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(54) REFRIGERATION DEVICE

(57) It is an object of the present invention to provide
a refrigeration apparatus that can prevent occurrence of
liquid returning when a refrigerant circuit is equalized in
pressure in activation. An air conditioning apparatus (1)
includes a refrigerant circuit (2) in which a compressor
(11) of a variable capacity type, an outdoor heat exchang-
er (13), a first electric expansion valve (14), a receiver
(15), a second electric expansion valve (16) and an in-
door heat exchanger (17) are sequentially connected.
The air conditioning apparatus (1) includes a four-way
switch valve (12) and a controller (5). The four-way switch
valve (12) is configured to switch a flow direction of a

refrigerant circulating through the refrigerant circuit (2).
The controller (5) is configured to control an
opened/closed state of the first electric expansion valve
(14) and that of the second electric expansion valve (16).
In activation of the air conditioning apparatus (1), the con-
troller (5) is configured to determine which of the first
electric expansion valve (14) and the second electric ex-
pansion valve (16) corresponds to a high pressure side
electric valve located in a high pressure part of the re-
frigerant circuit (2) and is configured to fully open the high
pressure side electric valve.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
apparatus.

BACKGROUND ART

[0002] A type of refrigeration apparatus has been con-
ventionally used that includes a receiver configured to
temporarily accumulate a refrigerant in a liquid state pro-
duced through compression in a compression mecha-
nism and cooling in a heat exchanger. PTL 1 (Japan Laid-
open Patent Application Publication No. H09-72620) dis-
closes an exemplary refrigeration apparatus that electric
valves are respectively mounted upstream and down-
stream of the receiver. This refrigeration apparatus fur-
ther includes a gas injection channel for intermittently
injecting the refrigerant in a gaseous state, separated in
the receiver, into a suction side of the compression mech-
anism. This refrigeration apparatus is configured to fully
open both of the two electric valves immediately after
activation, whereby the discharge pressure of the com-
pression mechanism can be prevented from abnormally
elevating along with elevation in suction pressure of the
compression mechanism attributed to gas injection.

SUMMARY OF THE INVENTION

<Technical Problem>

[0003] However, when both of the two electric valves
are fully opened in this refrigeration apparatus in order
to equalize the pressure in a refrigerant circuit in activa-
tion, there is concern for occurrence of a phenomenon
called liquid returning the refrigerant in a liquid state, ac-
cumulated in the receiver, is sucked into the compression
mechanism via one of the electric valves without evap-
orating.
[0004] It is an object of the present invention to provide
a refrigeration apparatus that can prevent occurrence of
liquid returning when the pressure in a refrigerant circuit
is equalized in activation.

<Solution to Problem>

[0005] A refrigeration apparatus according to a first as-
pect of the present invention is a refrigeration apparatus
including a refrigerant circuit in which a compression
mechanism of a variable capacity type, a first heat ex-
changer, a first electric valve, a receiver, a second electric
valve and a second heat exchanger are connected in
series. The refrigeration apparatus includes a switch
mechanism and a control unit. The switch mechanism is
configured to switch a flow direction of a refrigerant cir-
culating through the refrigerant circuit. The control unit
is configured to control an opened/closed state of the first

electric valve and that of the second electric valve. In
activation of the refrigeration apparatus, the control unit
is configured to determine which of the first electric valve
and the second electric valve corresponds to a high pres-
sure side electric valve located in a high pressure part of
the refrigerant circuit and is configured to fully open the
high pressure side electric valve.
[0006] The present refrigeration apparatus includes
the receiver for temporarily accumulating the refrigerant
in a gas-liquid dual-phase state. In the gas-liquid dual-
phase state, the refrigerant exists in a liquid state and in
a gaseous state. Here, the first heat exchanger is as-
sumed as a heat exchanger installed in an outdoor space,
whereas the second heat exchanger is assumed as a
heat exchanger installed in an indoor space. The switch
mechanism is configured to switch between a cooling
operational mode and a heating operational mode. In the
cooling operational mode, the refrigerant sequentially cir-
culates through the compression mechanism, the first
heat exchanger, the first electric valve, the receiver, the
second electric valve, the second heat exchanger, and
back to the compression mechanism. In the heating op-
erational mode, the refrigerant sequentially circulates
through the compression mechanism, the second heat
exchanger, the second electric valve, the receiver, the
first electric valve, the first heat exchanger, and back to
the compression mechanism. The high pressure side
electric valve corresponds to the first electric valve in the
cooling operational mode, and corresponds to the sec-
ond electric valve in the heating operational mode.
[0007] In activation, the refrigeration apparatus is con-
figured to fully open the high pressure side electric valve
and simultaneously keep the other electric valve not cor-
responding to the high pressure side electric valve in the
closed state, whereby the refrigerant accumulated in the
heat exchanger located in the high pressure part of the
refrigerant circuit is fed to the receiver while the refriger-
ant in a liquid state accumulated in the receiver is pre-
vented from being fed to a suction side of the compres-
sion mechanism through the heat exchanger located in
a low pressure part of the refrigerant circuit. Therefore,
the present refrigeration apparatus can prevent occur-
rence of a phenomenon called liquid returning that the
refrigerant in a liquid state accumulated in the receiver
is sucked into the compression mechanism when the re-
frigerant circuit is equalized in pressure in activation.
[0008] A refrigeration apparatus according to a second
aspect of the present invention relates to the refrigeration
apparatus according to the first aspect, and wherein in
activation of the refrigeration apparatus, the control unit
is configured to determine which of the first electric valve
and the second electric valve corresponds to the high
pressure side electric valve based on a state of the switch
mechanism.
[0009] The present refrigeration apparatus is config-
ured to obtain the state of the switch mechanism and
determine which of the first electric valve and the second
electric valve corresponds to the high pressure side elec-
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tric valve based on the state of the switch mechanism.
The switch mechanism is, for instance, a four-way switch
valve for switching the flow direction of the refrigerant in
the refrigerant circuit. In activation, the present refriger-
ation apparatus is configured to equalize the refrigerant
circuit in pressure based on the state of the switch mech-
anism, whereby occurrence of liquid returning can be pre-
vented.
[0010] A refrigeration apparatus according to a third
aspect of the present invention relates to the refrigeration
apparatus according to the first or second aspect, and
wherein the first electric valve and the second electric
valve are configured to be closed in a state before acti-
vation of the refrigeration apparatus.
[0011] In the present refrigeration apparatus, before
activation, the first electric valve and the second electric
valve are configured to be in the closed states, and ac-
cordingly, the refrigerant is configured to be confined in
the receiver.
[0012] A refrigeration apparatus according to a fourth
aspect of the present invention relates to the refrigeration
apparatus according to any one of the first to third as-
pects, and wherein in activation of the refrigeration ap-
paratus, the control unit is configured to keep a low pres-
sure side electric valve located in a low pressure part of
the refrigerant circuit in the closed state until the high
pressure side electric valve is fully opened.
[0013] In activation, the present refrigeration appara-
tus is configured to keep the low pressure side electric
valve in the closed state until the high pressure side elec-
tric valve is fully opened, whereby the refrigerant in a
liquid state accumulated in the receiver can be prevented
from being sucked into the compression mechanism
through the low pressure side electric valve.
[0014] A refrigeration apparatus according to a fifth as-
pect of the present invention relates to the refrigeration
apparatus according to the fourth aspect, and wherein in
activation of the refrigeration apparatus, the control unit
is configured to gradually open the low pressure side
electric valve after the high pressure side electric valve
is fully opened.
[0015] In activation, the refrigeration apparatus is con-
figured to gradually open the low pressure side electric
valve after the high pressure side electric valve is fully
opened, whereby the refrigerant circuit is equalized in
pressure. The present refrigeration apparatus is config-
ured to begin to open the low pressure side electric valve
after the high pressure side electric valve is fully opened,
whereby occurrence of liquid returning is prevented. Ad-
ditionally, the present refrigeration apparatus is config-
ured to gradually open the low pressure side electric
valve so as to gradually reduce difference in pressure
between the receiver and the heat exchanger located in
the low pressure part of the refrigerant circuit, whereby
the refrigerant in a liquid state accumulated in the receiver
is prevented from rapidly and massively flowing into the
compression mechanism via the low pressure side elec-
tric valve.

[0016] A refrigeration apparatus according to a sixth
aspect of the present invention relates to the refrigeration
apparatus according to any one of the first to fifth aspects,
and wherein in activation of the refrigeration apparatus,
the control unit is configured to open the high pressure
side electric valve after the compression mechanism be-
gins to increase in capacity.
[0017] In activation, the present refrigeration appara-
tus is configured to open the high pressure side electric
valve after the compression mechanism begins to in-
crease in refrigerant discharging capacity from zero,
whereby the refrigerant, remaining in the refrigerant cir-
cuit before activation, can be fed to the receiver as much
as possible.
[0018] A refrigeration apparatus according to a sev-
enth aspect of the present invention relates to the refrig-
eration apparatus according to any one of the first to sixth
aspects. The present refrigeration apparatus further in-
cludes a gas injection channel and a gas injection valve,
and wherein the gas injection valve is configured to be
closed in a state before activation of the refrigeration ap-
paratus. The gas injection channel connects the receiver
and a refrigerant suction side of the compression mech-
anism. The gas injection valve is mounted in the gas in-
jection channel.
[0019] Before activation, the present refrigeration ap-
paratus is configured to keep the gas injection valve in
the closed state, whereby the refrigerant in a liquid state
accumulated in the receiver is prevented from flowing
into the suction side of the compression mechanism
through the gas injection channel.
[0020] A refrigeration apparatus according to an eighth
aspect of the present invention relates to the refrigeration
apparatus according to any one of the first to seventh
aspects, and wherein after activation of the refrigeration
apparatus, the refrigeration apparatus is configured to
start a normal operation either when a predetermined
period of time has elapsed or when a temperature of the
refrigerant discharged from the compression mechanism
has reached a first temperature.
[0021] In activation, the present refrigeration appara-
tus can start the normal operation after the refrigerant
circuit is sufficiently equalized in pressure.

<Advantageous Effects of Invention>

[0022] The refrigeration apparatus according to the
first aspect can prevent occurrence of liquid returning
when the refrigerant circuit is equalized in pressure in
activation.
[0023] The refrigeration apparatus according to the
second aspect is configured to equalize the refrigerant
circuit in pressure based on the state of the switch mech-
anism in activation, whereby occurrence of liquid return-
ing can be prevented.
[0024] The refrigeration apparatus according to the
third aspect can keep the refrigerant confined in the re-
ceiver before activation.
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[0025] The refrigeration apparatus according to the
fourth aspect can prevent the refrigerant in a liquid state
accumulated in the receiver from being sucked into the
compression mechanism through the low pressure side
electric valve in activation.
[0026] The refrigeration apparatus according to the
fifth aspect is configured to gradually open the low pres-
sure side electric valve in activation, whereby the refrig-
erant in a liquid state accumulated in the receiver is pre-
vented from rapidly and massively flowing into the com-
pression mechanism via the low pressure side electric
valve.
[0027] The refrigeration apparatus according to the
sixth aspect can feed the refrigerant, remaining in the
refrigerant circuit before activation, to the receiver as
much as possible.
[0028] The refrigeration apparatus according to the
seventh aspect can prevent the refrigerant in a liquid state
accumulated in the receiver from flowing into the suction
side of the compression mechanism through the gas in-
jection channel before activation.
[0029] The refrigeration apparatus according to the
eighth aspect can start the normal operation after the
refrigerant circuit is sufficiently equalized in pressure in
activation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a block diagram of an air conditioning ap-
paratus according to an embodiment.
FIG. 2 is a Mollier diagram of a refrigerant and shows
a refrigeration cycle in the air conditioning apparatus.
FIG. 3 includes charts showing variation with time in
opening degree of a high pressure side electric valve
and variation with time in opening degree of a low
pressure side electric valve.
FIG. 4 includes charts showing variation with time in
opening degree of the high pressure side electric
valve and variation with time in opening degree of
the low pressure side electric valve in Modification A.
FIG. 5 includes charts showing variation with time in
opening degree of the high pressure side electric
valve and variation with time in opening degree of
the low pressure side electric valve in Modification D.
FIG. 6 is a block diagram of an air conditioning ap-
paratus in Modification E.

DESCRIPTION OF EMBODIMENTS

(1) Configuration of Air Conditioning Apparatus

[0031] A refrigeration apparatus according to an em-
bodiment of the present invention will be explained with
reference to drawings. FIG. 1 is a block diagram of an
air conditioning apparatus 1 provided as a refrigeration
apparatus according to the present embodiment. The air

conditioning apparatus 1 is an apparatus configured to
perform a cooling operation and a heating operation with
a fluorocarbon refrigerant (R410A, R32, etc.). The air
conditioning apparatus 1 mainly includes a refrigerant
circuit 2, an indoor fan 3, an outdoor fan 4 and a controller
5. The refrigerant circuit 2 is mainly composed of a com-
pressor 11, a four-way switch valve 12, an outdoor heat
exchanger 13, a first electric expansion valve 14, a re-
ceiver 15, a second electric expansion valve 16 and an
indoor heat exchanger 17. The respective devices, com-
posing the refrigerant circuit 2, are connected through
refrigerant piping.
[0032] The air conditioning apparatus 1 is an air con-
ditioning apparatus of a split type composed of an outdoor
unit 10 and an indoor unit 20. The outdoor unit 10 mainly
includes the compressor 11, the four-way switch valve
12, the outdoor heat exchanger 13, the first electric ex-
pansion valve 14, the receiver 15, the second electric
expansion valve 16, the outdoor fan 4 and the controller
5. The indoor unit 20 mainly includes the indoor heat
exchanger 17 and the indoor fan 3. As shown in FIG. 1,
the outdoor unit 10 is connected to the indoor unit 20
through first communication piping 31 and second com-
munication piping 32. Next, the respective devices com-
posing the refrigerant circuit 2 will be respectively ex-
plained.
[0033] The compressor 11 is connected to a suction
pipe 11 a and a discharge pipe 11 b that are part of the
refrigerant piping. The compressor 11 is configured to
suck the refrigerant in a gaseous state at low pressure
from the suction pipe 11 a, compress the sucked refrig-
erant, and discharge the refrigerant at high temperature
and high pressure to the discharge pipe 11 b. The com-
pressor 11 is a compressor of a variable capacity type
that the rotation speed of a motor is controllable.
[0034] The four-way switch valve 12 is a valve for
switching the flow direction of the refrigerant in the refrig-
erant circuit 2 in accordance with an operating mode.
The operating mode is composed of a cooling operational
mode for performing the cooling operation and a heating
operational mode for performing the heating operation.
In the four-way switch valve 12 shown in FIG. 1, solid
line indicates a channel in the cooling operational mode
whereas dashed line indicates a channel in the heating
operational mode. In the cooling operational mode, the
four-way switch valve 12 is configured to connect the
discharge pipe 11 b of the compressor 11 and the outdoor
heat exchanger 13, and also, connect the suction pipe
11 a of the compressor 11 and the indoor heat exchanger
17. In the heating operational mode, the four-way switch
valve 12 is configured to connect the discharge pipe 11
b of the compressor 11 and the indoor heat exchanger
17, and also, connect the suction pipe 11 a of the com-
pressor 11 and the outdoor heat exchanger 13.
[0035] In the cooling operational mode, the refrigerant
sequentially circulates through the compressor 11, the
four-way switch valve 12, the outdoor heat exchanger
13, the first electric expansion valve 14, the receiver 15,
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the second electric expansion valve 16, the indoor heat
exchanger 17, the four-way switch valve 12, and back to
the compressor 11. In the heating operational mode, the
refrigerant sequentially circulates through the compres-
sor 11, the four-way switch valve 12, the indoor heat ex-
changer 17, the second electric expansion valve 16, the
receiver 15, the first electric expansion valve 14, the out-
door heat exchanger 13, the four-way switch valve 12,
and back to the compressor 11.
[0036] In the cooling operational mode, the outdoor
heat exchanger 13 is configured to exchange heat be-
tween the refrigerant at high temperature and high pres-
sure discharged from the compressor 11 and the air in
an outdoor space where the outdoor unit 10 is installed.
In the cooling operational mode, the refrigerant at high
temperature and high pressure, flowing through the out-
door heat exchanger 13, is configured to be cooled. In
the heating operational mode, the outdoor heat exchang-
er 13 is configured to exchange heat between the outdoor
air and the refrigerant in a liquid state reduced in pressure
by passage through the first electric expansion valve 14.
In the heating operational mode, the refrigerant in a liquid
state, flowing through the outdoor heat exchanger 13, is
configured to be heated and evaporate.
[0037] In the cooling operational mode, the first electric
expansion valve 14 is configured to reduce the pressure
of the refrigerant flowing therein from the outdoor heat
exchanger 13. In the heating operational mode, the first
electric expansion valve 14 is configured to reduce the
pressure of the refrigerant in a liquid state flowing therein
from the receiver 15.
[0038] The receiver 15 is configured to accumulate the
amount of refrigerant surplus for the refrigerant circuit 2
in accordance with the operating mode and an air-con-
ditioning load.
[0039] In the cooling operational mode, the second
electric expansion valve 16 is configured to reduce the
pressure of the refrigerant in a liquid state flowing therein
from the receiver 15. In the heating operational mode,
the second electric expansion valve 16 is configured to
reduce the pressure of the refrigerant flowing therein from
the indoor heat exchanger 17.
[0040] The indoor heat exchanger 17 is connected to
the second electric expansion valve 16 through the first
communication piping 31, and is also connected to the
four-way switch valve 12 through the second communi-
cation piping 32.
[0041] In the cooling operational mode, the indoor heat
exchanger 17 is configured to exchange heat between
the refrigerant in a liquid state, reduced in pressure by
passage through the second electric expansion valve 16,
and the air in the indoor space where the indoor unit 20
is installed. In the cooling operational mode, the refrig-
erant in a liquid state, flowing through the indoor heat
exchanger 17, is configured to be heated and changed
into the refrigerant in a gaseous state by heat exchange
and then be fed to the suction pipe 11 a of the compressor
11. In the cooling operational mode, the indoor air is con-

figured to be cooled and changed into conditioned air by
heat exchange in the indoor heat exchanger 17.
[0042] In the heating operational mode, the indoor heat
exchanger 17 is configured to exchange heat between
the refrigerant at high temperature and high pressure,
flowing therein from the discharge pipe 11 b of the com-
pressor 11, and the air in the indoor space where the
indoor unit 20 is installed. In the heating operational
mode, the refrigerant at high temperature and high pres-
sure, flowing through the indoor heat exchanger 17, is
configured to be cooled by heat exchange and then be
fed to the receiver 15. In the heating operational mode,
the indoor air is configured to be heated and changed
into conditioned air by heat exchange in the indoor heat
exchanger 17.
[0043] The indoor fan 3 is installed in the vicinity of the
indoor heat exchanger 17 in the interior of the indoor unit
20. The indoor fan 3 is a fan for feeding the indoor air to
the interior of the indoor unit 20 and for discharging the
air, heat-exchanged with the refrigerant flowing through
the indoor heat exchanger 17, to the indoor space. The
indoor fan 3 is configured to discharge the cooled con-
ditioned air into the indoor space in the cooling opera-
tional mode and discharge the heated conditioned air
into the indoor space in the heating operational mode.
[0044] The outdoor fan 4 is installed in the vicinity of
the outdoor heat exchanger 13 in the interior of the out-
door unit 10. The outdoor fan 4 is a fan for feeding the
outdoor air to the interior of the outdoor unit 10 and for
discharging the air, heat-exchanged with the refrigerant
flowing through the outdoor heat exchanger 13, to the
outdoor space.
[0045] The controller 5 is a computer connected to the
compressor 11, the four-way switch valve 12, the first
electric expansion valve 14, the second electric expan-
sion valve 16, the indoor fan 3, the outdoor fan 4 and so
forth through communication lines. The controller 5 is
capable of obtaining and controlling the capacity of the
compressor 11, the state of the four-way switch valve 12,
the opening degree of the first electric expansion valve
14, the opening degree of the second electric expansion
valve 16, the rotation speed of the indoor fan 3, the ro-
tation speed of the outdoor fan 4 and so forth. The ca-
pacity of the compressor 11 is, for instance, the discharge
rate of the refrigerant per unit time or the rotation speed
of a motor provided in the compressor 11. The state of
the four-way switch valve 12 is information for indicating
which of the cooling operational mode and the heating
operational mode the air conditioning apparatus 1 is in.
The controller 5 is configured to obtain a variety of data
from the respective devices composing the refrigerant
circuit 2 and control the opening degree of the first electric
expansion valve 14 and that of the second electric ex-
pansion valve 16.

(2) Action of Air Conditioning Apparatus

[0046] Operating actions of the air conditioning appa-
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ratus 1 in the cooling operational mode and the heating
operational mode will be explained using FIGS. 1 and 2.
FIG. 2 is a Mollier diagram (pressure-enthalpy diagram)
of the refrigerant and shows a refrigeration cycle of the
air conditioning apparatus 1. FIG. 2 shows dry saturated
vapor line L1 of the refrigerant and saturated liquid line
L2 of the refrigerant. States of the refrigerant indicated
with reference signs A to E in FIG. 2 respectively corre-
spond to those indicated with reference signs A to E in
FIG. 1 in the cooling operational mode.
[0047] In FIG. 2, transition A to B indicates a compres-
sion step of the refrigerant in a gaseous state; transition
B to C indicates a cooling step of the refrigerant; transition
C to D1 indicates a first expansion step of the refrigerant;
transition D2 to E indicates a second expansion step of
the refrigerant; and transition E to A indicates an evap-
oration step of the refrigerant. During operation, the air
conditioning apparatus 1 is configured to repeat a refrig-
eration cycle in the order of A, B, C, D1, D2, E, and back
to A.
[0048] In FIG. 2, D1 and D2 indicate the states of the
refrigerant within the receiver 15. D1 indicates the refrig-
erant in a gas-liquid dual-phase state that flows into the
receiver 15. D2 indicates the refrigerant in a saturated
liquid state that is accumulated in the receiver 15 and
flows out therefrom. D2 is plotted on saturated liquid line
L2.

(2-1) Cooling Operational Mode

[0049] In the cooling operational mode, the four-way
switch valve 12 is in the state indicated with solid line in
FIG. 1. In other words, the discharge side of the com-
pressor 11 is connected to the high temperature side of
the outdoor heat exchanger 13, while the suction side of
the compressor 11 is connected to the high temperature
side of the indoor heat exchanger 17.
[0050] In the cooling operational mode, when the com-
pressor 11 is activated, the refrigerant in a gaseous state
at low pressure is configured to be sucked into and com-
pressed in the compressor 11. Accordingly, the refriger-
ant in a gaseous state at high temperature and high pres-
sure is configured to be discharged from the compressor
11. Next, the refrigerant in a gaseous state at high tem-
perature and high pressure is configured to be fed to the
outdoor heat exchanger 13 via the four-way switch valve
12, be cooled in the outdoor heat exchanger 13, and be
changed into the refrigerant in a liquid state. Next, the
refrigerant in a liquid state is configured to be reduced in
pressure by passage through the first electric expansion
valve 14 and be changed into the refrigerant in a gas-
liquid dual-phase state. Next, the refrigerant in a gas-
liquid dual-phase state is configured to be fed to the re-
ceiver 15 and be partially accumulated in the receiver 15
as the refrigerant in a liquid state. Next, the refrigerant in
a liquid state, flowing out from the receiver 15, is config-
ured to be reduced in pressure by passage through the
second electric expansion valve 16 and be changed into

the refrigerant in a gas-liquid dual-phase state. Next, the
refrigerant in a gas-liquid dual-phase state is configured
to be heated and evaporates in the indoor heat exchanger
17 and be changed into the refrigerant in a gaseous state.
In the indoor heat exchanger 17, the indoor air is config-
ured to be cooled by heat exchange with the refrigerant.
Next, the refrigerant in a gaseous state is configured to
be again sucked into the compressor 11 via the four-way
switch valve 12. In the cooling operational mode, the con-
troller 5 is configured to control the respective devices of
the air conditioning apparatus 1 in order to perform the
aforementioned control.

(2-2) Heating Operational Mode

[0051] In the heating operational mode, the four-way
switch valve 12 is in the state indicated with dotted line
in FIG. 1. In other words, the discharge side of the com-
pressor 11 is connected to the high temperature side of
the indoor heat exchanger 17, while the suction side of
the compressor 11 is connected to the high temperature
side of the outdoor heat exchanger 13.
[0052] In the heating operational mode, when the com-
pressor 11 is activated, the refrigerant in a gaseous state
at low pressure is configured to be sucked into and com-
pressed in the compressor 11. Accordingly, the refriger-
ant in a gaseous state at high temperature and high pres-
sure is configured to be discharged from the compressor
11. Next, the refrigerant in a gaseous state at high tem-
perature and high pressure is configured to be fed to the
indoor heat exchanger 17 via the four-way switch valve
12, be cooled in the indoor heat exchanger 17, and be
changed into the refrigerant in a liquid state. In the indoor
heat exchanger 17, the indoor air is configured to be heat-
ed by heat exchange with the refrigerant. Next, the re-
frigerant in a liquid state is configured to be reduced in
pressure by passage through the second electric expan-
sion valve 16 and be changed into the refrigerant in a
gas-liquid dual-phase state. Next, the refrigerant in a gas-
liquid dual-phase state is configured to be fed to the re-
ceiver 15 and be partially accumulated in the receiver 15
as the refrigerant in a liquid state. Next, the refrigerant in
a liquid state, flowing out from the receiver 15, is config-
ured to be reduced in pressure by passage through the
first electric expansion valve 14 and be changed into the
refrigerant in a gas-liquid dual-phase state. Next, the re-
frigerant in a gas-liquid dual-phase state is configured to
be heated and evaporates in the outdoor heat exchanger
13 and be changed into the refrigerant in a gaseous state.
Next, the refrigerant in a gaseous state is configured to
be again sucked into the compressor 11 via the four-way
switch valve 12. In the heating operational mode, the
controller 5 is configured to control the respective devices
of the air conditioning apparatus 1 in order to perform the
aforementioned control.
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(2-3) Control of First Electric Expansion Valve and Sec-
ond Electric Expansion Valve

[0053] Before operational activation of the air condi-
tioning apparatus 1, the first electric expansion valve 14
and the second electric expansion valve 16 are config-
ured to be kept closed. In operational activation of the air
conditioning apparatus 1, the controller 5 is configured
to perform a control of fully opening a high pressure side
electric valve located in a high pressure part of the re-
frigerant circuit 2 and simultaneously keeping a low pres-
sure side electric valve located in a low pressure part of
the refrigerant circuit 2 in a closed state. The high pres-
sure side electric valve is an electric expansion valve
through which the refrigerant at high temperature and
high pressure passes. The high pressure side electric
valve corresponds to the first electric expansion valve 14
in the cooling operational mode, and corresponds to the
second electric expansion valve 16 in the heating oper-
ational mode.
[0054] In operational activation of the air conditioning
apparatus 1, the controller 5 is configured to determine
which of the first electric expansion valve 14 and the sec-
ond electric expansion valve 16 corresponds to the high
pressure side electric valve and is configured to fully open
the high pressure side electric valve. Specifically, the
controller 5 is configured to obtain the state of the four-
way switch valve 12 and determine which of the cooling
operational mode and the heating operational mode the
air conditioning apparatus 1 is in. In operational activation
of the air conditioning apparatus 1, when the four-way
switch valve 12 is in the state indicated with solid line in
FIG. 1, the controller 5 is configured to determine that
the air conditioning apparatus 1 is in the cooling opera-
tional mode, and is configured to fully open the first elec-
tric expansion valve 14 corresponding to the high pres-
sure side electric valve and keep the second electric ex-
pansion valve 16 corresponding to the low pressure side
electric valve in the closed state. Contrarily, when the
four-way switch valve 12 is in the state indicated with
dotted line in FIG. 1, the controller 5 is configured to de-
termine that the air conditioning apparatus 1 is in the
heating operational mode, and is configured to fully open
the second electric expansion valve 16 corresponding to
the high pressure side electric valve and keep the first
electric expansion valve 14 corresponding to the low
pressure side electric valve in the closed state.
[0055] Additionally, in operational activation of the air
conditioning apparatus 1, the controller 5 is configured
to perform a control of keeping the low pressure side
electric valve in the closed state until the high pressure
side electric valve is fully opened, and then, gradually
opening the low pressure side electric valve after the high
pressure side electric valve is fully opened. In the cooling
operational mode, the controller 5 is configured to per-
form a control of keeping the second electric expansion
valve 16 in the closed state until the first electric expan-
sion valve 14 is fully opened, and then, gradually opening

the second electric expansion valve 16 after the first elec-
tric expansion valve 14 is fully opened. In the heating
operational mode, the controller 5 is configured to per-
form a control of keeping the first electric expansion valve
14 in the closed state until the second electric expansion
valve 16 is fully opened, and then, gradually opening the
first electric expansion valve 14 after the second electric
expansion valve 16 is fully opened. FIG. 3 includes charts
showing variation with time in opening degree of the high
pressure side electric valve and variation with time in
opening degree of the low pressure side electric valve in
operational activation of the air conditioning apparatus
1. An upper chart in FIG. 3 shows EV1 as variation with
time in opening degree of the high pressure side electric
valve. A lower chart in FIG. 3 shows EV2 as variation
with time in opening degree of the low pressure side elec-
tric valve. In FIG. 3, the horizontal axis indicates time,
whereas the vertical axis indicates the opening degree
(%) of the high pressure side electric valve and that of
the low pressure side electric valve. Both of the charts in
FIG. 3 share the horizontal axis. The high pressure side
electric valve and the low pressure side electric valve are
configured to be fully closed when the opening degree
is 0% and be fully opened when the opening degree is
100%. Point-of-time t1 at which the opening degree of
the high pressure side electric valve becomes 100% is
a point of time at which the opening degree of the low
pressure side electric valve begins to increase from 0%.
The opening degree of the low pressure side electric
valve increases stepwise from 0% to 100%. Point-of-time
t2 at which the opening degree of the low pressure side
electric valve becomes 100% is a point of time at which
the refrigerant circuit 2 is completely equalized in pres-
sure.

(3) Features

[0056] In the refrigerant circuit 2 of the air conditioning
apparatus 1, the receiver 15 is interposed between the
first electric expansion valve 14 and the second electric
expansion valve 16. The first electric expansion valve 14
and the second electric expansion valve 16 are config-
ured to be closed when the operation of the air condition-
ing apparatus 1 is deactivated. Therefore, in operational
activation of the air conditioning apparatus 1, a part in
which the refrigerant pressure is high and a part in which
the refrigerant pressure is low exist in the refrigerant cir-
cuit 2. To avoid acute variation in pressure of the refrig-
erant in the refrigerant circuit 2 in operational activation,
the air conditioning apparatus 1 is required to equalize
the refrigerant circuit 2 in pressure in operational activa-
tion.
[0057] In operational activation of the air conditioning
apparatus 1 under the cooling operational mode, the air
conditioning apparatus 1 is configured to fully open the
first electric expansion valve 14 corresponding to the high
pressure side electric valve and simultaneously keep the
second electric expansion valve 16 corresponding to the
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low pressure side electric valve in the closed state,
whereby the refrigerant accumulated in the outdoor heat
exchanger 13 is fed to the receiver 15 while the refrigerant
in a liquid state accumulated in the receiver 15 is pre-
vented from passing through the indoor heat exchanger
17 and then being fed to the suction pipe 11 a of the
compressor 11. Contrarily, in operational activation of
the air conditioning apparatus 1 under the heating oper-
ational mode, the air conditioning apparatus 1 is config-
ured to fully open the second electric expansion valve 16
corresponding to the high pressure side electric valve
and simultaneously keep the first electric expansion
valve 14 corresponding to the low pressure side electric
valve in the closed state, whereby the refrigerant accu-
mulated in the indoor heat exchanger 17 is fed to the
receiver 15 while the refrigerant in a liquid state accumu-
lated in the receiver 15 is prevented from passing through
the outdoor heat exchanger 13 and then being fed to the
suction pipe 11 a of the compressor 11. In occurrence of
a phenomenon called liquid returning that the refrigerant
in a liquid state accumulated in the receiver 15 is sucked
into the compressor 11, this becomes a cause of break-
down of the compressor 11. Therefore, the air condition-
ing apparatus 1 can prevent occurrence of liquid return-
ing when the refrigerant circuit 2 is equalized in pressure
in operational activation.
[0058] Additionally, the controller 5 of the air condition-
ing apparatus 1 is configured to determine which of the
first electric expansion valve 14 and the second electric
expansion valve 16 corresponds to the high pressure
side electric valve based on the state of the four-way
switch valve 12. Therefore, the controller 5 can perform
an opening degree control of fully opening the high pres-
sure side electric valve and simultaneously keeping the
low pressure side electric valve in the closed state in
operational activation of the air conditioning apparatus 1
without memorizing which of the cooling operational
mode and the heating operational mode the operating
mode is currently in.
[0059] Incidentally, immediately after switching the op-
erating mode using a remote controller or so forth for
controlling the air conditioning apparatus 1, there are
chances that the state of the four-way switch valve 12,
corresponding to the operating mode memorized in the
remote controller or so forth, is not matched with the ac-
tual state of the four-way switch valve 12. However, the
controller 5 is configured to obtain the actual state of the
four-way switch valve 12 and determine which of the first
electric expansion valve 14 and the second electric ex-
pansion valve 16 corresponds to the high pressure side
electric valve. Hence, the controller 5 can reliably perform
the aforementioned opening degree control. Therefore,
the air conditioning apparatus 1 can reliably prevent oc-
currence of liquid returning in operational activation.
[0060] Additionally, the controller 5 can confine the re-
frigerant in the receiver 15 by keeping both of the first
electric expansion valve 14 and the second electric ex-
pansion valve 16 in closed states before operational ac-

tivation of the air conditioning apparatus 1.
[0061] Moreover, the controller 5 can prevent the re-
frigerant in a liquid state accumulated in the receiver 15
from being sucked into the compressor 11 via the low
pressure side electric valve in a step of equalizing the
refrigerant circuit 2 in pressure by beginning to open the
low pressure side electric valve after fully opening the
high pressure side electric valve in operational activation
of the air conditioning apparatus 1.
[0062] Furthermore, the controller 5 can prevent the
refrigerant in a liquid state accumulated in the receiver
15 from rapidly and massively flowing into the compres-
sor 11 via the low pressure side electric valve in the step
of equalizing the refrigerant circuit 2 in pressure by grad-
ually opening the low pressure side electric valve after
fully opening the high pressure side electric valve in op-
erational activation of the air conditioning apparatus 1.
There exists difference in pressure between the refriger-
ant in the piping on the upstream side of the low pressure
side electric valve and that in the piping on the down-
stream side of the low pressure side electric valve. There-
fore, there are chances that when the low pressure side
electric valve is rapidly opened, the large amount of re-
frigerant passes through the low pressure side electric
valve due to the difference in pressure and thereby liquid
returning occurs. The controller 5 can prevent occurrence
of liquid returning by performing a control of increasing
stepwise the opening degree of the low pressure side
electric valve.

(4) Modifications

[0063] Specific configurations of the present embodi-
ment can be changed without departing from the scope
of the present invention. Modifications applicable to the
present embodiment will be hereinafter explained.

(4-1) Modification A

[0064] In the present embodiment, the controller 5 is
configured to increase the opening degree of the low
pressure side electric valve stepwise from 0% to 100%
after fully opening the high pressure side electric valve.
However, the controller 5 may be configured to gradually
increase the opening degree of the low pressure side
electric valve from 0% to 100% after fully opening the
high pressure side electric valve. FIG. 4 includes charts
showing variation with time in opening degree of the high
pressure side electric valve and variation with time in
opening degree of the low pressure side electric valve in
the present modification. An upper chart in FIG. 4 shows
EV1 as variation with time in opening degree of the high
pressure side electric valve. A lower chart in FIG. 4 shows
EV2 as variation with time in opening degree of the low
pressure side electric valve. In FIG. 4, the horizontal axis
indicates time, whereas the vertical axis indicates the
opening degree (%) of the high pressure side electric
valve and that of the low pressure side electric valve.
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Both of the charts in FIG. 4 share the horizontal axis.
Point-of-time t1 at which the opening degree of the high
pressure side electric valve becomes 100% is a point of
time at which the opening degree of the low pressure
side electric valve begins to increase from 0%. The open-
ing degree of the low pressure side electric valve grad-
ually increases from 0% to 100%. Point-of-time t2 at
which the opening degree of the low pressure side elec-
tric valve becomes 100% is a point of time at which the
refrigerant circuit 2 is completely equalized in pressure.

(4-2) Modification B

[0065] In the present embodiment, the controller 5 may
be further configured to perform a control of fully opening
the high pressure side electric valve after the capacity of
the compressor 11 begins to increase in operational ac-
tivation of the air conditioning apparatus 1. For example,
the controller 5 may be configured to perform the control
of fully opening the high pressure side electric valve either
after at a point of time when the rotation speed of the
motor of the compressor 11 begins to increase from zero
or after a point of time when the compressor 11 begins
to discharge the refrigerant at high pressure.
[0066] In the present modification, the refrigerant, re-
maining in the refrigerant circuit 2 before operational ac-
tivation of the air conditioning apparatus 1, can be fed to
the receiver 15 as much as possible by fully opening the
high pressure side electric valve after the compressor 11
begins to increase in refrigerant discharging capacity.

(4-3) Modification C

[0067] In the present embodiment, the controller 5 may
be further configured to perform a control of starting a
normal operation after operational activation of the air
conditioning apparatus 1 when a predetermined period
of time has elapsed or when the temperature of the re-
frigerant discharged from the compressor 11 has elevat-
ed to a predetermined target value. The normal operation
is an operation performed by the air conditioning appa-
ratus 1 for conditioning the indoor air. Accordingly, the
controller 5 can start the normal operation after the re-
frigerant circuit 2 is sufficiently equalized in pressure in
operational activation of the air conditioning apparatus 1.
[0068] Additionally, the controller 5 may be configured
to perform a control of decreasing the opening degree of
the high pressure side electric valve from 100% to a pre-
determined opening degree in starting the normal oper-
ation after the refrigerant circuit 2 is completely equalized
in pressure. Here, the predetermined opening degree re-
fers to an opening degree preliminarily set in accordance
with either the operating mode of the air conditioning ap-
paratus 1 or a target value of the degree of supercooling
of the refrigerant, or alternatively, an opening degree ar-
bitrarily determined in accordance with the operating con-
dition of the air conditioning apparatus 1. The predeter-
mined opening degree has a value greater than 0% and

less than 100%.
[0069] Alternatively, the controller 5 may be configured
to perform a control of decreasing the opening degree of
the high pressure side electric valve from 100% to a pre-
determined opening degree while increasing the opening
degree of the low pressure side electric valve from 0%
after fully opening the high pressure side electric valve.
Here, the predetermined opening degree refers to an
opening degree preliminarily set in accordance with the
operating mode of the air conditioning apparatus 1, or
alternatively, an opening degree arbitrarily determined in
accordance with the operating condition of the air condi-
tioning apparatus 1. The predetermined opening degree
has a value greater than 0% and less than 100%.

(4-4) Modification D

[0070] In the present embodiment, the controller 5 is
configured to perform the control of increasing the open-
ing degree of the low pressure side electric valve step-
wise from 0% to 100% after fully opening the high pres-
sure side electric valve. However, the controller 5 may
be configured to perform a control of increasing the open-
ing degree of the low pressure side electric valve step-
wise from 0% to a predetermined opening degree after
fully opening the high pressure side electric valve. Here,
the predetermined opening degree refers to an opening
degree preliminarily set in accordance with either the op-
erating mode of the air conditioning apparatus 1 or a tar-
get value of the degree of dryness of the refrigerant, or
alternatively, refers to an opening degree arbitrarily de-
termined in accordance with the operating condition of
the air conditioning apparatus 1. The predetermined
opening degree has a value greater than 0% and less
than 100%. In this case, the opening degree of the low
pressure side electric valve has a predetermined value
less than 100% in starting the normal operation after the
refrigerant circuit 2 is completely equalized in pressure.
The controller 5 may be configured to perform a control
of gradually increasing the opening degree of the low
pressure side electric valve from 0% to a predetermined
opening degree after fully opening the high pressure side
electric valve.
[0071] Additionally, the opening degree control of the
present modification may be combined with that of Mod-
ification C. FIG. 5 includes charts showing variation with
time in opening degree of the high pressure side electric
valve and variation with time in opening degree of the
low pressure side electric valve as an example of the
combination. An upper chart in FIG. 5 shows EV1 as
variation with time in opening degree of the high pressure
side electric valve. A lower chart in FIG. 5 shows EV2 as
variation with time in opening degree of the low pressure
side electric valve. In FIG. 5, the horizontal axis indicates
time, whereas the vertical axis indicates the opening de-
gree (%) of the high pressure side electric valve and that
of the low pressure side electric valve. Both of the charts
in FIG. 5 share the horizontal axis. Point-of-time t1 at

15 16 



EP 3 062 041 A1

10

5

10

15

20

25

30

35

40

45

50

55

which the opening degree of the high pressure side elec-
tric valve becomes 100% is a point of time at which the
opening degree of the low pressure side electric valve
begins to increase from 0%. The opening degree of the
low pressure side electric valve increases stepwise from
0% to 40%. In FIG. 5, point-of-time t2 at which the opening
degree of the low pressure side electric valve becomes
40% is a point of time at which the refrigerant circuit 2 is
completely equalized in pressure. At point-of-time t2, the
opening degree of the high pressure side electric valve
decreases from 100% to 60%.
[0072] It should be noted that the point of time at which
the refrigerant circuit 2 is completely equalized in pres-
sure may not be matched with the point of time at which
the opening degree of the low pressure side electric valve
is a predetermined opening degree. For example, in FIG.
5, point-of-time t2 at which the opening degree of the low
pressure side electric valve is 40% may not be the point
of time at which the refrigerant circuit 2 is completely
equalized in pressure.

(4-5) Modification E

[0073] In the present embodiment, the refrigerant cir-
cuit 2 may further include a gas injection channel for in-
jecting the refrigerant in a gaseous state to the suction
pipe 11 a of the compressor 11. FIG. 6 is a block diagram
of an air conditioning apparatus 101 in the present mod-
ification. The air conditioning apparatus 101 further in-
clude a gas injection pipe 18, a gas injection valve 19
and a capillary tube 21 in addition to the respective de-
vices included in the air conditioning apparatus 1 of the
present embodiment. The reference signs shown in FIG.
1 are also assigned to constituent elements in FIG. 6
when these constituent elements are commonly included
in the air conditioning apparatus 1 of the present embod-
iment. Differences between the air conditioning appara-
tus 101 and the air conditioning apparatus 1 of the
present embodiment will be hereinafter mainly explained.
[0074] The gas injection pipe 18 is a pipe connecting
the receiver 15 and the suction pipe 11 a of the compres-
sor 11. The gas injection pipe 18 is a pipe for injecting
the refrigerant in a gaseous state accumulated in the re-
ceiver 15 into the suction pipe 11 a of the compressor
11. It is possible to regulate the amount of the refrigerant
in the receiver 15 and the degree of dryness or the degree
of superheat of the refrigerant sucked into the compres-
sor 11 by injection of the refrigerant through the gas in-
jection pipe 18.
[0075] The gas injection valve 19 is an electromagnetic
valve attached to the gas injection pipe 18. In operation
of the air conditioning apparatus 1, the pressure of the
refrigerant in a gaseous state accumulated in the receiver
15 is higher than that of the refrigerant in a gaseous state
flowing through the suction pipe 11 a of the compressor
11. When the gas injection valve 19 is opened, the re-
frigerant in a gaseous state accumulated in the receiver
15 is configured to be supplied to the suction pipe 11 a

of the compressor 11 via the gas injection pipe 18 and
the capillary tube 21. When the gas injection valve 19 is
closed, the refrigerant in a gaseous state accumulated
in the receiver 15 is not configured to be supplied to the
suction pipe 11a of the compressor 11. Before operation-
al activation of the air conditioning apparatus 1, the gas
injection valve 19 is configured to be kept closed for pre-
venting the refrigerant accumulated in the receiver 15
from returning to the compressor 11.
[0076] The capillary tube 21 is a thin tube attached to
the gas injection pipe 18. As shown in FIG. 6, the capillary
tube 21 is attached between the gas injection valve 19
and the suction pipe 11 a of the compressor 11. The
capillary tube 21 causes throttle expansion of the refrig-
erant and acts as resistance against the flow of the re-
frigerant. The refrigerant is reduced in pressure by pas-
sage through the capillary tube 21.
[0077] In the cooling operational mode, the opening
degree of the gas injection valve 19 is increased to in-
crease the amount of the refrigerant flowing through the
gas injection pipe 18. Accordingly, the refrigerant to be
sucked into the compressor 11 is reduced in temperature,
whereby elevation in temperature of the compressor 11
can be inhibited. On the other hand, in the heating oper-
ational mode, the opening degree of the gas injection
valve 19 is reduced to reduce the amount of the refrig-
erant flowing through the gas injection pipe 18. Accord-
ingly, reduction in temperature of the refrigerant to be
sucked into the compressor 11 is suppressed to the low-
est possible level, and simultaneously, the flow rate of
the refrigerant passing through the indoor heat exchang-
er 17 is increased as much as possible, whereby efficien-
cy in heat exchange of the indoor heat exchanger 17 can
be enhanced.
[0078] In the present modification, the controller 5 is
further capable of controlling the opening degree of the
gas injection valve 19. Before operational activation of
the air conditioning apparatus 101, the controller 5 is con-
figured to keep the gas injection valve 19 in the closed
state. Accordingly, the refrigerant in a liquid state accu-
mulated in the receiver 15 is prevented from flowing into
the suction pipe 11 a of the compressor 11 through the
gas injection pipe 18. Therefore, the air conditioning ap-
paratus 101 can prevent occurrence of liquid returning
when the refrigerant circuit 2 is equalized in pressure in
operational activation.

INDUSTRIAL APPLICABILITY

[0079] A refrigeration apparatus according to the
present invention can prevent occurrence of liquid return-
ing when a refrigerant circuit is equalized in pressure in
activation.

REFERENCE SIGNS LIST
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1 Air conditioning apparatus (Refrigeration appara-
tus)

2 Refrigerant circuit
5 Controller (Control unit)
11 Compressor (Compression mechanism)
12 Four-way switch valve (Switch mechanism)
13 Outdoor heat exchanger (First heat exchanger)
14 First electric expansion valve (First electric valve)
15 Receiver
16 Second electric expansion valve (Second electric

valve)
17 Indoor heat exchanger (Second heat exchanger)
18 Gas injection pipe (Gas injection channel)
19 Gas injection valve

CITATION LIST

PATENT LITERATURE

[0081] PTL 1: Japan Laid-open Patent Application
Publication No. H09-72620

Claims

1. A refrigeration apparatus (1) including a refrigerant
circuit (2) in which a compression mechanism (11)
of a variable capacity type, a first heat exchanger
(13), a first electric valve (14), a receiver (15), a sec-
ond electric valve (16) and a second heat exchanger
(17) are connected in series, the refrigeration appa-
ratus (1) comprising:

a switch mechanism (12) configured to switch a
flow direction of a refrigerant circulating through
the refrigerant circuit; and
a control unit (5) configured to control an
opened/closed state of the first electric valve and
an opened/closed state of the second electric
valve,
wherein, in activation of the refrigeration appa-
ratus, the control unit is configured to determine
which of the first electric valve and the second
electric valve corresponds to a high pressure
side electric valve located in a high pressure part
of the refrigerant circuit and is configured to fully
open the high pressure side electric valve.

2. The refrigeration apparatus recited in claim 1, where-
in
in activation of the refrigeration apparatus, the con-
trol unit is configured to determine which of the first
electric valve and the second electric valve corre-
sponds to the high pressure side electric valve based
on a state of the switch mechanism.

3. The refrigeration apparatus recited in claim 1 or 2,
wherein

the first electric valve and the second electric valve
are configured to be closed in a state before activa-
tion of the refrigeration apparatus.

4. The refrigeration apparatus recited in any one of
claims 1 to 3, wherein
in activation of the refrigeration apparatus, the con-
trol unit is configured to keep a low pressure side
electric valve located in a low pressure part of the
refrigerant circuit in the closed state until the high
pressure side electric valve is fully opened.

5. The refrigeration apparatus recited in claim 4, where-
in
in activation of the refrigeration apparatus, the con-
trol unit is configured to gradually open the low pres-
sure side electric valve after the high pressure side
electric valve is fully opened.

6. The refrigeration apparatus recited in any one of
claims 1 to 5, wherein
in activation of the refrigeration apparatus, the con-
trol unit is configured to open the high pressure side
electric valve after the compression mechanism be-
gins to increase in capacity.

7. The refrigeration apparatus recited in any one of
claims 1 to 6, further comprising:

a gas injection channel (18) connecting the re-
ceiver and a refrigerant suction side of the com-
pression mechanism; and
a gas injection valve (19) mounted in the gas
injection channel,
wherein the gas injection valve is configured to
be closed in a state before activation of the re-
frigeration apparatus.

8. The refrigeration apparatus recited in any one of
claims 1 to 7, wherein
after activation of the refrigeration apparatus, the re-
frigeration apparatus is configured to start a normal
operation either when a predetermined period of time
has elapsed or when a temperature of the refrigerant
discharged from the compression mechanism has
reached a first temperature.
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