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(54) REFRIGERATION CYCLE DEVICE

(57) Provided is a refrigeration cycle apparatus con-
figured to suppress a liquid backflow operation to a com-
pressor during a hot-gas reverse type defrosting opera-
tion. A refrigeration cycle apparatus (1) according to the
present invention includes a refrigerant circuit (2) includ-
ing a compressor (21), a flow switching valve (29), a heat
source-side heat exchanger (22), a main-expansion
valve (24), and a use-side heat exchanger (25) that are
connected by refrigerant pipes, and is configured to per-
form the hot-gas reverse type defrosting operation. The
refrigeration cycle apparatus (1) includes a pressure sen-
sor (3) configured to measure pressure on a high-pres-
sure side of the refrigerant circuit, and a controller (4)
configured to control the compressor (21), the flow
switching valve (29), and the main-expansion valve (24).
The main-expansion valve (24) connected between the
heat source-side heat exchanger (22) and the use-side
heat exchanger (25) is connected in parallel to a series
circuitincluding a sub-expansion valve (26) having a var-
iable opening degree, a refrigerant tank (27) configured
to accumulate surplus refrigerant, and a solenoid valve
(28) that are connected in series. The controller (4) is
configured to control the opening degree of the sub-ex-
pansion valve (26) and opening and closing of the sole-
noid valve (28), based on the pressure measured by the

pressure sensor (3).
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Description
Technical Field

[0001] The present invention relates to a refrigeration
cycle apparatus, and more particularly, to suppression
of liquid backflow during a defrosting operation.

Background Art

[0002] There have been known air-conditioning appa-
ratuses configured to cool or heat water using a refriger-
ation cycle apparatus, and use thus obtained cold water
or hot water to perform a cooling or heating operation,
and other such apparatus. Air-cooled heat pump chillers
correspond to those refrigeration cycle apparatus, for ex-
ample.

[0003] In low-temperature outdoor air, when a refrig-
eration cycle apparatus is operated in a heating opera-
tion, specifically, when an air-heat exchanger (outdoor-
side heat exchanger) configured to exchange heat be-
tween outdoor air and refrigerant is used as an evapo-
rator, and a water-heat exchanger (indoor-side heat ex-
changer) is used as a condenser, for example, when hot
water that is used for heating is produced, frost may be
formed on the air-heat exchanger. The frost formed on
the air-heat exchanger inhibits the heat exchange be-
tween the outdoor air and the refrigerant, thereby reduc-
ing performance for water heating on the water-heat ex-
changer side. Thus, it is necessary to immediately re-
move the frostformed on the air-heat exchanger (defrost-
ing). Examples of a defrosting method include a hot-gas
reverse type in which an air-heat exchanger operates as
a condenser, an off cycle defrost type in which a refrig-
eration cycle apparatus is stopped, and a heater defrost
type in which heatis generated by a heater installed near
a heat exchanger. In particular, the air-cooled heat pump
chillers employ the hot-gas reverse type defrosting op-
eration.

[0004] In the air-cooled heat pump chiller, a refrigerant
circuit includes, for example, a compressor, an air-heat
exchanger, an expansion valve, a water-heat exchanger,
arefrigerant tank, and a four-way valve that are connect-
ed by refrigerant pipes. The expansion valve provided
between the air-heat exchanger and the water-heat ex-
changer is connected to the circuit in series. The refrig-
erant tank is installed between the expansion valve and
the water-heat exchanger, and is connected in parallel
to the refrigerant pipe connecting the expansion valve
and the water heat exchanger to each other. The four-
way valve is connected so that when one of the suction
port side and the discharge port side of the compressor
is connected to the air-heat exchanger, the other is con-
nected to the water-heat exchanger, and that the con-
nection may be reversed. In this refrigerant circuit, the
four-way valve is switched so that refrigerant may circu-
late through the compressor, the water-heat exchanger,
the expansion valve, and the air-heat exchanger in the
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stated order in the heating operation, with the result that
hot water is produced in the water-heat exchanger. The
four-way valve is switched in the cooling operation so
that the refrigerant may circulate through the compres-
sor, the air-heat exchanger, the expansion valve, and the
water-heat exchanger in the stated order, with the result
that cold water is produced in the water-heat exchanger.
[0005] Insuch arefrigerant circuit, frost may be formed
on the air-heat exchanger that serves as an evaporator
during the heating operation, and hence the hot-gas re-
verse type defrosting operation is performed. The hot-
gas reverse type defrosting operation is a defrosting
method involving sending high-temperature refrigerant
gas (hot gas) discharged from the compressor to the air-
heat exchanger on which frost is formed, to thereby melt
the frost by the heat of the high-temperature refrigerant
gas. At the start of defrosting, liquid refrigerant accumu-
lated in the refrigerant tank, which is installed between
the expansion valve and the water-heat exchanger, flows
through the water-heat exchanger to the compressor and
enters the suction port of the compressor. In short, back
flow of liquid refrigerant, hereafter liquid backflow, to the
compressor occurs. In a similar manner, when the de-
frosting operation is ended and the heating operation is
started, liquid refrigerant accumulated in the air-heat ex-
changer enters the suction port of the compressor. In
short, liquid backflow to the compressor occurs. Due to
the foregoing, in the related art, an accumulator is in-
stalled in order to suppress liquid backflow, thereby pre-
venting liquid backflow to the compressor. However, the
capacity of the accumulator is large, and a large space
is thus required in a machine chamber. Accordingly, in
order to take measures for liquid backflow with small
space, there has been examined a method for adjusting
the amount of refrigerant that flows through a refrigerant
circuit by a flow rate adjusting device through provision
of a refrigerant tank.

[0006] In Patent Literature 1, there is disclosed a re-
frigerant circuitincluding a compressor, a condenser, an
expansion device, and an evaporator that are connected
by refrigerant pipes, in which the expansion device is
provided in parallel to a circuit including a flow rate ad-
justing device and a receiver configured to accumulate
surplus refrigerant in the refrigerant circuit that are con-
nected in series.

[0007] In Patent Literature 2, there is disclosed a re-
frigeration cycle apparatus in which the discharge portion
of a compressor and low-pressure refrigerant part of the
refrigerant circuit after a solenoid valve are connected to
each other by a hot gas bypass, a refrigerant circuit is
divided into a low-pressure part and a high-pressure part
in performing a defrosting operation, and an accumulator
is connected to the suction side of the compressor.
[0008] In Patent Literature 3, there is disclosed a tech-
nology for reducing pressure on the high-pressure side
in a refrigerant circuit by allowing, when the pressure on
the high-pressure side of the refrigerant circuit in opera-
tion rises, refrigerant to flow to a refrigerant tank connect-
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ed between a suction portion of the compressor and a
solenoid valve.

Citation List
Patent Literature
[0009]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2014-119153

Patent Literature 2: Japanese Examined Patent
Publication No. Hei 7-52052

Patent Literature 3: Japanese Unexamined Patent
Application Publication No. Hei 5-288427

Summary of Invention
Technical Problem

[0010] Inthe technology disclosed in Patent Literature
1, the refrigerant circuit is configured to adjust a refriger-
ant flow rate depending on the necessary amount of re-
frigerant, and during power outage, control of opening
the flow rate adjusting device to return refrigerant accu-
mulated in the receiver to the refrigerant circuit is per-
formed. This technology, however, is not conceived for
control during a defrosting operation.

[0011] Inthe technology disclosed in Patent Literature
2, the hot gas bypass, which connects between the so-
lenoid valve and the discharge side of the compressor
so that hot gas may be allowed to flow from the solenoid
valve to an evaporator, is provided, and during the de-
frosting operation, defrosting is performed by a circuit in
which a valve provided downstream of a condenser is
closed to connect the high-pressure side of the compres-
sor and the evaporator to each other. This configuration
prevents liquid backflow to the compressor by the accu-
mulator provided between the evaporator and the suction
port of the compressor, and requires a space for installing
the accumulator. Further, the hot gas bypass is provided
for defrosting. Thus, this technology has a problem in
that a space in the machine chamber of the refrigeration
cycle apparatus needs to be large.

[0012] In the refrigerant circuit of Patent Literature 3,
the suction port of the compressor is connected to ex-
pansion valves, and the refrigerant tank is provided be-
tween the compressor and the expansion valve. When
the circulation amount of refrigerant excessively increas-
es to raise high pressure, the refrigerant is accumulated
in the refrigerant tank. This configuration performs, when
the pressure on the high-pressure side of the refrigerant
circuit is higher than a defined value, control to open the
solenoid valve so that the refrigerant may be accumulat-
ed in the refrigerant tank. This configuration, however, is
not aimed at defrosting, and does not take measures to
prevent liquid backflow to the compressor during a de-
frosting operation.
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[0013] The present invention has been made in order
to overcome the above-mentioned problems, and itis an
object of the present invention to enable suppression of
liquid backflow in a refrigerant circuit including a refrig-
erant tank (high-pressure receiver) during a defrosting
operation of the refrigerant circuit.

Solution to Problem

[0014] According to one embodiment of the present
invention, there is provided a refrigeration cycle appara-
tus including a refrigerant circuit including a compressor,
a flow switching valve, a heat source-side heat exchang-
er, a main-expansion valve, and a use-side heat ex-
changer that are connected by refrigerant pipes, and be-
ing configured to perform a defrosting operation of a hot-
gas reverse type, a pressure sensor configured to meas-
ure pressure on a high-pressure side in the refrigerant
circuit; and a controller configured to control the com-
pressor, the flow switching valve, and the main-expan-
sion valve, wherein the main-expansion valve is connect-
ed between the heat source-side heat exchanger and
the use-side heat exchanger and is connected in parallel
to a series circuit in which a sub-expansion valve having
a variable opening degree, a refrigerant tank configured
to accumulate surplus refrigerant, and a solenoid valve
are connected in series, and the controller is configured
to control the opening degree of the sub-expansion valve
and opening and closing of the solenoid valve, based on
the pressure measured by the pressure sensor.

Advantageous Effects of Invention

[0015] According to one embodiment of the present
invention, at the start of the defrosting operation, the sub-
expansion valve and the solenoid valve are controlled so
that a refrigerant amount in the refrigerant tank may be
adjusted, and refrigerant may be discharged to the re-
frigerant circuit by an amount necessary for the defrosting
operation. In this way, liquid backflow to the compressor
that occurs during the defrosting operation can be sup-
pressed.

Brief Description of Drawings
[0016]

[Fig. 1] Fig. 1 is a schematic diagram of a refrigerant
circuit of a refrigeration cycle apparatus according
to Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a schematic diagram of a refrigerant
circuit of a refrigeration cycle apparatus according
to the related art (Comparative Example).

[Fig. 3] Fig. 3 is a diagram of a control flow of the
refrigeration cycle apparatus according to Embodi-
ment 1.

[Fig. 4] Fig. 4 is an explanatory graph for showing
the relationship of the operation of a solenoid valve
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thatdepends onthe elapsed time and high-pressure-
side pressure in the refrigerant circuit during a de-
frosting operation .

[Fig. 5] Fig. 5 is a diagram of a control flow of a re-
frigeration cycle apparatus according to Embodi-
ment 2 of the present invention.

Description of Embodiments
Embodiment 1

[0017] Now, a refrigeration cycle apparatus 1 accord-
ing to Embodiment 1 of the presentinvention is described
with reference to the drawings.

[0018] Fig. 1 is a schematic diagram of a refrigerant
circuit 2 of the refrigeration cycle apparatus 1 according
to Embodiment 1. The refrigeration cycle apparatus 1
according to Embodiment 1 is, for example, an air-con-
ditioning apparatus configured to use cold water or hot
water, which is obtained by cooling or heating water, for
a cooling or heating operation. The refrigeration cycle
apparatus 1 corresponds to, for example, an air-cooled
heat pump chiller.

[0019] Therefrigerantcircuit2 of the refrigeration cycle
apparatus 1 includes a compressor 21, an air-heat ex-
changer 22 corresponding to a heat source-side heat ex-
changer of the invention of the subject application, a
main-expansion valve 24, a water-heat exchanger 25
corresponding to a use-side heat exchanger of the in-
vention of the subject application, a sub-expansion valve
26, a refrigerant tank 27, a solenoid valve 28, and a four-
way valve 29 corresponding to a flow switching valve of
the invention of the subject application that are connected
by refrigerant pipes. The sub-expansion valve 26, the
refrigerant tank 27, and the solenoid valve 28 are con-
nected in series in the refrigerant circuit. The sub-expan-
sion valve 26, the refrigerant tank 27, and the solenoid
valve 28, which are connected, are connected in parallel
to the main-expansion valve 24 provided between the
air-heat exchanger 22 and the water-heat exchanger 25.
[0020] The four-way valve 29 is connected so that
when one of the suction port side and the discharge port
side of the compressor 21 is connected to the air-heat
exchanger 22, the other may be connected to the water-
heat exchanger 25, and that the connection may be re-
versed. The connection targets may be switched using
a flow switching valve other than the four-way valve 29
as long as the respective connection targets of the suc-
tion port side and the discharge port side of the compres-
sor 21 are switched to reverse a circulation direction of
refrigerant in the refrigerant circuit 2. The main-expan-
sion valve 24 serves as a pressure reducing device in
the refrigerant circuit 2. The opening degree of the sub-
expansion valve 26 can be switched among a fully-open
opening degree, a fully-closed opening degree, and a
throttled opening degree through change of its opening
degree. When being fully opened, the sub-expansion
valve 26 allows refrigerant to pass therethrough while
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the pressure of the refrigerant is not reduced or reduced
by a small amount. When being fully closed, the sub-
expansion valve 26 can block the flow of the refrigerant.
The sub-expansion valve 26 with the throttled opening
degree serves as a pressure reducing device in the re-
frigerant circuit 2, as in the main-expansion valve 24. The
solenoid valve 28 can be controlled to be open or closed.
When being open, the solenoid valve 28 allows refriger-
ant to flow therethrough while not reducing the pressure
of the refrigerant or reducing the pressure of the refrig-
erant by a small amount, and when being closed, the
solenoid valve 28 can block the flow of the refrigerant.
[0021] The refrigeration cycle apparatus 1 includes a
pressure sensor 3 configured to measure pressure on
the high-pressure side of the refrigerant circuit 2. Further,
the refrigeration cycle apparatus 1 includes a controller
4. The controller 4 controls the operations of the com-
pressor 21, the four-way valve 29, and the main-expan-
sion valve 24, and controls opening and closing of the
sub-expansion valve 26 and the solenoid valve 28 based
on a value measured by the pressure sensor 3. The con-
troller 4 comprises a microcomputer, for example. The
relationships between the pressure on the high-pressure
side of the refrigerant circuit 2, and the opening degree
control for the sub-expansion valve 26 and the opening
and closing control for the solenoid valve 28 are de-
scribed later.

[0022] The air-heat exchanger 22 is provided with a
fan 23. The fan 23 is configured to send air outside the
refrigeration cycle apparatus 1 (outdoor air) into the air-
heat exchanger 22 so that heat may be exchanged be-
tween refrigerant and the outdoor air. When frost is
formed on the air-heat exchanger 22 during the heating
operation, the frost prevents air sent by the fan 23 from
entering the air-heat exchanger 22, leading to drop in
heat exchange efficiency.

(Operation of Refrigeration Cycle Apparatus 1 during
Heating Operation)

[0023] The flow of refrigerant in the refrigerant circuit
2 oftherefrigeration cycle apparatus 1 and the operations
of the elements in the refrigerant circuit during the heating
operation, that is, when hot water is produced in the wa-
ter-heat exchanger 25 are described.

[0024] Refrigerant flowing through the pipes of the re-
frigerant circuit 2 is compressed in the compressor 21 to
have high-temperature and high-pressure, and then en-
ters the four-way valve 29. The four-way valve 29 is
switched as indicated by the dotted lines of Fig. 1 at the
time of the heating operation, and the high-temperature
and high-pressure refrigerant discharged from the dis-
charge port of the compressor 21 flows into the water-
heat exchanger 25. During the heating operation, the wa-
ter-heat exchanger 25 serves as a condenser and ex-
changes heat between water and the refrigerant. The
high-temperature and high-pressure refrigerant transfers
heat to the water in the water-heat exchanger 25 to be
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condensed, thereby becoming liquid refrigerant.

[0025] The liquid refrigerant that has flowed out of the
water-heat exchanger 25 is subjected to pressure reduc-
tion through the main-expansion valve 24 to become low-
temperature and low-pressure two-phase gas-liquid re-
frigerant. During the heating operation, the solenoid valve
28 is generally opened, and hence the refrigerant that
has flowed out of the water-heat exchanger 25 also flows
to the refrigerant tank 27. The refrigerant tank has a role
of accumulating surplus refrigerant during the heating
operation. Further, the sub-expansion valve 26 connect-
ed to the refrigerant tank 27 has the throttled opening
degree, and thus serves as a pressure reducing device
for the refrigerant.

[0026] The refrigerant, which is now two-phase gas-
liquid refrigerant through the main-expansion valve 24
and the sub-expansion valve 26, flows into the air-heat
exchanger 22. During the heating operation, the air-heat
exchanger 22 serves as an evaporator and exchanges
heat between outdoor air and the refrigerant. The low-
temperature and low-pressure two-phase gas-liquid re-
frigerantreceives heat from the outdoor air in the air-heat
exchanger 22 to become superheat gas. The refrigerant,
which is now superheat gas, flows into the suction port
ofthe compressor 21 through the four-way valve 29. After
that, the refrigerant circulates again in the same route.

(Operation of Refrigeration Cycle Apparatus 1 during De-
frosting Operation)

[0027] The flow of refrigerant in the refrigerant circuit
2 ofthe refrigeration cycle apparatus 1 and the operations
of the elements in the refrigerant circuit during the de-
frosting operation are described.

[0028] Underlow-temperature condition of outdoor air,
when the refrigeration cycle apparatus 1 is operated in
the heating operation, specifically, when the air-heat ex-
changer 22 configured to exchange heat between out-
door air and refrigerant is used as an evaporator, and
the water-heat exchanger 25 is used as a condenser, for
example, when hot water that is used for heating is pro-
duced, frost may be formed on the air-heat exchanger
22. The frost formed on the air-heat exchanger 22 inhibits
the heat exchange between the outdoor air and the re-
frigerant in the air-heat exchanger 22, thereby reducing
performance for water heating on the water-heat ex-
changer 25 side. Thus, the frost formed on the air-heat
exchanger 22 is removed by the defrosting operation.
[0029] The refrigeration cycle apparatus 1 according
to Embodiment 1 employs hot-gas reverse type defrost-
ing. When the defrosting operation is started, the four-
way valve 29 is switched as indicated by the solid lines
of Fig. 1. High-temperature and high-pressure gas refrig-
erantdischarged from the discharge port of the compres-
sor 21 flows into the air-heat exchanger 22 on which frost
is formed. As a result, the frost formed on the air-heat
exchanger 22 is melted, that is, defrosting is achieved.
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(Refrigeration Cycle Apparatus according to Compara-
tive Example)

[0030] Fig. 2 is a schematic diagram of a refrigerant
circuit 102 of a refrigeration cycle apparatus 101 accord-
ing to the related art (Comparative Example). The refrig-
erant circuit 102 of the refrigeration cycle apparatus 101
includes a compressor 11, an air-heat exchanger 12, a
main-expansion valve 14, a water-heat exchanger 15, a
refrigerant tank 17, and a four-way valve 19 that are con-
nected by refrigerant pipes. The refrigerant tank 17 is
connected in parallel to the main-expansion valve 14 pro-
vided between the air-heat exchanger 12 and the water-
heat exchanger 15. The four-way valve 19 is connected
so that when one of the suction port side and the dis-
charge port side of the compressor 11 is connected to
the air-heat exchanger 12, the other may be connected
to the water-heat exchanger 15, and that the connection
may be reversed. The air-heat exchanger 12 is provided
with afan 13. The fan 13 is configured to send air outside
the refrigeration cycle apparatus 101 (outdoor air) into
the air-heat exchanger 12 so that heat may be exchanged
between refrigerant and the outdoor air.

[0031] In general, in such a refrigerant circuit as the
refrigerant circuit 102 of the refrigeration cycle apparatus
101, the internal volume of an air-heat exchanger is large
as compared to a water-heat exchanger. During a heat-
ing operation, the air-heat exchanger 12, which has a
relatively small internal volume, serves as a condenser,
and hence the necessary amount of refrigerant is small
as compared to a cooling operation. As a result, surplus
refrigerant is generated. Thus, during the heating oper-
ation, refrigerant is accumulated in the refrigerant tank
17. This also occurs in the refrigeration cycle apparatus
1 according to Embodiment 1.

[0032] During a defrosting operation, the discharge
side of the compressor 11 is connected to the air-heat
exchanger 12 and the suction side thereof is connected
to the water-heat exchanger 15 so that refrigerant may
circulate in a direction opposite to that in the heating op-
eration. Thus, the entire refrigerant accumulated in the
refrigerant tank 17 flows out on a main refrigerant circuit.
When the entire surplus refrigerant flows out of the re-
frigerant tank 17, however, the amount of refrigerant is
larger than a refrigerant amount necessary for the de-
frosting operation, and the liquid refrigerant accumulated
in the refrigerant tank 17 flows into the suction side of
the compressor 11 through the water-heat exchanger 15,
resulting in liquid backflow. Thus, some measures for
liquid backflow need to be taken in the refrigeration cycle
apparatus 101 according to Comparative Example.

(Control of Refrigeration Cycle Apparatus 1 according to
Embodiment 1)

[0033] Fig. 3 is a diagram of the control flow of the
refrigeration cycle apparatus 1 according to Embodiment
1.
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[0034] The measures for liquid backflow need to be
taken in the refrigeration cycle apparatus 101 according
to Comparative Example, and hence in Embodiment 1,
such a refrigerant circuit as the refrigerant circuit 2 of the
refrigeration cycle apparatus 1 is formed, and liquid back-
flow is prevented by control described below.

[0035] When the defrosting operation is started, the
controller 4 installed in the refrigeration cycle apparatus
1 receives a value from the pressure sensor 3 configured
to measure the pressure on the high-pressure side in the
refrigerant circuit 2, for example, pressure in the refrig-
erant pipe from the discharge port of the compressor 21
to the four-way valve 29, detects a temporal change in
pressure on the high-pressure side of the refrigerant cir-
cuit 2, and determines whether the high-pressure-side
pressure is equal to or higher than reference high-pres-
sure, which corresponds to a defined value of the inven-
tion of the subject application, or lower than the reference
high-pressure (Control Step S1). When the high-pres-
sure-side pressure is lower than the reference high-pres-
sure, the controller 4 closes the solenoid valve 28 (Con-
trol Step S2) and fully opens the sub-expansion valve 26
(Control Step S3) so that refrigerant in the refrigerant
tank 27 may be discharged into a main circuit 5. The main
circuit 5 refers to a circuit portion for circulating refriger-
ant, in which the compressor 21, the four-way valve 29,
the air-heat exchanger 22, the main-expansion valve 24,
and the water-heat exchanger 25 are connected by the
refrigerant pipes. The refrigerant in the refrigerant tank
27 is discharged to the main circuit 5, and hence shortage
of a refrigerant amount in the main circuit 5 is eliminated.
There is therefore provided an effect that failures includ-
ing a superheat operation of the compressor 21 can be
avoided.

[0036] When the high-pressure-side pressure is equal
to or higher than the reference high-pressure, the con-
troller 4 opens the solenoid valve 28 (Control Step S4)
and fully closes the sub-expansion valve 26 (Control Step
S5) so that refrigerant in the main circuit 5 may be
charged to the refrigerant tank 27 from the solenoid valve
28 side. As a result, the refrigerant can be discharged to
the main circuit 5 by an amount necessary for defrosting,
and there is therefore provided an effect that failures in-
cluding liquid backflow to the compressor 21, which occur
due to surplus refrigerant in the main circuit 5, can be
avoided.

[0037] After performing Control Steps S2 and S3 or
Control Steps S4 and S5, the controller 4 determines
whether or not defrosting-operation end conditions are
satisfied (Control Step S6). When the defrosting-opera-
tion end conditions are not satisfied, the controller 4 re-
turns to Control Step S1 again. When the defrosting-op-
eration end conditions are satisfied, the control for the
defrosting operationis ended. Whether or not the defrost-
ing-operation end conditions are satisfied is determined
by, for example, determining whether or not the temper-
ature of the air-heat exchanger 22 becomes equal to or
higher than a defined value or elapsed time from the start
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of the defrosting operation becomes equal to or longer
than a defined value, or both the conditions are satisfied.
[0038] Fig. 4 is an explanatory graph for showing the
relationship of the operation of the solenoid valve 28 that
depends on the elapsed time and change in high-pres-
sure-side pressure in the refrigerant circuit 2 during the
defrosting operation .

[0039] The pressure shown in Fig. 4 is the pressure on
the high-pressure side in the refrigerant circuit 2. Specif-
ically, the pressure of refrigerant on the discharge side
of the compressor 21, that is, at a point in the section
from the compressor 21 to the four-way valve 29 is meas-
ured. When the refrigeration cycle apparatus 1 is
switched to the defrosting operation, pressure in the re-
frigerant circuit 2 increases as time elapses. When the
increase rate of the pressure in the refrigerant circuit 2
withrespectto elapsedtimeis largerthan a defined value,
thatis, the slope of the straight line of Fig. 4 is larger than
the defined value, the controller 4 determines that the
pressure is high pressure. When the increase rate of the
pressure intherefrigerant circuit 2 with respectto elapsed
time is smaller than the defined value, that is, the slope
of the straight line of Fig. 4 is smaller than the defined
value, the controller 4 determines that the pressure is
low pressure. The controller 4 controls the sub-expansion
valve 26 and the solenoid valve 28 to be open or closed
as described above, based on the determination.
[0040] When the high-pressure-side pressure is lower
than the reference high-pressure, the controller 4 can
also perform control of closing the solenoid valve 28 and
reducing the opening degree of the sub-expansion valve
26 . When the sub-expansion valve 26 is fully opened
through control, pressure in the main circuit 5 may in-
crease rapidly, and control of fully closing the sub-expan-
sion valve 26 and opening the solenoid valve 28 is per-
formed again when the high-pressure-side pressure be-
comes equal to or higher than the reference high-pres-
sure. Consequently, the opening and closing control for
the sub-expansion valve 26 and the solenoid valve 28 is
required to be frequently performed, resulting in unstable
operation. Through reduction in opening degree of the
sub-expansion valve 26, however, the flow rate of the
refrigerant from the refrigerant tank 27 to the main circuit
5 can be controlled, and fluctuations in pressure in the
main circuit 5 can be reduced. As a result, the frequency
at which the sub-expansion valve 26 and the solenoid
valve 28 are opened or closed can be reduced, and there
is therefore provided an effect that the defrosting opera-
tion of the refrigeration cycle apparatus 1 can be stably
performed.

Embodiment 2

[0041] In Embodiment 2 of the present invention, to
the refrigerant circuit 2 and its control in Embodiment 1,
steps of controlling the sub-expansion valve 26 and the
solenoid valve 28 are further added after the start of the
defrosting operation and before the end of the defrosting
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operation. In the following, points changed from Embod-
iment 1 are mainly described.

[0042] Fig. 5 is a diagram of a control flow of the re-
frigeration cycle apparatus 1 according to Embodiment 1.
[0043] The refrigeration cycle apparatus 1 according
to Embodiment 2 performs the heating operation under
a state in which the sub-expansion valve 26 is throttled
in opening degree and the solenoid valve 28 is opened.
At the start of the defrosting operation, the refrigeration
cycle apparatus 1 switches the four-way valve 29 so that
the circulation direction of refrigerant may be changed.
Atfter that, the controller 4 fully opens the sub-expansion
valve 26 and closes the solenoid valve 28 (Control Step
S0). Then, the controller 4 proceeds to Control Step S1
to detect a change in pressure on the high-pressure side
of the refrigerant circuit 2 with respect to time, and de-
termine whether the high-pressure-side pressure is
equal to or higher than the reference high-pressure,
which corresponds to the defined value of the invention
of the subject application, or lower than the reference
high-pressure. In short, the same Control Steps S1 to S6
as in Embodiment 1 are performed.

[0044] Immediately after the start of the defrosting op-
eration, that is, in Control Step SO, the pressure on the
high-pressure side of the refrigerant circuit 2 is low, and
hence refrigerant accumulated in the refrigerant tank 27
flows out to the main circuit 5 through the sub-expansion
valve 26. The pressure on the high-pressure side of the
refrigerant circuit 2 increases when the refrigerant flows
to the main circuit 5 by a sufficient amount. When the
increase rate of the pressure in the refrigerant circuit 2
with respect to the elapsed time exceeds the defined val-
ue, that is, the slope of the straight line of Fig. 4 is larger
than the defined value, due to the increase in pressure,
the controller 4 performs control of opening the solenoid
valve 28 and closing the sub-expansion valve 26. In short,
the control in Control Steps S4 and S5 is performed
through Control Step S1. In this case, refrigerant in the
refrigerant circuit 2 flows into the refrigerant tank 27
through the solenoid valve 28. As a result, the amount
of refrigerant, which has now high pressure, in the refrig-
erant circuit 2 is reduced and the pressure in the refrig-
erant circuit 2 is reduced.

[0045] Even when the refrigerant flows out to the main
circuit 5, as long as the pressure on the high-pressure
side of the refrigerant circuit 2 is lower than the defined
value, the controller 4 opens the sub-expansion valve 26
and closes the solenoid valve 28.

[0046] When reaching Control Step S6 through control
similar to that of Embodiment 1, the controller 4 deter-
mines whether or not the defrosting-operation end con-
ditions are satisfied. When the defrosting-operation end
conditions are not satisfied, the controller 4 returns to
Control Step S1 again. When the defrosting-operation
end conditions are satisfied, the controller 4 performs
control of fully opening the sub-expansion valve 26 and
closing the solenoid valve 28 (Control Step S7). After
that, the four-way valve 29 is switched, and the heating
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operation is restarted. During the heating operation, the
air-heat exchanger 22 side of the refrigerant circuit 2 cor-
responds to a low-pressure side, but immediately after
the start of the heating operation, liquid refrigerant exists
in the air-heat exchanger 22 due to the defrosting oper-
ation. However, the sub-expansion valve 26 is fully
opened and the solenoid valve 28 is closed, and thus
refrigerant in the main circuit 5 flows into the refrigerant
tank 27. As a result, it no longer occurs that the liquid
refrigerant existing in the air-heat exchanger 22 flows to
the compressor 21.

[0047] Timing to proceed to Control Step S7 may be
set to time that is a predetermined period of time before
the end of the defrosting operation (before the restart of
the heating operation) depending on the specifications
of the refrigeration cycle apparatus 1, for example. In this
case, Control Step S7 is ended after the predetermined
period of time elapses to end the defrosting control. After
that, the heating operation is restarted. Further, for ex-
ample, a change in pressure in the refrigerant circuit 2 is
detected, and the processing proceeds to Control Step
S7 when the pressure satisfies predetermined condi-
tions. Control Step S7 is ended to end the defrosting con-
trol when the pressure is reduced to the defined value.
[0048] Through the control described above, the refrig-
erant amount in the main circuit 5 is kept appropriate,
and the pressure is also kept at an appropriate value. As
a result, it is possible to prevent liquid backflow to the
compressor 21 from occurring in switching from the heat-
ing operation to the defrosting operation and switching
from the defrosting operation to the heating operation.

Reference Signs List
[0049]

1 refrigeration cycle apparatus 2 refrigerant circuit 3
pressure sensor 4 controller 5 main circuit 11 com-
pressor 12 air-heat exchanger 13 fan 14 main-ex-
pansion valve 15 water-heat exchanger 17 refriger-
anttank 18 solenoid valve 19 four-way valve 21 com-
pressor 22 air-heat exchanger 23 fan 24 main-ex-
pansion valve 25 water-heat exchanger 26 sub-ex-
pansion valve 27 refrigerant tank 28 solenoid valve
29 four-way valve 101 refrigeration cycle apparatus
102 refrigerant circuit

Claims
1. A refrigeration cycle apparatus comprising:

a refrigerant circuit including a compressor, a
flow switching valve, a heat source-side heat ex-
changer, a main-expansion valve, and a use-
side heat exchanger that are connected by re-
frigerant pipes, and being configured to perform
a defrosting operation of a hot-gas reverse type,
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a pressure sensor configured to measure pres-
sure on a high-pressure side in the refrigerant
circuit; and

a controller configured to control the compres-
sor, the flow switching valve, and the main-ex-
pansion valve,

wherein

the main-expansion valve is connected between
the heat source-side heat exchanger and the
use-side heat exchanger and is connected in
parallel to a series circuit in which a sub-expan-
sion valve having a variable opening degree, a
refrigerant tank configured to accumulate sur-
plus refrigerant, and a solenoid valve are con-
nected in series, and

the controlleris configured to control the opening
degree of the sub-expansion valve and opening
and closing of the solenoid valve, based on the
pressure measured by the pressure sensor.

The refrigeration cycle apparatus of claim 1, wherein
when the pressure is equal to or higher than a defined
value, the sub-expansion valve is opened and the
solenoid valve is closed, whereas when the pressure
is lower than the defined value, the sub-expansion
valve is fully closed and the solenoid valve is opened.

The refrigeration cycle apparatus of claim 1, wherein
when the pressure is equal to or higher than a defined
value, the opening degree of the sub-expansion
valve is reduced and the solenoid valve is closed,
whereas when the pressure is lower than the defined
value, the sub-expansion valve is fully closed and
the solenoid valve is opened.

The refrigeration cycle apparatus of any one of
claims 1 to 3, wherein the sub-expansion valve is
fully opened and the solenoid valve is closed in a
period from after start of the defrosting operation to
when the pressure reaches a defined value.

The refrigeration cycle apparatus of any one of
claims 1 to 4, wherein the sub-expansion valve is
fully opened and the solenoid valve is closed in a
predetermined period of time before end of the de-
frosting operation.
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