rather than a large cooling capacity should
be executed. Then, the control device 20 shifts the proc-
ess to step S50.

[0049] In step S50, the control device 20 drives the
switching unit 13 so that communication between the in-
flow port 130 and the first outflow port 131 of the switching
unit 13 is interrupted and the inflow port 130 and the
second outflow port 132 communicate with each other.
That s, the control device 20 brings the first compressor
11 and the second compressor 12 into a series connec-
tion state. That sate at this time is illustrated in FIG. 4. In
FIG. 4, a part of the first passage 21 where no refrigerant
flows is indicated by a broken line.

[0050] Inthe state in which the first compressor 11 and
the second compressor 12 are connected in series, the
refrigerant discharged from the first compressor 11 flows
to the second passage 22 without flowing to the first pas-
sage 21. Thus, the second compressor 12 which is dis-
posed on the second passage 22 compresses a mixture
of the refrigerant discharged from the first compressor
11 and the refrigerant flowing into the second compressor
12 from the third passage 23. At this time, the control
device 20 controls the first expansion valve 15 so that
the pressure of the refrigerant on the downstream side
of the first expansion valve 15 on the third passage 23
and the pressure of the refrigerant discharged from the
first compressor 11 become equal to or close to each
other. Further, the control device 20 controls the rotation
speed of each of the first compressor 11 and the second
compressor 12 so that a refrigerant compression ratio by
the first compressor 11 and a refrigerant compression
ratio by the second compressor 12 become equal to or
close to each other. Thus, it is possible to reduce the
refrigerant compression ratio by each of the first com-
pressor 11 and the second compressor 12, which im-
proves a refrigerant compression efficiency of each of
the first compressor 11 and the second compressor 12.
Thus, the refrigeration cycle device 1 is capable of im-
proving a coefficient of performance (COP).

[0051] Next, in step S60, when no stop request signal
has been output to the control device 20 from the oper-
ation panel 36, the control device 20 returns the process
to step S20 after an elapse of a predetermined control
period. On the other hand, when a stop request signal
has been output to the control device 20 from the oper-
ation panel 36, the control device 20 stops the operation
of each device to be controlled to stop the entire system
of the refrigerator.

[0052] The refrigeration cycle device 1 of the first em-
bodiment described above is capable of exhibiting excel-
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lent effects as described below by the above configura-
tion and operation.
[0053]

(1) The refrigeration cycle device 1 of the first em-
bodiment includes the switching unit 13 which is dis-
posed on the discharge side of the first compressor
11 and switches the flow of the refrigerant dis-
charged from the first compressor 11 to the first pas-
sage 21 or the second passage 22. The first passage
21 and the second passage 22 are connected by the
first connector 25 which is disposed on the upstream
side of the condenser 14. The second compressor
12 is disposed on the middle of the second passage
22.The part of the second passage 22 on the suction
side of the second compressor 12 and the part of
the third passage 23 on the downstream side of the
intermediate heat exchanger 16 are connected by
the second connector 26.

According to the above configuration, since the re-
frigeration cycle device 1 includes the first passage
21, the second passage 22, and the switching unit
13, the refrigeration cycle device 1 is capable of
switching a connection state between the two com-
pressors 11, 12 to a series connection state or a
parallel connection state. Thus, the refrigeration cy-
cle device 1 makes it possible to simplify the config-
uration of the switching unit 13 and the configuration
of piping for switching the connection state between
the two compressors 11, 12 to a series connection
state or a parallel connection state.

Further, in the refrigeration cycle device 1, the inter-
mediate heat exchanger 16 exchanges heat be-
tween the refrigerant flowing through the third pas-
sage 23 on the downstream side relative to the first
expansion valve 15 and the refrigerant flowing
through the fourth passage 24 on the upstream side
relative to the second expansion valve 17 in any of
the series connection state and the parallel connec-
tion state between the two compressors 11, 12.
Thus, the subcooling degree of the refrigerant flow-
ing through the fourth passage 24 on the down-
stream side of the intermediate heat exchanger 16
increases. Thus, the refrigeration cycle device 1 is
capable of increasing a cooling capability for cooling
air in the space to be cooled by effectively utilizing
the intermediate heat exchanger 16 in any of the
series connection state and the parallel connection
state between the compressors 11, 12.

(2) In the first embodiment, when the difference be-
tween the air temperature Tfr in the space to be
cooled and the set temperature Tset is smaller than
the predetermined temperature Tth, the control de-
vice 20 controls the switching unit 13 so that the re-
frigerant discharged from the first compressor 11
flows to the second passage 22. When the difference
between the air temperature Tfr in the space to be
cooled and the set temperature Tset is larger than
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the predetermined temperature Tth, the control de-
vice 20 controls the switching unit 13 so that the re-
frigerant discharged from the first compressor 11
flows to the first passage 21.

[0054] According to the above configuration, the con-
trol device 20 connects the two compressors 11, 12 in
series during the in-range mode which does not require
alarge cooling capacity. Accordingly, it is possible to re-
duce the refrigerant compression ratio by each of the
compressors 11, 12, which improves the refrigerant com-
pression efficiency of each of the compressors 11, 12.
Thus, the refrigeration cycle device 1 is capable of im-
proving the coefficient of performance.

[0055] On the other hand, the control device 20 con-
nects the two compressors 11, 12 in parallel during the
cool down mode which requires a large cooling capacity.
Accordingly, it is possible to increase the subcooling de-
gree of the refrigerant flowing through the fourth passage
24 on the downstream side of the intermediate heat ex-
changer 16. Thus, the refrigeration cycle device 1 is ca-
pable of increasing the cooling capacity to bring the air
temperature Tfr in the space to be cooled close to the
set temperature Tset in a short time.

Second Embodiment

[0056] A second embodiment will be described. In the
second embodiment, the operation of the refrigeration
cycle device 1 of the first embodiment is modified. The
other configuration of the second embodiment is similar
to the first embodiment. Thus, only a part different from
that of the first embodiment will be described.

[0057] FIG. 5 is a flowchart illustrating a control proc-
ess executed by a control device 20 of the second em-
bodiment.

[0058] The control process is started when a start re-
quest signal is output by the activation/stop switch 37 of
the operation panel 36.

[0059] First, in step S10, aninitialization process of the
control device 20 is performed. Next, in step S21, the
control device 20 reads a detection signal of the first pres-
sure sensor 31 and a detection signal of the second pres-
sure sensor 32. Then, the control device 20 calculates
the difference between a pressure detected by the de-
tection signal of the first pressure sensor 31 and a pres-
sure detected by the second pressure sensor 32 (here-
inbelow, referred to as the "cycle pressure difference
AP").

[0060] Then, in step S31, the control device 20 deter-
mines whether the cycle pressure difference AP is small-
er than a predetermined pressure Pth. The predeter-
mined pressure Pth is appropriately set in advance by,
for example, an experiment and stored in the memory of
the control device 20. When the cycle pressure difference
AP is larger than the predetermined pressure Pth, the
control device 20 shifts the process to step S50.

[0061] In step S50, the control device 20 drives the
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switching unit 13 so that communication between the in-
flow port 130 and the first outflow port 131 of the switching
unit 13 is interrupted and the inflow port 130 and the
second outflow port 132 communicate with each other.
That is, the control device 20 brings the first compressor
11 and the second compressor 12 into a series connec-
tion state. FIG. 6 is a Mollier diagram illustrating the be-
havior of the refrigerant flowing through the refrigeration
cycle device 1 when the first compressor 11 and the sec-
ond compressor 12 are connected in series. In FIG. 6,
the cycle pressure difference AP is indicated by arrow
AP1.

[0062] In a state in which the first compressor 11 and
the second compressor 12 are connected in series, the
control device 20 controls the rotation speed of each of
the first compressor 11 and the second compressor 12
so that the refrigerant compression ratio by the first com-
pressor 11 and the refrigerant compression ratio by the
second compressor 12 become equal to or close to each
other. Thus, it is possible to reduce the refrigerant com-
pression ratio by each of the first compressor 11 and the
second compressor 12, which improves a refrigerant
compression efficiency of each of the first compressor
11 and the second compressor 12.

[0063] FIG. 7 illustrates a state in which the first com-
pressor 11 and the second compressor 12 are connected
in series and the cycle pressure difference AP is small.
In FIG. 7, the cycle pressure difference AP is indicated
by arrow AP2. The cycle pressure difference AP2 illus-
trated in FIG. 7 is smaller than the cycle pressure differ-
ence AP1 illustrated in FIG. 6. In order to mix the refrig-
erant on the downstream side of the intermediate heat
exchanger 16 on the third passage 23 and the refrigerant
on the discharge side of the first compressor 11, the re-
frigerant pressure on the downstream side relative to the
first expansion valve 15 on the third passage 23 cannot
be made lower than the refrigerant pressure on the dis-
charge side ofthe firstcompressor 11. Thus, asillustrated
in FIG. 7, when the cycle pressure difference AP2 be-
comes small, it is difficult to increase the subcooling de-
gree of the refrigerant flowing through the fourth passage
24 inside the intermediate heat exchanger 16.

[0064] Thus, in the second embodiment, when the cy-
cle pressure difference AP is smaller than the predeter-
mined pressure Pth in step S31, the control device 20
shifts the process to step S40. In step S40, the control
device 20 drives the switching unit 13 so that communi-
cation between the inflow port 130 and the second out-
flow port 132 of the switching unit 13 is interrupted, and
the inflow port 130 and the first outflow port 131 commu-
nicate with each other. That is, the control device 20
brings the first compressor 11 and the second compres-
sor 12 into a parallel connection state. FIG. 8 is a Mollier
diagramiillustrating the behavior of the refrigerant flowing
through the refrigeration cycle device 1 when the first
compressor 11 and the second compressor 12 are con-
nected in parallel. In FIG. 8, the cycle pressure difference
AP is indicated by arrow AP2. The cycle pressure differ-
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ence AP2 illustrated in FIG. 7 is equal to the cycle pres-
sure difference AP2 illustrated in FIG. 8.

[0065] Inthe state in which the first compressor 11 and
the second compressor 12 are connected in parallel, the
control device 20 reduces the pressure of the refrigerant
flowing through the third passage 23 inside the interme-
diate heat exchanger 16 to be lower than the pressure
of the refrigerant on the discharge side of the first com-
pressor 11. Accordingly, the control device 20 increases
the subcooling degree of the refrigerant flowing through
the fourth passage 24 inside the intermediate heat ex-
changer 16. Thus, the refrigeration cycle device 1 is ca-
pable of maintaining the cooling capability for cooling air
in the space to be cooled even when the cycle pressure
difference AP2 is small.

[0066] In this case, since the cycle pressure difference
AP2 is small, an increase in the refrigerant compression
ratio by each of the first compressor 11 and the second
compressor 12is prevented. Thus, an increase in energy
consumption of each of the first compressor 11 and the
second compressor 12 is small.

[0067] When a rotary compression mechanism is em-
ployed as each of the first compressor 11 and the second
compressor 12, itis possible to prevent a so-called vane
jumping phenomenon in which a vane cannot follow the
rotation of a roller by connecting the first compressor 11
and the second compressor 12 in parallel. This will be
described in a third embodiment described below.
[0068] When a scroll compression mechanism is em-
ployed as each of the first compressor 11 and the second
compressor 12, it is possible to prevent excessive com-
pression of the refrigerant by connecting the first com-
pressor 11 and the second compressor 12 in parallel.
This will be described in a fourth embodiment described
below.

[0069] Step S60 is the same as the process described
in the first embodiment. Thus, description thereof will be
omitted.

[0070] In the second embodiment described above,
when the cycle pressure difference AP1 is larger than
the predetermined pressure Pth, the control device 20
controls the switching unit 13 so that the refrigerant dis-
charged from the first compressor 11 flows to the second
passage 22. Accordingly, the first compressor 11 and the
second compressor 12 are connected in series. Thus,
the refrigeration cycle device 1 is capable of improving
the refrigerant compression efficiency of each of the two
compressors 11, 12 and improving the coefficient of per-
formance of the refrigeration cycle device 1.

[0071] On the other hand, when the cycle pressure dif-
ference AP2 is smaller than the predetermined pressure
Pth, the control device 20 controls the switching unit 13
so that the refrigerant discharged from the first compres-
sor 11 flows to the first passage 21. Accordingly, the first
compressor 11 and the second compressor 12 are con-
nected in parallel. Thus, the refrigeration cycle device 1
is capable of increasing the cooling capability for cooling
air in the space to be cooled even when the cycle pres-
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sure difference AP2 is small.
Third Embodiment

[0072] A third embodiment will be described. The third
embodiment is an example of the configuration of the
compressor included in the refrigeration cycle device 1
described in the firstand second embodiments. The other
configuration is similar to that of the first and second em-
bodiments. Thus, in the third embodiment, the configu-
ration of the compressor will be described.

[0073] Atleastone of a first compressor 11 and a sec-
ond compressor 12 included in a refrigeration cycle de-
vice 1 of the third embodiment is a rotary vane compres-
sor (hereinbelow, referred to as the rotary compressor).
As illustrated in FIGS. 9 and 10, a rotary compressor 40
includes a cylinder 41 which includes aninner wall having
a cylindrical shape, a roller 42 which is disposed inside
the cylinder 41, and a vane 43. In FIG. 10, the cylinder
41 and a pump chamber 45 are not illustrated. The vane
43 is reciprocatively disposed inside a hole formed on
the cylinder 41. The vane 43 has a tip 48 which is in
sliding contact with an outer wall of the roller 42, the outer
wall being located on the outer side in the radial direction,
to partition the pump chamber 45 which is formed be-
tween an inner wall of the cylinder 41 and the outer wall
of the roller 42.

[0074] Inthe rotary compressor 40, the roller 42 swing-
ably rotates in such a manner that a sliding contact point
44 between the inner wall of the cylinder 41 and the outer
wall of the roller 42 moves in the circumferential direction.
When the sliding contact point 44 between the inner wall
ofthe cylinder 41 and the outer wall of the roller 42 moves
by 360°, the refrigerant is sucked into the pump chamber
45 through a suction port 46. Then, when the sliding con-
tact point 44 further rotates by 360°, the refrigerant in the
pump chamber 45 is compressed, and the high-pressure
refrigerant is discharged through a discharge port 47.
[0075] Typically, in the rotary compressor 40, a pres-
sure difference between the pressure of the refrigerant
sucked through the suction port 46 and the pressure of
the refrigerant discharged through the discharge port 47
is used as a force that presses the vane 43 against the
outer wall of the roller 42 (that is, the back pressure of
the vane 43). Thus, when the roller 42 rotates at high
speed and the pressure difference is low, the vane 43
cannot follow the rotation of the roller 42, and a so-called
vane jumping phenomenon is prone to occur. When the
vane jumping occurs, noise increases, and an efficiency
as a compressor is also reduced, which may result in
abnormal wear of the roller 42. In the following descrip-
tion, the pressure of the refrigerant sucked through the
suction port 46 is referred to as the suction pressure.
Further, the pressure of the refrigerant discharged
through the discharge port 47 is referred to as the dis-
charge pressure.

[0076] Thus, the refrigeration cycle device 1 of the third
embodiment connects the first compressor 11 and the

10

15

20

25

30

35

40

45

50

55

second compressor 12 in parallel when the cycle pres-
sure difference AP is small in a manner similar to the
control described in the second embodiment. According-
ly, as compared to a state in which the first compressor
11 and the second compressor 12 are connected in se-
ries, itis possible to increase the pressure difference be-
tween the suction pressure and the discharge pressure
of each of the first compressor 11 and the second com-
pressor 12 to increase the back pressure of the vane 43.
Thus, in the refrigeration cycle device 1 of the third em-
bodiment, when the rotary compressor 40 is employed
as each of the first compressor 11 and the second com-
pressor 12, the vane jumping described above is pre-
vented. Thus, itis possible to preventan increase of noise
and preventareduction inthe efficiency as acompressor.

Fourth Embodiment

[0077] A fourth embodiment will be described. The
fourth embodiment is also an example of the configura-
tion of the compressor included in the refrigeration cycle
device 1 described in the first and second embodiments.
The other configuration is similar to that of the first and
second embodiments. Thus, in the fourth embodiment,
the configuration of the compressor will be described.
[0078] Atleastone of a first compressor 11 and a sec-
ond compressor 12 included in a refrigeration cycle de-
vice 1 of the fourth embodiment is a scroll compressor.
As illustrated in FIGS. 11 and 12, a scroll compressor 50
includes a fixed scroll 51 having a spiral shape and an
orbiting scroll 52 having a spiral shape, the orbiting scroll
being disposed between wall surfaces of the fixed scroll
51.

[0079] In the scroll compressor 50, the orbiting scroll
52 swingably rotates in such a manner that a sliding con-
tact point 53 between the fixed scroll 51 and the orbiting
scroll 52 moves in the circumferential direction.

[0080] (A) to (F) of FIG. 13 illustrate a state in which
the sliding contact point 53 between the fixed scroll 51
and the orbiting scroll 52 moves by 360° by the operation
of the orbiting scroll 52. In the scroll compressor 50, when
the sliding contact point 53 moves by 360°, the refrigerant
is sucked into an outer region of a compression chamber,
the outer region being located on the outer side in the
radial direction, through a suction port 54 which is dis-
posed on the outer side in the radial direction of the fixed
scroll 51 and the orbiting scroll 52. In (F) of FIG. 13, the
outer region ofthe compression chamberis denoted by a.
[0081] Then, when the sliding contact point 53 further
rotates by 360°, the refrigerant moves from the outer re-
gion in the radial direction of the compression chamber
to an intermediate region on the inner side in the radial
direction of the outer region. In (F) of FIG. 13, the inter-
mediate region of the compression chamber is denoted
by B.

[0082] Then, when the sliding contact point 53 further
rotates by 360°, the refrigerant moves from the interme-
diate region of the compression chamber to an inner re-
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gion on the inner side in the radial direction of the inter-
mediate region. In (F) of FIG. 13, the inner region of the
compression chamber is denoted by vy. In the compres-
sion chamber, the capacity of the intermediate region is
smaller than the capacity of the outer region, and the
capacity of the inner region is smaller than the capacity
of the intermediate region.

[0083] Then, when the orbiting scroll 52 further rotates
by 360°, the refrigerant is discharged from the inner re-
gion of the compression chamber through a discharge
port 55 which is disposed on the center of the fixed scroll
51.

[0084] As described above, in the scroll compressor
50, the capacity ratio between the capacity of the outer
region where the compression of the refrigerant is started
and the capacity of the inner region where the refrigerant
is discharged from the compression chamber is deter-
mined in the capacity of the compression chamber which
is formed between the fixed scroll 51 and the orbiting
scroll 52. Thus, when the cycle pressure difference AP
is low, the compression of the refrigerant by the com-
pressor becomes excessive, and an energy loss occurs.
[0085] Further, typically, the scroll compressor 50 uses
the discharge pressure of the refrigerant as a force that
presses the fixed scroll 51 and the orbiting scroll 52
against each other in a rotation axis direction (that is, the
back pressure of the scroll). Thus, when the pressure
difference is low, the back pressure of the scroll is small.
When a so-called refrigerantleakage occurs, specifically,
the refrigerantin the compression chamber leaks through
a gap between the fixed scroll 51 and the orbiting scroll
52, the compression efficiency of the compressor 50 may
be reduced.

[0086] Thus, the refrigeration cycle device 1 of the
fourth embodiment also connects the first compressor
11 and the second compressor 12 in parallel when the
cycle pressure difference AP is small in a manner similar
to the control described in the second embodiment. Ac-
cordingly, as compared to a state in which the first com-
pressor 11 and the second compressor 12 are connected
in series, itis possible to increase the pressure difference
between the suction pressure and the discharge pres-
sure of each of the first compressor 11 and the second
compressor 12. Thus, in the refrigeration cycle device 1
of the fourth embodiment, when the scroll compressor
50 is employed as each of the first compressor 11 and
the second compressor 12, it is possible to prevent ex-
cessive compression and improve the coefficient of per-
formance of the refrigeration cycle device 1.

[0087] Further,itis possible toincrease the back pres-
sure of the scroll by connecting the first compressor 11
and the second compressor 12 in parallel, which prevents
a refrigerant leakage through the gap between the fixed
scroll 51 and the orbiting scroll 52. Thus, it is possible to
prevent a reduction in the compression efficiency of the
compressor 50.
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Fifth Embodiment

[0088] A fifth embodiment will be described. In the fifth
embodiment, an example of the operation in the config-
uration of the refrigeration cycle device 1 described in
the first embodiment will be described with reference to
a flowchart of FIG. 14.

[0089] The control process is started when the activa-
tion/stop switch 37 disposed on the operation panel 36
outputs the start request signal. First, in step S110, an
initialization process of the control device 20 is per-
formed. Next, in step S120, the control device 20 reads
a detection signal of the in-storage temperature sensor
34, a detection signal of the outside air temperature sen-
sor 35, and an operation signal of the temperature setting
switch 38. In the following description, an air temperature
Tfr in the space to be cooled, the air temperature Tfr
being detected by the in-storage temperature sensor 34,
is defined as the in-storage temperature Tfr.

[0090] In step S130, the control device 20 determines
which mode, the cool down mode or the in-range mode,
should be executed. Specifically, the control device 20
determines whether a value obtained by subtracting the
set temperature Tset from the in-storage temperature Tfr
is larger than a first predetermined temperature t1. When
the value obtained by subtracting the set temperature
Tset from the in-storage temperature Tfr is larger than
the first predetermined temperature t1, the control device
20 determines that the cool down mode which requires
a large cooling capacity for cooling the in-storage space
should be executed, and shifts the process to step S140.
[0091] The first predetermined temperature t1 de-
scribed above, and a second predetermined temperature
t2 and a third predetermined temperature t3 which are
described below are all appropriately set in advance by,
for example, an experiment and stored in the memory of
the control device 20. The first predetermined tempera-
ture t1, the second predetermined temperature t2, and
the third predetermined temperature t3 may be different
values or the same value.

[0092] In step S140, the control device 20 drives the
switching unit 13 to bring the first compressor 11 and the
second compressor 12 into a parallel connection state,
and drives the first compressor 11 and the second com-
pressor 12. Accordingly, the refrigeration cycle device 1
is brought into a state illustrated in FIG. 3. When the cool
down mode is executed, the refrigerant discharged from
the first compressor 11 flows to the first passage 21 with-
out flowing to the second passage 22. Thus, the second
compressor 12 which is disposed on the second passage
22 compresses only the refrigerant flowing into the sec-
ond compressor 12 from the third passage 23. In the
intermediate heat exchanger 16, heat is exchanged be-
tween the refrigerant flowing through the third passage
23 and the refrigerant flowing through the fourth passage
24. Accordingly, the subcooling degree of the refrigerant
flowing through the fourth passage 24 on the downstream
side of the intermediate heat exchanger 16 increases.



19 EP 3 575 711 A1 20

Thus, the refrigeration cycle device 1 is capable of in-
creasing the cooling capacity.

[0093] Then, in step S150, the control device 20 de-
termines whether a value obtained by subtracting the in-
storage temperature Tfr from the set temperature Tset
is larger than the second predetermined temperature t2.
The second predetermined temperature t2 is a value in-
cluding zero. When the value obtained by subtracting the
in-storage temperature Tfr from the set temperature Tset
is smaller than the second predetermined temperature
t2, the control device 20 continues driving of the first com-
pressor 11 and the second compressor 12. Thus, cooling
of the in-storage space by the cool down mode is con-
tinuously executed.

[0094] On the other hand, when the value obtained by
subtracting the in-storage temperature Tfr from the set
temperature Tset is larger than the second predeter-
mined temperature t2 in step S150, the control device 20
shifts the process to step S160. In step S160, the control
device 20 stops driving of the first compressor 11 and
the second compressor 12. Accordingly, cooling of the
in-storage space by the cool down mode is stopped.
[0095] Thatis, in the fifth embodiment, the control de-
vice 20 continuously executes cooling of the in-storage
space by the cool down mode until the in-storage tem-
perature Tfr becomes the temperature obtained by sub-
tracting the second predetermined temperature t2 from
the settemperature Tset. Accordingly, in the control proc-
ess executed by the control device 20 of the fifth embod-
iment, it is possible to lower the in-storage temperature
Tfr to the set temperature Tset or less in a short time.
[0096] Next, in step S170, the control device 20 deter-
mines whether the value obtained by subtracting the set
temperature Tset from the in-storage temperature Tfr is
largerthan the third predetermined temperature t3. When
the value obtained by subtracting the set temperature
Tset from the in-storage temperature Tfr is smaller than
the third predetermined temperature t3, the control de-
vice 20 continues the driving stop state of the first com-
pressor 11 and the second compressor 12.

[0097] On the other hand, when the value obtained by
subtracting the set temperature Tset from the in-storage
temperature Tfr is larger than the third predetermined
temperature t3 in step S170, the control device 20 shifts
the process to step S130. In step S130, the control device
20 determines which mode, the cool down mode or the
in-range mode, should be executed again. When the val-
ue obtained by subtracting the set temperature Tset from
the in-storage temperature Tfr is smaller than the first
predetermined temperature t1 in step S130, the control
device 20 determines that the in-range mode should be
executed, and shifts the process to step S180. In the in-
range mode, in order to maintain the temperature in the
in-storage space within a predetermined temperature
range, it is possible to perform fine capacity control.
[0098] In step S180, the control device 20 brings the
first compressor 11 and the second compressor 12 into
a series connection state and drives the first compressor
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11 and the second compressor 12. Accordingly, the re-
frigeration cycle device 1 is brought into a state illustrated
in FIG. 4. When the in-range mode is executed, the re-
frigerant discharged from the first compressor 11 flows
to the second passage 22 without flowing to the first pas-
sage 21. Thus, the second compressor 12 which is dis-
posed on the second passage 22 compresses a mixture
of the refrigerant discharged from the first compressor
11 and the refrigerant flowing into the second compressor
12 from the third passage 23. At this time, the control
device 20 controls the rotation speed of each of the first
compressor 11 and the second compressor 12 so that
the refrigerant compression ratio by the first compressor
11 and the refrigerant compression ratio by the second
compressor 12 become equal to or close to each other.
Thus, itis possible to reduce the refrigerant compression
ratio by each of the first compressor 11 and the second
compressor 12, which improves a refrigerant compres-
sion efficiency of each of the first compressor 11 and the
second compressor 12. Thus, the refrigeration cycle de-
vice 1 is capable of improving the coefficient of perform-
ance.

[0099] Then, in step S190, the control device 20 de-
termines whether the value obtained by subtracting the
in-storage temperature Tfr from the settemperature Tset
is larger than the second predetermined temperature t2.
When the value obtained by subtracting the in-storage
temperature Tfr from the set temperature Tset is smaller
than the second predetermined temperature t2, the con-
trol device 20 shifts the process to step S130. In step
S130, the control device 20 determines which mode, the
cool down mode or the in-range mode, should be exe-
cuted again. When the value obtained by subtracting the
set temperature Tset from the in-storage temperature Tfr
is smaller than the first predetermined temperature t1 in
step S130, the control device 20 continuously executes
the in-range mode.

[0100] On the other hand, when the value obtained by
subtracting the in-storage temperature Tfr from the set
temperature Tset is larger than the second predeter-
mined temperature t2 in step S190, the control device 20
shifts the process to step S200. In step S200, the control
device 20 stops driving of the first compressor 11 and
the second compressor 12. Accordingly, cooling inside
the freezer by the in-range mode is stopped.

[0101] Next, in step S210, the control device 20 deter-
mines whether the value obtained by subtracting the set
temperature Tset from the in-storage temperature Tfr is
largerthan the third predetermined temperature t3. When
the value obtained by subtracting the set temperature
Tset from the in-storage temperature Tfr is smaller than
the third predetermined temperature t3, the control de-
vice 20 continues the driving stop state of the first com-
pressor 11 and the second compressor 12.

[0102] On the other hand, when the value obtained by
subtracting the set temperature Tset from the in-storage
temperature Tfr is larger than the third predetermined
temperature t3 in step S210, the control device 20 shifts
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the process to step S130. In step S130, the control device
20 determines which mode, the cool down mode or the
in-range mode, should be executed again.

[0103] The control process described above is contin-
uously executed until the stop request signal is output to
the control device 20 from the operation panel 36. When
the stop request signal has been output to the control
device 20 from the operation panel 36, the control device
20 stops the operation of each device to be controlled to
stop the entire system of the refrigerator.

[0104] Anexample of atransition of the in-storage tem-
perature Tfr when the refrigeration cycle device 1 of the
fifth embodiment cools the inside of the freezer will be
described with reference to a graph of FIG. 15.

[0105] Attime T1 of FIG. 15, the in-storage tempera-
ture Tfr is higher than a temperature obtained by adding
the first predetermined temperature t1 to the set temper-
ature Tset. At this time, when the control device 20 de-
termines that the value obtained by subtracting the set
temperature Tset from the in-storage temperature Tfr is
larger than the first predetermined temperature t1, the
control device 20 executes the cool down mode. That is,
the control device 20 drives the switching unit 13 to bring
the first compressor 11 and the second compressor 12
into a parallel connection state and drives the first com-
pressor 11 and the second compressor 12.

[0106] The control device 20 continuously executes
cooling inside the freezer by the cool down mode until
time T2. At time T2, the in-storage temperature Tfr is a
temperature obtained by subtracting the second prede-
termined temperature t2 from the set temperature Tset.
When the control device 20 determines that the value
obtained by subtracting the in-storage temperature Tfr
from the set temperature Tset is larger than the second
predetermined temperature t2, the control device 20
stops driving of the first compressor 11 and the second
compressor 12. That is, a thermostat-off state is estab-
lished.

[0107] Thethermostat-off state continues untiltime T3.
At time T3, the in-storage temperature Tfr is a tempera-
ture obtained by adding the second predetermined tem-
perature t2 to the set temperature Tset. When the control
device 20 determines that the value obtained by subtract-
ing the set temperature Tset from the in-storage temper-
ature Tfr is larger than the third predetermined temper-
ature t3, the control device 20 executes the in-range
mode. That is, the control device 20 drives the switching
unit 13 to bring the first compressor 11 and the second
compressor 12 into a series connection state and drives
the first compressor 11 and the second compressor 12.
[0108] The control device 20 executes cooling inside
the freezer by the in-range mode until time T4. At time
T2, the in-storage temperature Tfr is a temperature ob-
tained by subtracting the second predetermined temper-
ature t2 from the set temperature Tset. When the control
device 20 determines that the value obtained by subtract-
ing the in-storage temperature Tfr from the set temper-
ature Tset is larger than the second predetermined tem-
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perature t2, the control device 20 stops driving of the first
compressor 11 and the second compressor 12. That is,
a thermostat-off state is established.

[0109] For a comparison with the control method by
the refrigeration cycle device 1 of the fifth embodiment,
an example of a transition of the in-storage temperature
Tfr when the inside of the freezer is cooled by a control
method by a refrigeration cycle device of a comparative
example will be described with reference to a graph of
FIG. 16. The configuration of the refrigeration cycle de-
vice of the comparative example is the same as the con-
figuration of the first embodiment and the fifth embodi-
ment. The configuration and the control method of the
refrigeration cycle device of the comparative example
are not conventional techniques.

[0110] At time T10 of FIG. 16, the in-storage temper-
ature Tfris higher than a temperature obtained by adding
the first predetermined temperature t1 to the set temper-
ature Tset. At this time, when the control device 20 de-
termines that the value obtained by subtracting the set
temperature Tset from the in-storage temperature Tfr is
larger than the first predetermined temperature t1, the
control device 20 executes the cool down mode. That s,
the control device 20 drives the switching unit 13 to bring
the first compressor 11 and the second compressor 12
into a parallel connection state and drives the first com-
pressor 11 and the second compressor 12.

[0111] The control device 20 executes cooling inside
the freezer by the cool down mode until time T11. Attime
T11, the in-storage temperature Tfr is the temperature
obtained by adding the first predetermined temperature
t1 to the set temperature Tset. At this time, the control
device 20 executes the in-range mode. That is, the con-
trol device 20 drives the switching unit 13 to bring the
first compressor 11 and the second compressor 12 into
a series connection state and drives the first compressor
11 and the second compressor 12.

[0112] The control device 20 executes cooling inside
the freezer by the in-range mode until time T12. At time
T12, the in-storage temperature Tfr is a temperature ob-
tained by subtracting the second predetermined temper-
ature t2 from the set temperature Tset. At this time, the
control device 20 stops driving of the first compressor 11
and the second compressor 12. That is, a thermostat-off
state is established. The transition of the in-storage tem-
perature Tfr and the control process by the control device
20 of the comparative example after time T12 are the
same as the transition and the control process after time
T2 described in the fifth embodiment.

[0113] In the control method by the refrigeration cycle
device of the comparative example, when the in-storage
temperature Tfr becomes the temperature obtained by
adding the first predetermined temperature t1 to the set
temperature Tsetin the middle of executing the cool down
mode, the cool down mode is switched to the in-range
mode. Thus, in the comparative example, a time required
for the in-storage temperature Tfr to become the set tem-
perature Tset or less may become long.
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[0114] As compared to the comparative example as
described above, the control method by the refrigeration
cycle device 1 of the fifth embodiment achieves the fol-
lowing effect. Specifically, in the fifth embodiment, when
the control device 20 executes the cool down mode, the
control device 20 drives the first compressor 11 and the
second compressor 12 until the in-storage temperature
Tfr becomes lower than the value obtained by subtracting
the second predetermined temperature t2 from the set
temperature Tset. Then, when the in-storage tempera-
ture Tfr becomes lower than the value obtained by sub-
tracting the second predetermined temperature t2 from
the set temperature Tset, the control device 20 stops
driving of the first compressor 11 and the second com-
pressor 12. Accordingly, in the fifth embodiment, it is pos-
sible to lower the in-storage temperature Tfr to the set
temperature Tset or less in a short time.

Sixth Embodiment

[0115] A sixth embodiment will be described. In the six
embodiment, the configuration and the operation of the
refrigeration cycle device 1 of the first or second embod-
iment are partially modified.

[0116] As illustrated in FIG. 18, a refrigeration cycle
device 1 of the sixth embodiment includes a vane failure
detector 60 for detecting vane failure of the first compres-
sor 11 and the second compressor 12. For example, a
noise measuring instrument which measures noise of the
first compressor 11 and the second compressor 12 or a
vibration measuring instrument which measure vibra-
tions of the first compressor 11 and the second compres-
sor 12 can be employed as the vane failure detector 60.
Alternatively, for example, a flow rate measuring instru-
ment which measures a flow rate of a refrigerant circu-
lating through the refrigeration cycle device 1 can also
be employed as the vane failure detector 60. A signal
output from the vane failure detector 60 is transmitted to
the control device 20. The control device 20 determines
whether vane failure is occurring in the first compressor
11 orthe second compressor 12 on the basis of the signal.
[0117] Specifically, when the noise measuring instru-
ment is employed as the vane failure detector 60, the
control device 20 is capable of determining occurrence
of vane failure when a sound pressure in a predetermined
frequency band is larger than a certain sound pressure
in noise measured by the noise measuring instrument.
When the vibration measuring instrument is employed
as the vane failure detector 60, the control device 20 is
capable of determining occurrence of vane failure when
vibration measured by the vibration measuring instru-
ment is larger than a certain amplitude. When the flow
rate measuring instrument is employed as the vane fail-
ure detector 60, the control device 20 is capable of de-
termining occurrence of vane failure when a flow rate of
the refrigerant measured by the flow rate measuring in-
strument is lower than a certain flow rate. The predeter-
mined frequency band, the certain sound pressure, the
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certain amplitude, and the certain flow rate described
above are setin advance by, forexample, an experiment
and stored in the memory of the control device 20.
[0118] Next, the operation of the refrigeration cycle de-
vice 1 of the sixth embodiment will be described with
reference to a flowchart of FIG. 18. FIG. 18 is a flowchart
illustrating a control process executed by the control de-
vice 20 of the sixth embodiment. The control process is
started when a start request signal is output by the acti-
vation/stop switch 37 of the operation panel 36.

[0119] First, in step S10, an initialization process of the
control device 20 is performed. Next, in step S15, the
refrigeration cycle device 1 performs cooling of the in-
storage space. In the cooling operation, as described in
the first embodiment or the fifth embodiment, the first
compressor 11 and the second compressor 12 may be
connected in parallel when the cool down mode is exe-
cuted and connected in series when the in-range mode
is executed. Alternatively, as described in the second
embodiment, the first compressor 11 and the second
compressor 12 may be connected in series when the
cycle pressure difference AP is larger than the predeter-
mined pressure Pth and connected in parallel when the
cycle pressure difference AP is smaller than the prede-
termined pressure Pth.

[0120] Then, in step S25, the control device 20 reads
a signal transmitted from the vane failure detector 60. In
step S35, the control device 20 determines whether vane
failure is occurring in the first compressor 11 or the sec-
ond compressor 12 on the basis of the signal. Any of the
methods described above can be employed as a method
for determining vane failure.

[0121] When the control device 20 determines that
vane failure is occurring in the first compressor 11 or the
second compressor 12, the control device 20 shifts the
process to step S40. In step S40, the control device 20
causes the switching unit 13 to switch the refrigerant flow
passage so that the first compressor 11 and the second
compressor 12 are connected in parallel.

[0122] On the other hand, when the control device 20
determines that no vane failure is occurring in the first
compressor 11 or the second compressor 12, the control
device 20 shifts the process to step S55. In step S55, the
control device 20 maintains the switching unit 13 in a
current state. That is, when the first compressor 11 and
the second compressor 12 are connected in series in the
current state, the control device 20 maintains the series
connection. Further, when the first compressor 11 and
the second compressor 12 are connected in parallel in
the current state, the control device 20 maintains the par-
allel connection.

[0123] Step S60 is the same as the process described
in the first embodiment. Thus, description thereof will be
omitted.

[0124] In the sixth embodiment described above, the
control device 20 is capable of directly detecting vane
failure of the first compressor 11 or the second compres-
sor 12 by the vane failure detector 60 and coping with
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the vane failure.
Seventh Embodiment

[0125] A seventh embodiment will be described. Inthe
seventh embodiment, the control process described in
the second embodiment will be described in more detail.
Thus, in the seventh embodiment, description will be
made with reference to the flow chart of FIG. 5 referred
to in the second embodiment again.

[0126] The control process of the seventh embodiment
is started also when the activation/stop switch 37 of the
operation panel 36 outputs a start request signal. First,
in step S10, an initialization process of the control device
20 is performed.

[0127] Next, in step S21, the control device 20 reads
a detection signal of the first pressure sensor 31 and a
detection signal of the second pressure sensor 32. Then,
the control device 20 calculates the difference between
a pressure detected by the detection signal of the first
pressure sensor 31 and a pressure detected by the sec-
ond pressure sensor 32, that is, the cycle pressure dif-
ference AP.

[0128] Then, in step S31, the control device 20 deter-
mines whether the first compressor 11 and the second
compressor 12 should be connected in parallel or series
according to whether the cycle pressure difference AP is
smaller than the predetermined pressure Pth.

[0129] The control device 20 of the seventh embodi-
ment determines the predetermined pressure Pth on the
basis of a rotation speed of the first compressor 11 and
a rotation speed of the second compressor 12. FIG. 19
illustrates the relationship between the rotation speed of
the first compressor 11 and a necessary pressure differ-
ence necessary for the first compressor 11 to avoid vane
failure. In the following description, the pressure differ-
ence necessary for the first compressor 11 to avoid vane
failure at a predetermined rotation speed RS1 is referred
to as a first necessary pressure difference Pth1. In the
firstcompressor 11, as the rotation speed RS1 increases,
the first necessary pressure difference Pth1 correspond-
ing to the rotation speed RS1 increases.

[0130] FIG. 20 illustrates the relationship between the
rotation speed of the second compressor 12 and a nec-
essary pressure difference necessary for the second
compressor 12 to avoid vane failure. In the following de-
scription, the pressure difference necessary for the sec-
ond compressor 12 to avoid vane failure at a predeter-
mined rotation speed RS2 is referred to as a second nec-
essary pressure difference Pth2. Also in the second com-
pressor 12, as the rotation speed RS2 increases, the
second necessary pressure difference Pth2 correspond-
ing to the rotation speed RS2 increases. The relationship
between the rotation speed RS1 and the first necessary
pressure difference Pth1 of the first compressor 11 and
the relationship between the rotation speed RS2 and the
second necessary pressure difference Pth2 of the sec-
ond compressor 12 are set in advance by, for example,
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an experiment and stored in the memory of the control
device 20.

[0131] The control device 20 detects the first neces-
sary pressure difference Pth1 of the first compressor 11
on the basis of the rotation speed RS1 of the first com-
pressor 11. The control device 20 detects the second
necessary pressure difference Pth2 of the second com-
pressor 12 on the basis of the rotation speed RS2 of the
second compressor 12. Then, the control device 20 de-
fines the sum of the first necessary pressure difference
Pth1 and the second necessary pressure difference Pth2
as the predetermined pressure Pth.

[0132] When the cycle pressure difference AP calcu-
lated in step S21 is larger than the predetermined pres-
sure Pth, the control device 20 shifts the process to step
S50. In step S50, the control device 20 drives and con-
trols the switching unit 13 to bring the first compressor
11 and the second compressor 12 into a series connec-
tion state.

[0133] On the other hand, when the cycle pressure dif-
ference AP calculated in step S21 is smaller than the
predetermined pressure Pth, the control device 20 shifts
the process to step S40. In step S50, the control device
20 drives and controls the switching unit 13 to bring the
first compressor 11 and the second compressor 12 into
a parallel connection state. Step S60 is the same as the
process described in the firstembodiment. Thus, descrip-
tion thereof will be omitted.

[0134] Inthe seventh embodiment described above, it
is possible to achieve effects similar to the effects of the
second embodiment. In the seventh embodiment, the
control device 20 determines whether the first compres-
sor 11 and the second compressor 12 should be con-
nected in parallel or series according to whether the cycle
pressure difference AP is smaller than the predetermined
pressure Pth. Further, the predetermined pressure Pth
is the sum of the first necessary pressure difference Pth1
which is determined on the basis of the rotation speed
RS1 of the first compressor 11 and the second necessary
pressure difference Pth2 which is determined on the ba-
sis of the rotation speed RS2 of the second compressor
12. Accordingly, in the seventh embodiment, it is possible
to avoid vane failure of the first compressor 11 and the
second compressor 12.

Other Embodiment

[0135] Itshould be appreciated that the present disclo-
sure is not limited to the embodiments described above
and can be modified appropriately within the scope of
the appended claims. The embodiments above are not
irrelevant to one another and can be combined appropri-
ately unless a combination is obviously impossible. In
the respective embodiments above, it goes without say-
ing that elements forming the embodiments are not nec-
essarily essential unless specified as being essential or
deemed as being apparently essential in principle. In a
case where a reference is made to the components of
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the respective embodiments as to numerical values, such
as the number, values, amounts, and ranges, the com-
ponents are not limited to the numerical values unless
specified as being essential or deemed as being appar-
ently essential in principle. Also, in a case where a ref-
erence is made to the components of the respective em-
bodiments above as to shapes and positional relations,
the components are not limited to the shapes and the
positional relations unless explicitly specified or limited
to particular shapes and positional relations in principle.
[0136]

(1) For example, in each of the above embodiments,
the switching unit 13 is described as the flow passage
switching valve which includes the inflow port 130,
the first outflow port 131, and the second outflow port
132. On the other hand, in another embodiment, the
switching unit 13 may include afirst flow control valve
which is disposed on the first passage 21 and a sec-
ond flow control valve which is disposed on the sec-
ond passage 22. The first flow control valve and the
second flow control valve are not illustrated.

(2) For example, in each of the above embodiments,
the pressure sensors 31, 32, 33 are disposed on
pipes to detect the pressure of the refrigerant flowing
through the refrigeration cycle device 1. On the other
hand, in another embodiment, temperature sensors
may be disposed on the condenser 14, the interme-
diate heat exchanger 16, and the evaporator 18, and
the pressure of the refrigerant flowing through each
part of the refrigeration cycle device 1 may be de-
tected on the basis of temperatures detected by the
temperature sensors. The temperature sensors are
not illustrated.

Conclusion

[0137] Accordingto afirstaspectrepresented by a part
or all of the embodiments, a refrigeration cycle device
that cools air in a space to be cooled includes a first com-
pressor, a switching unit, a second compressor, a first
connector, a condenser, a branch unit, a first expansion
valve, an intermediate heat exchanger, a second con-
nector, a second expansion valve, and an evaporator.
The first compressor compresses and discharges a re-
frigerant. The switching unit is disposed on a discharge
side of the first compressor and switches a flow of the
refrigerant discharged from the first compressor to a first
passage or a second passage. The second compressor
is disposed on a middle of the second passage, and com-
presses and discharges the refrigerant flowing through
the second passage. The first connector connects a part
of the second passage on a discharge side of the second
compressor and the first passage. The condenser ex-
changes heat between the refrigerant flowing into the
condenser from the first connector and outside air. The
branch unit divides a flow passage on an outlet side of
the condenser to a third passage and a fourth passage.
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The first expansion valve is disposed on a middle of the
third passage and decompresses the refrigerant flowing
through the third passage. The intermediate heat ex-
changer exchanges heat between the refrigerant flowing
through the third passage on a downstream side of the
first expansion valve and the refrigerant flowing through
the fourth passage. The second connector connects a
part of the second passage on a suction side of the sec-
ond compressor and a part of the third passage on a
downstream side of the intermediate heat exchanger.
The second expansion valve is disposed on the down-
stream side of the intermediate heat exchanger on the
fourth passage and decompresses the refrigerantflowing
through the fourth passage. The evaporator is disposed
on a downstream side of the second expansion valve on
the fourth passage, exchanges heat between the refrig-
erant flowing through the fourth passage and air in the
space tobe cooled, and discharges the refrigerant toward
a suction side of the first compressor.

[0138] According to a second aspect, the refrigeration
cycle device further includes a control device that con-
trols the switching unit. The control device controls the
switching unit so that the refrigerant discharged from the
first compressor flows to the second passage when a
difference between a set temperature set as a target val-
ue for cooling an air temperature in the space to be cooled
and the air temperature in the space to be cooled is small-
erthan apredetermined temperature. Further, the control
device controls the switching unit so that the refrigerant
discharged from the first compressor flows to the first
passage when the difference between the air tempera-
ture in the space to be cooled and the set temperature
is larger than the predetermined temperature.

[0139] According to the above configuration, when the
difference between the air temperature in the space to
be cooled and the set temperature is smaller than the
predetermined temperature, that is, during an in-range
mode which does not require a large cooling capacity,
the control device connects the first compressor and the
second compressor in series. Accordingly, it is possible
to reduce the refrigerant compression ratio by each of
the compressors, which improves the refrigerant com-
pression efficiency of each of the first compressor and
the second compressor. Thus, the refrigeration cycle de-
vice is capable of improving the coefficient of perform-
ance.

[0140] Ontheotherhand, whenthe difference between
the air temperature in the space to be cooled and the set
temperature is larger than the predetermined tempera-
ture, that is, during a cool down mode which requires a
large cooling capacity, the control device connects the
first compressor and the second compressor in parallel.
Accordingly, it is possible to increase the subcooling de-
gree of the refrigerant flowing through the fourth passage
on the downstream side of the intermediate heat ex-
changer. Thus, the refrigeration cycle device is capable
of increasing the cooling capacity to bring the air temper-
ature in the space to be cooled close to the set temper-
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ature in a short time.

[0141] According to a third aspect, the refrigeration cy-
cle device further includes a control device that controls
the switching unit, a first pressure sensor that detects a
pressure of the refrigerant from the discharge side of the
second compressor to the second expansion valve, and
a second pressure sensor that detects a pressure of the
refrigerant from the downstream side of the second ex-
pansion valve to the first compressor. The control device
controls the switching unit so that the refrigerant dis-
charged from the first compressor flows to the second
passage when a difference between the pressure detect-
ed by the first pressure sensor and the pressure detected
by the second pressure sensor (thatis, the cycle pressure
difference) is larger than a predetermined pressure. Fur-
ther, the control device controls the switching unit so that
the refrigerant discharged from the first compressor flows
to the first passage when the difference between the
pressure detected by the first pressure sensor and the
pressure detected by the second pressure sensor (that
is, the cycle pressure difference) is smaller than the pre-
determined pressure.

[0142] According tothe above configuration, when the
cycle pressure difference is larger than the predeter-
mined pressure, the control device connects the first
compressor and the second compressor in series. Ac-
cordingly, the refrigerant compression efficiency of each
of the first compressor and the second compressor is
improved. Thus, the refrigeration cycle device is capable
of improving the coefficient of performance.

[0143] Onthe other hand, when the cycle pressure dif-
ference is smaller than the predetermined pressure, the
control device connects the first compressor and the sec-
ond compressor in parallel. Accordingly, it is possible to
increase the subcooling degree of the refrigerant flowing
through the fourth passage on the downstream side rel-
ative to the intermediate heat exchanger by reducing the
refrigerant pressure on the downstream side relative to
the first expansion valve on the third passage lower than
the refrigerant pressure on the discharge side of the first
compressor. Thus, the refrigeration cycle device is ca-
pable of increasing the cooling capability for cooling air
in the space to be cooled even when the cycle pressure
difference is small. In this case, since the cycle pressure
difference is small, an increase in the refrigerant com-
pression ratio by each of the first compressor and the
second compressor is prevented, and an increase in en-
ergy consumption of each of the first compressor and the
second compressor is small.

[0144] According to a fourth aspect, at least one of the
first compressor and the second compressor is a rotary
compressor. The rotary compressor includes a cylinder
including an inner wall having a cylindrical shape, a roller
disposed inside the cylinder, and a vane that partitions
a pump chamber formed between the inner wall of the
cylinder and an outer wall of the roller. In the rotary com-
pressor, the roller operates in such amanner thatasliding
contact point between the inner wall of the cylinder and
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the outer wall of the roller moves in a circumferential di-
rection.

[0145] According to the above configuration, when the
cycle pressure difference is small, the refrigeration cycle
device is capable of increasing the pressure difference
between the suction pressure and the discharge pres-
sure of each of the first compressor and the second com-
pressor by connecting the first compressor and the sec-
ond compressor in parallel as compared to a state in
which the first compressor and the second compressor
are connected in series. Accordingly, in the rotary com-
pressor, it is possible to increase the back pressure of
the vane, which prevents vane failure. Thus, the refrig-
eration cycle device is capable of preventing an increase
of noise in the rotary compressor and preventing a re-
duction in the compression efficiency of the rotary com-
pressor.

[0146] According to a fifth aspect, at least one of the
first compressor and the second compressor is a scroll
compressor. The scrollcompressorincludes a fixed scroll
having a spiral shape and an orbiting scroll having a spiral
shape, the orbiting scroll being disposed between walls
of the fixed scroll. In the scroll compressor, the orbiting
scroll operates in such a manner that a sliding contact
point between the fixed scroll and the orbiting scroll
moves in a circumferential direction.

[0147] According to the above configuration, in the
scrollcompressor, itis possible toincrease the back pres-
sure of the scroll by increasing the pressure difference
between the suction pressure and the discharge pres-
sure, which prevents a refrigerant leakage through a gap
between the fixed scroll and the orbiting scroll. Thus, it
is possible to prevent a reduction in the compression ef-
ficiency of the compressor. Further, in the scroll com-
pressor, excessive compression of the refrigerant is pre-
vented by increasing the pressure difference between
the suction pressure and the discharge pressure. Thus,
it is possible to improve the coefficient of performance of
the refrigeration cycle device 1.

[0148] According to a sixth aspect, the refrigeration cy-
cle device further includes a control device that controls
the switching unit. When the control device controls the
switching unit so that the refrigerant discharged from the
first compressor flows to the first passage and drives the
first compressor and the second compressor, the control
device continues a current state until the air temperature
in the space to be cooled becomes the set temperature
or less and then stops driving of the first compressor and
the second compressor. According to the above config-
uration, the refrigeration cycle device is capable of low-
ering the air temperature in the space to be cooled to the
set temperature or less in a short time.

[0149] According to a seventh aspect, the refrigeration
cycle device further includes a control device that con-
trols the switching unit, and a vane failure detector that
detects occurrence of vane failure in the rotary compres-
sor. When the vane failure detector detects occurrence
of vane failure in the rotary compressor, the control de-
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vice controls the switching unit so that the refrigerant dis-
charged from the first compressor flows to the first pas-
sage. According to the above configuration, the refriger-
ation cycle device is capable of directly detecting vane
failure of the first compressor or the second compressor
by the vane failure detector and coping with the vane
failure.

[0150] According to an eighth aspect, the predeter-
mined pressure compared with the cycle pressure differ-
ence by the control device is a sum of a first necessary
pressure difference determined on the basis of a rotation
speed of the first compressor and a second necessary
pressure difference determined on the basis of a rotation
speed of the second compressor. The first necessary
pressure difference is set to a larger value as the rotation
speed of the first compressorincreases. The second nec-
essary pressure difference is also set to a larger value
as the rotation speed of the second compressor increas-
es. According to the above configuration, the refrigeration
cycle device canavoid vane failure in the first compressor
and the second compressor.

Claims

1. Arefrigeration cycle device that cools air in a space
to be cooled, the refrigeration cycle device compris-

ing:

afirstcompressor (11) that compresses and dis-
charges a refrigerant;

a switching unit (13) that is disposed on a dis-
charge side of the first compressor and switches
a flow of the refrigerant discharged from the first
compressor to a first passage (21) or a second
passage (22);

a second compressor (12) that is disposed on a
middle of the second passage, and compresses
and discharges the refrigerant flowing through
the second passage;

a first connector (25) that connects a part of the
second passage on a discharge side of the sec-
ond compressor and the first passage;

a condenser (14) that exchanges heat between
the refrigerant flowing into the condenser from
the first connector and outside air;

a branch unit (27) that divides a flow passage
on an outlet side of the condenser to a third pas-
sage (23) and a fourth passage (24);

a first expansion valve (15) that is disposed on
amiddle of the third passage and decompresses
the refrigerant flowing through the third pas-
sage;

an intermediate heat exchanger (16) that ex-
changes heat between the refrigerant flowing
through the third passage on a downstream side
of the first expansion valve and the refrigerant
flowing through the fourth passage;
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a second connector (26) that connects a part of
the second passage on a suction side of the sec-
ond compressor and a part of the third passage
on a downstream side of the intermediate heat
exchanger;

a second expansion valve (17) that is disposed
on the downstream side of the intermediate heat
exchanger on the fourth passage and decom-
presses the refrigerant flowing through the
fourth passage; and

an evaporator (18) that is disposed on a down-
stream side of the second expansion valve on
the fourth passage, exchanges heat between
the refrigerant flowing through the fourth pas-
sage and air in the space to be cooled, and dis-
charges the refrigerant toward a suction side of
the first compressor.

The refrigeration cycle device according to claim 1,
further comprising a control device (20) that controls
the switching unit, wherein

the control device controls the switching unit so that
the refrigerant discharged from the first compressor
flows to the second passage when a difference be-
tween a set temperature (Tset) set as a target value
for cooling an air temperature (Tfr) in the space to
be cooled and the air temperature in the space to be
cooled is smaller than a predetermined temperature
(Tth), and

the control device controls the switching unit so that
the refrigerant discharged from the first compressor
flows to the first passage when the difference be-
tween the air temperature in the space to be cooled
and the set temperature is larger than the predeter-
mined temperature.

The refrigeration cycle device according to claim 1
or 2, further comprising:

a control device that controls the switching unit;
a first pressure sensor (31) that detects a pres-
sure of the refrigerant from the discharge side
of the second compressor to the second expan-
sion valve; and

a second pressure sensor (32) that detects a
pressure of the refrigerant from the downstream
side of the second expansion valve to the first
compressor, wherein

the control device controls the switching unit so
that the refrigerant discharged from the first
compressor flows to the second passage when
adifference (AP) between the pressure detected
by the first pressure sensor and the pressure
detected by the second pressure sensoris larger
than a predetermined pressure (Pth), and

the control device controls the switching unit so
that the refrigerant discharged from the first
compressor flows to the first passage when the
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difference between the pressure detected by the
first pressure sensor and the pressure detected
by the second pressure sensor is smaller than
the predetermined pressure.

The refrigeration cycle device according to any one
of claims 1 to 3, wherein

at least one of the first compressor and the second
compressor is a rotary compressor (40), the rotary
compressor includes:

a cylinder (41) including an inner wall having a
cylindrical shape;

aroller (42) disposed inside the cylinder; and
avane (43) that partitions a pump chamber (45)
formed between the inner wall of the cylinder
and an outer wall of the roller, and

the roller operates in such a manner that a sliding
contact point (44) between the inner wall of the cyl-
inder and the outer wall of the roller moves in a cir-
cumferential direction.

The refrigeration cycle device according to any one
of claims 1 to 3, wherein

at least one of the first compressor and the second
compressor is a scroll compressor (50), the scroll
compressor includes:

a fixed scroll (51) having a spiral shape; and
an orbiting scroll (52) having a spiral shape, the
orbiting scroll being disposed between walls of
the fixed scroll, and

the orbiting scroll operates in such a manner that a
sliding contact point (53) between the fixed scroll and
the orbiting scroll moves in a circumferential direc-
tion.

The refrigeration cycle device according to claim 1
or 2, further comprising a control device that controls
the switching unit, wherein when the control device
controls the switching unit so that the refrigerant dis-
charged from the first compressor flows to the first
passage and drives the first compressor and the sec-
ond compressor, the control device continues a cur-
rent state until the air temperature in the space to be
cooled becomes the set temperature or less (Tset -
t2), and then stops driving of the first compressor
and the second compressor.

The refrigeration cycle device according to claim 4,
further comprising:

a control device that controls the switching unit;
and

a vane failure detector (60) that detects occur-
rence of vane failure in the rotary compressor,
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wherein

the control device controls the switching unit so
that the refrigerant discharged from the first
compressor flows to the first passage when the
vane failure detector detects occurrence of vane
failure in the rotary compressor.

The refrigeration cycle device according to claim 3,
wherein

the predetermined pressure is a sum of a first nec-
essary pressure difference (Pth1) determined on the
basis of a rotation speed of the first compressor and
a second necessary pressure difference (Pth2) de-
termined on the basis of a rotation speed of the sec-
ond compressor,

the first necessary pressure difference is set to a
larger value as the rotation speed of the first com-
pressor increases, and

the second necessary pressure difference is set to
a larger value as the rotation speed of the second
compressor increases.
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