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(54) REFRIGERATION CYCLE DEVICE

(57) A refrigeration cycle apparatus includes a
high-stage circuit in which a high-stage compressor, a
high-stage condenser, a high-stage expansion valve,
and, a high-stage flow passage of a cascade heat ex-
changer are connected annularly by pipes and in which
high-stage refrigerant circulates, a low-stage circuit in
which a low-stage compressor, an intermediate cooler,
a low-stage flow passage of the cascade heat exchanger,
a low-stage expansion valve, and, a low-stage evapora-
tor are connected annularly by pipes and in which
low-stage refrigerant circulates, and a controller config-
ured to control operation of the high-stage circuit and the
low-stage circuit. The controller is configured to, when
determining that the refrigerant in a liquid state flows into
the high-stage compressor, allow high temperature
low-stage refrigerant, being the low-stage refrigerant
having a high temperature and discharged from the
low-stage compressor, to flow into the low-stage flow
passage of the cascade heat exchanger.
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Description

Technical Field

[0001] The present disclosure relates to refrigeration
cycle apparatuses and more particularly relates to a re-
frigeration cycle apparatus including a high-stage circuit
and a low-stage circuit.

Background Art

[0002] Two-stage refrigeration cycles including a high-
stage circuit in which high-stage refrigerant circulates
and a low-stage circuit in which low-stage refrigerant cir-
culates are known for refrigeration cycle apparatuses. In
the two-stage refrigeration cycles, heat is exchanged be-
tween the high-stage refrigerant flowing in the high-stage
circuit, which functions as a high-stage evaporator, and
the low-stage refrigerant flowing in the low-stage circuit,
which functions as a low-stage condenser, by means of
a cascade heat exchanger including a high-stage circuit
connected to the high-stage circuit described above and
a low-stage circuit connected to the low-stage circuit de-
scribed above.
[0003] For example, Patent Literature 1 discloses a re-
frigeration cycle apparatus using a two-stage refrigera-
tion cycle in which an intermediate cooler is provided
upstream from a low-stage condenser. With the config-
uration in Patent Literature 1, the intermediate cooler
cools gas discharged from a low-stage compressor con-
nected in a low-stage circuit. This decreases the amount
of cooling by a high-stage evaporator and reduces the
amount of power with which a high-stage compressor
operates.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2012-107805

Summary of Invention

Technical Problem

[0005] With the configuration in Patent Literature 1,
low-stage refrigerant is cooled to a lower temperature by
the intermediate cooler, and the low-stage refrigerant
flows into a low-stage flow passage functioning as the
low-stage condenser in a cascade heat exchanger; high-
stage refrigerant in a high-stage flow passage functioning
as the high-stage evaporator in the cascade heat ex-
changer exchanges heat with the low-stage refrigerant,
so that the high-stage refrigerant evaporates and chang-
es into gas refrigerant. At this time, if heat exchanged
with low-stage refrigerant fails to superheat high-stage
refrigerant, this causes liquid backflow, which is inflow of

refrigerant in a liquid state into the high-stage compres-
sor. As a result, the high-stage compressor can be dam-
aged, or the capacity of the high-stage compressor can
be degraded.
[0006] The present disclosure has been made to ad-
dress the problem described above, and an object there-
of is to provide a refrigeration cycle apparatus with a re-
duced likelihood of damage to a high-stage compressor
or degradation of the capacity of the high-stage compres-
sor.

Solution to Problem

[0007] A refrigeration cycle apparatus according to an
embodiment of the present disclosure includes a high-
stage circuit in which a high-stage compressor, a high-
stage condenser, a high-stage expansion valve, and, a
high-stage flow passage of a cascade heat exchanger
are connected annularly by pipes and in which high-stage
refrigerant circulates, a low-stage circuit in which a low-
stage compressor, an intermediate cooler, a low-stage
flow passage of the cascade heat exchanger, a low-stage
expansion valve, and, a low-stage evaporator are con-
nected annularly by pipes and in which low-stage refrig-
erant circulates, and a controller configured to control
operation of the high-stage circuit and the low-stage cir-
cuit. The controller is configured to, when determining
that the refrigerant in a liquid state flows into the high-
stage compressor, allow high temperature low-stage re-
frigerant, being the low-stage refrigerant having a high
temperature and discharged from the low-stage com-
pressor, to flow into the low-stage flow passage of the
cascade heat exchanger.

Advantageous Effects of Invention

[0008] With the refrigeration cycle apparatus accord-
ing to an embodiment of the present disclosure, when it
is determined that the refrigerant in a liquid state is to be
transferred to the high-stage side compressor, the low-
stage refrigerant at a high temperature flows into the cas-
cade heat exchanger, and the high-stage refrigerant is
superheated. As a result, liquid backflow is inhibited, and
it is thus possible to reduce the likelihood of damage to
the high-stage compressor or degradation of the capacity
of the high-stage compressor.

Brief Description of Drawings

[0009]

[Fig. 1] Fig. 1 schematically illustrates a configuration
of a refrigerant circuit of a refrigeration cycle appa-
ratus according to Embodiment 1.
[Fig. 2] Fig. 2 is a flowchart of control by a controller
of the refrigeration cycle apparatus according to Em-
bodiment 1.
[Fig. 3] Fig. 3 is a pressure-enthalpy (ph) diagram of
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a high-stage circuit of the refrigeration cycle appa-
ratus according to Embodiment 1.
[Fig. 4] Fig. 4 is a ph diagram of a low-stage circuit
of the refrigeration cycle apparatus according to Em-
bodiment 1.
[Fig. 5] Fig. 5 is a graph plotting temperature of re-
frigerants in a cascade heat exchanger of the refrig-
eration cycle apparatus according to Embodiment 1.
[Fig. 6] Fig. 6 is a ph diagram of the high-stage circuit
of the refrigeration cycle apparatus according to Em-
bodiment 1 in a liquid backflow mitigation operation.
[Fig. 7] Fig. 7 is a ph diagram of the low-stage circuit
of the refrigeration cycle apparatus according to Em-
bodiment 1 in the liquid backflow mitigation opera-
tion.
[Fig. 8] Fig. 8 is a graph plotting temperature of the
refrigerants in the cascade heat exchanger of the
refrigeration cycle apparatus according to Embodi-
ment 1.
[Fig. 9] Fig. 9 illustrates a refrigerant circuit of a re-
frigeration cycle apparatus according to Embodi-
ment 2.

Description of Embodiments

[0010] Hereinafter, a refrigeration cycle apparatus 1
according to embodiments will be described with refer-
ence to the drawings. The relative dimensions of the con-
stituent members, the shapes of the constituent mem-
bers, and other specifics in the drawings can be different
from actual ones. In the drawings, elements assigned
like reference characters are identical to or correspond
to each other; the same applies to the entire specification.
Alphabets after numerals in the reference numerals in
the drawings are sometimes omitted in descriptions. For
ease of understanding, terms indicating directions, such
as "upper", "lower", "right", "left", "front", or "back", are
used when appropriate. The terms indicating directions
are used merely for ease of description and should not
be interpreted as limiting the disposition and orientation
of an apparatus or component.

Embodiment 1

[0011] Fig. 1 schematically illustrates a configuration
of a refrigerant circuit of the refrigeration cycle apparatus
1 according to Embodiment 1. As illustrated in Fig. 1, the
refrigeration cycle apparatus 1 according to Embodiment
1 includes a high-stage circuit 10 and a low-stage circuit
20. The high-stage circuit 10 and the low-stage circuit 20
are coupled by a cascade heat exchanger 30. As high-
stage refrigerant that flows in the high-stage circuit 10,
for example, R410A, R32, R404A, HFO-1234yf, pro-
pane, isobutane, carbon dioxide, or ammonia may be
used. As low-stage refrigerant that flows in the low-stage
circuit 20, for example, carbon dioxide, that is, CO2, which
has smaller effects on global warming when leaking out
as refrigerant, may be used. The low-stage circuit may

also be referred to as a primary-side circuit, the high-
stage circuit as a secondary-side circuit, the low-stage
refrigerant as primary-side refrigerant, and the high-
stage refrigerant as secondary-side refrigerant.
[0012] The cascade heat exchanger 30 is a refrigerant-
to-refrigerant heat exchanger for causing the high-stage
refrigerant flowing through a high-stage flow passage 31
and the low-stage refrigerant flowing through a low-stage
flow passage 32 to exchange heat. The high-stage flow
passage 31 forms a portion of the high-stage circuit 10.
The low-stage flow passage 32 forms a portion of the
low-stage circuit 20. In the cascade heat exchanger 30,
the high-stage flow passage 31 and the low-stage flow
passage 32 provide countercurrent flows. Specifically,
one end side of the cascade heat exchanger 30 is the
entry side of the high-stage flow passage 31 and also
the exit side of the low-stage flow passage 32. At the one
end side, heat is exchanged between the high-stage re-
frigerant flowing in the high-stage flow passage 31 and
the low-stage refrigerant flowing out of the low-stage flow
passage 32. The other end side of the cascade heat ex-
changer 30 is the exit side of the high-stage flow passage
31 and also the entry side of the low-stage flow passage
32. At the other end side, heat is exchanged between
the high-stage refrigerant flowing out of the high-stage
flow passage 31 and the low-stage refrigerant flowing in
the low-stage flow passage 32.
[0013] The high-stage circuit 10 includes a high-stage
compressor 11, a high-stage condenser 12, a high-stage
expansion valve 13, and the high-stage flow passage 31
of the cascade heat exchanger 30 that are connected
annularly by pipes in the order presented.
[0014] The high-stage compressor 11 is operable to
suck the high-stage refrigerant released from the high-
stage flow passage 31 of the cascade heat exchanger
30, compress the high-stage refrigerant to a high tem-
perature and high pressure, and discharge the high-
stage refrigerant at the high temperature and pressure.
The high-stage compressor 11 is, for example, an invert-
er compressor. When the high-stage compressor 11 is
an inverter compressor, the rotation speed may be
changed by a drive circuit such as an inverter circuit to
change the amount of refrigerant per unit time to be dis-
charged from the high-stage compressor 11. In this case,
the controller 90 controls the drive circuit. The discharge
side of the high-stage compressor 11 is connected to the
entry side of the high-stage condenser 12.
[0015] The high-stage condenser 12 is a heat ex-
changer for causing the high-stage refrigerant flowing in
the high-stage condenser 12 to exchange heat with a
heat medium surrounding the high-stage condenser 12.
The high-stage condenser 12 is, for example, an air-
cooled heat exchanger. When the high-stage condenser
12 is of an air-cooled type, a first fan 51 can be provided
near the high-stage condenser 12. In this case, the con-
troller 90 controls drive of the first fan 51. The exit side
of the high-stage condenser 12 is connected to the high-
stage expansion valve 13.
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[0016] The high-stage expansion valve 13 is operable
to expand the high-stage refrigerant to decrease pres-
sure. As the high-stage expansion valve 13, for example,
a thermostatic expansion valve or linear electronic ex-
pansion valve may be used. When the high-stage expan-
sion valve 13 is implemented by an electronic expansion
valve, the controller 90 controls the opening degree. The
exit side of the high-stage expansion valve 13 is connect-
ed to the entry side of the high-stage flow passage 31 of
the cascade heat exchanger 30.
[0017] The high-stage flow passage 31 of the cascade
heat exchanger 30 functions as an evaporator in which
the high-stage refrigerant evaporates as the result of heat
exchange. The exit side of the high-stage flow passage
31 is connected to the suction side of the high-stage com-
pressor 11.
[0018] The low-stage circuit 20 includes a low-stage
compressor 21, an intermediate cooler 22, the low-stage
flow passage 32 of the cascade heat exchanger 30, a
low-stage expansion valve 24, and a low-stage evapo-
rator 25 that are connected annularly by pipes. The low-
stage circuit 20 includes a bypass 23 for bypassing the
intermediate cooler 22.
[0019] The low-stage compressor 21 is operable to
suck the low-stage refrigerant, compress the low-stage
refrigerant into high temperature and high pressure re-
frigerant, and discharge the low-stage refrigerant. The
low-stage compressor 21 is, for example, an inverter
compressor. When the low-stage compressor 21 is an
inverter compressor, the rotation speed may be changed
by a drive circuit such as an inverter circuit to change the
amount of refrigerant per unit time to be discharged from
the low-stage compressor 21. In this case, the controller
90 controls the drive circuit. The discharge side of the
low-stage compressor 21 is connected to the entry side
of the intermediate cooler 22.
[0020] The intermediate cooler 22 is a heat exchanger
for causing the low-stage refrigerant compressed by the
low-stage compressor 21 to a high temperature, flowing
in the intermediate cooler 22, to exchange heat with a
heat medium surrounding the intermediate cooler 22.
The intermediate cooler 22 is, for example, an air-cooled
heat exchanger. When the intermediate cooler 22 is an
air-cooled heat exchanger, a third fan 53 can be provided
near the intermediate cooler 22. In this case, the control-
ler 90 controls drive of the third fan 53. The exit side of
the intermediate cooler 22 is connected to the entry side
of the low-stage flow passage 32 of the cascade heat
exchanger 30.
[0021] One end of the bypass 23 is connected between
the discharge side of the low-stage compressor 21 and
the entry side of the intermediate cooler 22, and the other
end of the bypass 23 is connected between the exit side
of the intermediate cooler 22 and the entry side of the
low-stage flow passage 32 of the cascade heat exchang-
er 30. A bypass valve 230 is connected in the bypass 23.
The bypass valve 230 is operable to close or open the
bypass 23. When the bypass valve 230 is opened, the

bypass 23 changes to the open state, and the low-stage
refrigerant flows through the bypass 23 while bypassing
the intermediate cooler 22. The controller 90 controls the
bypass valve 230 to open or close. The bypass valve 230
may be implemented by, for example, a solenoid valve
that is able to open or close the bypass 23.
[0022] The low-stage flow passage 32 of the cascade
heat exchanger 30 functions as a condenser in which the
low-stage refrigerant condenses as the result of heat ex-
change. The exit side of the low-stage flow passage 32
is connected to the entry side of the low-stage expansion
valve 24.
[0023] The low-stage expansion valve 24 is operable
to expand the low-stage refrigerant to decrease pressure.
As the low-stage expansion valve 24, for example, a ther-
mostatic expansion valve or linear electronic expansion
valve may be used. When the low-stage expansion valve
24 is implemented by an electronic expansion valve, the
controller 90 controls the opening degree. The exit side
of the low-stage expansion valve 24 is connected to the
entry side of the low-stage evaporator 25.
[0024] The low-stage evaporator 25 is a heat exchang-
er for causing the low-stage refrigerant flowing in the low-
stage evaporator 25 to exchange heat with a heat medi-
um surrounding the low-stage evaporator 25. The low-
stage evaporator 25 is, for example, an air-cooled heat
exchanger. When the low-stage evaporator 25 is of an
air-cooled type, a second fan 52 can be provided near
the low-stage evaporator 25. In this case, the controller
90 controls drive of the second fan 52. The exit side of
the low-stage evaporator 25 is connected to the suction
side of the low-stage compressor 21.
[0025] The controller 90 includes a processing circuit.
The processing circuit is implemented by a dedicated
hardware device or processor. The dedicated hardware
is, for example, an application specific integrated circuit
(ASIC) or field programmable gate array (FPGA). The
processor is operable to run programs stored in a mem-
ory. A storage unit provided in the controller 90, which is
not illustrated in the drawings, is implemented by the
memory. The memory is a non-volatile or volatile semi-
conductor memory such as a random-access memory
(RAM), read-only memory (ROM), flash memory, or eras-
able programmable ROM (EPROM) or a disk such as a
magnetic disk, flexible disk, or optical disc.
[0026] The controller 90 is operable to control opera-
tion of the high-stage circuit 10 and the low-stage circuit
20. The controller 90 receives detection values from dif-
ferent kinds of sensors provided in the high-stage circuit
10 or the low-stage circuit 20. The sensors include an air
temperature sensor T0, a low-stage compressor dis-
charge pressure sensor P21, a low-stage cascade entry
temperature sensor T32, a high-stage compressor suc-
tion temperature sensor T11, and a high-stage compres-
sor suction pressure sensor P11.
[0027] The air temperature sensor T0 is positioned in
the same space as the intermediate cooler 22. The air
temperature sensor T0 is operable to detect an air tem-
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perature of the space including the intermediate cooler
22. The air temperature sensor T0 detects, for example,
the temperature of air taken in by the third fan 53. The
low-stage compressor discharge pressure sensor P21 is
positioned on the discharge side of the low-stage com-
pressor 21. The low-stage compressor discharge pres-
sure sensor P21 is operable to detect a discharge pres-
sure of the low-stage compressor 21. The low-stage cas-
cade entry temperature sensor T32 is positioned at the
entry of the low-stage flow passage 32 of the cascade
heat exchanger 30. The low-stage cascade entry tem-
perature sensor T32 is operable to detect the tempera-
ture of the low-stage refrigerant at the entry of the low-
stage flow passage 32 of the cascade heat exchanger
30. The high-stage compressor suction temperature sen-
sor T11 is positioned on the suction side of the high-stage
compressor 11. The high-stage compressor suction tem-
perature sensor T11 is operable to detect the tempera-
ture of the high-stage refrigerant at the suction side of
the high-stage compressor 11. The high-stage compres-
sor suction pressure sensor P11 is positioned on the suc-
tion side of the high-stage compressor 11. The high-
stage compressor suction pressure sensor P11 is oper-
able to detect the pressure of the high-stage refrigerant
at the suction side of the high-stage compressor 11.
[0028] As well as the sensors described above, the
sensors may also include, for example, a low-stage com-
pressor suction temperature sensor for detecting the
temperature of the low-stage refrigerant on the suction
side of the low-stage compressor 21 or low-stage com-
pressor suction pressure sensor for detecting the pres-
sure of the low-stage refrigerant, either of which can be
positioned on the suction side of the low-stage compres-
sor 21.
[0029] When the controller 90 determines, based on
values transmitted from the sensors, that there is a high
probability of liquid backflow to the high-stage compres-
sor 11, the controller 90 performs a liquid backflow miti-
gation operation. In the liquid backflow mitigation oper-
ation, the low-stage refrigerant at a high temperature dis-
charged from the low-stage compressor 21 is routed to
the low-stage flow passage 32 of the cascade heat ex-
changer 30. In the liquid backflow mitigation operation,
the controller 90 opens the bypass valve 230. As a result,
the low-stage refrigerant flows in the bypass 23 to bypass
the intermediate cooler 22. Without the intermediate cool-
er 22 cooling the low-stage refrigerant at a high temper-
ature discharged from the low-stage compressor 21, the
low-stage refrigerant at a high temperature directly flows
into the low-stage flow passage 32 of the cascade heat
exchanger 30.
[0030] Whether there is a high probability of liquid
backflow is determinable using a first criterion, a second
criterion, or a third criterion. The first criterion is when the
air temperature in a space including the intermediate
cooler 22 is smaller than the sum of the condensing tem-
perature in the low-stage flow passage 32 of the cascade
heat exchanger 30 and a first predetermined value. The

first predetermined value is, for example, 5 K. The second
criterion is when the degree of superheat at the entry of
the low-stage flow passage 32 of the cascade heat ex-
changer 30 is smaller than a second predetermined val-
ue. The second predetermined value is, for example, 5
K. The third criterion is when the degree of superheat at
the suction side of the high-stage compressor 11 is small-
er than a third predetermined value. The third predeter-
mined value is, for example, 5 K. When the controller 90
determines, based on detection values from the sensors,
that the first criterion, the second criterion, or the third
criterion applies, the controller 90 performs the liquid
backflow mitigation operation.
[0031] Criteria for determining whether there is a high
probability of liquid backflow are not limited to the first
criterion, the second criterion, or the third criterion. Other
criterions may be used when the criterions enable deter-
mination of whether there is a high probability of liquid
backflow. In this case, sensors may be provided in the
high-stage circuit 10 or the low-stage circuit 20 as nec-
essary.
[0032] Fig. 2 is a flowchart of control by the controller
90 of the refrigeration cycle apparatus 1 according to
Embodiment 1. As illustrated in Fig. 2, in step S01, the
controller 90 determines whether there is a high proba-
bility of liquid backflow. Specifically, the controller 90 de-
termines, based on values from the sensors, whether the
first criterion, the second criterion, or the third criterion
applies. When any of the first criterion, the second crite-
rion, or the third criterion applies, the controller 90 deter-
mines that there is a high probability of liquid backflow.
[0033] Specifically, when the air temperature in a
space including the intermediate cooler 22 is smaller than
the sum of the condensing temperature in the low-stage
flow passage 32 of the cascade heat exchanger 30 and
the first predetermined value, the controller 90 deter-
mines that there is a high probability of liquid backflow
of refrigerant in a liquid state flowing into the high-stage
compressor 11. The air temperature of a space including
the intermediate cooler 22 is obtained by the controller
90 based on the air temperature of a space including the
intermediate cooler 22. The condensing temperature in
the low-stage flow passage 32 of the cascade heat ex-
changer 30 is obtained by the controller 90 based on the
detection value from the low-stage compressor dis-
charge pressure sensor P21 with reference to the phys-
ical properties of the low-stage refrigerant.
[0034] Alternatively, when the degree of superheat at
the entry of the low-stage flow passage 32 of the cascade
heat exchanger 30 is smaller than the second predeter-
mined value, the controller 90 determines that there is a
high probability of liquid backflow to the high-stage com-
pressor 11. The degree of superheat at the entry of the
low-stage flow passage 32 of the cascade heat exchang-
er 30 is obtained by the controller 90 based on the dif-
ference to the condensing temperature of the low-stage
refrigerant obtained using the low-stage cascade entry
temperature sensor T32 and the low-stage compressor
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discharge pressure sensor P21.
[0035] Alternatively, when the degree of superheat at
the suction side of the high-stage compressor 11 is small-
er than the third predetermined value, the controller 90
determines that there is a high probability of liquid back-
flow to the high-stage compressor 11. The degree of su-
perheat at the suction side of the high-stage compressor
11 is obtained by the controller 90 based on the difference
to the evaporating temperature of the high-stage refrig-
erant obtained using the high-stage compressor suction
temperature sensor T11 and the high-stage compressor
suction pressure sensor P11.
[0036] In step S01, when the controller 90 determines
that there is a high probability of liquid backflow to the
high-stage compressor 11, the process proceeds to step
S02, and the controller 90 performs the liquid backflow
mitigation operation in step S02. In the liquid backflow
mitigation operation, the low-stage circuit 20 is rerouted
such that the low-stage refrigerant at a high temperature
discharged from the low-stage compressor 21 flows into
the low-stage flow passage 32 of the cascade heat ex-
changer 30. Specifically, in the liquid backflow mitigation
operation, the controller 90 opens the bypass valve 230
provided in the bypass 23 so that the low-stage refriger-
ant at a high temperature discharged from the low-stage
compressor 21 is caused to flow through the bypass 23
into the low-stage flow passage 32 of the cascade heat
exchanger 30. The low-stage refrigerant at a high tem-
perature discharged from the low-stage compressor 21
flows, without the intermediate cooler 22 cooling the low-
stage refrigerant at a high temperature, through the by-
pass 23 into the low-stage flow passage 32 of the cas-
cade heat exchanger 30.
[0037] Subsequently, the process proceeds to step
S03, and the controller 90 determines whether the prob-
ability of liquid backflow has decreased. Specifically, the
controller 90 determines whether the first criterion, the
second criterion, or the third criterion applies. When the
first criterion, the second criterion, or the third criterion
applies, the process returns to step S02, and the control-
ler 90 continues to perform the liquid backflow mitigation
operation. When the first criterion, the second criterion,
or the third criterion does not apply, the controller 90 de-
termines that the probability of liquid backflow has de-
creased. When the controller 90 determines that the
probability of liquid backflow has decreased in step S03,
the process ends. The process may be implemented by
the controller 90, for example, at regular time intervals.
[0038] As described above, when it is determined that
there is a high probability of liquid backflow to the high-
stage compressor 11, the low-stage circuit 20 is rerouted
to bypass the intermediate cooler 22. As a result, the low-
stage refrigerant at a high temperature directly flows into
the low-stage flow passage 32 of the cascade heat ex-
changer 30. As regards the liquid backflow mitigation op-
eration, the low-stage refrigerant at a high temperature
means that the low-stage refrigerant has a temperature
that allows the high-stage refrigerant flowing in the high-

stage flow passage 31 of the cascade heat exchanger
30 to be changed to a heated state. The high-stage re-
frigerant in a two-phase state flowing in the high-stage
flow passage 31 of the cascade heat exchanger 30 is
superheated by the low-stage refrigerant at a high tem-
perature, and the superheated high-stage refrigerant is
released from the high-stage flow passage 31. As such,
the high-stage refrigerant to be transferred to the high-
stage compressor 11 is superheated. This inhibits occur-
rence of liquid backflow to the high-stage compressor
11, thereby reducing the likelihood of damage to the high-
stage compressor 11 or degradation of the capacity of
the high-stage compressor 11.
[0039] The following describes conditions of the refrig-
erants in the high-stage circuit 10 and the low-stage cir-
cuit 20. Firstly, conditions of the refrigerants when there
is no probability of liquid backflow will be described.
[0040] In the high-stage circuit 10, the high-stage re-
frigerant is sucked by the high-stage compressor 11,
compressed, and discharged in a gas state at a high tem-
perature and high pressure. The high-stage refrigerant
in a gas state at a high temperature and high pressure
is cooled in the high-stage condenser 12 by exchanging
heat with air surrounding the high-stage condenser 12,
released in the state of low temperature and high pres-
sure high-stage refrigerant from the high-stage condens-
er 12, and transferred to the high-stage expansion valve
13. The high-stage refrigerant at a low temperature and
high pressure is expanded and decompressed by the
high-stage expansion valve 13 and changed to a two-
phase state at a low temperature and low pressure. The
high-stage refrigerant in a two-phase state at a low tem-
perature and low pressure flows into the high-stage flow
passage 31 functioning as a high-stage evaporator of the
cascade heat exchanger 30 (a point a in Fig. 1) and ex-
changes heat with the low-stage refrigerant flowing in the
low-stage flow passage 32.
[0041] The high-stage refrigerant is evaporated by
heat exchanged with the low-stage refrigerant flowing in
the low-stage flow passage 32, having being cooled to a
low temperature by the intermediate cooler 22 in the low-
stage circuit 20, and the high-stage refrigerant is changed
into gas at a low temperature and low pressure (a point
b in Fig. 1). The high-stage refrigerant in a gas state at
a low temperature and low pressure is released from the
high-stage flow passage 31 and sucked again by the
high-stage compressor 11.
[0042] By contrast, in the low-stage circuit 20, the low-
stage refrigerant is sucked by the low-stage compressor
21, compressed, and discharged in a gas state at a high
temperature and high pressure. The low-stage refriger-
ant at a high temperature and high pressure is cooled by
the intermediate cooler 22 and released.
[0043] The low-stage refrigerant released from the in-
termediate cooler 22 is transferred to the low-stage flow
passage 32 functioning as a low-stage condenser of the
cascade heat exchanger 30 (a point c in Fig. 1), con-
densed by heat exchanged with the high-stage refriger-
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ant flowing in the high-stage flow passage 31, and
changed to the low-stage refrigerant at a low temperature
and high pressure (a point d in Fig. 1). The low-stage
refrigerant at a low temperature and high pressure is ex-
panded and decompressed by the low-stage expansion
valve 24, changed to a two-phase state at a low temper-
ature and low pressure, and then released. The low-
stage refrigerant in a two-phase state at a low tempera-
ture and low pressure is transferred to the low-stage
evaporator 25, evaporated by heat exchanged with air
surrounding the low-stage evaporator 25, released in a
gas state at a low temperature and low pressure from
the low-stage evaporator 25, and sucked again by the
low-stage compressor 21.
[0044] As described above, the low-stage refrigerant
flowing into the low-stage flow passage 32 of the cascade
heat exchanger 30 has been cooled by the intermediate
cooler 22 to a low temperature. When the low-stage re-
frigerant at a high temperature of, for example, 100 de-
grees C is discharged from the low-stage compressor
21, in the case in which the environmental temperature
in a space including the intermediate cooler 22 is, for
example, 20 degrees C, the low-stage refrigerant is
cooled by the intermediate cooler 22 and changed to a
gas state at a low temperature of, for example, 30 de-
grees C. As such, the amount of cooling by the high-
stage refrigerant from the entry to the exit of the high-
stage flow passage 31 is reduced as compared to if the
low-stage refrigerant at a high temperature directly flows
into the low-stage flow passage 32 of the cascade heat
exchanger 30. As a result, the high-stage compressor 11
operates with a reduced amount of power.
[0045] Secondly, conditions of the refrigerants when
there is a high probability of liquid backflow to the high-
stage compressor 11 will be described. Fig. 3 is a pres-
sure-enthalpy (ph) diagram of the high-stage circuit 10
of the refrigeration cycle apparatus 1 according to Em-
bodiment 1. Fig. 4 is a ph diagram of the low-stage circuit
20 of the refrigeration cycle apparatus 1 according to
Embodiment 1. In Figs. 3 and 4, the horizontal axis indi-
cates specific enthalpy h, and the vertical axis indicates
pressure p. In Figs. 3 and 4, the points a, b, c, and d
represent the refrigerant condition at the corresponding
points in Fig. 1.
[0046] As illustrated in Fig. 3, when the high-stage re-
frigerant in a two-phase state reaches the exit side of the
high-stage flow passage 31 to flow into the high-stage
compressor 11, the probability of liquid backflow to the
high-stage compressor 11 increases. Specifically, when
the high-stage refrigerant is not evaporated into gas by
heat received from the low-stage refrigerant flowing in
the low-stage flow passage 32, the high-stage refrigerant
in a two-phase state reaches the exit side of the high-
stage flow passage 31 (the point b in Fig. 3). When the
high-stage refrigerant reaching the exit side of the high-
stage flow passage 31 is released from the high-stage
flow passage 31 with no degree of superheat that is rep-
resented by the difference to the evaporating tempera-

ture as saturation temperature, the high-stage refrigerant
in a liquid state can flow into the high-stage compressor
11, increasing the probability of liquid backflow.
[0047] As illustrated in Fig. 4, because the low-stage
refrigerant is cooled by the intermediate cooler 22 on the
entry side of the low-stage flow passage 32, the degree
of superheat that is represented by the difference to the
condensing temperature as saturation temperature is rel-
atively low (the point c in Fig. 4). When the degree of
superheat of the low-stage refrigerant is relatively low,
the high-stage refrigerant on the exit side of the high-
stage flow passage 31 is not superheated over the evap-
orating temperature, and the high-stage refrigerant fails
to evaporate into gas.
[0048] Fig. 5 is a graph plotting temperature of the re-
frigerants in the cascade heat exchanger 30 of the refrig-
eration cycle apparatus 1 according to Embodiment 1.
In Fig. 5, the horizontal axis indicates distance X from
one end side of the cascade heat exchanger 30, and the
vertical axis indicates temperature T of refrigerant. In Fig.
5, the points a, b, c, and d represent the refrigerant con-
dition at the corresponding points in Fig. 1.
[0049] As illustrated in Fig. 5, when the low-stage re-
frigerant on the entry side of the low-stage flow passage
32 is cooled by the intermediate cooler 22, and the degree
of superheat of the low-stage refrigerant is thus relatively
low, the degree of superheat SH of the high-stage refrig-
erant on the exit side of the high-stage flow passage 31
is also relatively low. Because the condensing tempera-
ture and the evaporating temperature are saturation tem-
peratures, the difference between the condensing tem-
perature and the evaporating temperature does not
change. Because the degree of superheat SH of the high-
stage refrigerant is relatively low, the high-stage refrig-
erant is not superheated over the evaporating tempera-
ture to evaporate into gas, and the high-stage refrigerant
thus flows into the high-stage compressor 11 without
changing the state of the high-stage refrigerant. As a re-
sult, liquid backflow to the high-stage compressor 11 oc-
curs, thereby causing damage to the high-stage com-
pressor 11 or degradation of the capacity of the high-
stage compressor 11.
[0050] Secondly, conditions of the refrigerants in the
liquid backflow mitigation operation for the high-stage
compressor 11 will be described. Fig. 6 is a ph diagram
of the high-stage circuit 10 of the refrigeration cycle ap-
paratus 1 according to Embodiment 1 in the liquid back-
flow mitigation operation. Fig. 7 is a ph diagram of the
low-stage circuit 20 of the refrigeration cycle apparatus
1 according to Embodiment 1 in the liquid backflow mit-
igation operation. In Figs. 6 and 7, the horizontal axis
indicates specific enthalpy h, and the vertical axis indi-
cates pressure. In Figs. 6 and 7, the points a, b, c, and
d represent the refrigerant condition at the corresponding
points in Fig. 1.
[0051] As illustrated in Figs. 6 and 7, in the liquid back-
flow mitigation operation, the low-stage refrigerant dis-
charged from the low-stage compressor 21 flows through
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the bypass 23 into the low-stage flow passage 32 of the
cascade heat exchanger 30 (the point c in Fig. 7) and
exchanges heat with the high-stage refrigerant on the
exit side of the high-stage flow passage 31 (the point b
in Fig. 6). The low-stage refrigerant transferred through
the bypass 23 is not cooled because the low-stage re-
frigerant does not pass through the intermediate cooler
22. The low-stage refrigerant with a relatively high degree
of superheat reaches the entry side of the low-stage flow
passage 32. As a result, the high-stage refrigerant on the
exit side of the high-stage flow passage 31 exchanges
heat with the low-stage refrigerant with a relatively high
degree of superheat at the same high temperature as
when the low-stage refrigerant is discharged from the
low-stage compressor 21.
[0052] Fig. 8 is a graph plotting temperature of the re-
frigerants in the cascade heat exchanger 30 of the refrig-
eration cycle apparatus 1 according to Embodiment 1.
In Fig. 8, the horizontal axis indicates distance X from
one end side of the cascade heat exchanger 30, and the
vertical axis indicates temperature T of refrigerant. In Fig.
8, the points a, b, c, and d represent the refrigerant con-
dition at the corresponding points in Fig. 1.
[0053] As illustrated in Fig. 8, because the low-stage
refrigerant is transferred through the bypass 23 to the
entry side of the low-stage flow passage 32 without the
intermediate cooler 22 cooling the low-stage refrigerant,
the degree of superheat of the low-stage refrigerant is
relatively high (the point c in Fig. 8). As a result, at the
exit of the high-stage flow passage 31, the high-stage
refrigerant communicates with the low-stage refrigerant
with a relatively high degree of superheat at a high tem-
perature (the point b in Fig. 8). As a result of receiving
heat from the low-stage refrigerant, the degree of super-
heat SH of the high-stage refrigerant is increased, and
the high-stage refrigerant is evaporated into gas and re-
leased from the high-stage flow passage 31. As such,
the degree of superheat SH of the high-stage refrigerant
to be transferred to the high-stage compressor 11 is in-
creased, and the high-stage refrigerant in a gas state is
sucked by the high-stage compressor 11, thereby inhib-
iting liquid backflow to the high-stage compressor 11.

<Modification>

[0054] The refrigeration cycle apparatus 1 according
to a modification is configured such that in the liquid back-
flow mitigation operation, the rotation speed of the third
fan 53 is decreased by the controller 90. In this case, it
may be possible that the low-stage circuit 20 does not
include the bypass 23 for bypassing the intermediate
cooler 22. When the controller 90 determines, based on
values from the sensors, that there is a high probability
of liquid backflow to the high-stage compressor 11, the
controller 90 performs the liquid backflow mitigation op-
eration and decreases the rotation speed of the third fan
53. As a result, the amount of cooling of the low-stage
refrigerant by the intermediate cooler 22 is decreased,

and the degree of superheat of the refrigerant on the
entry side of the low-stage flow passage 32 of the cas-
cade heat exchanger 30 is not decreased much, thereby
inhibiting liquid backflow to the high-stage compressor
11.
[0055] The refrigeration cycle apparatus 1 according
to Embodiment 1 described above is configured such
that, when it is determined that the refrigerant in a liquid
state is to be transferred to the high-stage compressor
11, the low-stage refrigerant at a high temperature dis-
charged from the low-stage compressor 21 flows into the
low-stage flow passage 32 of the cascade heat exchang-
er 30. With this configuration, the low-stage refrigerant
at a high temperature is transferred to the low-stage flow
passage 32 of the cascade heat exchanger 30. The high-
stage refrigerant in a two-phase state flowing in the high-
stage flow passage 31 of the cascade heat exchanger
30 is thus heated more on the exit side of the high-stage
flow passage 31 to be superheated, and the superheated
high-stage refrigerant is released from the high-stage
flow passage 31. As a result, the high-stage refrigerant
to be transferred to the high-stage compressor 11 is su-
perheated. This inhibits occurrence of liquid backflow to
the high-stage compressor 11, thereby reducing the like-
lihood of damage to the high-stage compressor 11 or
degradation of the capacity of the high-stage compressor
11.
[0056] The low-stage circuit 20 includes the bypass 23
for bypassing the intermediate cooler 22. The low-stage
circuit 20 is configured such that when there is a high
probability of liquid backflow, the bypass valve 230 is
closed. As a result, the degree of superheat of the low-
stage refrigerant to be transferred to the low-stage flow
passage 32 of the cascade heat exchanger 30 is not de-
creased; and thus, the degree of superheat of the low-
stage refrigerant in the low-stage flow passage 32 is rel-
atively high, and the degree of superheat SH of the high-
stage refrigerant is also relatively high. As such, liquid
backflow to the high-stage compressor 11 is inhibited.
[0057] The third fan 53 is configured such that when
there is a high probability of liquid backflow in the low-
stage circuit 20, the rotation speed of the third fan 53 is
decreased. As a result, the amount of cooling of the low-
stage refrigerant by the intermediate cooler 22 is de-
creased, and the degree of superheat of the low-stage
refrigerant is not decreased. As such, liquid backflow to
the high-stage compressor 11 is inhibited.
[0058] The controller 90 is configured such that when
the environmental temperature of the low-stage circuit
20 is smaller than the sum of the condensing temperature
in the low-stage flow passage 32 of the cascade heat
exchanger 30 and the first predetermined value, the con-
troller 90 determines that there is a high probability of
liquid backflow. When it is accordingly determined that
there is a high probability of liquid backflow, the liquid
backflow mitigation operation is performed. As such, liq-
uid backflow to the high-stage compressor 11 is inhibited.
[0059] The controller 90 is also configured such that
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when the degree of superheat at the entry of the low-
stage flow passage 32 of the cascade heat exchanger
30 is smaller than the second predetermined value, the
controller 90 determines that there is a high probability
of liquid backflow. When it is accordingly determined that
there is a high probability of liquid backflow, the liquid
backflow mitigation operation is performed. As such, liq-
uid backflow to the high-stage compressor 11 is inhibited.
[0060] The controller 90 is also configured such that
when the degree of superheat SH of the high-stage re-
frigerant on the suction side of the high-stage compressor
11 is smaller than the third predetermined value, the con-
troller 90 determines that the refrigerant in a liquid state
is to be transferred to the high-stage compressor 11.
When it is accordingly determined that there is a high
probability of liquid backflow, the liquid backflow mitiga-
tion operation is performed. As such, liquid backflow to
the high-stage compressor 11 is inhibited.

Embodiment 2

[0061] Fig. 9 illustrates a refrigerant circuit of the re-
frigeration cycle apparatus 1 according to Embodiment
2. The refrigeration cycle apparatus 1 according to Em-
bodiment 2 differs from Embodiment 1 in that the high-
stage circuit 10 is provided with a high-low pressure heat
exchanger 14. The same elements as Embodiment 1 are
assigned the same reference numerals, and descriptions
of the same elements are not repeated. As illustrated in
Fig. 9, the high-low pressure heat exchanger 14 includes
a first flow passage 141 for transferring the high-stage
refrigerant on the exit side of the high-stage flow passage
31 of the cascade heat exchanger 30 and also on the
suction side of the high-stage compressor 11. The high-
low pressure heat exchanger 14 also includes a second
flow passage 142 for transferring the high-stage refrig-
erant between the high-stage condenser 12 and the high-
stage expansion valve 13.
[0062] The high-low pressure heat exchanger 14 is a
heat exchanger for causing the high-stage refrigerant
flowing in the first flow passage 141 and the high-stage
refrigerant flowing in the second flow passage 142 to
exchange heat. Because the high-low pressure heat ex-
changer 14 is provided, the high-stage refrigerant on the
exit side of the high-stage flow passage 31 of the cascade
heat exchanger 30 exchanges heat with the high-stage
refrigerant flowing in the second flow passage 142 of the
high-low pressure heat exchanger 14. As a result, the
degree of superheat SH of the high-stage refrigerant is
increased. As a result, the high-stage refrigerant is not
sucked by the high-stage compressor 11 while the high-
stage refrigerant is in a two-phase state, so that liquid
backflow is inhibited. As such, the likelihood of damage
to the high-stage compressor 11 or degradation of the
capacity of the high-stage compressor 11 is reduced.
[0063] In the refrigeration cycle apparatus 1 according
to Embodiment 2 described above, the high-stage refrig-
erant on the exit side of the high-stage flow passage 31

of the cascade heat exchanger 30 exchanges heat with
the high-stage refrigerant flowing in the second flow pas-
sage 142 of the high-low pressure heat exchanger 14 in
the high-low pressure heat exchanger 14. As a result,
the degree of superheat SH of the high-stage refrigerant
is increased, and liquid backflow is thus inhibited. As
compared to when only the liquid backflow mitigation op-
eration is performed, it is possible to further reduce the
likelihood of damage to the high-stage compressor 11 or
degradation of the capacity of the high-stage compressor
11.

Reference Signs List

[0064] 1: refrigeration cycle apparatus, 10: high-stage
circuit, 11: high-stage compressor, 12: high-stage con-
denser, 13: high-stage expansion valve, 14: high-low
pressure heat exchanger, 20: low-stage circuit, 21: low-
stage compressor, 22: intermediate cooler, 23: bypass,
24: low-stage expansion valve, 25: low-stage evaporator,
30: cascade heat exchanger, 31:high-stage flow pas-
sage, 32: low-stage flow passage, 51: first fan, 52: sec-
ond fan, 53: third fan, 90: controller, 141: first flow pas-
sage, 142: second flow passage, 230: bypass valve, P11:
high-stage compressor suction pressure sensor, P21:
low-stage compressor discharge pressure sensor, T0:
air temperature sensor, T11: high-stage compressor suc-
tion temperature sensor, T32: low-stage cascade entry
temperature sensor.

Claims

1. A refrigeration cycle apparatus comprising:

a high-stage circuit in which a high-stage com-
pressor, a high-stage condenser, a high-stage
expansion valve, and, a high-stage flow pas-
sage of a cascade heat exchanger are connect-
ed annularly by pipes and in which high-stage
refrigerant circulates;
a low-stage circuit in which a low-stage com-
pressor, an intermediate cooler, a low-stage
flow passage of the cascade heat exchanger, a
low-stage expansion valve, and, a low-stage
evaporator are connected annularly by pipes
and in which low-stage refrigerant circulates;
and
a controller configured to control operation of
the high-stage circuit and the low-stage circuit,
wherein
the controller is configured to, when determining
that the refrigerant in a liquid state flows into the
high-stage compressor, allow high temperature
low-stage refrigerant, being the low-stage refrig-
erant having a high temperature and discharged
from the low-stage compressor, to flow into the
low-stage flow passage of the cascade heat ex-
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changer.

2. The refrigeration cycle apparatus of claim 1, wherein
the high temperature low-stage refrigerant is the low-
stage refrigerant having a temperature that allows
the high-stage refrigerant flowing in the high-stage
flow passage to be changed to a heated state.

3. The refrigeration cycle apparatus of claim 1 or 2,
further comprising:

a bypass configured to bypass the intermediate
cooler; and
a bypass valve provided in the bypass,
wherein
the controller is configured to, when determining
that the refrigerant in a liquid state flows into the
high-stage compressor, open the bypass valve.

4. The refrigeration cycle apparatus of any one of
claims 1 to 3, further comprising:

a fan configured to send air to the intermediate
cooler,
wherein
the controller is configured to, when determining
that the refrigerant in a liquid state flows into the
high-stage compressor, decrease a rotation
speed of the fan.

5. The refrigeration cycle apparatus of any one of
claims 1 to 4, wherein
the controller is configured to, when an environmen-
tal temperature of the low-stage circuit is smaller
than a sum of a condensing temperature in a low-
stage flow passage of the cascade heat exchanger
and a first predetermined value, determine that the
refrigerant in a liquid state flows into the high-stage
compressor.

6. The refrigeration cycle apparatus of any one of
claims 1 to 5, wherein
the controller is configured to, when a degree of su-
perheat at an entry of a low-stage flow passage of
the cascade heat exchanger is smaller than a second
predetermined value, determine that the refrigerant
in a liquid state flows into the high-stage compressor.

7. The refrigeration cycle apparatus of any one of
claims 1 to 6, wherein
the controller is configured to, when a degree of su-
perheat at a suction side of the high-stage compres-
sor is smaller than a third predetermined value, de-
termine that the refrigerant in a liquid state flows into
the high-stage compressor.

8. The refrigeration cycle apparatus of any one of
claims 1 to 7, further comprising:

a high-low pressure heat exchanger configured to
cause the high-stage refrigerant on an exit side of
the high-stage flow passage of the cascade heat ex-
changer and the high-stage refrigerant on a suction
side of the high-stage compressor to exchange heat.
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