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(54) REFRIGERATION CYCLE DEVICE

(57)  Arefrigeration cycle apparatus (1) according to
the present invention includes an on-off valve (16) and
a controller (17). The on-off valve (16) is connected in
parallel with a compressor (11) between a discharge port
and a suction port of the compressor (11). The controller
(17) controls the on-off valve (16) to be opened and
closed, and switches an operation mode. The operation
mode includes a heating mode, a defrosting mode, and

a pressure equalization mode. The on-off valve (16) is
opened in the pressure equalization mode. In the pres-
sure equalization mode, the on-off valve (16) that is
opened is greater in flow path resistance than a four-way
valve (15). The controller (17) switches the operation
mode in order of the heating mode, the pressure equal-
ization mode, and the defrosting mode.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
cycle apparatus in which the circulation direction of re-
frigerant is switched such that a heat exchanger that has
been functioning as an evaporator in a heating mode is
caused to function as a condenser, thereby defrosting
the heat exchanger.

BACKGROUND ART

[0002] Conventionally, there is a known refrigeration
cycle apparatus in which the circulation direction of re-
frigerant is switched such that a heat exchanger that has
been functioning as an evaporator in a heating mode is
caused to function as a condenser, thereby defrosting
the heat exchanger. For example, Japanese Patent Lay-
ing-Open No. 2011-174662 (PTL 1) discloses an air heat
source heat pump water heater/air-conditioner, in which
a pump down operation for collecting refrigerant in a re-
ceiver is performed before a refrigerant circuit is switched
by a four-way valve from a heating cycle to a cooling
cycle, to thereby start a defrosting operation.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2011-174662

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] When the circulation direction of refrigerant in
a heating mode is switched by a flow path switching de-
vice such as a four-way valve in order to start a defrosting
mode, the first heat exchanger connected to a discharge
port of a compressor and functioning as a condenser in
a heating mode is connected to a suction port of the com-
pressor. On the other hand, the second heat exchanger
connected to the suction port of the compressor and func-
tioning as an evaporator in the heating mode is connected
to the discharge port of the compressor in the defrosting
mode. In the heating mode, the first heat exchanger con-
nected to the discharge port (high pressure side) of the
compressor is higher in pressure than the second heat
exchanger connected to the suction port (low pressure
side) of the compressor. Immediately after the circulation
direction of the refrigerantis switched by a four-way valve
in order to start a defrosting mode, a differential pressure
in the heating mode remains between the first heat ex-
changer and the second heat exchanger. When the de-
frosting mode is started to cause the compressor to op-
erate in the state where the differential pressure remains,
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alarge amount of refrigerant may be moved from the first
heat exchanger to the second heat exchanger.

[0005] Whenthe amount ofrefrigerant remaininginthe
first heat exchanger decreases, the pressure and the
temperature in the first heat exchanger decreases. Such
a temperature decrease in the first heat exchanger may
lead to, for example, dew condensation in the refrigera-
tion cycle apparatus, or damage to a pipe by solidification
of a heat medium such as water conveying heat to a
heating terminal as a result of heat exchange with refrig-
erant in the first heat exchanger. Consequently, it may
become difficult to stabilize the operation of the refriger-
ation cycle apparatus.

[0006] The present invention has been made to solve
the above-described problems. An object of the present
invention is to suppress a temperature decrease at the
start of a defrosting mode in a heat exchanger that has
been functioning as a condenser in a heating mode.

SOLUTION TO PROBLEM

[0007] A refrigeration cycle apparatus according to the
presentinvention is configured to operate in an operation
mode including a heating mode and a defrosting mode.
In the heating mode, refrigerant circulates sequentially
through a compressor, a flow path switching device, a
first heat exchanger, an expansion valve, and a second
heat exchanger. In the defrosting mode, the refrigerant
circulates sequentially through the compressor, the flow
path switching device, the second heat exchanger, the
expansion valve, and the first heat exchanger. The re-
frigeration cycle apparatus includes a flow regulating
valve and a controller. The flow regulating valve is con-
nected in parallel with the compressor between a dis-
charge port of the compressor and a suction port of the
compressor. The controller is configured to control a de-
gree of opening of the flow regulating valve. The control-
ler is configured to switch the operation mode. The op-
eration mode further includes a pressure equalization
mode. In the pressure equalization mode, the flow reg-
ulating valve is opened. In the pressure equalization
mode, a flow path resistance of the flow regulating valve
is greater than a flow path resistance of the flow path
switching device. The flow path resistance of the flow
regulating valve is in proportion to the degree of opening
of the flow regulating valve. The controller is configured
to switch the operation mode in order of the heating
mode, the pressure equalization mode and the defrosting
mode.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] In the refrigeration cycle apparatus according
to the present invention, when the operation mode is
switched from the heating mode to the defrosting mode,
the operation mode is switched in order of the heating
mode, the pressure equalization mode, and the defrost-
ing mode. In the pressure equalization mode, the flow
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regulating valve is opened, so that refrigerant on the high
pressure side flows through the flow regulating valve to
the low voltage side. The differential pressure between
the pressure of the refrigerant on the high pressure side
and the pressure of the refrigerant on the low voltage
side is smaller at the end of the pressure equalization
mode (at the start of the defrosting mode) than at the
start of the pressure equalization mode (at the end of the
heating mode). Furthermore, in the pressure equalization
mode, the flow path resistance in proportion to the degree
of opening of the flow regulating valve is greater than the
flow path resistance of the flow path switching device.
Thus, the amount of refrigerant flowing out of the first
heat exchanger in the pressure equalization mode can
be reduced. In the pressure equalization mode, while re-
ducing the amount of refrigerant flowing out of the first
heat exchanger, the differential pressure between the
pressure of the refrigerant on the high pressure side and
the pressure of the refrigerant on the low pressure side
can be set to be smaller at the start of the defrosting
mode than at the end of the heating mode. Furthermore,
the pressure equalization mode is adopted before the
defrosting mode, so that the differential pressure be-
tween the pressure of the refrigerant on the high pressure
side and the pressure of the refrigerant on the low pres-
sure side is set to be smaller at the start of the defrosting
mode than at the end of the heating mode. Thereby, the
amountofrefrigerant flowing out of the first heat exchang-
er at the start of the defrosting mode can be reduced.
Accordingly, a temperature decrease in the first heat ex-
changer at the start of the defrosting mode can be sup-
pressed. As a result, the refrigeration cycle apparatus
can be stably operated.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Fig. 1is a diagram showing the function configuration
of a refrigeration cycle apparatus according to the
firstembodiment, together with the flow of refrigerant
in a heating mode.

Fig. 2is a diagram showing the function configuration
ofthe refrigeration cycle apparatus in Fig. 1, together
with the flow of refrigerant in a defrosting mode.
Fig. 3 is a flowchart for illustrating the flow of a proc-
ess performed by a controller in Fig. 1 when a de-
frosting start condition is satisfied in the heating
mode.

Fig. 4 is a diagram showing the function configuration
ofthe refrigeration cycle apparatus in Fig. 1, together
with the flow of refrigerant in a pressure equalization
mode.

Fig. 5 is a flowchart illustrating the flow of a process
performed by the controller in Fig. 1 in the pressure
equalization mode.

Fig. 6 is a flowchart illustrating the flow of a process
performed by the controller in Fig. 1 in the defrosting
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Fig. 7 is an enlarged view of a connection portion
and therearound shown in Fig. 4, the connection por-
tion being provided between: a flow path connecting
a suction port of a compressor and a four-way valve;
and a flow path through which refrigerant from an
on-off valve flows.

Fig. 8is adiagram showing the function configuration
of a refrigeration cycle apparatus according to the
second embodiment, together with the flow of refrig-
erant at the start of a defrosting mode.

Fig. 9 is a flowchart illustrating the flow of a process
performed by a controller in Fig. 8 in the defrosting
mode.

Fig. 10is a flowchart illustrating the flow of a process
performed by a controller of a refrigeration cycle ap-
paratus according to the third embodiment when a
defrosting start condition is satisfied in a heating
mode.

Fig. 11 is a diagram showing the function configura-
tion of the refrigeration cycle apparatus according to
the third embodiment, together with the flow of re-
frigerant in a pump down mode.

Fig. 12is a flowchart illustrating the flow of a process
performed by a controller in Fig. 11 in a pump down
mode.

Fig. 13 is a diagram showing the function configura-
tion of a refrigeration cycle apparatus according to
the first modification of the third embodiment, togeth-
erwith the flow of refrigerantin the pump down mode.
Fig. 14 is a flowchart illustrating an example of a
process performed when the defrosting start condi-
tion is satisfied in a refrigeration cycle apparatus ac-
cording to the second modification of the third em-
bodiment.

Fig. 15 is a flowchart illustrating another example of
the process performed when the defrosting start con-
dition is satisfied in the refrigeration cycle apparatus
according to the second modification of the third em-
bodiment.

Fig. 16 is a diagram showing the function configura-
tion of a refrigeration cycle apparatus according to
the fourth embodiment, together with the flow of re-
frigerant in a pressure equalization mode.

Fig. 17 is a diagram showing the function configura-
tion of a refrigeration cycle apparatus according to
a madification of the fourth embodiment, together
with the flow of refrigerant in the pressure equaliza-
tion mode.

Fig. 18 is a diagram showing the function configura-
tion of a refrigeration cycle apparatus according to
the fifth embodiment, together with the flow of refrig-
erant in the pressure equalization mode.

DESCRIPTION OF EMBODIMENTS

[0010] Embodiments of the present invention will be
hereinafter described in detail with reference to the ac-
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companying drawings, in which the same or correspond-
ing components will be designated by the same reference
characters, and the description thereof will not basically
be repeated.

First Embodiment

[0011] Fig. 1is a diagram showing the function config-
uration of a refrigeration cycle apparatus 1 according to
the first embodiment, together with the flow of refrigerant
in a heating mode. The operation mode of refrigeration
cycle apparatus 1 includes a heating mode and a defrost-
ing mode. As shown in Fig. 1, refrigeration cycle appa-
ratus 1 includes a compressor 11, a heat exchanger 12,
an expansion valve 13, a heat exchanger 14, a four-way
valve 15, an on-off valve 16, and a controller 17. In the
heating mode, the refrigerant circulates sequentially
through compressor 11, four-way valve 15, heat ex-
changer 12, expansion valve 13, and heat exchanger 14.
On-off valve 16 corresponds to a flow regulating valve of
the present invention.

[0012] Compressor 11 adiabatically compresses re-
frigerant of gas (gas refrigerant) of low pressure and dis-
charges gas refrigerant of high pressure.

[0013] In the heating mode, four-way valve 15 serves
to connect the discharge port of compressor 11 and heat
exchanger 12, and also connect heat exchanger 14 and
the suction port of compressor 11. In the heating mode,
four-way valve 15 forms a flow path such that the refrig-
erant circulates sequentially through compressor 11,
four-way valve 15, heat exchanger 12, expansion valve
13, and heat exchanger 14.

[0014] Heatexchanger 12 functions as a condenser in
the heating mode. The gas refrigerant from compressor
11 emits condensation heat and condenses in heat ex-
changer 12, and then, turns into refrigerant of liquid (liquid
refrigerant). In heat exchanger 12, heat exchange is per-
formed between the refrigerant and a heat medium that
conveys heat to a heating terminal 100. Examples of the
heat medium may be water or brine (salt water).

[0015] By expansion valve 13, the liquid refrigerant is
adiabatically expanded and decompressed, and then,
caused to flow out as moist vapor in a gas-liquid two-
phase state. As expansion valve 13, an electronic con-
trolled-type expansion valve (linear expansion valve:
LEV) can be used, for example.

[0016] Heat exchanger 14 is disposed outdoors and
functions as an evaporator in a heating mode. The moist
vapor from expansion valve 13 is evaporated as a result
of absorption of vaporization heat from the outside air in
heat exchanger 14.

[0017] On-off valve 16 is connected in parallel with
compressor 11 between the discharge port and the suc-
tion port of compressor 11. The flow path resistance of
on-off valve 16 is greater than the flow path resistance
of four-way valve 15. The flow path resistance of the on-
off valve represents a flow path resistance at the time
when the on-off valve is opened (the degree of opening
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shows the fully-opened state). In other words, when on-
off valve 16 is opened, the Cv value of on-off valve 16 is
smaller than the Cv value of four-way valve 15. In the
heating mode, on-off valve 16 is closed.

[0018] Controller 17 switches the operation mode of
refrigeration cycle apparatus 1. Controller 17 controls the
driving frequency of compressor 11 to control the amount
of refrigerant discharged from compressor 11 per unit
time. Controller 17 controls four-way valve 15 to switch
the circulation direction of the refrigerant. Controller 17
controls the degree of opening of expansion valve 13.
Controller 17 controls on-off valve 16 to be opened and
closed. Controller 17 obtains the pressure of the refrig-
erant atthe suction port (suction pressure) of compressor
11 and the pressure of the refrigerant at the discharge
port (discharge pressure) of compressor 11 from pres-
sure sensors S1 and S2, respectively. Then, controller
17 calculates the differential pressure between the dis-
charge pressure and the suction pressure.

[0019] In the heating mode, frost may be formed on
heat exchanger 14 disposed outdoors and functioning
as an evaporator. When frost is formed on heat exchang-
er 14, the heat exchange efficiency of heat exchanger
14 functioning as an evaporator deteriorates, so that the
performance of refrigeration cycle apparatus 1 deterio-
rates. In refrigeration cycle apparatus 1, when frost is
formed on heat exchanger 14, the heating mode is inter-
rupted, and the defrosting mode for removing the frost
formed on heat exchanger 14 is started.

[0020] Fig. 2is a diagram showing the function config-
uration of refrigeration cycle apparatus 1in Fig. 1, togeth-
er with the flow of refrigerant in the defrosting mode. As
shown in Fig. 2, in the defrosting mode, four-way valve
15 serves to connect the discharge port of compressor
11 and heat exchanger 14, and also connect heat ex-
changer 12 and the suction port of compressor 11. In the
defrosting mode, four-way valve 15 forms a flow path
such thatrefrigerant circulates sequentially through com-
pressor 11, four-way valve 15, heat exchanger 14, ex-
pansion valve 13, and heat exchanger 12. In the defrost-
ing mode, heat exchanger 14 functions as a condenser.
In heatexchanger 14, the condensation heat emitted dur-
ing liquefaction of the refrigerant dissolves the frost
formed on heatexchanger 14, thereby removing the frost.
[0021] Inthe defrosting mode, heat exchanger 12 con-
nected to the high pressure side in the heating mode is
connected to the low pressure side. On the other hand,
heat exchanger 14 connected to the low pressure side
in the heating mode is connected to the high pressure
side. Inthe heating mode, the pressure in heatexchanger
12 connected to the high pressure side is higher than the
pressure in heatexchanger 14 connected to the low pres-
sure side. Immediately after the defrosting mode is start-
ed, the differential pressure in the heating mode remains
between heat exchanger 12 and heat exchanger 14.
When the defrosting mode is started to cause compres-
sor 11 to operate in the state where the differential pres-
sure remains, a large amount of refrigerant may be
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moved from heat exchanger 12 to heat exchanger 14.
[0022] When the amount of refrigerant remaining in
heat exchanger 12 decreases, the pressure and the tem-
perature in heat exchanger 12 decrease. Such a temper-
ature decrease in heat exchanger 12 may lead to, for
example, dew condensation in refrigeration cycle appa-
ratus 1, or damage to a pipe by solidification of a heat
medium such as water. As a result, it may become difficult
to stabilize the operation of refrigeration cycle apparatus
1.

[0023] Thus, in refrigeration cycle apparatus 1, when
the defrosting start condition is satisfied in the heating
mode, the operation mode is switched in order of the
heating mode, the pressure equalization mode, and the
defrosting mode. In the pressure equalization mode, on-
off valve 16 is opened while maintaining the connected
state in the heating mode, so that the differential pressure
between the pressure of the refrigerant on the high pres-
sure side and the pressure of the refrigerant on the low
pressure side is set to be smaller at the start of the de-
frosting mode than at the end of the heating mode. Since
the flow path resistance of on-off valve 16 is greater than
the flow path resistance of four-way valve 15, the amount
ofrefrigerant flowing out of heatexchanger 12in the pres-
sure equalization mode can be reduced. In the pressure
equalization mode, while reducing the amount of refrig-
erant flowing out of heat exchanger 12, the differential
pressure between the pressure on the high pressure side
and the pressure on the low pressure side can be set to
be smaller at the start of the defrosting mode than at the
end of the heating mode. Furthermore, the pressure
equalization mode is adopted before the defrosting
mode, so that the differential pressure between the pres-
sure of the refrigerant on the high pressure side and the
pressure of the refrigerant on the low pressure side is set
to be smaller at the start of the defrosting mode than at
the end of the heating mode. Thereby, the amount of
refrigerant flowing out of heat exchanger 12 at the start
of the defrosting mode can be reduced. Accordingly, a
temperature decrease in heat exchanger 12 at the start
of the defrosting mode can be suppressed. As a result,
refrigeration cycle apparatus 1 can be stably operated.
[0024] Fig. 3 is a flowchart illustrating the flow of the
process in which controller 17 in Fig. 1 switches the op-
eration mode of refrigeration cycle apparatus 1. In the
following, a step will be simply referred to as S. The proc-
ess shown in Fig. 3 is performed through a main routine
(not shown) through which refrigeration cycle apparatus
1 is comprehensively controlled.

[0025] As shown in Fig. 3, controller 17 determines in
S10 whether the termination condition for refrigeration
cycle apparatus 1 is satisfied or not. The termination con-
dition for refrigeration cycle apparatus 1 may be the con-
dition that the termination operation has been performed
by a user, or the condition that the termination time set
by the user has arrived. When the termination condition
is satisfied (YES in S10), controller 17 returns the process
to a main routine. When the termination condition is not
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satisfied (NO in S10), controller 17 causes the process
to proceed to S20. Controller 17 adopts a heating mode
in S20. When the defrosting start condition is satisfied in
the heating mode, controller 17 causes the process to
proceed to S200. Examples of the defrosting start con-
dition may be the condition that the temperature in heat
exchanger 14 is lower than a reference temperature, or
the condition that the amount of frost formed (amount of
formed frost) on heat exchanger 14 has exceeded a ref-
erence amount. The amount of formed frost can be cal-
culated from the temperature in heat exchanger 14 and
the humidity around heat exchanger 14.

[0026] After adopting the pressure equalization mode
in S200, controller 17 causes the process to proceed to
S300. After adopting the defrosting mode in S300, con-
troller 17 returns the process to S10. Controller 17 switch-
es the operationmodein order of the heating mode (S20),
the pressure equalization mode (S200), and the defrost-
ing mode (S300).

[0027] Fig. 4 is a diagram showing the function config-
uration of refrigeration cycle apparatus 1in Fig. 1, togeth-
er with the flow of refrigerant in the pressure equalization
mode. As shown in Fig. 4, in the pressure equalization
mode, controller 17 stops compressor 11, closes expan-
sion valve 13, and opens on-off valve 16. In the pressure
equalization mode, four-way valve 15 serves to maintain
the connection between the discharge port of compres-
sor 11 and heat exchanger 12 in the heating mode, and
also, maintain the connection between heat exchanger
14 and the suction port of compressor 11 in the heating
mode. Since expansion valve 13 is closed, the refrigerant
is prevented from flowing from heat exchanger 12 with
high pressure refrigerant through expansion valve 13 to
heat exchanger 14 with low pressure refrigerant.

[0028] Since on-off valve 16 is opened, the refrigerant
flows from heat exchanger 12 through on-off valve 16
into heat exchanger 14. The flow path resistance of on-
off valve 16 is higher than the flow path resistance of
four-way valve 15. Accordingly, the amount of refrigerant
flowing out of heat exchanger 12 in the pressure equal-
ization mode is smaller than the amount of refrigerant
flowing out of heat exchanger 12 when the defrosting
mode is started without adopting the pressure equaliza-
tion mode. In the pressure equalization mode, while re-
ducing the amount of refrigerant flowing out of heat ex-
changer 12, the differential pressure between the pres-
sure on the high pressure side and the pressure on the
low pressure side can be set to be smaller at the start of
the defrosting mode than at the end of the heating mode.
As a result, it becomes possible to suppress a tempera-
ture decrease in heat exchanger 12 at the start of the
defrosting mode adopted after the pressure equalization
mode.

[0029] Fig.5is aflowchartillustrating the flow of a proc-
ess performed by controller 17 in Fig. 1 in the pressure
equalization mode. The process shown in Fig. 5 is the
same as the process performed in S200 in Fig. 3.
[0030] AsshowninFig.5,controller 17 stops compres-
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sor 11in S201, and then, causes the process to proceed
to S202. Controller 17 closes expansion valve 13in S202,
and then, causes the process to proceed to S203. Con-
troller 17 opens on-off valve 16 in S203, and then, causes
the process to proceed to S204. In S204, controller 17
determines whether the differential pressure between the
discharge pressure and the suction pressure is smaller
than a reference differential pressure or not. When the
differential pressure between the discharge pressure and
the suction pressure is smaller than the reference differ-
ential pressure (YES in S204), controller 17 determines
that the differential pressure between the pressure of the
refrigerant on the high pressure side and the pressure of
the refrigerant on the low pressure side is sufficiently de-
creased. Then, controller 17 returns the process to a main
routine. When the differential pressure between the dis-
charge pressure and the suction pressure is equal to or
greater than the reference differential pressure (NO in
S204), controller 17 causes the process to proceed to
S205. In S205, controller 17 determines whether or not
the reference time period has elapsed since on-off valve
16 was opened. When the reference time period has
elapsed since on-off valve 16 was opened (YES in S205),
controller 17 determines that pressure equalization be-
tween the refrigerant on the high pressure side and the
refrigerant on the low pressure side has been sufficiently
achieved. Then, controller 17 returns the process to the
main routine. When the reference time period has not
elapsed since on-off valve 16 was opened (NO in S205),
controller 17 waits for a prescribed time period in S206,
and then, returns the process to S204. The reference
differential pressure in S204 and the reference time pe-
riod in S205 can be calculated as appropriate by a real
machine experiment or through a simulation.

[0031] Fig. 6 is a flowchart illustrating the flow of the
process performed by controller 17 in Fig. 1 in the de-
frosting mode. The process shown in Fig. 6 is the same
as the process performed in S300 in Fig. 3.

[0032] As shown in Fig. 6, controller 17 switches four-
way valve 15 in S301, and then, causes the process to
proceed to S302. In S302, controller 17 closes on-off
valve 16, and then, causes the process to proceed to
S303. In S303, controller 17 opens expansion valve 13
to an appropriate degree of opening, and then, causes
the process to proceed to S304. In S304, controller 17
starts compressor 11, and then, causes the process to
proceed to S305. In S305, controller 17 determines
whether a defrosting termination condition is satisfied or
not. When the defrosting termination condition is satisfied
(YES in S305), controller 17 returns the process to a main
routine. When the defrosting termination condition is not
satisfied (NO in S305), controller 17 waits for a prescribed
time period in S306, and then, returns the process to
S305. The defrosting termination condition includes, for
example, the condition that the temperature in heat ex-
changer 14 has become equal to or higher than the ref-
erence temperature, or the condition that the reference
time period has elapsed since the defrosting mode was
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started.

[0033] Again referring to Fig. 4, in refrigeration cycle
apparatus 1, heat exchanger 12 is lower in height than
four-way valve 15. Furthermore, the height of a connec-
tion portion J10 between: the flow path connecting the
suction port of compressor 11 and four-way valve 15;
and the flow path through which the refrigerant from on-
off valve 16 flows is lower than the height of four-way
valve 15. Thus, the refrigerant is less likely to flow from
heat exchanger 12 to four-way valve 15. Also, the refrig-
erant is less likely to flow from connection portion J10 to
four-way valve 15. As a result, the amount of refrigerant
flowing out of heat exchanger 12 in the pressure equal-
ization mode can be further reduced.

[0034] Fig. 7 is an enlarged view of connection portion
J10 and therearound shown in Fig. 4, connection portion
J10 being provided between: a flow path RP1 connecting
the suction port of compressor 11 and four-way valve 15;
and a flow path RP2 through which the refrigerant from
on-off valve 16 flows. As shown in Fig. 7, in refrigeration
cycle apparatus 1, an angle a1 formed between flow
paths RP1 and RP2 is greater than 0 degree and less
than 180 degrees. Accordingly, the refrigerant flowing
through flow path RP2 collides with the inner wall of flow
path RP1 in connection portion J10 between flow paths
RP1 and RP2. The refrigerant from on-off valve 16 is less
likely to merge into flow path RP1, to thereby decrease
the amount of refrigerant per unit time that flows through
on-off valve 16 in the pressure equalization mode. As a
result, it becomes possible to further reduce the amount
of the refrigerant flowing out of heat exchanger 12 in the
pressure equalization mode.

[0035] Furthermore, in refrigeration cycle apparatus 1,
flow path RP2 is narrower than flow path RP1 as shown
in Fig. 7. Specifically, flow path RP1 has a cross section
thatis orthogonal to the flowing direction of the refrigerant
flowing through flow path RP1 and flow path RP2 has a
cross section that is orthogonal to the flowing direction
of the refrigerant that flows through flow path RP2. The
area of the cross section of flow path RP2 through which
the refrigerant flows is smaller than the area of the cross
section of flow path RP1 through which the refrigerant
flows. The amount of refrigerant flowing per unit time
through on-off valve 16 in the pressure equalization mode
can be reduced as compared with the case where flow
path RP2 is equal in thickness to flow path RP1. As a
result, the amount of refrigerant flowing out of heat ex-
changer 12 can be further reduced. Furthermore, the
manufacturing cost of refrigeration cycle apparatus 1 can
be suppressed as compared with the case where flow
path RP2 is equal in thickness to flow path RP1.

[0036] As described above, according to the refriger-
ation cycle apparatus of the first embodiment, the pres-
sure equalization mode is adopted before the defrosting
mode, which can suppress a temperature decrease at
the start of the defrosting mode in the heat exchanger
that has been functioning as a condenser in the heating
mode. As a result, the refrigeration cycle apparatus can
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be stably operated.
Second Embodiment

[0037] The first embodiment has been described with
regard to the case where the on-off valve that is opened
in the pressure equalization mode is closed before the
compressor is started in the defrostingmode. The second
embodiment will be described below with regard to the
case where the on-off valve is closed after the compres-
sor is started in the defrosting mode.

[0038] In the second embodiment, the compressor is
operated while the on-off valve is kept opened for a cer-
tain time period after the start of the defrosting mode.
While the on-off valve is kept opened, a part of the re-
frigerant that is discharged from the compressor is re-
turned through the on-off valve to the suction port of the
compressor. In this case, the refrigerant from the heat
exchanger that has been functioning as a condenser in
the heating mode is less likely to be suctioned into the
compressor by the amount of the refrigerant that has
been returned to the suction port of the compressor
through the on-off valve. As a result, the amount of re-
frigerant flowing out of the heat exchanger at the start of
the defrosting mode can be further reduced.

[0039] The second embodimentis differentin the proc-
essflowin the defrosting mode from the firstembodiment.
Except for the above, the second embodiment is the
same as the first embodiment. Specifically, Figs. 2 and
6 of the first embodiment are replaced with Figs. 8 and
9, respectively, of the second embodiment. Since the
configurations other than the above are the same, the
description thereof will not be repeated.

[0040] Fig. 8 is a diagram showing the function config-
uration of a refrigeration cycle apparatus 2 according to
the second embodiment, together with the flow of refrig-
erant at the start of the defrosting mode. As shown in Fig.
8, on-off valve 16 is opened at the start of the defrosting
mode of refrigeration cycle apparatus 2. While the on-off
valve is opened, a part of the refrigerant that has been
discharged from compressor 11 is returned through on-
off valve 16 into the suction port of compressor 11.
[0041] Fig. 9 is a flowchart illustrating the flow of the
process performed by controller 17 in Fig. 8 in the de-
frosting mode. As shown in Fig. 8, controller 17 switches
four-way valve 15in S311, and then, causes the process
to proceed to S312. In S312, controller 17 opens expan-
sion valve 13 to an appropriate degree of opening, and
then, causes the process to proceed to S313. In S313,
controller 17 starts compressor 11 and causes the proc-
esstoproceedto S314. In S314, controller 17 determines
whether the defrosting termination condition is satisfied
or not. When the defrosting termination condition is sat-
isfied (YES in S314), controller 17 causes the process
to proceed to S315. In S315, controller 17 determines
whether on-off valve 16 is opened or not. When on-off
valve 16 is closed (NO in S315), controller 17 returns the
process to a main routine. When on-off valve 16 is
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opened (YES in S315), controller 17 closes on-off valve
16 in S316, and then, returns the process to a main rou-
tine.

[0042] When the defrosting termination condition is not
satisfied (NO in S314), controller 17 causes the process
to proceed to S317. In S317, controller 17 determines
whether the suction pressure exceeds the reference
pressure or not. When the suction pressure exceeds the
reference pressure (YES in S317), controller 17 deter-
mines that the suction pressure has sufficiently in-
creased. Thus, controller 17 closes on-off valve 16 in
S319 and waits for a prescribed time period in S320.
Then, controller 17 returns the process to S314. When
the suction pressure is equal to or less than the reference
pressure (NO in S317), controller 17 causes the process
to proceed to S318. In S318, controller 17 determines
whether the reference time period has elapsed or not
since compressor 11 was started. When the reference
time period has elapsed since compressor 11 was started
(YESinS318), controller 17 determines that a time period
sufficient to increase the suction pressure has elapsed.
Thus, controller 17 closes on-off valve 16 in S319. Then,
after controller 17 waits for a prescribed time period in
S320, itreturns the process to S314. When the reference
time period has not elapsed since compressor 11 was
started (NO in S318), the controller returns the process
to S314. The reference pressure in S317 and the refer-
ence time period in S318 can be calculated as appropri-
ate by areal machine experiment or through a simulation.
[0043] Asdescribed above, also in the refrigeration cy-
cle apparatus according to the second embodiment, the
pressure equalization mode is adopted before the de-
frosting mode, which can suppress a temperature de-
crease at the start of the defrosting mode in the heat
exchanger that has been functioning as a condenser in
the heating mode. As a result, the refrigeration cycle ap-
paratus can be stably operated.

[0044] In the second embodiment, the compressor is
operated while the on-off valve is kept opened for a cer-
tain time period after the start of the defrosting mode.
Thereby, it becomes possible to further suppress a tem-
perature decrease at the start of the defrosting mode in
the heat exchanger that has been functioning as a con-
denser in the heating mode. As a result, the refrigeration
cycle apparatus can be further stably operated.

Third Embodiment

[0045] The first embodiment has been described with
regard to the case where the pressure equalization mode
is adopted after the heating mode when the defrosting
start condition is satisfied. The third embodiment will be
hereinafter described with regard to the case where,
when the defrosting start condition is satisfied, the heat-
ing mode is adopted, which is followed by the pump down
mode, which is followed by the pressure equalization
mode. In the pump down mode, the amount of refrigerant
inside the heat exchanger that has been functioning as
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a condenser in the heating mode is increased. The pump
down mode is adopted before the pressure equalization
mode, so that the amount of refrigerant inside the heat
exchanger at the start of the pressure equalization mode
becomes greater than that in the first embodiment. Thus,
it becomes possible to further suppress a temperature
decrease at the start of the defrosting mode in the heat
exchanger. As a result, the refrigeration cycle apparatus
can be further stably operated.

[0046] The third embodiment is different from the first
embodiment in that a pump down mode is added to the
operation mode. In other words, Fig. 3 in the first embod-
iment is replaced with Fig. 10 in the second embodiment.
Since the features other than the above are the same,
the description thereof will not be repeated.

[0047] Fig. 10 is a flowchart illustrating the flow of the
process in which a controller of a refrigeration cycle ap-
paratus according to the third embodiment switches the
operation mode of the refrigeration cycle apparatus. As
shown in Fig. 10, when the defrosting start condition is
satisfied in the heating mode (S20), the controller adopts
the pump down mode in S100. Then, in the same manner
as in the first embodiment, the controller adopts the pres-
sure equalization mode in S200, and adopts the defrost-
ing mode in S300. When the defrosting start condition is
satisfied, the controller switches the operation mode in
order of the heating mode, the pump down mode, the
pressure equalization mode, and the defrosting mode.
[0048] Fig. 11 is a diagram showing the function con-
figuration of a refrigeration cycle apparatus 3 according
to the third embodiment, together with the flow of refrig-
erant in the pump down mode. As shown in Fig. 11, in
the pump down mode, controller 17 causes compressor
11 to operate, closes expansion valve 13, and closes on-
off valve 16. In the pump down mode, four-way valve 15
serves to maintain the connection between the discharge
port of compressor 11 and heat exchanger 12, and also
maintain the connection between heat exchanger 14 and
the suction port of compressor 11. Since compressor 11
is operated while expansion valve 13 is closed, the re-
frigerant discharged from compressor 11 is stored in heat
exchanger 12. While the pump down mode is adopted,
the amount of refrigerant inside heat exchanger 12 in-
creases. Theamount ofrefrigerantinside heat exchanger
12 atthe start of the pressure equalization mode is great-
er than that in the first embodiment in which the pump
down mode is not adopted. At the start of the defrosting
mode adopted after the pressure equalization mode, the
amount of refrigerant remaining inside heat exchanger
12 is greater than that in the first embodiment. Accord-
ingly, a temperature decrease in heat exchanger 12 can
be suppressed as compared with the first embodiment.
[0049] Fig. 12 is a flowchart illustrating the flow of the
process performed by controller 17 in Fig. 11 in the pump
down mode. The process shown in Fig. 12 is the same
as the process performed in S100 in Fig. 10.

[0050] AsshowninFig. 12, controller 17 closes expan-
sion valve 13 in S101, and then, causes the process to
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proceed to S102. Controller 17 determines in S102
whether the suction pressure is smaller than the refer-
ence pressure or not. When the suction pressure is small-
er than the reference pressure (YES in S102), controller
17 determines that the amount of refrigerant suctioned
into compressor 11 has decreased due to a sufficient
amount of refrigerant stored in heat exchanger 12, and
then, returns the process to a main routine. When the
suction pressure is equal to or greater than the reference
pressure (NO in S102), controller 17 causes the process
to proceed to S103. In S103, controller 17 determines
whether the reference time period has elapsed or not
since expansion valve 13 was closed. When the refer-
ence time period has elapsed since expansion valve 13
was closed (YES in S103), controller 17 determines that
a time period sufficient to increase the amount of refrig-
erant inside heat exchanger 12 has elapsed, and then,
returns the process to a mainroutine. When the reference
time period has not elapsed since expansion valve 13
was closed (NO in S103), controller 17 waits for a pre-
scribed time periodin S104, and then, returns the process
to S102.

First Modification of Third Embodiment

[0051] There is a conceivable situation in which the
amount of refrigerant that flows into heat exchanger 12
in the pump down mode exceeds the capacity of heat
exchanger 12. In preparation for such a situation, it is
desirable that a refrigerant storage portion 30 is connect-
ed between heat exchanger 12 and expansion valve 13,
as in arefrigeration cycle apparatus 3A shown in Fig. 13.
When the amount of refrigerant flowing into heat ex-
changer 12 exceeds the capacity of heat exchanger 12,
the refrigerant that has flowed out of heat exchanger 12
is stored in refrigerant storage portion 30. Thus, the
amount of refrigerant existing on the high pressure side
at the end of the pump down mode can be greater than
that in the third embodiment. As a result, a temperature
decrease at the start of the defrosting mode in heat ex-
changer 12 can be further suppressed.

Second Modification of Third Embodiment

[0052] As the amount of the frost formed (amount of
formed frost) on the heat exchanger that has been func-
tioning as an evaporatorin the heatingmodeisincreased,
the heat capacity of the heat exchanger in the defrosting
mode is increased. As the heat capacity of the heat ex-
changer that is to be defrosted is increased, the amount
of the refrigerant that flows into the heat exchanger at
the start of the defrosting mode is increased. Thus, as
the amount of formed frost is increased, the amount of
refrigerant flowing out, at the start of the defrosting mode,
from the heat exchanger that has been functioning as a
condenser in the heating mode is increased. In contrast,
when the amount of formed frost is relatively small, the
amount of refrigerant flowing out, at the start of the de-
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frosting mode, from the heat exchanger that has been
functioning as a condenser in the heating mode is de-
creased. When the amount of formed frost is relatively
small, it is desirable to shorten the time period of the
pump down mode in order to shorten the downtime of
the heating mode. For example, as in the process shown
in Fig. 14, when the amount of formed frost is smaller
than the reference amount (YES in S30), the reference
time period in S103 in Fig. 12 may be shortened by a
prescribed proportion (S40). By performing the process
as shown in Fig. 14, the time period of the pump down
mode (S200) can be shortened. Since the time period
from when the defrosting start condition is satisfied until
when the defrosting mode ends can be shortened, the
downtime of the heating mode can be shortened.
[0053] Alternatively, it may be determined depending
on the amount of formed frost whether to adopt the pump
down mode or not. For example, as in the process shown
in Fig. 15, when the amount of formed frost is smaller
than the reference amount (YES in S30), the pressure
equalization mode (S200) may be adopted withoutadopt-
ing the pump down mode. By performing the process as
shown in Fig. 15, an unnecessary pump down mode can
be avoided. As aresult, the downtime of the heating mode
can be shortened.

[0054] Asdescribed above, also in the refrigeration cy-
cle apparatus according to each of the third embodiment,
the first modification and the second modification, by
adopting a pressure equalization mode before a defrost-
ing mode, it becomes possible to suppress a temperature
decrease in the heat exchanger that has been functioning
as a condenser in the heating mode at the start of the
defrosting mode. As a result, the refrigeration cycle ap-
paratus can be stably operated.

[0055] In the refrigeration cycle apparatus according
to each of the third embodiment, the first modification
and the second modification, by adopting the pump down
mode before the pressure equalization mode, the amount
of refrigerant inside the heat exchanger that has been
functioning as a condenser in the heating mode is in-
creased before the pressure equalization mode is adopt-
ed. Thus, a temperature decrease at the start of the de-
frosting mode in the heat exchanger can be further sup-
pressed. As a result, the refrigeration cycle apparatus
can be further stably operated.

Fourth Embodiment

[0056] There may be some flow path switching devices
such as a four-way valve that cannot switch the connec-
tion state of the refrigeration cycle apparatus unless the
differential pressure between the pressure of the refrig-
erant on the high pressure side and the pressure of the
refrigerant on the low pressure side is equal to or greater
than the reference differential pressure. The fourth em-
bodiment will be described below with regard to the case
where the differential pressure is maintained to be equal
to or greater than the reference differential pressure in
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order to ensure the operation of the flow path switching
device.

[0057] The fourth embodimentis different from the first
embodiment in the following points. Specifically, in the
fourth embodiment, the four-way valve can be operated
when the differential pressure between the pressure of
the refrigerant on the high pressure side and the pressure
of the refrigerant on the low pressure side is equal to or
greater than the reference differential pressure, and also,
a differential pressure regulating valve for maintaining
the differential pressure to be equal to or greater than
the reference differential pressure is provided. Since the
configurations other than the above are the same, the
description thereof will not be repeated.

[0058] Fig. 16 is a diagram showing the function con-
figuration of a refrigeration cycle apparatus 4 according
to the fourth embodiment, together with the flow of refrig-
erant in the pressure equalization mode. As shown in
Fig. 16, in refrigeration cycle apparatus 4, four-way valve
15 of refrigeration cycle apparatus 1 shown in Fig. 4 is
replaced with a four-way valve 154. Four-way valve 154
can be operated when the differential pressure between
the pressure of the refrigerant on the high pressure side
and the pressure of the refrigerant on the low pressure
side is equal to or greater than the reference differential
pressure. Also, refrigeration cycle apparatus 4 further in-
cludes a differential pressure regulating valve 40 in ad-
dition to the configuration of refrigeration cycle apparatus
1 shown in Fig. 4. Differential pressure regulating valve
40 is connected in series to on-off valve 16 between the
discharge port and the suction port of compressor 11.
Differential pressure regulating valve 40 serves as a me-
chanical valve for maintaining the pressure difference
between both ends of differential pressure regulating
valve 40 to be equal to or greater than the reference
differential pressure.

[0059] In refrigeration cycle apparatus 4, the differen-
tial pressure between the pressure of the refrigerant on
the high pressure side and the pressure of the refrigerant
on the low pressure side is maintained by differential
pressure regulating valve 40 to be equal to or greater
thanthe reference differential pressure. Thus, itbecomes
possible to prevent occurrence of the situation where
four-way valve 154 is not operated because the differen-
tial pressure is smaller than the reference differential
pressure.

Modification of Fourth Embodiment

[0060] The configuration capable of setting the differ-
ential pressure between the pressure of the refrigerant
on the high pressure side and the pressure of the refrig-
erant on the low pressure side to be equal to or greater
than the reference differential pressure is not limited to
a differential pressure regulating valve. For example, as
in refrigeration cycle apparatus 4A shown in Fig. 17, a
valve 41 for which the degree of opening can be adjusted
in a stepwise manner in its opened state may be em-
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ployed in place of on-off valve 16. Thereby, the degree
of opening of valve 41 may be adjusted by controller 17
such that the differential pressure between the pressure
of the refrigerant on the high pressure side and the pres-
sure of the refrigerant on the low pressure side becomes
equal to or greater than the reference differential pres-
sure.

[0061] Asdescribed above, also in the refrigeration cy-
cle apparatus according to each of the fourth embodi-
ment and the modification, by adopting the pressure
equalization mode before the defrosting mode, it be-
comes possible to suppress a temperature decrease in
the heat exchanger that has been functioning as a con-
denser in the heating mode at the start of the defrosting
mode. As a result, the refrigeration cycle apparatus can
be stably operated.

[0062] According to the refrigeration cycle apparatus
of each of the fourth embodiment and the modification,
itbecomes possible to prevent occurrence of the situation
where the flow path switching device cannot be operated
because the differential pressure between the pressure
of the refrigerant on the high pressure side and the pres-
sure of the refrigerant on the low pressure side is smaller
than the reference differential pressure. As a result, the
refrigeration cycle apparatus can be further stably oper-
ated.

Fifth Embodiment

[0063] The fifth embodiment will be hereinafter de-
scribed with regard to the case where a gas-liquid sep-
arator is connected between the on-off valve and the suc-
tion port of the compressor. The refrigerant flowing out,
in the pressure equalization mode, from the heat ex-
changer that has been functioning as a condenser in the
heating mode is stored in the gas-liquid separator in the
pressure equalization mode. At the start of the defrosting
mode, the refrigerant from the gas-liquid separator is also
supplied in addition to the refrigerant from the heat ex-
changer that has been functioning as a condenser in the
heating mode. Thus, the amount of the refrigerant flowing
out of the heat exchanger at the start of the defrosting
mode can be reduced as compared with that in the first
embodiment.

[0064] Even when the flow path resistance of the on-
off valve is set to be smaller than that in the first embod-
iment to thereby increase the amount of refrigerant flow-
ing out of the heat exchanger that has been functioning
as a condenser in the heating mode, the refrigerant from
the heat exchanger is stored in the gas-liquid separator
in the pressure equalization mode. Since the refrigerant
from the gas-liquid separator is also added to the refrig-
erant suctioned into the compressor at the start of the
defrosting mode, a temperature decrease in the heat ex-
changer that has been functioning as a condenser in the
heating mode can be suppressed to the same degree as
that in the first embodiment. As the flow path resistance
of the on-off valve is set to be smaller than that in the first

10

15

20

25

30

35

40

45

50

55

10

embodiment, the time period required for the pressure
equalization mode can be shorter than that in the first
embodiment. As a result, the downtime of the heating
operation can be shortened.

[0065] Fig. 18 is a diagram showing the function con-
figuration of a refrigeration cycle apparatus 5 according
to the fifth embodiment, together with the flow of refrig-
erant in the pressure equalization mode. As shown in
Fig. 18, refrigeration cycle apparatus 5 includes an on-
off valve 165 in place of on-off valve 16 of refrigeration
cycle apparatus 1 shown in Fig. 4. In the state where on-
off valve 165 is opened, the flow path resistance of on-
off valve 165 is greater than the flow path resistance of
four-way valve 15 and smaller than the flow path resist-
ance of on-off valve 16 in the state where on-off valve 16
is opened. Also, refrigeration cycle apparatus 5 further
includes a gas-liquid separator 50 in addition to the con-
figuration of refrigeration cycle apparatus 1 shown in Fig.
4. Gas-liquid separator 50 is connected between on-off
valve 16 and the suction port of compressor 11. Gas-
liquid separator 50 includes a discharge portLS1 through
which the stored liquid refrigerant is discharged. Dis-
charge port LS1 is connected to a junction point J2 of the
flow path that connects the suction port of compressor
11 and four-way valve 15. Discharge port LS1 is located
lower in height than junction point J2.

[0066] The refrigerant that has flowed out of heat ex-
changer 12 in the pressure equalization mode passes
through on-off valve 16, and after that, the refrigerant is
stored in gas-liquid separator 50. The liquid refrigerant
stored in gas-liquid separator 50 is discharged through
discharge port LS1 and merges at junction point J2 into
the refrigerant that flows toward heat exchanger 14.
[0067] Inthe pressure equalization mode, the refriger-
ant from heat exchanger 12 passes through on-off valve
16, and then, the refrigerant is stored in gas-liquid sep-
arator 50. At the start of the defrosting mode, the refrig-
erant from gas-liquid separator 50 is also supplied in ad-
dition to the refrigerant from heat exchanger 12. Accord-
ingly, the amount of the refrigerant flowing out of heat
exchanger 12 at the start of the defrosting mode can be
reduced. Furthermore, since the flow path resistance of
on-off valve 165 is smaller than the flow path resistance
of on-off valve 16 in the first embodiment, the time period
required for the pressure equalization mode can be short-
er than that in the first embodiment. Furthermore, since
discharge portLS1 islocated lower in height than junction
point J2, the amount of refrigerant discharged from gas-
liquid separator 50 can be reduced. As a result, the
amount of refrigerant that flows from the high pressure
side toward the low pressure side can be further reduced.
[0068] As described above, also in the refrigeration cy-
cle apparatus according to the fifth embodiment, by
adopting the pressure equalization mode before the de-
frosting mode, it becomes possible to suppress a tem-
perature decrease at the start of the defrosting mode in
the heat exchanger that has been functioning as a con-
denser in the heating mode. As a result, the refrigeration
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cycle apparatus can be stably operated.

[0069] In the refrigeration cycle apparatus according
to the fifth embodiment, the refrigerant from the heat ex-
changer that has been functioning as a condenser in the
heating mode is stored in the gas-liquid separator, so
that it becomes possible to reduce the amount of the
refrigerant flowing out, at the start of the defrosting mode,
from the heat exchanger that has been functioning as a
condenser in the heating mode. Furthermore, since the
flow path resistance of the on-off valve can be set to be
smaller than that in the first embodiment, the time period
required for the pressure equalization mode can be short-
er than that in the first embodiment.

[0070] The embodiments disclosed herein are also in-
tended to be implemented in combination as appropriate
within a consistent scope. It should be understood that
the embodiments disclosed herein are illustrative and
non-restrictive in every respect. The scope of the present
invention is defined by the terms of the claims, rather
than the description above, and is intended to include
any modifications within the meaning and scope equiv-
alent to the terms of the claims.

REFERENCE SIGNS LIST

[0071] 1,2, 3A, 4, 4A, 5refrigeration cycle apparatus,
11 compressor, 12, 14 heat exchanger, 13 expansion
valve, 15, 154 four-way valve, 16, 165 on-off valve, 17
controller, 30 refrigerant storage portion, 40 differential
pressure regulating valve, 41 valve, 50 gas-liquid sepa-
rator, 100 heating terminal, LS1 discharge port, RP1,
RP2 flow path, S1, S2 pressure sensor.

Claims

1. Arefrigeration cycle apparatus configured to operate
in an operation mode including a heating mode and
a defrosting mode,
in the heating mode, refrigerant circulating sequen-
tially through a compressor, a flow path switching
device, a first heat exchanger, an expansion valve,
and a second heat exchanger, and
in the defrosting mode, the refrigerant circulating se-
quentially through the compressor, the flow path
switching device, the second heat exchanger, the
expansion valve, and the first heat exchanger,
the refrigeration cycle apparatus comprising:

aflow regulating valve connected in parallel with
the compressor between a discharge port of the
compressor and a suction port of the compres-
sor; and

a controller configured to control a degree of
opening of the flow regulating valve and switch
the operation mode, wherein

the operation mode further includes a pressure
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equalization mode,
in the pressure equalization mode,

the flow regulating valve is opened, and

a flow path resistance of the flow regulating
valve is greater than a flow path resistance of
the flow path switching device, the flow path re-
sistance of the flow regulating valve beingin pro-
portion to the degree of opening, and

the controller is configured to switch the operation
mode in order of the heating mode, the pressure
equalization mode and the defrosting mode.

The refrigeration cycle apparatus according to claim
1, wherein

the flow path switching device is configured to switch
a connection state of the refrigeration cycle appara-
tus between a first connection state and a second
connection state, and

the controller is configured to

in the heating mode, set the connection state to
the first connection state, cause the compressor
to operate, open the expansion valve, and close
the flow regulating valve,

in the pressure equalization mode, maintain the
connection state at the first connection state,
stop the compressor, close the expansion valve,
and increase the degree of opening, and

in the defrosting mode, set the connection state
to the second connection state, cause the com-
pressor to operate, open the expansion valve,
and close the flow regulating valve.

The refrigeration cycle apparatus according to claim
2, wherein the controller is configured to close the
flow regulating valve before start of the compressor
in the defrosting mode.

The refrigeration cycle apparatus according to claim
2, wherein the controller is configured to close the
flow regulating valve after start of the compressor in
the defrosting mode.

The refrigeration cycle apparatus according to any
one of claims 2 to 4, wherein

the operation mode further includes a pump down
mode in which an amount of the refrigerant inside
the first heat exchanger is increased, and

the controller is configured to

switch the operation mode in order of the heating
mode, the pump down mode, the pressure
equalization mode, and the defrosting mode,
and

in the pump down mode, maintain the connec-
tion state at the first connection state, cause the
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compressor to operate, close the expansion
valve, and close the flow regulating valve.

The refrigeration cycle apparatus according to claim
5, wherein the controller is configured to adjust an
operation time of the pump down mode in accord-
ance with an amount of formed frost on the second
heat exchanger in the heating mode.

The refrigeration cycle apparatus according to any
one of claims 2 to 4, wherein

the operation mode further includes a pump down
mode in which an amount of the refrigerant inside
the first heat exchanger is increased, and

the controller is configured to

switch the operation mode in order of the heating
mode, the pump down mode, the pressure
equalization mode, and the defrosting mode
when an amount of formed frost on the second
heat exchanger in the heating mode is greater
than a reference amount,

switch the operation mode in order of the heating
mode, the pressure equalization mode and the
defrosting mode when the amount of formed
frost in the heating mode is smaller than the ref-
erence amount, and

in the pump down mode, maintain the connec-
tion state at the first connection state, cause the
compressor to operate, close the expansion
valve, and close the flow regulating valve.

The refrigeration cycle apparatus according to any
one of claims 5 to 7, further comprising a refrigerant
storage portion connected between the first heat ex-
changer and the expansion valve.

The refrigeration cycle apparatus according to any
one of claims 2 to 8, wherein

the flow path switching device is capable of switching
the connection state when a differential pressure be-
tween a pressure of the refrigerant from the dis-
charge port to the expansion valve and a pressure
of the refrigerant from the expansion valve to the
suction port is equal to or greater than a reference
differential pressure,

the refrigeration cycle apparatus further comprises
a differential pressure regulating valve connected in
series to the flow regulating valve between the dis-
charge port and the suction port, and

the differential pressure regulating valve is config-
ured to maintain the differential pressure to be equal
to or greater than the reference differential pressure.

The refrigeration cycle apparatus according to any
one of claims 2 to 8, wherein

the flow path switching device is capable of switching
the connection state when a differential pressure be-
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tween a pressure of the refrigerant from the dis-
charge port to the expansion valve and a pressure
of the refrigerant from the expansion valve to the
suction port is equal to or greater than a reference
differential pressure, and

the controller is configured to adjust the degree of
opening such that the differential pressure is equal
to or greater than the reference differential pressure
in the pressure equalization mode.

The refrigeration cycle apparatus according to any
one of claims 1 to 10, further comprising a gas-liquid
separator connected between the flow regulating
valve and the suction port, wherein

the gas-liquid separator has a liquid discharge port
through which a liquid of the refrigerant stored is dis-
charged, and

the liquid discharge port is connected to a flow path
that connects the suction port and the flow path
switching device.

The refrigeration cycle apparatus according to claim
11, wherein the liquid discharge portis lowerin height
than a junction point at which the liquid from the liquid
discharge port merges into the flow path.

The refrigeration cycle apparatus according to claim
1, wherein

the first heat exchanger is lower in height than the
flow path switching device,

a connection portion between a first flow path and a
second flow path is lower in height than the flow path
switching device,

the first flow path connects the suction port and the
flow path switching device, and

the second flow path is connected to the first flow
path and allows the refrigerant from the flow regu-
lating valve to flow therethrough.

The refrigeration cycle apparatus according to claim
1, wherein

an angle formed between a first flow path and a sec-
ond flow path is greater than 0 degree and less than
180 degrees in a connection portion between the
first flow path and the second flow path,

the first flow path connects the suction port and the
flow path switching device, and

the second flow path is connected to the first flow
path and allows the refrigerant from the flow regu-
lating valve to flow therethrough.

The refrigeration cycle apparatus according to claim
1, wherein

afirst flow path has a cross section that is orthogonal
to a flowing direction of the refrigerant that flows
through the first flow path connected to the flow reg-
ulating valve,

a second flow path has a cross section that is or-
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thogonal to a flowing direction of the refrigerant that
flows through the second flow path connected to the
suction port, and

an area of the cross section of the first flow path
through which the refrigerant flows is smaller than
an area of the cross section of the second flow path
through which the refrigerant flows.

10

15

20

25

30

35

40

45

50

55

13

24



EP 3 594 592 A1

FIG.1

12
100~ P

HEATING
TERMINAL

S
O
o
Lo

o
C
o
o

CONTROLLER

14



EP 3 594 592 A1

FIG.2

CONTROLLER

)]

141

HEATING

TERMINAL

100~

15



EP 3 594 592 A1

FIG.3

START

S10

IS TERMINATION

CONDITION SATISFIED
?

NO

~S20

HEATING MODE

v 5200

PRESSURE
EQUALIZATION MODE

v 5300
DEFROSTING MODE

RETURN

16



EP 3 594 592 A1

FIG.4

CONTROLLER

)]

L4

HEATING

TERMINAL

100~

17



EP 3 594 592 A1

FIG.5

START
5201

STOP COMPRESSOR

v 5202
GLOSE EXPANSION VALVE
! 5203

OPEN ON-OFF VALVE

S204
DISCHARGE
PRESSURE - SUCTION
PRESSURE < REFERENCE
DIFFERENTIAL
PRESSURE
l’

NO

’ S205
YES

REFERENCE TIME
PERIOD ELAPSED SINCE
ON-OFF VALVE WAS

OPENED ?
-S206

WAIT FOR
PRESCRIBED
TIME PERIOD

RETURN

18



FIG.6

EP 3 594 592 A1

START
5301

SWITCH FOUR-WAY VALVE

N

v 530

CLOSE ON-OFF VALVE

[

v 530

OPEN EXPANSION VALVE

s

v 530

START COMPRESSOR

S305
IS DEFROSTING
TERMINATION CONDITION
SATISFIED ?

NO

~$306

WAIT FOR
PRESCRIBED
TIME PERIOD

RETURN

19




EP 3 594 592 A1

FIG.7

FIG.8

CONTROLLER

o

149

HEATING

TERMINAL

100~

20



EP 3 594 592 A1

START
~S311

SWITCH FOUR-WAY VALVE

v 31

INCREASE DEGREE OF
OPENING OF EXPANSION
VALVE

FIG.9

[

[+

v 531
START COMPRESSOR

S314

IS DEFROSTING
TERMINATION CONDITION
SATISFIED ?

NO

SUCTION

PRESSURE ?

IS ON-OFF

VALVE OPENED
?

PRESSURE > REFERENCE

NO

REFERENGCE TIME
PERIOD ELAPSED
2

YES

~S316

S318

-S319

CLOSE ON-OFF VALVE

CLOSE ON-OFF VALVE

-

i

832

o

WAIT FOR PRESCRIBED

TIME PERIOD

21




EP 3 594 592 A1

FIG.10

START

S10

IS TERMINATION

CONDITION SATISFIED
?

NO

520

HEATING MODE

v 510
PUMP DOWN MODE

v 5200

PRESSURE
EQUALIZATION MODE

v 5300
DEFROSTING MODE

o

RETURN

22



EP 3 594 592 A1

FIG.11

)]
[49

100,

HEATING

TERMINAL

CONTROLLER

23



EP 3 594 592 A1

FIG.12

START
e S101

CLOSE EXPANSION VALVE

S102
SUCTION

PRESSURE < REFERENCE
PRESSURE
l,

YES

HAS REFERENCE
TIME PERIOD ELAPSED
SINGE EXPANSION VALVE

WAS CLOSED

24

S103

~S104

WAIT FOR
PRESCRIBED
TIME PERIOD




EP 3 594 592 A1

FIG.13

]
149

100~

HEATING

TERMINAL

CONTROLLER

25



EP 3 594 592 A1

FIG.14

START

S10

IS TERMINATION

CONDITION SATISFIED
?

NO

~S20

HEATING MODE

S30

AMOUNT
OF FORMED FROST
< REFERENCE
AMOUNT ?

YES 540

SHORTEN REFERENGE
TIME PERIOD IN PUMP
DOWN MODE

k 5100

PUMP DOWN MODE

v 5200
PRESSURE
EQUALIZATION MODE

v 5300

DEFROSTING MODE

RETURN

26



FIG.15

START

EP 3 594 592 A1

IS TERMINATION

CONDITION SATISFIED
?

S10

NO

520

HEATING MODE

S30
AMOUNT OF

FORMED FROST
< REFERENCE
AMOUNT ?

YES Y ~S100
PUMP DOWN MODE

=
v 5200

PRESSURE
EQUALIZATION MODE

v 5300

DEFROSTING MODE

RETURN

27



EP 3 594 592 A1

FIG.16
4
12

100 >—

- —{o O
HEATING
TERMINAL

—td O

CONTROLLER

28



EP 3 594 592 A1

FIG.17

CONTROLLER

CONTROLLER

29

}))
(44
33
(44
]
(44

w|

HEATING
TERMINAL
HEATING
TERMINAL

100~
100~

FIG.18



10

15

20

25

30

35

40

45

50

55

EP 3 594 592 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2017/009793

A. CLASSIFICATION OF SUBJECT MATTER
F25B47/02(2006.01) 1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F25B47/02

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2017

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2017
1994-2017

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

No. 73667/1994)

18 October 1994
paragraphs [0003],
(Family: none)

[0007],

(Yanmar Diesel Engine Co., Ltd.),
(18.10.1994),
[0014]; fig. 1

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 2015-68611 A (Daikin Industries, Ltd.), 1-3,5,8,
13 April 2015 (13.04.2015), 14-15

A paragraphs [0046], [0061] to [0080]; fig. 1 to 4,6-7,9-13
5
(Family: none)

Y CD-ROM of the specification and drawings 1-3,5,8,
annexed to the request of Japanese Utility 14-15

A Model Application No. 17841/1993(Laid-open 4,6-7,9-13

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered  to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
19 May 2017 (19.05.17)

Date of mailing of the international search report
30 May 2017 (30.05.17)

Name and mailing address of the [SA/
Japan Patent Office
3-4-3,Kasumigaseki, Chiyoda-ku,

Tokyo 100-8915, Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

30




10

15

20

25

30

35

40

45

50

55

EP 3 594 592 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2017/009793

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2005-283041 A (Daikin Industries, Ltd.), 1-3,5,8,
13 October 2005 (13.10.2005), 14-15
A paragraphs [0102] to [0107]; fig. 9 4,6-7,9-13
(Family: none)
Y JP 2002-122361 A (Sanyo Electric Co., Ltd.), 2-3,5,8
A 26 April 2002 (26.04.2002), 4,6-7,9-13
paragraph [0025]; fig. 2
(Family: none)
Y JP 2011-174662 A (Mitsubishi Heavy Industries, 5,8
A Ltd.), 4,6-7,9-13
08 September 2011 (08.09.2011),
paragraphs [0030], [0036]; fig. 1
(Family: none)
A Microfilm of the specification and drawings 1-15
annexed to the request of Japanese Utility
Model Application No. 25956/1982 (Laid-open
No. 129471/1983)
(General Aircon Co., Ltd.),
01 September 1983 (01.09.1983),
specification, page 3, line 14 to page 7, line
20; fig. 2, 3
(Family: none)
A WO 2012/042573 A1l (Mitsubishi Electric Corp.), 13

05 April 2012 (05.04.2012),

paragraphs [0017], [0024] to [0025]; fig. 1 to
3

& US 2013/0152613 Al

paragraphs [0034], [0041] to [0042]; fig. 1 to
3

& EP 2623887 Al & CN 103154637 A

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

31




EP 3 594 592 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 2011174662 A [0002] [0003]

32



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

