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(57)  Arefrigeration cycle device includes a compres-
sor, an air heat exchanger, a utilization heat exchanger,
a first refrigerant passage connecting the utilization heat
exchanger to a discharge passage, a second refrigerant
passage connecting the air heat exchanger to a suction
passage, a receiver to store therein liquid refrigerant, a
first expansion valve, a second expansion valve, a third
refrigerant passage connecting the utilization heat ex-
changer to the first expansion valve, a fourth refrigerant
passage connecting the first expansion valve to the re-
ceiver, afifth refrigerant passage connecting the receiver
to the second expansion valve, a sixth refrigerant pas-
sage connecting the second expansion valve to the air

heat exchanger, a hot-gas bypass passage connecting
the discharge passage to the sixth refrigerant passage,
a hot-gas bypass valve, an internal heat exchanger to
exchange heat between the liquid refrigerant inside the
receiver and the refrigerant passing through the suction
passage, or between refrigerant passing through the
fourth refrigerant passage and refrigerant passing
through the suction passage, a liquid bypass passage
including an inlet portion connected to the fourth refrig-
erant passage, the fifth refrigerant passage, or a lower
portion of the receiver, and an outlet portion connected
to the suction passage upstream of the internal heat ex-
changer, and a liquid bypass valve.
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Description
Field

[0001] The presentdisclosure relates to a refrigeration
cycle device.

Background

[0002] Patent Literature 1 described below discloses
a refrigeration device for container. The refrigeration de-
vice includes a condenser positioned outside a refriger-
ator, an evaporator positioned inside the refrigerator, a
hot-gas bypass path connecting a discharge pipe of a
compressor and an inlet of the evaporator, a three-way
proportional valve provided at a branch point thereof, and
an injection bypass path connecting a liquid line and a
suction line via an injection solenoid valve. During a de-
frost operation, this refrigeration device causes a dis-
charge gas refrigerant to flow into the evaporator through
the three-way proportional valve and the hot-gas bypass
path, and opens the injection solenoid valve to replenish
refrigerant from the liquid line to the suction line.

Citation List
Patent Literature

[0003] [PTL 1] JP H6-347143A

Summary
Technical Problem

[0004] Since in the aforementioned conventional re-
frigeration device, liquid refrigerant flows into the suction
line from the liquid line during a defrost operation, there
is a likelihood that the liquid refrigerant is sucked into the
compressor.

[0005] The present disclosure is made to solve the
problem as described above and has an object to provide
a refrigeration cycle device that is advantageous in reli-
ably preventing liquid refrigerant from being sucked into
a compressor.

Solution to Problem

[0006] A refrigeration cycle device according to the
present disclosure includes: a compressor to compress
refrigerant; a suction passage connecting to a suction
port of the compressor; a discharge passage connecting
to a discharge port of the compressor; an air heat ex-
changer to exchange heat between the refrigerant and
air; a utilization heat exchanger to exchange heat be-
tween the refrigerant and a heat medium; a first refriger-
ant passage connecting the utilization heat exchanger to
the discharge passage; a second refrigerant passage
connecting the air heat exchanger to the suction pas-
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sage; a receiver to store therein liquid refrigerant that is
the refrigerant in liquid phase; a first expansion valve; a
second expansion valve; a third refrigerant passage con-
necting the utilization heat exchanger to the first expan-
sion valve; a fourth refrigerant passage connecting the
first expansion valve to the receiver; a fifth refrigerant
passage connecting the receiver to the second expan-
sion valve; a sixth refrigerant passage connecting the
second expansion valve to the air heat exchanger; a hot-
gas bypass passage connecting the discharge passage
to the sixth refrigerant passage; a hot-gas bypass valve
provided on the hot-gas bypass passage; an internal heat
exchanger to exchange heat between the liquid refriger-
ant inside the receiver and the refrigerant passing
through the suction passage, or between the refrigerant
passing through the fourth refrigerant passage and the
refrigerant passing through the suction passage; a liquid
bypass passage including an inlet portion connected to
the fourth refrigerant passage, the fifth refrigerant pas-
sage, or a lower portion of the receiver, and an outlet
portion connected to the suction passage upstream of
the internal heat exchanger; and a liquid bypass valve
provided on the liquid bypass passage.

Advantageous Effect of Invention

[0007] According to the present disclosure, itbecomes
possible to provide the refrigeration cycle device that is
advantageous in reliably preventing the liquid refrigerant
from being sucked into the compressor.

Brief Description of Drawings
[0008]

Fig. 1 is a diagram showing a refrigeration cycle de-
vice according to embodiment 1.

Fig. 2 is a diagram showing a flow of refrigerant dur-
ing a heating operation of the refrigeration cycle de-
vice according to embodiment 1.

Fig. 3 is a diagram showing a flow of the refrigerant
at a time of a hot-gas defrost operation of the refrig-
eration cycle device according to embodiment 1.
Fig. 4 is one example of a functional block diagram
of the refrigeration cycle device according to embod-
iment 1.

Fig. 5is aflowchart showing an example of a process
at a time of executing the hot-gas defrost operation.
Fig. 6 is atiming chart showing an operation example
of each of actuators from the heating operation until
the operation transitions to the hot-gas defrost op-
eration and returns to the heating operation.

Fig. 7 is a diagram showing a refrigeration cycle de-
vice according to embodiment 2.

Fig. 8 is one example of a functional block diagram
of the refrigeration cycle device according to embod-
iment 2.

Fig. 9 is a diagram showing a flow of the refrigerant
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at a time of a heating operation of the refrigeration
cycle device according to embodiment 2.

Fig. 10 is a diagram showing a flow of the refrigerant
at a time of a hot-gas defrost operation of the refrig-
eration cycle device according to embodiment 2.
Fig. 11 is a flowchart showing an example of a proc-
ess at a time of executing the hot-gas defrost oper-
ation according to embodiment 2.

Fig. 12 is a timing chart showing an operation exam-
ple of each of actuators from the heating operation
according to embodiment 2 until the operation tran-
sitions to the hot-gas defrost operation and returns
to the heating operation.

Description of Embodiments

[0009] Hereinafter, embodiments are described with
reference to the drawings. Common or corresponding
elements in each of the drawings are assigned with the
same reference signs, and explanation thereof is simpli-
fied or omitted.

Embodiment 1

[0010] Fig. 1is a diagram showing arefrigeration cycle
device 1 according to embodiment 1. As shown in Fig.
1, the refrigeration cycle device 1 of the present embod-
iment includes a compressor 2 configured to compress
refrigerant. A substance used as the refrigerant is not
particularly limited, and may be any one of CO,, HFC,
and HFO, for example. Further, the refrigeration cycle
device 1 may use flammable refrigerant. Flammable re-
frigerant has an advantage of having a small impact on
global warming. As the flammable refrigerant, there are
cited hydrocarbon refrigerants such as R290 (propane)
and R600a (isobutane), for example.

[0011] A suction passage 3 connects to a suction port
of the compressor 2. A discharge passage 4 connects to
a discharge port of the compressor 2. An air heat ex-
changer 5 is positioned outdoor. Hereinafter, outdoor air
is referred to as "outside air". The air heat exchanger 5
exchanges heat between the refrigerant and outside air.
The air heat exchanger 5 has a refrigerant flow path. The
air heat exchanger 5 has a structure in which air can
pass. When a blower 23 works in the illustrated example,
outside air flows through the air heat exchanger 5.
[0012] A utilization heat exchanger 6 exchanges heat
between the refrigerant and a heat medium. The heat
medium is a medium for conveying heat to a heatdemand
section (not illustrated) that is equipment or a place that
uses heat. The heat medium in the present embodiment
is a liquid. The liquid heat medium may be, for example,
water, or may be brine, other than water. The utilization
heat exchanger 6 in the present embodiment has a re-
frigerant flow path and a heat medium flow path. In the
illustrated example, the heat medium flow path of the
utilization heat exchanger 6 is connected to the heat de-
mand section via a heat medium circuit 100. The heat
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medium circuit 100 has a heat medium pump 101. When
the heat medium circulates in the heat medium circuit
100 by an operation of the heat medium pump 101, the
heat medium that passes through the utilization heat ex-
changer 6 is supplied to the heat demand section. The
heat medium that passes through the heat demand sec-
tion returns to the utilization heat exchanger 6. The heat
medium circuit 100 may include a valve not illustrated for
controlling a flow rate or a circulation route of the heat
medium.

[0013] The heat demand section may include indoor
heating equipmentfor heating aroom. The indoor heating
equipment may include at least one of a floor heating
panel that is installed under a floor of a room, a radiator,
a panel heater, and a fan convector that are installed in
the room, for example. The heat demand section may
include a heat storage tank. The heat storage tank may
be a hot water storage tank that stores hot water. The
heat medium heated by the utilization heat exchanger 6
may be stored in the heat storage tank, or hot water heat-
ed by exchanging heat with the heat medium heated by
the utilization heat exchanger 6 may be stored in the hot
water storage tank. The heat demand section may in-
clude indoor cooling equipment for cooling a room. The
indoor cooling equipment may include a fan coil, for ex-
ample. The heat demand section may be used in both
the indoor heating equipment and the indoor cooling
equipment.

[0014] Note that the heat medium in the present em-
bodiment is not limited to the liquid but may be gas. For
example, the heat medium may be indoor air that is air
inside the room. In this case, a blower (not illustrated)
that generates an air flow may be included so that the
indoor air that passes through the utilization heat ex-
changer 6 is blown into the room.

[0015] A first refrigerant passage 7 connects one end
of the refrigerant flow path of the utilization heat exchang-
er 6 to the discharge passage 4. A second refrigerant
passage 8 connects one end of the refrigerant flow path
of the air heat exchanger 5 to the suction passage 3.
[0016] In the present disclosure, refrigerant in a liquid
phase state is referred to as a "liquid refrigerant”, and
refrigerant in a gaseous phase state is referred to as a
"gas refrigerant”. A receiver 9 is provided to store liquid
refrigerant. Inside the receiver 9, a liquid level 90 of the
liquid refrigerantis formed. An inner space of the receiver
9 above the liquid level 90 is filled with a gas refrigerant.
[0017] The refrigeration cycle device 1 further includes
afirst expansion valve 11 and a second expansion valve
12. The first expansion valve 11 and the second expan-
sion valve 12 each have a first port and a second port.
A third refrigerant passage 13 connects the other end of
the refrigerant flow path of the utilization heat exchanger
6 to the first port of the first expansion valve 11. A fourth
refrigerant passage 14 connects the second port of the
first expansion valve 11 to the receiver 9. A fifth refriger-
ant passage 15 connects the receiver 9 to the first port
of the second expansion valve 12. A sixth refrigerant pas-
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sage 16 connects the second port of the second expan-
sion valve 12 to the other end of the refrigerant flow path
of the air heat exchanger 5.

[0018] Intheillustrated example, atip end opening 14a
of the fourth refrigerant passage 14 is located in a lower
portion in the receiver 9 and is located under the liquid
level 90. A tip end opening 15a of the fifth refrigerant
passage 15 is located in the lower portion in the receiver
9 and is under the liquid level 90.

[0019] A hot-gas bypass passage 17 connects the dis-
charge passage 4 to the sixth refrigerant passage 16.
One end of the hot-gas bypass passage 17 is connected
to a branch portion 4a provided on the discharge passage
4. The other end of the hot-gas bypass passage 17 is
connected to a branch portion 16a provided on the sixth
refrigerant passage 16. A hot-gas bypass valve 18 is pro-
vided on the hot-gas bypass passage 17.

[0020] An internal heat exchanger 19 in the present
embodiment exchanges heat between the liquid refrig-
erant inside the receiver 9 and the refrigerant passing
through the suction passage 3. The internal heat ex-
changer 19 is provided inside the receiver 9. The internal
heat exchanger 19 is located under the liquid level 90 of
the liquid refrigerant. The refrigerant passing through the
suction passage 3 is heated by the liquid refrigerant in-
side the receiver 9 when passing through the internal
heat exchanger 19.

[0021] Aliquid bypass passage 20 has an inlet portion
20a connected to the fifth refrigerant passage 15, and an
outlet portion 20b connected to the suction passage 3
upstream of the internal heat exchanger 19. The inlet
portion 20a is connected to a branch portion provided on
the fifth refrigerant passage 15. The outlet portion 20b is
connected to a branch portion provided on the suction
passage 3. A liquid bypass valve 21 is provided on the
liquid bypass passage 20.

[0022] The refrigeration cycle device 1 can perform a
heating operation. The heating operation is an operation
that heats the heat medium by causing the refrigerant
discharged from the compressor 2 to flow into the utili-
zation heat exchanger 6. For example, in a system in
which the heat demand section includes the indoor heat-
ing equipment, an indoor-heating can be performed by
supplying the heat medium heated by the utilization heat
exchanger 6 by a heating operation to the indoor heating
equipment. Alternatively, in a system in which the heat
demand section includes a heat storage tank such as a
hot water storage tank, a heat accumulating operation
that accumulates the heat medium or hot water heated
by the heating operation into the heat storage tank can
be performed.

[0023] Fig. 2is a diagram showing a flow of the refrig-
erant during the heating operation of the refrigeration cy-
cle device 1 according to embodiment 1. As shown in
Fig. 2, the flow of the refrigerant during the heating op-
eration is as follows. The hot-gas bypass valve 18 and
the liquid bypass valve 21 are closed, and the refrigerant
does not flow into the hot-gas bypass passage 17 and
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the liquid bypass passage 20. A high-temperature and
high-pressure refrigerant discharged from the compres-
sor 2 flows into the utilization heat exchanger 6 through
the discharge passage 4 and the first refrigerant passage
7. The high-pressure refrigerant cooled by the heat me-
dium in the utilization heat exchanger 6 flows into the first
expansion valve 11 through the third refrigerant passage
13. The high-pressure refrigerant is decompressed and
expanded by the first expansion valve 11 to become a
medium-pressure refrigerant. The medium-pressure re-
frigerant flows into the receiver 9 from the first expansion
valve 11 through the fourth refrigerant passage 14. The
low-pressure refrigerant flowing through the suction pas-
sage 3 to pass through the internal heat exchanger 19
cools the liquid refrigerant in the receiver 9. The medium-
pressure liquid refrigerant in the receiver 9 flows into the
second expansion valve 12 through the fifth refrigerant
passage 15. The medium-pressure liquid refrigerant is
decompressed and expanded by the second expansion
valve 12 to become a gas-liquid two-phase low-temper-
ature and low-pressure refrigerant. The low-temperature
and low-pressure refrigerant flows into the air heat ex-
changer 5 through the sixth refrigerant passage 16. The
low-temperature and low-pressure refrigerant evapo-
rates by absorbing heat of outside air in the air heat ex-
changer 5. The low-pressure refrigerant flows into the
suction passage 3 through the second refrigerant pas-
sage 8 from the air heat exchanger 5. The low-pressure
refrigerant flowing in the suction passage 3 is heated by
the medium-pressure refrigerant inside the receiver 9
when passing through the internal heat exchanger 19 on
the way, and thereafter sucked by the compressor 2.
[0024] If the heating operation is performed under a
condition that the temperature of the outside air is low,
moisture contained in the outside air may become frost
and adhere to the air heat exchanger 5. The refrigeration
cycle device 1 can execute a hot-gas defrost operation
for removing the frost adhering to the air heat exchanger
5. Fig. 3 is a diagram showing a flow of the refrigerant at
a time of a hot-gas defrost operation of the refrigeration
cycle device 1 according to embodiment 1. At the time
ofthe hot-gas defrost operation, the hot-gas bypass valve
18 is opened, the second expansion valve 12 is closed,
the first expansion valve 11 is continuously or intermit-
tently opened, and the liquid bypass valve 21 is contin-
uously or intermittently opened.

[0025] As shown in Fig. 3, the flow of the refrigerant at
the time of the hot-gas defrost operation is as follows.
Most of the high-temperature and high-pressure refrig-
erant discharged to the discharge passage 4 from the
compressor 2 passes through the branch portion 4a, the
hot-gas bypass passage 17, the hot-gas bypass valve
18, the branch portion 16a, and the sixth refrigerant pas-
sage 16, and flows into the air heat exchanger 5. Frost
is melted and removed by the heat of the refrigerant, that
is, hot gas flowing into the air heat exchanger 5. The
refrigerant passing through the air heat exchanger 5 is
sucked by the compressor 2 after passing through the
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second refrigerant passage 8, the suction passage 3,
and the internal heat exchanger 19. The rest of the high-
temperature and high-pressure refrigerant discharged to
the discharge passage 4 from the compressor 2 flows
into the utilization heat exchanger 6 through the first re-
frigerant passage 7. The refrigerant flowing into the uti-
lization heat exchanger 6 is cooled by the heat medium
and condenses. The condensed liquid refrigerant stays
inside the utilization heat exchanger 6. The liquid refrig-
erant inside the utilization heat exchanger 6 passes
through the third refrigerant passage 13 and the first ex-
pansion valve 11 and flows into the receiver 9. The liquid
refrigerant inside the receiver 9 flows to the fifth refriger-
ant passage 15 from the tip end opening 15a. The liquid
refrigerant passes through the inlet portion 20a, the liquid
bypass passage 20, and the outlet portion 20b, and joins
the refrigerant flowing through the suction passage 3.

[0026] If the liquid refrigerant accumulates inside the
utilization heat exchanger 6 at the time of the hot-gas
defrost operation, the flow rate of the refrigerant circulat-
ing from the compressor 2 to the air heat exchanger 5
will become insulfficient, as a result of which, a defrosting
ability will be reduced. In contrast to this, the present
embodiment provides the following effect at the time of
the hot-gas defrost operation. The liquid refrigerant ac-
cumulated inside the utilization heat exchanger 6 can be
supplied to the suction passage 3 through the first ex-
pansion valve 11 and the liquid bypass passage 20.
Therefore, shortage of the flow rate of the refrigerant cir-
culating from the compressor 2 to the air heat exchanger
5 can be reliably prevented, so that a high defrosting
ability can be maintained. The liquid refrigerant flowing
into the suction passage 3 from the outlet portion 20b of
the liquid bypass passage 20 is heated by the internal
heat exchanger 19 and evaporated. Therefore, the liquid
refrigerant can be reliably prevented from being sucked
by the compressor 2. Therefore, according to the present
embodiment, there is provided an advantage that an ac-
cumulator for preventing the liquid refrigerant from being
sucked by the compressor 2 does not have to be provided
on a suction side of the compressor 2. Accordingly, as
illustrated, an accumulator is not provided on the suction
passage 3. In other words, the refrigerant passing
through the internal heat exchanger 19 is sucked by the
compressor 2 without passing through an accumulator.
[0027] The refrigeration cycle device 1 may further in-
clude controlling circuitry 50 configured to execute the
heating operation and the hot-gas defrost operation. By
adding the controlling circuitry 50, there is provided an
advantage that the operation of the heating operation
and the operation of the hot-gas defrost operation can
be automated. At the time of the heating operation, the
controlling circuitry 50 closes the hot-gas bypass valve
18 and the liquid bypass valve 21. At the time of the hot-
gas defrost operation, the controlling circuitry 50 opens
the hot-gas bypass valve 18 and closes the second ex-
pansion valve 12. Further, at the time of the hot-gas de-
frost operation, the controlling circuitry 50 continuously
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or intermittently opens the liquid bypass valve 21. The
controlling circuitry 50 may perform control so that an
opening degree of the first expansion valve 11 atthe time
of the hot-gas defrost operation becomes smaller than
an opening degree of the first expansion valve 11 at the
time of the heating operation. During execution of the
hot-gas defrost operation, the controlling circuitry 50 may
keep the first expansion valve 11 open or may control
the first expansion valve 11 so that it repeatedly opens
and closes. During execution of the hot-gas defrost op-
eration, the controlling circuitry 50 may keep the liquid
bypass valve 21 open, or may control the liquid bypass
valve 21 so that it repeatedly opens and closes.

[0028] The refrigeration cycle device 1 may further in-
clude arefrigerant circuit switching valve 22 that switches
between a forward cycle circuit and a reverse cycle cir-
cuit. The forward cycle circuit shown in Fig. 2 is a circuit
in which the refrigerant discharged from the compressor
2 flows into the utilization heat exchanger 6 through the
first refrigerant passage 7. Though notillustrated, the re-
verse cycle circuit is a circuit in which the refrigerant dis-
charged from the compressor 2 flows into the air heat
exchanger 5 through the second refrigerant passage 8.
By adding the refrigerant circuit switching valve 22, it be-
comes possible to perform a cooling operation using the
reverse cycle circuit. A cooling operation is an operation
that cools the heat medium in the utilization heat ex-
changer 6. For example, in the system in which the heat
demand section includes the indoor cooling equipment,
an indoor-cooling can be performed by supplying the heat
medium cooled by the cooling operation to the indoor
cooling equipment from the utilization heat exchanger 6.
[0029] In the illustrated example, the refrigerant circuit
switching valve 22 includes an a-port, a b-port, a c-port
and a d-port. The a-port of the refrigerant circuit switching
valve 22 is connected to the discharge port of the com-
pressor 2 by the discharge passage 4. The b-port of the
refrigerant circuit switching valve 22 is connected to the
suction port of the compressor 2 by the suction passage
3. The c-port of the refrigerant circuit switching valve 22
is connected to the utilization heat exchanger 6 by the
first refrigerant passage 7. The d-port of the refrigerant
circuit switching valve 22 is connected to the air heat
exchanger 5 by the second refrigerant passage 8.
[0030] Therefrigerantcircuitswitching valve 22 switch-
es the refrigerant flow path by moving a valve body, for
example. At the time of the heating operation in Fig. 2,
the refrigerant circuit switching valve 22 causes the a-
port to communicate with the c-port, and causes the b-
port to communicate with the d-port, whereby the forward
cycle circuit is formed. Thereby, the discharge passage
4 is connected to the first refrigerant passage 7, and the
suction passage 3 is connected to the second refrigerant
passage 8. A state of the refrigerant circuit switching
valve 22 at the time of the hot-gas defrost operation in
Fig. 3 is also the same as described above.

[0031] Atatime ofthe cooling operation, the refrigerant
circuit switching valve 22 causes the a-port to communi-
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cate with the d-port, and causes the b-port to communi-
cate with the c-port, whereby the reverse cycle circuit is
formed. Thereby, the discharge passage 4 is connected
to the second refrigerant passage 8, and the suction pas-
sage 3 is connected to the first refrigerant passage 7. A
flow of the refrigerant at the time of an operation by the
reverse cycle circuit is as follows. The high-temperature
and high-pressure refrigerant discharged from the com-
pressor 2 flows into the air heat exchanger 5 through the
discharge passage 4 and the second refrigerant passage
8. The high-pressure refrigerant is cooled by outside air
in the air heat exchanger 5. The cooled high-pressure
refrigerant flows into the second expansion valve 12
through the sixth refrigerant passage 16 from the air heat
exchanger 5. The high-pressure refrigerant is decom-
pressed and expanded by the second expansion valve
12 and becomes a medium-pressure refrigerant. The me-
dium-pressure refrigerant flows into the receiver 9
through the fifth refrigerant passage 15 from the second
expansion valve 12. The medium-pressure liquid refrig-
erant flows into the first expansion valve 11 through the
fourth refrigerant passage 14 from the receiver 9. The
medium-pressure liquid refrigerant is decompressed and
expanded by the first expansion valve 11 and becomes
agas-liquid two-phase low-pressure refrigerant. The low-
pressure refrigerant flows into the utilization heat ex-
changer 6 through the third refrigerant passage 13. The
low-pressure refrigerant evaporates in the utilization heat
exchanger 6, and thereby the heat medium is cooled.
The low-pressure refrigerant passing through the utiliza-
tion heat exchanger 6 flows into the suction passage 3
from the first refrigerant passage 7. The low-pressure
refrigerant flowing through the suction passage 3 is heat-
ed by the medium-pressure refrigerant in the receiver 9
when passing through the internal heat exchanger 19 on
the way, and thereafter is sucked by the compressor 2.
The liquid refrigerant in the receiver 9 is cooled by the
low-pressure refrigerant flowing through the suction pas-
sage 3 and passing through the internal heat exchanger
19.

[0032] The refrigeration cycle device 1 of the present
disclosure may not include the refrigerant circuit switch-
ing valve 22 and may not be able to execute the reverse
cycle operation. When the refrigerant circuit switching
valve 22 is not included, the discharge passage 4 can be
configured to directly connect to the first refrigerant pas-
sage 7 and the suction passage 3 can be configured to
directly connect to the second refrigerant passage 8.
[0033] AsshowninFig.1,the refrigerationcycle device
1 may further include at least one of a discharge pressure
sensor 24, a discharge temperature sensor 25, a suction
pressure sensor 26, a suction temperature sensor 27, a
first temperature sensor 28, a second temperature sen-
sor 29, a third temperature sensor 30, and an outside air
temperature sensor 31. The discharge pressure sensor
24 installed on the discharge passage 4 detects a com-
pressor discharge pressure that is a pressure of the re-
frigerant discharged from the compressor 2. The dis-
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charge temperature sensor 25 installed on the discharge
passage 4 detects a compressor discharge temperature
that is a temperature of the refrigerant discharged from
the compressor 2. The suction pressure sensor 26 in-
stalled on the suction passage 3 detects a compressor
suction pressure that is a pressure of the refrigerant to
be sucked by the compressor 2. The suction temperature
sensor 27 installed on the suction passage 3 downstream
of the internal heat exchanger 19 detects a compressor
suction temperature that is a temperature of the refriger-
ant to be sucked by the compressor 2. The first temper-
ature sensor 28 installed on the sixth refrigerant passage
16 between the branch portion 16a and the air heat ex-
changer 5 detects a temperature of the refrigerant be-
tween the air heat exchanger 5 and the second expansion
valve 12. The second temperature sensor 29 installed
on the second refrigerant passage 8 detects a tempera-
ture of the refrigerant between the refrigerant circuit
switching valve 22 and the air heat exchanger 5. The
third temperature sensor 30 installed on the fourth refrig-
erant passage 14 detects a temperature of the liquid re-
frigerant between the utilization heat exchanger 6 and
the first expansion valve 11. The outside air temperature
sensor 31 detects a temperature of outside air before
flowing into the air heat exchanger 5.

[0034] Fig. 4 is one example of a functional block dia-
gram of the refrigeration cycle device 1 according to em-
bodiment 1. As shown in Fig. 4, each of the compressor
2, the first expansion valve 11, the second expansion
valve 12, the hot-gas bypass valve 18, the liquid bypass
valve 21, the refrigerant circuit switching valve 22, the
blower 23, the discharge pressure sensor 24, the dis-
charge temperature sensor 25, the suction pressure sen-
sor 26, the suction temperature sensor 27, the first tem-
perature sensor 28, the second temperature sensor 29,
the third temperature sensor 30, and the outside air tem-
perature sensor 31 may be electrically connected to the
controlling circuitry 50. Each of functions of the controlling
circuitry 50 may be realized by processing circuitry. The
processing circuitry of the controlling circuitry 50 may in-
clude at least one processor 51 and at least one memory
52. At least the one processor 51 may realize each of
the functions of the controlling circuitry 50 by reading and
executing a program stored in at least the one memory
52. The processing circuitry of the controlling circuitry 50
may include at least one dedicated piece of hardware.
The controlling circuitry 50 may perform control so that
a rotation speed of the compressor 2 becomes variable
by inverter control, for example. The controlling circuitry
50 may perform control so that a rotation speed of the
blower 23 becomes variable by the inverter control, for
example.

[0035] The hot-gas bypass valve 18 is preferably con-
figured by a solenoid valve that is switchable only be-
tween opening (full open) and closing (full close), and
has a small pressure loss, for example.

[0036] The liquid bypass valve 21 preferably has a
function as an expansion valve capable of adjusting a
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flow rate by adjusting an opening degree thereof, for ex-
ample.

[0037] An operation of the heat medium pump 101 of
the heat medium circuit 100 may be controlled by a con-
troller except for the controlling circuitry 50. For example,
a controller included by an air-conditioning device or a
hot-water supply device that uses a heat medium may
control the operation of the heat medium pump 101.
[0038] Inthe presentembodiment, the refrigeration cy-
cle device 1 may be configured to execute the hot-gas
defrost operation without stopping the flow of the heat
medium in the utilization heat exchanger 6. According to
the present embodiment, it is not necessary to stop the
heat medium pump 101 when executing the hot-gas de-
frost operation, so that a control operation becomes sim-
ple. When the heat medium continues to flow into the
utilization heat exchanger 6 during the hot-gas defrost
operation, the high-temperature and high-pressure re-
frigerant from the compressor 2 is cooled and condensed
by the heat medium, and therefore, liquid refrigerant is
easily generated in the utilization heat exchanger 6. Ac-
cording to the present embodiment, the liquid refrigerant
in the utilization heat exchanger 6 can be supplied to the
suction passage 3 through the first expansion valve 11
and the liquid bypass passage 20. Therefore, the liquid
refrigerant can be prevented from accumulating in the
utilization heat exchanger 6, so that shortage of the flow
rate of the refrigerant circulating from the compressor 2
to the air heat exchanger 5 can be reliably prevented,
and a high defrosting ability can be maintained.

[0039] A heating power [W] is an amount of heat that
is given to the heat medium in the utilization heat ex-
changer 6 per unit time at the time of the heating opera-
tion. At the time of the heating operation, the controlling
circuitry 50 may adjust the rotation speed of the com-
pressor 2 so as to obtain a predetermined heating power
corresponding to a load on the heat medium circuit 100.
[0040] A superheat degree of the refrigerant to be
sucked by the compressor 2 is referred to as a "suction
superheat degree" below. A superheat degree of the re-
frigerant discharged from the compressor 2 is referred
to as a "discharge superheat degree" below. A saturation
temperature corresponding to a compressor suction
pressure is referred to as a "suction saturation tempera-
ture" below. A saturation temperature corresponding to
a compressor discharge pressure is referred to as a "dis-
charge saturation temperature" below. The controlling
circuitry 50 can calculate the suction saturation temper-
ature by using a detected pressure of the suction pres-
sure sensor 26. The controlling circuitry 50 can calculate
the discharge saturation temperature by using a detected
pressure of the discharge pressure sensor 24. The con-
trolling circuitry 50 can calculate the suction superheat
degree from a difference between a detected tempera-
ture of the suction temperature sensor 27 and the suction
saturation temperature. In the present embodiment, the
suction pressure sensor 26 and the suction temperature
sensor 27 correspond to detectors that detect the suction
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superheat degree. The controlling circuitry 50 can calcu-
late the discharge superheat degree from a difference
between the detected temperature of the discharge tem-
perature sensor 25 and the discharge saturation temper-
ature. In the present embodiment, the discharge pres-
sure sensor 24 and the discharge temperature sensor
25 correspond detectors that detect the discharge super-
heat degree.

[0041] Atthe time of the heating operation, the control-
ling circuitry 50 may control an opening degree of the
first expansion valve 11 so that a supercooling degree
of the refrigerant flowing out from the utilization heat ex-
changer 6 becomes close to a target. The controlling cir-
cuitry 50 may calculate the supercooling degree from a
difference between the discharge saturation temperature
and a detected temperature of the third temperature sen-
sor 30. For example, when the controlling circuitry 50
increases the opening degree of the firstexpansion valve
11, a flow rate of the refrigerant passing through the uti-
lization heat exchanger 6 increases, and the supercool-
ing degree decreases.

[0042] Atthe time of the heating operation, the control-
ling circuitry 50 may control an opening degree of the
second expansion valve 12 so that the suction superheat
degree or the discharge superheat degree becomes
close to a target. The controlling circuitry 50 may control
the second expansion valve 12 by using either the suction
superheat degree or the discharge superheat degree.
[0043] In the following explanation, a temperature of
the refrigerant flowing out from the air heat exchanger 5
is referred to as a "refrigerant outlet temperature of the
air heat exchanger 5", and a temperature of the refriger-
ant flowing into the air heat exchanger 5 is referred to as
a "refrigerant inlet temperature of the air heat exchanger
5". At the time of the heating operation, the controlling
circuitry 50 may control the opening degree of the second
expansion valve 12 so that an evaporation superheat de-
gree becomes close to a target. The evaporation super-
heat degree corresponds to a difference between the re-
frigerant outlet temperature of the air heat exchanger 5
detected by the second temperature sensor 29 and the
refrigerant inlet temperature of the air heat exchanger 5
detected by the first temperature sensor 28.

[0044] When the controlling circuitry 50 increases the
opening degree of the second expansion valve 12 at the
time of the heating operation, the flow rate of the refrig-
erant passing through the air heat exchanger 5 increas-
es, and each of the suction superheat degree, discharge
superheatdegree and evaporation superheat degree de-
creases. At the time of the heating operation, the con-
trolling circuitry 50 may operate the blower 23 at a pre-
determined rotation speed.

[0045] Fig. 5 is a flowchart showing an example of a
process at a time of executing the hot-gas defrost oper-
ation. Fig. 6 is a timing chart showing an operation ex-
ample of each of actuators from the heating operation
until the operation transitions to the hot-gas defrost op-
eration and returns to the heating operation. Hereinafter,
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the examples shown in Fig. 5 and Fig. 6 are described.
[0046] When a surface temperature of the air heat ex-
changer 5 goes down to below freezing due to a low
outside air temperature during execution of the heating
operation, frost is formed on the surface of the air heat
exchanger 5, and as a result, heat transfer performance
ofthe air heatexchanger 5 is deteriorated. As the amount
of frostformation increases, the evaporation temperature
with respect to the outside air temperature is lowered.
The evaporation temperature mentioned here refers to
a saturation temperature of the refrigerant that evapo-
rates in a pipe of the air heat exchanger 5. When a dif-
ference between the outside air temperature and the tem-
perature of the liquid refrigerantin the air heat exchanger
5 becomes larger than a reference value, the controlling
circuitry 50 may perform control to transition from the
heating operation to the hot-gas defrost operation. The
reference value may be approximately 10 K, forexample.
[0047] When transitioning from the heating operation
to the hot-gas defrost operation, the controlling circuitry
50 first controls the operation so that the rotation speed
of the compressor 2 becomes equal to a minimum rota-
tion speed Fcmin, as step S101 in Fig. 5. Next, the con-
trolling circuitry 50 stops the blower 23, as step S102.
Next, the controlling circuitry 50 opens the hot-gas by-
pass valve 18, as step S103. Next, the controlling circuitry
50 controls the operation so that an opening degree of
the liquid bypass valve 21 becomes slight opening
(P3-1), as step S104. The slight opening (P3-1) prefer-
ably corresponds to a minimum opening degree at which
the refrigerant flows through the liquid bypass valve 21.
Next, the controlling circuitry 50 controls the operation
so that the opening degree of the first expansion valve
11 becomes slight opening (P1-2), as step S105. The
slight opening (P1-2) preferably corresponds to a mini-
mum opening degree at which the refrigerant flows
through the first expansion valve 11. Next, the controlling
circuitry 50 controls the operation so that the opening
degree of the second expansion valve 12 becomes fully
closed, as step S106. This prevents the refrigerant from
flowing into the second expansion valve 12. The process
from step S101 to step S106 described above corre-
sponds to a defrost preparation process in Fig. 6.

[0048] Afterstep S106, the controlling circuitry 50 con-
trols the operation so that the rotation speed of the com-
pressor 2 becomes equal to a target rotation speed Fc2,
as step S107. The target rotation speed Fc2 may be a
fixed value. The controlling circuitry 50 may adjustavalue
of the target rotation speed Fc2 so that the compressor
discharge pressure becomes constant, for example.
Next, the controlling circuitry 50 controls the operation
so that the opening degree of the liquid bypass valve 21
becomes equal to a target opening degree (P3-2), as
step S108. At this time, the controlling circuitry 50 may
adjust a value of the target opening degree (P3-2) so that
the suction superheat degree or the discharge superheat
degree becomes close to a target. By a process of step
S107 and step S108 described above, the hot-gas de-
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frost operation starts.

[0049] Since the opening degree of the first expansion
valve 11 is the slight opening (P1-2) at the time of the
hot-gas defrost operation, only a small amount of the
high-temperature and high-pressure refrigerant dis-
charged to the discharge passage 4 from the compressor
2 flows into the utilization heat exchanger 6, and most of
the refrigerant flows into the hot-gas bypass passage 17.
The high-temperature and high-pressure refrigerant
flowing into the hot-gas bypass passage 17 is decom-
pressed to be the low-pressure gas refrigerant when
passing through the hot-gas bypass valve 18, and there-
after flows into the air heat exchanger 5. Since the second
expansion valve 12 is fully closed at this time, the low-
pressure gas refrigerant flows into a pipe that forms the
refrigerant flow path of the air heat exchanger 5, and
exchanges heat with frost adhering to a surface of fins
joined to the pipe. The frost receives heat of the refrig-
erant and melts. The refrigerant is cooled by the frost.
The refrigerant leaving the air heat exchanger 5 passes
through the second refrigerant passage 8 and the refrig-
erant circuit switching valve 22, and flows into the suction
passage 3. The refrigerant flowing into the suction pas-
sage 3 joins the refrigerant from the liquid bypass pas-
sage 20. The joining refrigerant is heated by exchanging
heat with the refrigerant in the receiver 9 in the internal
heat exchanger 19, and thereafter is sucked by the com-
pressor 2 again. In this way, a hot-gas defrost circuit that
circulates the refrigerant to the compressor 2, the hot-
gas bypass valve 18, the air heat exchanger 5, the re-
frigerant circuit switching valve 22 and the internal heat
exchanger 19 in this order is formed.

[0050] Since the opening degree of the first expansion
valve 11 is the slight opening (P1-2) at the time of the
hot-gas defrost operation, a small amount of high-pres-
sure refrigerant flows into the utilization heat exchanger
6 through the first refrigerant passage 7 from the dis-
charge passage 4. Heat is exchanged between the heat
medium continuing to flow into the utilization heat ex-
changer 6 and the high-pressure refrigerant, and thereby
the high-pressure refrigerantis cooled and liquefied. The
liquefied refrigerant passes through the first expansion
valve 11 and flows into the receiver 9. Since the liquid
bypass valve 21 opens, the liquid refrigerant from the
receiver 9 passes through the liquid bypass passage 20
and flows into the suction passage 3.

[0051] During execution of the hot-gas defrost opera-
tion, the controlling circuitry 50 determines whether the
refrigerant outlet temperature of the air heat exchanger
5 detected by the second temperature sensor 29 is higher
than the reference temperature, as step S109. The ref-
erence temperature is a temperature for determining an
end of the hot-gas defrost operation, and may be 0°C at
which frost melts, or a temperature higher than 0°C.
When the refrigerant outlet temperature of the air heat
exchanger 5 is the reference temperature or less, it can
be determined that frost cannot be removed yet, and
therefore the controlling circuitry 50 returns to a process
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in step S107 and continues the hot-gas defrost operation.
In contrast to this, when the refrigerant outlet temperature
of the air heat exchanger 5 is higher than the reference
temperature, it can be determined that frost has been
removed. In this case, the controlling circuitry 50 pro-
ceedstoaprocessinstep S110 to end the hot-gas defrost
operation and restart the heating operation.

[0052] As step S110, the controlling circuitry 50 con-
trols the operation so that the rotation speed of the com-
pressor 2 becomes equal to the minimum rotation speed
Fcmin. Next, as step S111, the controlling circuitry 50
controls the operation so that the opening degree of the
first expansion valve 11 becomes an initial opening de-
gree (P1-3) of the heating operation. Next, as step S112,
the controlling circuitry 50 controls the operation so that
the opening degree of the second expansion valve 12
becomes an initial opening degree (P2-3) of the heating
operation. Next, the controlling circuitry 50 closes the hot-
gas bypass valve 18, as step S113. Next, the controlling
circuitry 50 fully closes the liquid bypass valve 21, as step
S114. A process from step S110 to step S114 described
above corresponds to a return process in Fig. 6. The
heating operation restarts by the return process. After
the restart of the heating operation, the controlling cir-
cuitry 50 operates the blower 23 at a predetermined ro-
tation speed again and controls the operation of each of
the compressor 2, the first expansion valve 11, and the
second expansion valve 12 as in the explanation of the
heating operation described above.

[0053] The refrigeration cycle device 1 of the present
embodiment may be configured to be able to further ex-
ecute a reverse cycle defrost operation. The reverse cy-
cle defrost operation is an operation that removes frost
fromthe airheat exchanger 5 by circulating the refrigerant
into the reverse cycle circuit similarly to the aforemen-
tioned cooling operation. In the reverse cycle defrost op-
eration, the air heat exchanger 5 is used as a condenser,
and the utilization heat exchanger 6 is used as an evap-
orator.

[0054] When the reverse cycle defrost operation is ex-
ecuted in the system using a heat medium that can freeze
like water, for example, the heat medium in the utilization
heat exchanger 6 is cooled by heat of evaporation of the
refrigerant to a temperature below the freezing point and
may freeze. If the heat medium in the utilization heat ex-
changer 6 is frozen and expands in volume, there arises
alikelihood thatthe utilization heat exchanger 6 is broken.
If the utilization heat exchanger 6 is broken, there is a
likelihood that a wall that partitions the heat medium flow
path and a refrigerant flow path is broken to leak the
refrigerant into the heat medium circuit 100, or leak the
refrigerant into the atmosphere. In order to reliably pre-
vent such an event from occurring, a temperature sensor
(not illustrated) that detects the temperature of the heat
medium may be provided, and the controlling circuitry 50
may be configured to execute the hot-gas defrost oper-
ation when the temperature of the heat medium is lower
as compared with a reference, and execute the reverse
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cycle defrost operation when the temperature of the heat
medium is higher as compared with the reference, when
melting the frost adhering to the air heat exchanger 5.
Thereby, the hot-gas defrost operation is executed when
the heat medium in the utilization heat exchanger 6 is
likely to freeze, and the reverse cycle defrost operation
is executed when the heat medium in the utilization heat
exchanger 6 is unlikely to freeze, so that both can be
more properly used.

[0055] In the refrigeration cycle device 1 using flam-
mable refrigerant, it is particularly important to reliably
prevent leakage of the refrigerant into the heat medium
circuit 100 or leakage of the refrigerant into the atmos-
phere. According to the present embodiment, the hot-
gas defrost operation is executable, and therefore, the
heat medium in the utilization heat exchanger 6 can be
reliably prevented from freezing. Therefore, leakage of
the refrigerantinto the heat medium circuit 100 or leakage
of the refrigerant into the atmosphere can be reliably pre-
vented, so that it is suitable to use of flammable refriger-
ant.

[0056] The opening degree of the first expansion valve
11 at the time of the hot-gas defrost operation can be an
opening degree at which the liquid refrigerant staying in
the utilization heat exchanger 6 can be moved to the re-
ceiver 9 side through the fourth refrigerant passage 14.
In the present embodiment, the opening degree of the
first expansion valve 11 at the time of the hot-gas defrost
operation is smaller than the opening degree of the first
expansion valve 11 at the time of the heating operation.
This can reliably prevent the flow rate of the refrigerant
from the compressor 2 to the utilization heat exchanger
6 from becoming larger than necessary at the time of the
hot-gas defrost operation. Therefore, reduction in the
flow rate of the refrigerant in the hot-gas bypass circuit
can be reliably prevented, so that a high defrost ability is
obtained.

[0057] The following problem will arise if the amount
of the refrigerant in the hot-gas defrost circuit becomes
insufficient as a result that the condensed liquid refriger-
antaccumulates in the utilization heatexchanger 6 during
the hot-gas defrost operation. A density of the refrigerant
to be sucked by the compressor 2 is reduced, and the
flow rate of the refrigerant is reduced. Further, since the
discharge pressure of the compressor is reduced and
the discharge temperature is lowered, the defrost ability
is reduced. As a result, a time required for defrosting
becomes longer. In contrast to this, according to the
present embodiment, the refrigerant can be supplied to
the hot-gas defrost circuit from the receiver 9 through the
liquid bypass valve 21, so that the amount of the refrig-
erant in the hot-gas defrost circuit can reliably prevented
from becoming insufficient.

[0058] It is assumed that the refrigerant is supplied to
the hot-gas defrost circuit from the receiver 9 by opening
the second expansion valve 12 and causing the liquid
refrigerant to flow into the air heat exchanger 5 through
the sixth refrigerant passage 16 fromthe receiver 9 during
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the hot-gas defrost operation. In this case, the gas refrig-
erant from the hot-gas bypass passage 17 and the liquid
refrigerant from the receiver 9 mix, and thereby, the tem-
perature of the refrigerant flowing into the air heat ex-
changer 5islowered. As a result, an amount of heat used
for defrosting of the air heat exchanger 5 decreases. In
contrast to this, according to the present embodiment,
the liquid refrigerant is caused to flow into the suction
passage 3 of the compressor 2, so that the amount of
the refrigerant of the hot-gas frost circuit can be adjusted
without decreasing the amountof heat used for defrosting
of the air heat exchanger 5.

[0059] Atthe time of the hot-gas defrost operation, the
controlling circuitry 50 may control the operation or the
opening degree of the liquid bypass valve 21 so that the
suction superheat degree becomes close to a target. In
doing so, itis possible to more reliably prevent the amount
of the liquid refrigerant flowing into the suction passage
3 from the liquid bypass passage 20 from becoming too
large, and therefore, it is possible to more reliably prevent
the compressor 2 from sucking the liquid refrigerant.
[0060] At the time of the hot-gas defrost operation, the
controlling circuitry 50 may control the operation or the
opening degree of the liquid bypass valve 21 so that the
discharge superheat degree becomes close to a target.
In doing so, it is possible to more reliably prevent the
amount of the liquid refrigerant flowing into the suction
passage 3 from the liquid bypass passage 20 from being
too large, and therefore, it is possible to more reliably
prevent the compressor 2 from sucking the liquid refrig-
erant.

[0061] As described above, according to the present
embodiment, the amount of the refrigerant in the hot-gas
defrost circuit can be adjusted by one actuator (the liquid
bypass valve 21) and one control target (the suction su-
perheat degree or discharge superheat degree). There-
fore, it is possible to more simplify the control, and it is
possible to make the hot-gas defrost operation more sta-
ble.

[0062] In the present disclosure, instead of the illus-
trated example, the inlet portion 20a of the liquid bypass
passage 20 may be directly connected to the lower por-
tion of the receiver 9. In this case, at the time of the hot-
gas defrost operation, the liquid refrigerant flowing out to
the liquid bypass passage 20 from the lower portion of
the receiver 9 can be caused to flow into the suction pas-
sage 3.

[0063] In the present disclosure, instead of the illus-
trated example, the inlet portion 20a of the liquid bypass
passage 20 may be connected to the fourth refrigerant
passage 14. In this case, atthe time of the hot-gas defrost
operation, the liquid refrigerant in the fourth refrigerant
passage 14 can be caused to flow into the suction pas-
sage 3 through the liquid bypass passage 20. Directly
connecting a pipe to a vessel like the receiver 9 tends to
be more costly than connecting the pipe to a pipe. When
the inlet portion 20a of the liquid bypass passage 20 is
connected to the fourth refrigerant passage 14, or when
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the inlet portion 20a of the liquid bypass passage 20 is
connected to the fifth refrigerant passage 15 as in the
illustrated example, it is not necessary to directly connect
the pipe forming the liquid bypass passage 20 to the re-
ceiver 9, which is advantageous in cost reduction.
[0064] As a modified example, the refrigeration cycle
device 1 may include an internal heat exchanger that
exchanges heat between the refrigerant passing through
the fourth refrigerant passage 14 and the refrigerant
passing through the suction passage 3, in place of the
illustrated internal heat exchanger 19. In other words, the
internal heat exchanger may be outside the receiver 9.
By the modified example, a similar effect to that of the
illustrated embodiment is also obtained.

[0065] Atthe time of the hot-gas defrost operation, the
controlling circuitry 50 may control the operation or the
opening degree of the liquid bypass valve 21 according
to the refrigerant outlet temperature of the air heat ex-
changer 5. The gas refrigerant is cooled in the air heat
exchanger 5 at the time of the hot-gas defrost operation,
and therefore, when the amount of the refrigerant in the
hot-gas defrost circuit is large, there is a possibility that
the refrigerant condenses on a downstream side of the
air heat exchanger 5. When the refrigerant condenses
on the downstream side of the air heat exchanger 5, there
is a possibility that the internal heat exchanger 19 cannot
sufficiently evaporate the liquid refrigerant in the suction
passage 3. In the light of this, at the time of the hot-gas
defrost operation, the controlling circuitry 50 may adjust
the amount of the refrigerant in the hot-gas defrost circuit
by controlling the operation or the opening degree of the
liquid bypass valve 21 so that the refrigerant flowing out
from the air heat exchanger 5 is brought into a state of
superheated gas. This can more reliably prevent the lig-
uid refrigerant from being sucked by the compressor 2.
A difference between the refrigerant outlet temperature
of the air heat exchanger 5 detected by the second tem-
perature sensor 29 and the suction saturation tempera-
ture corresponds to the superheat degree of the refrig-
erant flowing out from the air heat exchanger 5. The con-
trolling circuitry 50 may control the operation or the open-
ing degree of the liquid bypass valve 21 so that the su-
perheat degree of the refrigerant flowing out from the air
heat exchanger 5 becomes close to the target. For ex-
ample, when the controlling circuitry 50 increases the
opening degree of the liquid bypass valve 21, the amount
of the refrigerant in the hot-gas defrost circuit increases,
so that the superheat degree of the refrigerant flowing
out from the air heat exchanger 5 is reduced. When the
controlling circuitry 50 reduces the opening degree of the
liquid bypass valve 21 on the contrary to this, the super-
heat degree of the refrigerant flowing out from the air
heat exchanger 5 increases.

[0066] At the time of the hot-gas defrost operation, the
controlling circuitry 50 may control the operation or the
opening degree of the liquid bypass valve 21 according
to a temperature difference between the refrigerant inlet
temperature of the air heat exchanger 5 detected by the
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first temperature sensor 28, and the refrigerant outlet
temperature of the air heat exchanger 5 detected by the
second temperature sensor 29. When the controlling cir-
cuitry 50 increases the opening degree of the liquid by-
pass valve 21, the temperature difference increases, and
when the controlling circuitry 50 reduces the opening de-
gree of the liquid bypass valve 21, the temperature dif-
ference reduces.

[0067] Atthe time of the hot-gas defrost operation, the
controlling circuitry 50 may temporarily increase the
opening degree of the first expansion valve 11 according
to the temperature of the liquid refrigerant flowing out
from the utilization heat exchanger 6. When the high-
pressure gas refrigerant is cooled by the heat medium
flowing in the utilization heat exchanger 6, the tempera-
ture of the refrigerant is lowered to a lower temperature
than the discharge saturation temperature. The lower the
refrigerant temperature, the more refrigerant is con-
densed in the utilization heat exchanger 6. In the light of
this, the controlling circuitry 50 preferably moves the lig-
uid refrigerant staying in the utilization heat exchanger 6
to the receiver 9 by temporarily increasing the opening
degree of the first expansion valve 11 when the super-
cooling degree of the liquid refrigerant flowing out from
the utilization heat exchanger 6 becomes larger than the
reference. This can always store the liquid refrigerant in
the receiver 9, and therefore adjustment of the amount
of the refrigerant in the hot-gas defrost circuit becomes
easier.

[0068] Further, a temperature sensor that detects the
temperature of the heat medium flowing into the utiliza-
tion heat exchanger 6 or the temperature of the heat me-
dium flowing out from the utilization heat exchanger 6
may be installed. At the time of the hot-gas defrost op-
eration, the controlling circuitry 50 determines that the
condensation amount of the refrigerant in the utilization
heat exchanger 6 becomes large when a difference be-
tween the heat medium temperature detected by the tem-
perature sensor, and the temperature of the liquid refrig-
erant flowing out from the utilization heat exchanger 6
becomes smaller than the reference and may temporarily
increase the opening degree of the first expansion valve
11.

Embodiment 2

[0069] Next,embodiment 2 is described with reference
to Fig. 7 to Fig. 12, a difference from embodiment 1 de-
scribed above is mainly described, and common expla-
nation is simplified or omitted. Further, elements that are
common to or correspond to the elements described
above are assigned with the same reference signs.

[0070] Fig.7 is adiagram showing arefrigeration cycle
device 32 according to embodiment 2. As shown in Fig.
7, the refrigeration cycle device 32 according to present
embodiment 2 further includes a bypass heating heat
exchanger 33 as compared with the refrigeration cycle
device 1 according to embodiment 1. The bypass heating
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heat exchanger 33 heats liquid refrigerant passing
through a liquid bypass passage 20 by a heat medium.
The bypass heating heat exchanger 33 includes a heat
medium passage 33a and a refrigerant passage 33b.
Heat is exchanged between the heat medium passing
through the heat medium passage 33a and the refriger-
ant passing through the refrigerant passage 33b. In the
illustrated example, the heat medium passing through
the utilization heat exchanger 6 flows into the heat me-
dium passage 33a of the bypass heating heat exchanger
33. As a modified example, the heat medium passing
through the heat medium passage 33a of the bypass
heating heat exchanger 33 may be configured to flow
into the utilization heat exchanger 6.

[0071] The liquid bypass passage 20 has a first pas-
sage 20c that connects an inlet portion 20a to an inlet of
the refrigerant passage 33b of the bypass heating heat
exchanger 33, and a second passage 20d that connects
an outlet of the refrigerant passage 33b of the bypass
heating heat exchanger 33 to an outlet portion 20b.
[0072] The refrigeration cycle device 32 includes a lig-
uid bypass expansion valve 34. The liquid bypass ex-
pansion valve 34 corresponds to the liquid bypass valve
21 in embodiment 1. The liquid bypass expansion valve
34 is configured by an expansion valve capable of ad-
justing a flow rate. The liquid bypass expansion valve 34
is positioned on the second passage 20d. An operation
and a function of the liquid bypass expansion valve 34
are the same as or similar to the operation and the func-
tion of the liquid bypass valve 21 in embodiment 1. The
liquid bypass expansion valve 34 is configured to decom-
press the refrigerant from the bypass heating heat ex-
changer 33 at a time of a hot-gas defrost operation.
[0073] The refrigeration cycle device 32 further in-
cludes a liquid bypass solenoid valve 35. The liquid by-
pass solenoid valve 35 is positioned on the first passage
20c. The liquid bypass solenoid valve 35 is preferably a
valve that can be switched only between being open and
closed. The liquid bypass solenoid valve 35 is configured
to decompress the liquid refrigerant passing through the
first passage 20c at the time of the hot-gas defrost oper-
ation.

[0074] The refrigeration cycle device 32 further in-
cludes aliquid bypass temperature sensor 36. The liquid
bypass temperature sensor 36 is positioned in the sec-
ond passage 20d between the liquid bypass expansion
valve 34 and the outlet portion 20b.

[0075] Fig. 8 is one example of a functional block dia-
gram of the refrigeration cycle device 32 according to
embodiment 2. As shown in Fig. 8, each of the liquid
bypass expansion valve 34, the liquid bypass solenoid
valve 35, and the liquid bypass temperature sensor 36
is electrically connected to a controlling circuitry 50.
[0076] Fig. 9is a diagram showing a flow of the refrig-
erant at a time of a heating operation of the refrigeration
cycle device 32 according to embodiment 2. As shown
in Fig. 9, at the time of the heating operation, the liquid
bypass expansion valve 34 and the liquid bypass sole-
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noid valve 35 are closed, and the refrigerant does not
flow into the liquid bypass passage 20. The flow of the
refrigerant atthe time of the heating operationis the same
as that of embodiment 1.

[0077] Fig. 10 is a diagram showing a flow of the re-
frigerant at a time of a hot-gas defrost operation of the
refrigeration cycle device 32 according to embodiment
2. As shown in Fig. 10, at the time of the hot-gas defrost
operation, the refrigeration cycle device 32 operates as
follows. The liquid bypass expansion valve 34 and the
liquid bypass solenoid valve 35 are opened. A liquid re-
frigerant in a receiver 9 flows into the liquid bypass pas-
sage 20 from the inlet portion 20a after flowing into a fifth
refrigerant passage 15 from a tip end opening 15a. The
liquid refrigerant passing through the liquid bypass pas-
sage 20 is heated by receiving heat of a heat medium of
a heat medium circuit 100 when passing through the by-
pass heating heat exchanger 33. At least a part of the
liquid refrigerant may evaporate while passing through
the bypass heating heat exchanger 33. According to the
present embodiment, at the time of the hot-gas defrost
operation, the liquid refrigerant in the liquid bypass pas-
sage 20 can be caused to flow into a suction passage 3
after being heated by the bypass heating heat exchanger
33. Therefore, together with heating by an internal heat
exchanger 19, the liquid refrigerant can be evaporated
more reliably before being sucked by the compressor 2.
As a result, the liquid refrigerant can be prevented from
being sucked by the compressor 2 more reliably without
providing an accumulator on the suction passage 3.
[0078] The refrigerant from the inlet portion 20a of the
liquid bypass passage 20 flows into the bypass heating
heat exchanger 33 after being decompressed to a me-
dium pressure by the liquid bypass solenoid valve 35.
The refrigerant passing through the bypass heating heat
exchanger 33 flows into the suction passage 3 after being
further decompressed to a low pressure by the liquid by-
pass expansion valve 34.

[0079] The liquid bypass expansion valve 34 can ad-
just a flow rate of the refrigerant by adjustment of an
opening degree thereof. In general, an expansion valve
may not be able to completely shut off a flow of refrigerant
even if a valve body is set to a minimum opening degree.
In the present embodiment, the liquid bypass solenoid
valve 35isfurtherinstalled, sothatwhen the liquid bypass
solenoid valve 35 is closed, the flow of the refrigerant
can reliably be shut off. Therefore, it is possible to more
reliably prevent the liquid refrigerant from bypassing from
the liquid bypass passage 20 to the suction passage 3
at the time of the heating operation, for example.
[0080] Accordingtothe presentembodiment, the liquid
bypass solenoid valve 35 is installed between the inlet
portion 20a of the liquid bypass passage 20 and the by-
pass heating heat exchanger 33, and therefore, closing
the liquid bypass solenoid valve 35 ensures that the re-
frigerant does not build up in the bypass heating heat
exchanger 33.

[0081] The liquid bypass solenoid valve 35 preferably
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has a bore diameter thereof selected so that it can de-
compress the refrigerant. The liquid bypass solenoid
valve 35 decompresses the refrigerant, and thereby can
make a temperature of the refrigerant flowing into the
bypass heating heat exchanger 33 lower than a temper-
ature of the heat medium flowing in the heat medium
circuit 100. As a result, it is possible to evaporate the
refrigerant more reliably in the bypass heating heat ex-
changer 33.

[0082] A first expansion valve 11 has a bore diameter
thereof selected so that it can control the flow of the re-
frigerant atthe time of the heating operation. Accordingly,
when the first expansion valve 11 is slightly opened at
the time of the hot-gas defrost operation, there is a pos-
sibility that the first expansion valve 11 cannot decom-
press the refrigerant. If the first expansion valve 11 can-
not decompress the refrigerant, and the liquid bypass
solenoid valve 35 does not exist, there is a possibility that
the refrigerant cannot evaporate in the bypass heating
heat exchanger 33. In contrast to this, according to the
present embodiment, the liquid bypass solenoid valve 35
decompresses the refrigerant before entering the bypass
heating heat exchanger 33, and thereby the temperature
of the refrigerant reliably becomes lower than the tem-
perature of the heat medium flowing in the heat medium
circuit 100. Therefore, the refrigerant can be reliably
evaporated in the bypass heating heat exchanger 33.
[0083] According tothe presentembodiment, the liquid
bypass expansion valve 34 installed downstream of the
bypass heating heat exchanger 33 decompresses the
refrigerant, and thereby the temperature of the refrigerant
of the bypass heating heat exchanger 33 can be made
higher than a suction saturation temperature. Therefore,
it is possible to more reliably prevent the refrigerant tem-
perature of the bypass heating heat exchanger 33 from
becoming too low, and therefore, it is possible to more
reliably prevent the heat medium like water from being
frozen in the bypass heating heat exchanger 33.
[0084] In this way, according to the present embodi-
ment, the bypass heating heat exchanger 33 is installed
between the liquid bypass solenoid valve 35 and the lig-
uid bypass expansion valve 34, in the refrigerant flow in
the liquid bypass passage 20, and thereby the bypassing
refrigerant can be evaporated at a more appropriate tem-
perature.

[0085] Note that the liquid bypass solenoid valve 35
can be omitted. For example, if the first expansion valve
11 can decompress the refrigerant at the time of the hot-
gas defrost operation, the liquid bypass solenoid valve
35 may not be provided.

[0086] The bypass heating heat exchanger 33 heats
the refrigerant by a heat medium on a utilization side
flowing in the heat medium circuit 100. The heat medium
on the utilization side is heated at the time of the heating
operation directly before the hot-gas defrost operation,
and therefore, has a high temperature to some extent.
Therefore, the heat medium on the utilization side has a
sufficient amount of heat required to evaporate the re-
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frigerant in the bypass heating heat exchanger 33.
[0087] Fig. 11 is a flowchart showing an example of a
process at a time of executing the hot-gas defrost oper-
ation according to embodiment 2. Fig. 12 is a timing chart
showing an operation example of each of actuators from
the heating operation according to embodiment 2 until
the operation transitions to the hot-gas defrost operation
and returns to the heating operation. Concerning an ex-
ample shown in Fig. 11 and Fig. 12, a difference from
the example shown in Fig. 5 and Fig. 6 of embodiment
1 is described hereinafter.

[0088] Step S201 to step S203 in Fig. 11 are the same
as step S101 to step S103 in Fig. 5. After opening a hot-
gas bypassvalve 18 as step S203, the controlling circuitry
50 opens the liquid bypass solenoid valve 35 as step
S204. Next, the controlling circuitry 50 controls the op-
eration so that the opening degree of the liquid bypass
expansion valve 34 becomes slightly opening (P3-1), as
step S205. Step S206 to step S208 in Fig. 11 are similar
to step S105 to step S107 in Fig. 5. A process from step
S201 to step S207 corresponds to a defrost preparation
process in Fig. 12.

[0089] Next, the controlling circuitry 50 controls the op-
eration so that the opening degree of the liquid bypass
expansion valve 34 becomes equal to a target opening
degree (P3-2), as step S209. At this time, the controlling
circuitry 50 may adjust a value of the target opening de-
gree (P3-2) so that the suction superheat degree or dis-
charge superheat degree becomes close to a target. By
a process of step S208 and step S209, the hot-gas de-
frost operation starts.

[0090] Step S210 to step S214 in Fig. 11 are similar to
step S109 to step S113 in Fig. 5. Next, the controlling
circuitry 50 closes the liquid bypass solenoid valve 35 as
step S215. Next, the controlling circuitry 50 fully closes
the liquid bypass expansion valve 34 as step S216. A
process from step S211 to step S216 corresponds to a
return process in Fig. 12.

Reference Signs List

[0091]

1 refrigeration cycle device
2 compressor

3 suction passage

4 discharge passage

4a branch portion

5 air heat exchanger

6 utilization heat exchanger
7 first refrigerant passage

8 second refrigerant passage
9 receiver

11 first expansion valve

12 second expansion valve
13 third refrigerant passage
14 fourth refrigerant passage
tip end opening
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15 fifth refrigerant passage

15a tip end opening

16 sixth refrigerant passage
16a  branch portion

17 hot-gas bypass passage
18 hot-gas bypass valve

19 internal heat exchanger
20 liquid bypass passage
20a inlet portion

20b  outlet portion

20c first passage

20d  second passage

21 liquid bypass valve

22 refrigerant circuit switching valve
23 blower

24 discharge pressure sensor

25 discharge temperature sensor
26 suction pressure sensor

27 suction temperature sensor

28 first temperature sensor

29 second temperature sensor

30 third temperature sensor

31 outside air temperature sensor
32 refrigeration cycle device

33 bypass heating heat exchanger

34 liquid bypass expansion valve

35 liquid bypass solenoid valve

36 liquid bypass temperature sensor
50 controlling circuitry

51 processor

52 memory
90 liquid level

100  heat medium circuit
101 heat medium pump
Claims

1. A refrigeration cycle device comprising:

a compressor to compress refrigerant;

a suction passage connecting to a suction port
of the compressor;

a discharge passage connecting to a discharge
port of the compressor;

an air heat exchanger to exchange heat be-
tween the refrigerant and air;

a utilization heat exchanger to exchange heat
between the refrigerant and a heat medium;

a first refrigerant passage connecting the utili-
zation heat exchanger to the discharge pas-
sage;

a second refrigerant passage connecting the air
heat exchanger to the suction passage;

a receiver to store therein liquid refrigerant that
is the refrigerant in liquid phase;

a first expansion valve;

a second expansion valve;
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a third refrigerant passage connecting the utili-
zation heat exchanger to the first expansion
valve;

a fourth refrigerant passage connecting the first
expansion valve to the receiver;

afifth refrigerant passage connecting the receiv-
er to the second expansion valve;

a sixth refrigerant passage connecting the sec-
ond expansion valve to the air heat exchanger;
a hot-gas bypass passage connecting the dis-
charge passage to the sixth refrigerant passage;
a hot-gas bypass valve provided on the hot-gas
bypass passage;

aninternal heat exchanger to exchange heatbe-
tween the liquid refrigerant inside the receiver
and the refrigerant passing through the suction
passage, or between the refrigerant passing
through the fourth refrigerant passage and the
refrigerant passing through the suction pas-
sage;

a liquid bypass passage including an inlet por-
tion connected to the fourth refrigerant passage,
the fifth refrigerant passage, or a lower portion
of the receiver, and an outlet portion connected
to the suction passage upstream of the internal
heat exchanger; and

a liquid bypass valve provided on the liquid by-
pass passage.

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

controlling circuitry to execute a heating opera-
tion that causes the refrigerant discharged from
the compressor to flow into the utilization heat
exchanger, and a hot-gas defrost operation that
melts frost adhering to the air heat exchanger,
wherein at a time of the heating operation, the
controlling circuitry is configured to cause the
refrigerant discharged from the compressor to
flow into the utilization heat exchanger by clos-
ing the hot-gas bypass valve and the liquid by-
pass valve,

at a time of the hot-gas defrost operation, the
controlling circuitry is configured to cause the
refrigerant discharged from the compressor to
pass through the hot-gas bypass passage and
flow into the air heat exchanger by opening the
hot-gas bypass valve and closing the second
expansion valve, and

at the time of the hot-gas defrost operation, the
controlling circuitry is configured to cause the
liquid refrigerant to flow into the suction passage
from the liquid bypass passage by opening the
liquid bypass valve continuously or intermittent-

ly.

3. The refrigeration cycle device according to claim 2,
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further comprising

a detector to detect a suction superheat degree
that is a superheat degree of the refrigerant to
be sucked by the compressor,

wherein at the time of the hot-gas defrost oper-
ation, the controlling circuitry is configured to
control an operation of the liquid bypass valve
so that the suction superheat degree becomes
close to a target.

4. The refrigeration cycle device according to claim 2,
further comprising

a detector to detect a discharge superheat de-
gree thatis a superheat degree of the refrigerant
discharged from the compressor,

wherein at the time of the hot-gas defrost oper-
ation, the controlling circuitry is configured to
control an operation of the liquid bypass valve
so that the discharge superheat degree be-
comes close to a target.

5. The refrigeration cycle device according to any one
of claim 2 to claim 4,
wherein the refrigeration cycle device is configured
to be able to execute the hot-gas defrost operation
without stopping a flow of the heat medium in the
utilization heat exchanger.

6. The refrigeration cycle device according to any one
of claim 2 to claim 5, further comprising:

a refrigerant circuit switching valve to switch be-
tween a forward cycle circuit in which the refrig-
erant discharged from the compressor flows into
the utilization heat exchanger through the first
refrigerant passage, and a reverse cycle circuit
in which the refrigerant discharged from the
compressor flows into the air heat exchanger
through the second refrigerant passage; and

a temperature sensor to detect a temperature
of the heat medium,

wherein when melting frost adhering to the air
heat exchanger, the controlling circuitry is con-
figured to execute the hot-gas defrost operation
when the temperature of the heat medium s low-
er as compared with a reference, and is config-
ured to execute a reverse cycle defrost opera-
tion that circulates the refrigerant into the re-
verse cycle circuit when the temperature of the
heat medium is higher as compared with the ref-
erence.

7. The refrigeration cycle device according to any one
of claim 2 to claim 6,
wherein at the time of the hot-gas defrost operation,
the controlling circuitry is configured to cause the
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liquid refrigerantinside the utilization heat exchanger
to flow into the fourth refrigerant passage by opening
the first expansion valve continuously or intermittent-

ly.

The refrigeration cycle device according to any one
of claim 2 to claim 7,

wherein at the time of the hot-gas defrost operation,
the controlling circuitry is configured to control an
operation of the liquid bypass valve so that the re-
frigerant of superheated gas flows out from the air
heat exchanger.

The refrigeration cycle device according to any one
of claim 1 to claim 8, wherein the refrigerant is flam-
mable refrigerant.

The refrigeration cycle device according to any one
of claim 1 to claim 9, wherein an accumulator is not
provided on the suction passage.

The refrigeration cycle device according to any one
of claim 1 to claim 10, further comprising

a bypass heating heat exchanger to heat the
liquid refrigerant passing through the liquid by-
pass passage by the heat medium,

wherein the liquid bypass passage includes a
first passage connecting the inlet portion to the
bypass heating heat exchanger, and a second
passage connecting the bypass heating heatex-
changer to the outlet portion.

The refrigeration cycle device according to claim 11,
comprising

a liquid bypass expansion valve that is the liquid
bypass valve configured by an expansion valve
capable of adjusting a flow rate,
wherein the liquid bypass expansion valve is po-
sitioned on the second passage.

The refrigeration cycle device according to claim 12,
further comprising

a liquid bypass solenoid valve positioned on the
first passage,

wherein the liquid bypass solenoid valve is con-
figured to decompress the liquid refrigerant
passing through the first passage.
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FIG. 2

REFRIGERANT FLOW DURING HEATING OPERATION
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FIG. 3

REFRIGERANT FLOW DURING HOT-GAS DEFROST OPERATION
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FIG. 5
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FIG. 6
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FIG. 7

32
90 /‘/
S 7 8
33 ( o3a L ¢ 29
b 2% [ a7 ﬂ(m
20d
MRz N 25~y %Z
33b 2o 4 23

23



EP 4 160 108 A1

€~

d3mod

GE~

JATVA QIONIT0S SSVdAE AINOIT

JATVA NOISNVdAX3 SSVdA9 AIndIn

81—

JATVA SSVdAS SVO-10H

AR

JATVA NOISNVdX3 QANODS

FEsr

JATVA NOISNVdXd 1Sdid

e~

JAIVA ONIHOLIMS
11NJYID INVHI9Td43Y

I S O O 0 .

d0SSFUNOD

AN

4OSN3S JuNLVaIdNaL
nill SSVdAd aINdIT ~9¢
«—{¥0SNIS JuN1VYIdNIL IV JaISINOf~1¢€
«| ¥0SN3S JWNIVYIdWIL GNIHL  }~o0¢
RTET <« ¥OSNIS JUNLVYIJNIL GNODIS |62
\
7¢ <« HOSN3S JUNLVYIINIL LSUId 87
40SS3004d
> <] HOSNIS JuNLVYIAWIL NOTLONS 12
1S
<« HOSNIS JunSSIud NOILONS 92
«—{ 4OSNIS FUNLVYIdNIL IDUVHISIA |~6e
4OSN3S FUNSSTUd IDUVHOSIA  |~+2
\
0§

8 0l

24



EP 4 160 108 A1

FIG. 9

REFRIGERANT FLOW DURING HEATING OPERATION
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FIG. 10

REFRIGERANT FLOW DURING HOT-GAS DEFROST OPERATION
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FIG. 11
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