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(54) AIR CONDITIONING APPARATUS

(57) To provide an air conditioning apparatus capa-
ble of reliably performing refrigerant recovery even when
the outside temperature is high. An air conditioning ap-
paratus 1 includes an injection pipe 30 connecting an
injection port 31 of a compressor 11 and a refrigerant
pipe between a first regulating valve 14 and an indoor
heat exchanger 21, and an injection regulating valve 32
disposed on the injection pipe 30. A control unit 40 exe-
cutes a first refrigerant recovery operation including: con-
trolling a four-way valve 12 so that an outdoor heat ex-
changer 13 serves as a radiator and the indoor heat ex-
changer 21 serves as an evaporator; operating the com-
pressor 11; fully closing the first regulating valve 14; and
controlling the opening degree of the injection regulating
valve 32.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an air condi-
tioning apparatus, and more particularly, to an air condi-
tioning apparatus that performs a refrigerant recovery
operation.

Description of the Related Art

[0002] A conventional technique that recovers a refrig-
erant from a use-side circuit to a heat-source-side circuit
while preventing, for example, damage to a compressor
and reliably reduces the amount of refrigerant leaking
from the use-side circuit when refrigerant leakage occurs
is disclosed (e.g., refer to Japanese Patent Laid-Open
No. 2019-074222). In the technique, an outdoor expan-
sion valve is disposed on a liquid-side pipe of an outdoor
circuit, and the outdoor circuit is provided with a liquid-
side bypass pipe for allowing the liquid-side pipe to com-
municate with a suction side of the compressor. When
receiving a signal indicating leakage of the refrigerant
from an indoor circuit, an outdoor controller executes a
refrigerant recovery control operation of operating the
compressor with a liquid-side control valve closed and
executes a valve control operation of opening a liquid-
side bypass valve of the liquid-side bypass pipe in the
refrigerant recovery control operation, which prevents an
excessive rise in the discharge temperature of the com-
pressor in the refrigerant recovery control operation.
[0003] In order to prevent damage to the compressor,
it is necessary to suck the gasified refrigerant into the
compressor. However, in the conventional technique,
when refrigerant recovery is performed under high out-
side temperature (e.g., 40°C), the discharge temperature
cannot be sufficiently reduced up to a temperature that
enables prevention of damage to the compressor in a
system using, for example, R32 refrigerant having rela-
tively high discharge temperature, which may result in
insufficient refrigerant recovery.
[0004] The low pressure gradually decreases by per-
forming the refrigerant recovery operation (pump down).
Thus, the evaporation temperature decreases, the tem-
perature difference from indoor air increases, and the
superheat degree thus increases at an outlet of an indoor
heat exchanger. Along with this, the temperature of the
refrigerant discharged from the compressor also increas-
es.
[0005] In particular, under a high outside temperature
condition (e.g., 35°C), the temperature of the refrigerant
discharged from the compressor reaches the vicinity of
an upper limit (e.g., 100°C) even in the cooling operation.
[0006] When the refrigerant recovery operation is per-
formed in this state, the pressure further increases, and
the discharge temperature also further increases. Thus,

the compressor comes to a stop before the refrigerant
recovery is completed.
[0007] The present invention has been made in view
of the points described above, and an object thereof is
to provide an air conditioning apparatus capable of reli-
ably performing refrigerant recovery even when the out-
side temperature is high.

SUMMARY OF THE INVENTION

[0008] In order to achieve the above object, the present
invention provides an air conditioning apparatus includ-
ing: an outdoor unit including a compressor and an out-
door heat exchanger; an indoor unit including an indoor
heat exchanger; a refrigerant pipe connecting the out-
door unit and the indoor unit and including a liquid-side
pipe and a gas-side pipe; circuit switching means dis-
posed on the refrigerant pipe; a first regulating valve dis-
posed on the refrigerant pipe; and a control unit; the air
conditioning apparatus further including: an injection pipe
connecting an injection port of the compressor and the
refrigerant pipe between the first regulating valve and the
indoor heat exchanger; and an injection regulating valve
disposed on the injection pipe. The control unit executes
a first refrigerant recovery operation including: controlling
the circuit switching means so that the outdoor heat ex-
changer serves as a radiator and the indoor heat ex-
changer serves as an evaporator; operating the com-
pressor; fully closing the first regulating valve; and con-
trolling an opening degree of the injection regulating
valve.
[0009] With this configuration, allowing the intermedi-
ate-pressure refrigerant to flow to the low-pressure pipe
from the compressor during the refrigerant recovery op-
eration makes it possible to prevent reduction in the re-
frigerant pressure in the liquid-side pipe on the down-
stream side relative to the first regulating valve, increase
the evaporation temperature to prevent increase in the
temperature difference from indoor air, and reduce the
discharge temperature from the compressor.
[0010] According to the present invention, it is possible
to prevent reduction in the refrigerant pressure in the liq-
uid-side pipe on the downstream side relative to the first
regulating valve, increase the evaporation temperature
to prevent increase in the temperature difference from
indoor air, reduce the discharge temperature from the
compressor, and thus reliably perform refrigerant recov-
ery even when the outside temperature is high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a refrigerant circuit diagram showing a first
embodiment of an air conditioning apparatus accord-
ing to the present invention;
Fig. 2 is a block diagram showing a control configu-
ration of the first embodiment;
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Fig. 3 is a flowchart showing a refrigerant recovery
operation of the first embodiment;
Fig. 4 is a refrigerant circuit diagram showing a sec-
ond embodiment of the present invention;
Fig. 5 is a flowchart showing a refrigerant recovery
operation of the second embodiment;
Fig. 6 is a refrigerant circuit diagram showing a third
embodiment;
Fig. 7 is a block diagram showing a control configu-
ration of the third embodiment; and
Fig. 8 is a flowchart showing a refrigerant recovery
operation of the third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0012] A first invention provides an air conditioning ap-
paratus including: an outdoor unit including a compressor
and an outdoor heat exchanger; an indoor unit including
an indoor heat exchanger; a refrigerant pipe connecting
the outdoor unit and the indoor unit and including a liquid-
side pipe and a gas-side pipe; circuit switching means
disposed on the refrigerant pipe; a first regulating valve
disposed on the refrigerant pipe; and a control unit; the
air conditioning apparatus further including: an injection
pipe connecting an injection port of the compressor and
the refrigerant pipe between the first regulating valve and
the indoor heat exchanger; and an injection regulating
valve disposed on the injection pipe. The control unit ex-
ecutes a first refrigerant recovery operation including:
controlling the circuit switching means so that the outdoor
heat exchanger serves as a radiator and the indoor heat
exchanger serves as an evaporator; operating the com-
pressor; fully closing the first regulating valve; and con-
trolling an opening degree of the injection regulating
valve.
[0013] With this configuration, allowing the intermedi-
ate-pressure refrigerant to flow to the low-pressure pipe
from the compressor during the refrigerant recovery op-
eration makes it possible to prevent reduction in the re-
frigerant pressure in the liquid-side pipe on the down-
stream side relative to the first regulating valve, increase
the evaporation temperature to prevent increase in the
temperature difference from indoor air, reduce the dis-
charge temperature from the compressor, and thus reli-
ably perform refrigerant recovery even when the outside
temperature is high.
[0014] In a second invention, in the first refrigerant re-
covery operation, the control unit controls the opening
degree of the injection regulating valve so that a refrig-
erant discharge temperature of a refrigerant discharged
from the compressor becomes equal to or lower than a
first predetermined temperature.
[0015] With this configuration, allowing the intermedi-
ate-pressure refrigerant to flow to the low-pressure pipe
from the compressor during the refrigerant recovery op-
eration makes it possible to prevent reduction in the re-
frigerant pressure in the liquid-side pipe on the down-

stream side relative to the first regulating valve, increase
the evaporation temperature to prevent increase in the
temperature difference from indoor air, reduce the dis-
charge temperature from the compressor, and thus reli-
ably perform refrigerant recovery even when the outside
temperature is high.
[0016] In a third invention, the air conditioning appara-
tus further includes a second regulating valve disposed
on the refrigerant pipe between a connection point of the
injection pipe and the indoor heat exchanger, and the
control unit executes, when a refrigerant discharge pres-
sure of a refrigerant discharged from the compressor be-
comes equal to or higher than a first predetermined pres-
sure, a second refrigerant recovery operation including:
closing the second regulating valve; and opening the first
regulating valve.
[0017] With this configuration, allowing the refrigerant
with low superheat degree to flow into the intermediate-
pressure refrigerant in the middle of compression in the
compressor makes it possible to reduce, up to the vicinity
of the saturation temperature, the refrigerant tempera-
ture that has risen once, and thus reduce the discharge
temperature of the compressor. As a result, even when
the refrigerant recovery is performed under the high out-
side temperature condition, and the high pressure rises,
it is possible to reduce the temperature of the refrigerant
discharged from the compressor and reliably recover the
refrigerant in the indoor heat exchanger into the outdoor
heat exchanger.
[0018] In a fourth invention, the air conditioning appa-
ratus further includes an injection heat exchanger con-
figured to exchange heat between the refrigerant flowing
between the first regulating valve and the connection
point of the injection pipe and the refrigerant flowing be-
tween the injection port and the injection regulating valve.
[0019] With this configuration, it is possible to reduce
the temperature of the refrigerant flowing out of the out-
door heat exchanger and improve the refrigerant con-
centration (liquefaction) by exchanging heat between the
refrigerant flowing between an injection branch point and
the first refrigerant amount regulating means and the re-
frigerant flowing between the injection regulating means
and the injection port. Thus, even in the case of overload
where the temperature of air discharged from the heat
source side becomes high (e.g., 50°C), it is possible to
reduce the temperature of the recovered refrigerant to
improve the refrigerant concentration, thereby reducing
the high pressure. As a result, even when the refrigerant
recovery is performed in the case of overload, it is pos-
sible to improve the refrigerant concentration to reduce
the high pressure and reduce the temperature of the re-
frigerant discharged from the compressor, thereby relia-
bly recovering the refrigerant in the indoor heat exchang-
er into the outdoor heat exchanger.
[0020] In a fifth invention, the air conditioning appara-
tus further includes: a bypass pipe having one end con-
nected to the refrigerant pipe between the outdoor heat
exchanger and the second regulating valve and the other
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end connected to the refrigerant pipe between the circuit
switching means and a suction side of the compressor;
a bypass regulating valve disposed on the bypass pipe;
and a refrigerant storage unit disposed between the other
end of the bypass pipe and the compressor. The control
unit executes, when the refrigerant discharge pressure
of the refrigerant discharged from the compressor is
equal to or higher than a second predetermined pressure,
a third refrigerant recovery operation including opening
the bypass regulating valve.
[0021] With this configuration, when the refrigerant is
fully stored in the outdoor heat exchanger, and the high
pressure rises, the refrigerant stored in the outdoor heat
exchanger can be stored into the refrigerant storage unit
through the bypass pipe, which reduces the high pres-
sure. As a result, even when a large amount of refrigerant
is enclosed inside the refrigerant circuit, it is possible to
prevent rise in the temperature of the refrigerant dis-
charged from the compressor, the temperature rise being
caused by the high pressure rise, reduce the high pres-
sure to reduce the temperature of the refrigerant dis-
charged from the compressor, and reliably recover the
refrigerant in the indoor heat exchanger into the outdoor
heat exchanger.
[0022] Hereinbelow, embodiments of the present in-
vention will be described with reference to the drawings.
[0023] Fig. 1 is a refrigerant circuit diagram showing a
first embodiment of an air conditioning apparatus accord-
ing to the present invention.
[0024] As shown in Fig. 1, an air conditioning appara-
tus 1 in the present embodiment includes an outdoor unit
10 and an indoor unit 20.
[0025] The outdoor unit 10 includes a compressor 11,
a four-way valve 12 as the circuit switching means, an
outdoor heat exchanger 13, a first regulating valve 14,
and a gas-side pipe 15 and a liquid-side pipe 16 which
connect these components to each other. An outdoor fan
17 is disposed near the outdoor heat exchanger 13 to
send outside air to the outdoor heat exchanger 13.
[0026] The indoor unit 20 includes an indoor heat ex-
changer 21, and the indoor unit 20 and the outdoor unit
10 are connected with each other by the gas-side pipe
15 and the liquid-side pipe 16. An indoor fan 22 is dis-
posed near the indoor heat exchanger 21 to send indoor
air to the indoor heat exchanger 21.
[0027] The compressor 11 is configured to compress
a gas refrigerant sucked through the gas-side pipe 15 to
a predetermined pressure and discharge the com-
pressed gas refrigerant, and the compressed gas refrig-
erant is fed to the outdoor heat exchanger 13 through
the four-way valve 12 in a cooling operation.
[0028] The outdoor heat exchanger 13 exchanges
heat between outside air and the refrigerant by driving
the outdoor fan 17, and is configured to function as a
condenser in the cooling operation and function as an
evaporator in a heating operation.
[0029] The first regulating valve 14 is disposed on the
liquid-side pipe 16, and decompresses and expands the

refrigerant flowing into the indoor heat exchanger 21 in
the cooling operation.
[0030] The indoor heat exchanger 21 performs heat
exchange of indoor air by driving the indoor fan 22, and
is configured to function as an evaporator in the cooling
operation and function as a condenser in the heating op-
eration.
[0031] In the present embodiment, an injection pipe 30
is connected, at one end thereof, between the first reg-
ulating valve 14 and the indoor heat exchanger 21, and
the other end of the injection pipe 30 is connected to an
injection port 31 at an intermediate pressure in a com-
pression space of the compressor 11.
[0032] An injection regulating valve 32 is disposed mid-
way of the injection pipe 30.
[0033] A second regulating valve 33 is disposed be-
tween the first regulating valve 14 and the indoor heat
exchanger 21 at a position closer to the indoor heat ex-
changer 21 than the connection point of the injection pipe
30 is.
[0034] Note that each of the first regulating valve 14,
the injection regulating valve 32, and the second regu-
lating valve 33 includes a motor-operated valve having
an opening degree adjustable in any manner.
[0035] A discharge temperature sensor 35 which de-
tects a refrigerant discharge temperature and a dis-
charge pressure sensor 36 which detects a refrigerant
discharge pressure are disposed at a refrigerant dis-
charge side of the compressor 11.
[0036] A suction pressure sensor 37 which detects a
refrigerant suction pressure is disposed at a refrigerant
suction side of the compressor 11.
[0037] Next, a control configuration of the first embod-
iment will be described.
[0038] Fig. 2 is a block diagram showing the control
configuration of the first embodiment.
[0039] As shown in Fig. 2, the air conditioning appara-
tus 1 of the present embodiment includes a control unit
40. The control unit 40 includes, for example, a proces-
sor, such as a CPU or an MPU, and a memory device,
such as a ROM or a RAM, and controls each part of the
air conditioning apparatus 1.
[0040] The discharge temperature sensor 35, the dis-
charge pressure sensor 36, and the suction pressure
sensor 37 are connected to the control unit 40.
[0041] The control unit 40 is configured to control,
based on detection values of the discharge temperature
sensor 35, the discharge pressure sensor 36, and the
suction pressure sensor 37, driving of the compressor
11, the outdoor fan 17, and the indoor fan 22, the opening
degrees of the first regulating valve 14, the second reg-
ulating valve 33, and the injection regulating valve 32,
and switching of the four-way valve 12.
[0042] Next, a refrigerant recovery operation in the
present embodiment will be described.
[0043] Fig. 3 is a flowchart showing the refrigerant re-
covery operation in the present embodiment.
[0044] As shown in Fig. 3, when starting the refrigerant
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recovery operation, the control unit 40 performs a first
refrigerant recovery operation (ST1).
[0045] The first refrigerant recovery operation in-
cludes: switching the four-way valve 12 to the cooling
operation; fully closing the first regulating valve 14; fixing
the second regulating valve 33 at a predetermined open-
ing degree; and fixing the operation frequency of the com-
pressor 11.
[0046] Then, the control unit 40 acquires a refrigerant
discharge temperature Td of the compressor 11 detected
by the discharge temperature sensor 35 and determines
whether the refrigerant discharge temperature Td is
equal to or higher than a first predetermined temperature
T1 (ST2).
[0047] When the refrigerant discharge temperature Td
is equal to or higher than the first predetermined temper-
ature T1 (ST2: YES), the control unit 40 performs control
to increase the opening degree of the injection regulating
valve 32 (ST3).
[0048] Typically, the pressure of the low-pressure re-
frigerant on the upstream side of the indoor heat ex-
changer 21 gradually decreases by performing the re-
frigerant recovery operation. Thus, the evaporation tem-
perature in the indoor heat exchanger 21 decreases, the
temperature difference from indoor air increases, and the
superheat degree thus increases at an outlet of the indoor
heat exchanger 21. Along with this, the temperature of
the refrigerant discharged from the compressor 11 also
increases.
[0049] In particular, under a high outside temperature
condition (e.g., 35°C), the temperature of the refrigerant
discharged from the compressor 11 reaches the vicinity
of an upper limit (e.g., 100°C) even in the cooling oper-
ation.
[0050] When the refrigerant recovery operation is per-
formed in this state, the temperature of the refrigerant
discharged from the compressor 11 further increases.
Thus, the compressor 11 comes to a stop before the re-
frigerant recovery is completed.
[0051] In the present embodiment, allowing the inter-
mediate-pressure refrigerant in the compressor 11 to flow
to the liquid-side pipe 16 from the compressor 11 through
the injection pipe 30 makes it possible to prevent reduc-
tion in the refrigerant pressure in the liquid-side pipe 16
on the downstream side relative to the first regulating
valve 14, increase the evaporation temperature in the
indoor heat exchanger 21 to prevent increase in the tem-
perature difference from indoor air, and largely reduce
the discharge temperature from the compressor 11.
[0052] Then, the control unit 40 acquires a suction
pressure Ps of the compressor 11 detected by the suction
pressure sensor 37 and determines whether the refrig-
erant suction pressure Ps is equal to or lower than -0.1
Mpa (ST4).
[0053] When it is determined that the suction pressure
Ps is equal to or lower than -0.1 Mpa (ST4: YES), the
control unit 40 ends the refrigerant recovery operation.
[0054] When it is determined that the suction pressure

Ps is not equal to or lower than -0.1 Mpa (ST4: NO), the
control unit 40 returns to step 2 to determine whether the
refrigerant discharge temperature Td is equal to or higher
than the first predetermined temperature T1 (ST2).
[0055] On the other hand, when the refrigerant dis-
charge temperature Td is not equal to or higher than the
first predetermined temperature T1 (ST2: NO), the con-
trol unit 40 determines whether the refrigerant discharge
temperature Td is equal to or lower than the first prede-
termined temperature T1 - 30°C (ST5).
[0056] When it is determined that the refrigerant dis-
charge temperature Td is equal to or lower than the first
predetermined temperature T1 - 30°C (ST5: YES), the
control unit 40 performs control to reduce the opening
degree of the injection regulating valve 32 (ST6).
[0057] When it is determined that the refrigerant dis-
charge temperature Td is not equal to or lower than the
first predetermined temperature T1 - 30°C (ST5: NO),
the control unit 40 performs control to maintain the open-
ing degree of the injection regulating valve 32 (ST7).
[0058] After controlling the opening degree of the in-
jection regulating valve 32, the control unit 40 shifts to
step 4 to determine whether the refrigerant suction pres-
sure Ps is equal to or lower than -0.1 Mpa (ST4).
[0059] As described above, in the present embodi-
ment, the air conditioning apparatus 1 further includes
the injection pipe 30 connecting the injection port 31 of
the compressor 11 and the refrigerant pipe between the
first regulating valve 14 and the indoor heat exchanger
21, and the injection regulating valve 32 disposed on the
injection pipe 30. The control unit 40 executes the first
refrigerant recovery operation including: controlling the
four-way valve 12 (circuit switching means) so that the
outdoor heat exchanger 13 serves as a radiator and the
indoor heat exchanger 21 serves as an evaporator; op-
erating the compressor 11; fully closing the first regulat-
ing valve 14; and controlling the opening degree of the
injection regulating valve 32.
[0060] With this configuration, allowing the intermedi-
ate-pressure refrigerant to flow to the low-pressure pipe
from the compressor 11 during the refrigerant recovery
operation makes it possible to prevent reduction in the
refrigerant pressure in the liquid-side pipe 16 on the
downstream relative to the first regulating valve 14, in-
crease the evaporation temperature to prevent increase
in the temperature difference from indoor air, reduce the
discharge temperature from the compressor 11, and thus
perform refrigerant recovery even when the outside tem-
perature is high.
[0061] Next, a second embodiment of the present in-
vention will be described.
[0062] Fig. 4 is a refrigerant circuit diagram showing
the second embodiment of the present invention.
[0063] As shown in Fig. 4, an air conditioning appara-
tus 1 includes an injection heat exchanger 34 which ex-
changes heat between the refrigerant flowing between a
first regulating valve 14 and a connection point of an in-
jection pipe 30 and the refrigerant flowing between an
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injection port 31 and an injection regulating valve 32.
[0064] Since the other configurations are similar to
those of the first embodiment shown in Fig. 1, identical
reference signs designate identical parts to omit descrip-
tion thereof.
[0065] Next, a refrigerant recovery operation in the
second embodiment will be described.
[0066] Fig. 5 is a flowchart showing the refrigerant re-
covery operation of the present embodiment.
[0067] Since a control configuration in the second em-
bodiment is similar to the control configuration of the first
embodiment shown in Fig. 2, the second embodiment
will be described with reference to Fig. 2.
[0068] As shown in Fig. 5, when starting the refrigerant
recovery operation, the control unit 40 performs a first
refrigerant recovery operation. In this case, the first re-
frigerant recovery operation is similar to the operations
from step (ST1) to step (ST7) of the flowchart shown in
Fig. 3. Thus, identical step numbers designate identical
steps to omit description thereof.
[0069] When it is determined that the suction pressure
Ps is not equal to or lower than -0.1 Mpa in the first re-
frigerant recovery operation (ST4: NO), the control unit
40 determines whether a refrigerant discharge pressure
Pd is equal to or higher than a first predetermined pres-
sure Pd1 (ST8).
[0070] Then, when it is determined that the refrigerant
discharge pressure Pd is equal to or higher than the first
predetermined pressure Pd1 (ST8: YES), the control unit
40 performs a second refrigerant recovery operation
(ST9).
[0071] The second refrigerant recovery operation in-
cludes: switching the four-way valve 12 to the cooling
operation; fixing the first regulating valve 14 to a prede-
termined opening degree; fully closing the second regu-
lating valve 33; and fixing the operation frequency of the
compressor 11.
[0072] Then, the control unit 40 acquires a refrigerant
discharge temperature Td of the compressor 11 detected
by the discharge temperature sensor 35 and determines
whether the refrigerant discharge temperature Td is
equal to or higher than a second predetermined temper-
ature T2 (ST10).
[0073] When the refrigerant discharge temperature Td
is equal to or higher than the second predetermined tem-
perature T2 (ST10: YES), the control unit 40 performs
control to increase the opening degree of the injection
regulating valve 32 (ST11).
[0074] Then, when it is determined that the refrigerant
discharge temperature Td is not equal to or higher than
the second predetermined temperature T2 (ST10: NO),
the control unit 40 determines whether the refrigerant
discharge temperature Td is equal to or lower than the
first predetermined temperature T1 - 30°C (ST12).
[0075] When it is determined that the refrigerant dis-
charge temperature Td is equal to or lower than the first
predetermined temperature T1 - 30°C (ST12: YES), the
control unit 40 performs control to reduce the opening

degree of the injection regulating valve 32 (ST13).
[0076] When it is determined that the refrigerant dis-
charge temperature Td is not equal to or lower than the
first predetermined temperature T1 - 30°C (ST12: NO),
the control unit 40 performs control to maintain the open-
ing degree of the injection regulating valve 32 (ST14).
[0077] After controlling the opening degree of the in-
jection regulating valve 32, the control unit 40 shifts to
step 4 to determine whether the refrigerant suction pres-
sure Ps is equal to or lower than -0.1 Mpa (ST4).
[0078] Note that although the second embodiment has
been described with reference to a refrigeration cycle
circuit shown in Fig. 4, similar actions and effects can
also be obtained in a refrigeration cycle circuit that does
not use the injection heat exchanger 34, such as the re-
frigeration cycle circuit shown in Fig. 1, by performing
similar control.
[0079] As described above, in the present embodi-
ment, the air conditioning apparatus 1 includes the sec-
ond regulating valve 33 disposed on the refrigerant pipe
between the connection point of the injection pipe 30 and
the indoor heat exchanger 21. When the refrigerant dis-
charge pressure of the refrigerant discharged from the
compressor 11 becomes equal to or higher than the first
predetermined pressure, the control unit 40 executes the
second refrigerant recovery operation including: closing
the second regulating valve 33; and opening the first reg-
ulating valve 14.
[0080] With this configuration, allowing the refrigerant
with low superheat degree to flow into the intermediate-
pressure refrigerant in the middle of compression in the
compressor 11 makes it possible to reduce, up to the
vicinity of the saturation temperature, the refrigerant tem-
perature that has risen once, and thus reduce the dis-
charge temperature of the compressor 11. As a result,
even when the refrigerant recovery is performed under
the high outside temperature condition, and the high
pressure rises, it is possible to reduce the temperature
of the refrigerant discharged from the compressor 11 and
reliably recover the refrigerant in the indoor heat ex-
changer 21 into the outdoor heat exchanger 13.
[0081] In the present embodiment, the air conditioning
apparatus 1 includes the injection heat exchanger 34
which exchanges heat between the refrigerant flowing
between the first regulating valve 14 and the connection
point of the injection pipe 30 and the refrigerant flowing
between the injection port 31 and the injection regulating
valve 32.
[0082] With this configuration, it is possible to reduce
the temperature of the refrigerant flowing out of the out-
door heat exchanger 13 and improve the refrigerant con-
centration (liquefaction) by exchanging heat between the
refrigerant flowing between the injection branch point and
the first refrigerant amount regulating means and the re-
frigerant flowing between the injection regulating means
and the injection port 31. Thus, even in the case of over-
load where the temperature of air discharged from the
heat source side becomes high (e.g., 50°C), it is possible

9 10 



EP 3 872 423 A1

7

5

10

15

20

25

30

35

40

45

50

55

to reduce the temperature of the recovered refrigerant to
improve the refrigerant concentration, thereby reducing
the high pressure. As a result, even when the refrigerant
recovery is performed in the case of overload, it is pos-
sible to improve the refrigerant concentration to reduce
the high pressure and reduce the temperature of the re-
frigerant discharged from the compressor 11, thereby re-
liably recovering the refrigerant in the indoor heat ex-
changer 21 into the outdoor heat exchanger 13.
[0083] Next, a third embodiment of the present inven-
tion will be described.
[0084] Fig. 6 is a refrigerant circuit diagram showing
the third embodiment of the present invention.
[0085] As shown in Fig. 6, in the third embodiment, a
bypass pipe 50 is provided. One end of the bypass pipe
50 is connected to a refrigerant pipe between an outdoor
heat exchanger 13 and a second regulating valve 33,
and the other end thereof is connected to the refrigerant
pipe between a four-way valve 12 and a suction side of
a compressor 11.
[0086] A bypass regulating valve 51 is disposed mid-
way of the bypass pipe 50. A refrigerant storage unit 52
is disposed on the bypass pipe 50 between a connection
point of a gas-side pipe 15 and the compressor 11.
[0087] Fig. 7 is a block diagram showing a control con-
figuration of the third embodiment.
[0088] As shown in Fig. 7, a control unit 40 is configured
to control, based on detection values of a discharge tem-
perature sensor 35, a discharge pressure sensor 36, and
a suction pressure sensor 37, driving of the compressor
11, an outdoor fan 17, and an indoor fan 22, the opening
degrees of a first regulating valve 14, a second regulating
valve 33, an injection regulating valve 32, and the bypass
regulating valve 51, and switching of the four-way valve
12.
[0089] In Figs. 6 and 7, since the other configurations
are similar to those of the second embodiment, identical
reference signs designate identical parts to omit descrip-
tion thereof.
[0090] Next, a refrigerant recovery operation in the
third embodiment will be described.
[0091] Fig. 8 is a flowchart showing the refrigerant re-
covery operation of the present embodiment.
[0092] As shown in Fig. 8, when starting the refrigerant
recovery operation, the control unit 40 performs a first
refrigerant recovery operation. In this case, the first re-
frigerant recovery operation is similar to the operations
from step (ST1) to step (ST14) of the flowchart shown in
Fig. 5. Thus, identical step numbers designate identical
steps to omit description thereof.
[0093] When it is determined that the refrigerant dis-
charge pressure Pd is equal to or higher than the first
predetermined pressure Pd1 (ST8: YES), the control unit
40 determines whether the refrigerant discharge pres-
sure Pd of the compressor 11 is equal to or higher than
a second predetermined pressure Pd2 (ST15).
[0094] Then, when it is determined that the refrigerant
discharge pressure Pd is not equal to or higher than the

second predetermined pressure Pd2 (ST15: NO), the
control unit 40 performs a second refrigerant recovery
operation (ST9). The second refrigerant recovery oper-
ation is similar to that of the second embodiment.
[0095] On the other hand, when it is determined that
the refrigerant discharge pressure Pd is equal to or higher
than the second predetermined pressure Pd2 (ST15:
YES), the control unit 40 performs a third refrigerant re-
covery operation (ST16).
[0096] The third refrigerant recovery operation in-
cludes: switching the four-way valve 12 to the cooling
operation: fixing the first regulating valve 14 to a prede-
termined opening degree; fully closing the second regu-
lating valve 33; increasing the opening degree of the by-
pass regulating valve 51; and fixing the operation fre-
quency of the compressor 11.
[0097] Then, the control unit 40 determines whether
the refrigerant discharge pressure Pd of the compressor
11 is equal to or higher than the second predetermined
pressure Pd2 + 0.1 Mpa (ST17) and ends the refrigerant
recovery operation when it is determined that the refrig-
erant discharge pressure Pd of the compressor 11 is
equal to or higher than the second predetermined pres-
sure Pd2 + 0.1 Mpa (ST17: YES).
[0098] When it is determined that the refrigerant dis-
charge pressure Pd of the compressor 11 is not equal to
or higher than the second predetermined pressure Pd2
+ 0.1 Mpa (ST17: NO), the control unit 40 returns to step
4 (ST4).
[0099] As described above, in the present embodi-
ment, the air conditioning apparatus 1 includes the by-
pass pipe 50 having one end connected to the refrigerant
pipe between the outdoor heat exchanger 13 and the
second regulating valve 33 and the other end connected
to the refrigerant pipe between the four-way valve 12 and
the suction side of the compressor 11, the bypass regu-
lating valve 51 disposed on the bypass pipe 50, and the
refrigerant storage unit 52 disposed between the other
end of the bypass pipe 50 and the compressor 11. When
the discharge pressure of the refrigerant discharged from
the compressor 11 is equal to or higher than the second
predetermined pressure, the control unit 40 executes the
third refrigerant recovery operation including opening the
bypass regulating valve 51.
[0100] With this configuration, when the refrigerant is
fully stored in the outdoor heat exchanger 13, and the
high pressure rises, the refrigerant stored in the outdoor
heat exchanger 13 can be stored into the refrigerant stor-
age unit 52 through the bypass pipe 50, which reduces
the high pressure. As a result, even when a large amount
of refrigerant is enclosed inside the refrigerant circuit, it
is possible to prevent rise in the temperature of the re-
frigerant discharged from the compressor 11, the tem-
perature rise being caused by the high pressure rise,
reduce the high pressure to reduce the temperature of
the refrigerant discharged from the compressor 11, and
reliably recover the refrigerant in the indoor heat ex-
changer 21 into the outdoor heat exchanger 13.
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[0101] Note that the present invention is not limited to
the embodiments described above, and various modifi-
cations and applications can be made without departing
from the gist of the present invention.
[0102] As described above, the air conditioning appa-
ratus according to the present invention is suitably usable
as an air conditioning apparatus capable of reliably per-
forming refrigerant recovery even when the outside tem-
perature is high.

Reference Signs List

[0103]

1 air conditioning apparatus
10 outdoor unit
11 compressor
12 four-way valve
13 outdoor heat exchanger
14 first regulating valve
15gas-side pipe
16 liquid-side pipe
17 outdoor fan
20 indoor unit
21 indoor heat exchanger
22 indoor fan
30 injection pipe
31 injection port
32 injection regulating valve
33 second regulating valve
34 injection heat exchanger
35 discharge temperature sensor
36 discharge pressure sensor
37 suction pressure sensor
40 control unit
50 bypass pipe
51 bypass regulating valve
52 refrigerant storage unit

Claims

1. An air conditioning apparatus comprising:

an outdoor unit (10) including a compressor (11)
and an outdoor heat exchanger (13);
an indoor unit (20) including an indoor heat ex-
changer (21);
a refrigerant pipe connecting the outdoor unit
and the indoor unit and including a liquid-side
pipe (15) and a gas-side pipe (15);
circuit switching means disposed on the refrig-
erant pipe;
a first regulating valve (14) disposed on the re-
frigerant pipe;
a control unit (40), characterized by compris-
ing:

an injection pipe (30) connecting an injec-
tion port (31) of the compressor and the re-
frigerant pipe between the first regulating
valve and the indoor heat exchanger; and
an injection regulating valve (32) disposed
on the injection pipe, wherein
the control unit executes a first refrigerant
recovery operation including: controlling the
circuit switching means so that the outdoor
heat exchanger serves as a radiator and the
indoor heat exchanger serves as an evap-
orator; operating the compressor; fully clos-
ing the first regulating valve; and controlling
an opening degree of the injection regulat-
ing valve.

2. The air conditioning apparatus according to claim 1,
wherein, in the first refrigerant recovery operation,
the control unit controls the opening degree of the
injection regulating valve so that a refrigerant dis-
charge temperature of a refrigerant discharged from
the compressor becomes equal to or lower than a
first predetermined temperature.

3. The air conditioning apparatus according to claim 1,
further comprising a second regulating valve (33)
disposed on the refrigerant pipe between a connec-
tion point of the injection pipe and the indoor heat
exchanger, wherein
the control unit executes, when a refrigerant dis-
charge pressure of a refrigerant discharged from the
compressor becomes equal to or higher than a first
predetermined pressure, a second refrigerant recov-
ery operation including: closing the second regulat-
ing valve; and opening the first regulating valve.

4. The air conditioning apparatus according to claim 3,
further comprising an injection heat exchanger (34)
configured to exchange heat between the refrigerant
flowing between the first regulating valve and the
connection point of the injection pipe and the refrig-
erant flowing between the injection port and the in-
jection regulating valve.

5. The air conditioning apparatus according to claim 3,
further comprising:

a bypass pipe (50) having one end connected
to the refrigerant pipe between the outdoor heat
exchanger and the second regulating valve and
the other end connected to the refrigerant pipe
between the circuit switching means and a suc-
tion side of the compressor;
a bypass regulating valve (51) disposed on the
bypass pipe; and
a refrigerant storage unit (52) disposed between
the other end of the bypass pipe and the com-
pressor, wherein
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the control unit executes, when the refrigerant
discharge pressure of the refrigerant discharged
from the compressor is equal to or higher than
a second predetermined pressure, a third refrig-
erant recovery operation including opening the
bypass regulating valve.
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