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(54) AIR CONDITIONER

(67)  An air-conditioning apparatus includes an out-
door unit and an indoor unit, the outdoor unit having at
least a compressor, a refrigerant flow path switching de-
vice, a heat source side heat exchanger, and a first ex-
pansion device, the indoor unit having at least a load side
heat exchanger and a second expansion device, the
compressor, the refrigerant flow path switching device,
the heat source side heat exchanger, the first expansion
device, the load side heat exchanger and the second
expansion device being connected by refrigerant pipes
to form a refrigerant circuit a first valve device provided
at a refrigerant pipe of the refrigerant pipes, the refriger-

FIG. 1

ant pipe connecting between the first expansion device
and the second expansion device; a second valve device
provided at a refrigerant pipe of the refrigerant pipes, the
refrigerant pipe connecting between the refrigerant flow
path switching device and the load side heat exchanger;
and a controller configured to control the first expansion
device during a cooling operation mode to expand, into
a two-phase gas-liquid state, refrigerant flowing through
the first expansion device to the refrigerant pipe between
the first expansion device and the second expansion de-
vice. The first valve device and the second valve device
are closed when leakage of the refrigerant is detected.
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Description
Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus that air-conditions an indoor space.

Background Art

[0002] In an existing air-conditioning apparatus such
as a multi-air-conditioning apparatus for building, the total
length of a refrigerant pipe that connects an outdoor unit
and a plurality of indoor units is several hundred meters
in some cases, and thus the amount of refrigerant used
is very large. In such an air-conditioning apparatus, there
is a possibility that a large amount of the refrigerant will
leak to one room when refrigerant leakage occurs.

[0003] In addition, in recent years, from the viewpoint
of global warming, replacement with refrigerants having
a low global warming potential has been required, but
many of those refrigerants that have a low global warming
potential have combustibility. In the future, when replace-
ment with refrigerants having a low global warming po-
tential progresses, further consideration for safety would
be required. To overcome such a problem, a technique
has been proposed in which a shutoff valve for blocking
flow of refrigerant is provided in a refrigerant circuit, there-
by reducing a leakage amount of the refrigerant when
the refrigerant leaks (see, for example, Patent Literature

1).
Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2000-97527

Summary of Invention
Technical Problem

[0005] However, in the technique disclosed in Patent
Literature 1, while it is possible to reduce the leakage
amount of the refrigerant when the refrigerant leaks,
there is a risk that a large amount of the refrigerant will
leak depending on: the position of the shutoff valve for
blocking flow of the refrigerant; a location where refrig-
erant leakage occurs; and the amount of the refrigerant
used in the air-conditioning apparatus.

[0006] The present invention has been made to over-
come the above-described disadvantage, and an object
of the present invention is to provide an air-conditioning
apparatus thatis able to further reduce a leakage amount
of refrigerant when refrigerant leakage occurs.
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Solution to Problem

[0007] An air-conditioning apparatus according to an
embodiment of the present invention is an air-condition-
ing apparatus an outdoor unit and an indoor unit, the
outdoor unit having at least a compressor, a refrigerant
flow path switching device, a heat source side heat ex-
changer, and a first expansion device, the indoor unit
having at least a load side heat exchanger and a second
expansion device, the compressor, the refrigerant flow
path switching device, the heat source side heat ex-
changer, the first expansion device, the load side heat
exchanger and the second expansion device being con-
nected by refrigerant pipes to form a refrigerant circuit a
first valve device provided at a refrigerant pipe of the
refrigerant pipes, the refrigerant pipe connecting be-
tween the first expansion device and the second expan-
sion device; a second valve device provided at a refrig-
erant pipe of the refrigerant pipes, the refrigerant pipe
connecting between the refrigerant flow path switching
device and the load side heat exchanger; and a controller
configured to control the first expansion device during a
cooling operation mode to expand, into a two-phase gas-
liquid state, refrigerant flowing through the first expansion
device to the refrigerant pipe between the first expansion
device and the second expansion device, wherein the
first valve device and the second valve device are closed
when leakage of the refrigerant is detected.

Advantageous Effects of Invention

[0008] According to the present invention, since the
refrigerantflowingin a part of the refrigerant pipe between
the first expansion device and the second expansion de-
vice is made into a two-phase gas-liquid state, it is pos-
sible to reduce the weight of the refrigerant present be-
tween the first expansion device and the second expan-
sion device, so that it is possible to reduce a leakage
amount of the refrigerant when refrigerant leakage oc-
curs.

[0009] In addition, since the first valve device and the
second valve device are closed when leakage of the re-
frigerant is detected, it is possible to further reduce a
leakage amount of the refrigerant to the indoor space.

Brief Description of Drawings
[0010]

Fig. 1 is a schematic configuration diagram of a re-
frigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 1 of the
present invention.

Fig. 2 is a refrigerant circuit diagram showing flow of
refrigerant during a cooling operation mode of the
air-conditioning apparatus according to Embodi-
ment 1 of the present invention.

Fig. 3 is a refrigerant circuit diagram showing flow of
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the refrigerant during a heating operation mode of
the air-conditioning apparatus according to Embod-
iment 1 of the present invention.

Fig. 4 is a schematic configuration diagram of a re-
frigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 2 of the
present invention.

Fig. 5 is a schematic configuration diagram of a re-
frigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 3 of the
present invention.

Fig. 6 is a flowchart showing operation of an actuator
in a pump-down function of the air-conditioning ap-
paratus according to Embodiment 3 of the present
invention.

Fig. 7 is a schematic configuration diagram of a re-
frigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 4 of the
present invention.

Fig. 8 is a flowchart showing operation of an actuator
in a pump-down function of the air-conditioning ap-
paratus according to Embodiment 4 of the present
invention.

Fig. 9 is a schematic configuration diagram of a re-
frigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 5 of the
present invention.

Fig. 10 is a refrigerant circuit diagram showing flow
of refrigerant and a heat medium during a cooling
operation mode of the air-conditioning apparatus ac-
cording to Embodiment 5 of the present invention.
Fig. 11 is a refrigerant circuit diagram showing flow
of the refrigerant and the heat medium during a heat-
ing operation mode of the air-conditioning apparatus
according to Embodiment 5 of the present invention.

Description of Embodiments

[0011] Hereinafter, Embodiments of the air-condition-
ing apparatus according to the present invention will be
described with reference to the drawings. It should be
noted that Embodiments of the drawings are examples
and are not intended to limit the present invention. In
addition, in each drawing, components designated by the
same reference signs are the same or equivalent com-
ponents, and this applies throughout the specification.
Furthermore, the relationship of the sizes of components
in the drawings described below may be different from
actual ones.

Embodiment 1

[0012] Fig. 1 is a schematic configuration diagram of
a refrigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 1 of the
present invention.

[0013] The air-conditioning apparatus 100 according
to Embodiment 1 circulates refrigerant in a circuit and
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performs air-conditioning using a refrigeration cycle, and
is an air-conditioning system that is able to select a cool-
ing operation mode in which all operating indoor units
2a, 2b, and 2c perform cooling or a heating operation
mode in which all the indoor units 2a, 2b, and 2c perform
heating, for example, as in a multi-air-conditioning appa-
ratus for building or other apparatuses.

[0014] As shown in Fig. 1, an outdoor unit 1 and the
indoor units 2a, 2b, and 2c are connected to each other
by a refrigerant main pipe 5 and refrigerant branch pipes
3a, 3b, and 3c. Fig. 1 shows the case where the three
indoor units 2a, 2b, and 2c are connected to the outdoor
unit 1, but the number of indoor units is not limited.

[Configuration of outdoor unit 1]

[0015] The outdoor unit 1 includes a compressor 10,
arefrigerant flow path switching device 11 such as afour-
way valve, a heat source side heat exchanger 12, a first
expansion device 13, and an accumulator 14, and these
components are connected to each other by a refrigerant
pipe 4. In addition, an outdoor fan 16 for sending air to
the heat source side heat exchanger 12 is provided to
the outdoor unit 1.

[0016] The compressor 10 sucks low-temperature,
low-pressure refrigerant, and compresses the refrigerant
into high-temperature, high-pressure gas refrigerant.
The compressor 10 is, for example, a capacity-control-
lable inverter compressor or another compressor. The
refrigerant flow path switching device 11 switches be-
tween flow of the refrigerant during the cooling operation
mode and flow of the refrigerant during the heating op-
eration mode.

[0017] The heatsource side heat exchanger 12 serves
as a condenser during the cooling operation mode,
serves as an evaporator during the heating operation
mode, and, for example, exchanges heat between the
refrigerant and air supplied from the outdoor fan 16. The
first expansion device 13 reduces the pressure of the
refrigerant that circulates in the refrigerant pipe 4, the
refrigerant main pipe 5, and the refrigerant branch pipes
3a, 3b, and 3c, and is, for example, an electronic expan-
sion valve whose opening degree is variably controllable,
or another device. The accumulator 14 is provided at the
suction side of the compressor 10 and stores excess re-
frigerant generated due to the difference between the
operating states of the cooling operation mode and the
heating operation mode, or excess refrigerant with re-
spect to transient change in operation.

[0018] In the outdoor unit 1, a first pressure detection
device 20, a second pressure detection device 21, and
a third pressure detection device 23 are provided as a
pressure detection device. The first pressure detection
device 20 is provided at the refrigerant pipe 4 connecting
the discharge side of the compressor 10 and the refrig-
erant flow path switching device 11 and detects the pres-
sure of the high-temperature, high-pressure gas refrig-
erant compressed and discharged by the compressor



5 EP 3 467 406 A1 6

10. In addition, the second pressure detection device 21
is provided at the refrigerant pipe 4 connecting the refrig-
erant flow path switching device 11 and the suction side
of the compressor 10 and detects the pressure of the
low-temperature and low-pressure liquid refrigerant
sucked into the compressor 10. The third pressure de-
tection device 23 is provided at the refrigerant pipe 4
between the first expansion device 13 and the refrigerant
main pipe 5 and detects the pressure of two-phase gas-
liquid refrigerant.

[0019] In the outdoor unit 1, a first temperature detec-
tion device 22 is provided as a temperature detection
device and is, for example, a thermistor or another de-
vice. The first temperature detection device 22 is provid-
ed at the refrigerant pipe 4 connecting the discharge side
ofthe compressor 10 and the refrigerant flow path switch-
ing device 11 and detects the temperature of the high-
temperature, high-pressure gas refrigerant compressed
and discharged by the compressor 10.

[Configurations of indoor units 2a, 2b, and 2c]

[0020] The indoor units 2a, 2b, and 2c include load
side heat exchangers 40a, 40b, and 40c, second expan-
sion devices 41a, 41b, and 41c, and indoor fans 42a,
42b, and 42c. The indoor units 2a, 2b, and 2c are con-
nected to the outdoor unit 1 by the refrigerant branch
pipes 3a, 3b, and 3¢ and the refrigerant main pipe 5, and
the refrigerant flows thereinto and flows out therefrom.
The load side heat exchangers 40a, 40b, and 40c ex-
change heat between the refrigerant and indoor air sup-
plied by the indoor fans 42a, 42b, and 42c and generate
heating air or cooling air to be supplied to anindoor space.
In addition, the second expansion devices 41a, 41b, and
41c have a function as a pressure reducing valve or an
expansion valve and reduce the pressure of the refriger-
ant to expand the refrigerant, and are each, for example,
an electronic expansion valve whose opening degree is
variably controllable, or another device.

[0021] In the indoor units 2a, 2b, and 2c, second tem-
perature detection devices 50a, 50b, and 50c, third tem-
perature detection devices 51a, 51b, and 51c, and fourth
temperature detection devices 52a, 52b, and 52c are pro-
vided. The second temperature detection devices 50a,
50b, and 50c are provided at pipes connecting the second
expansion devices 41a, 41b, and 41c and the load side
heat exchangers 40a, 40b, and 40c. The third tempera-
ture detection devices 51a, 51b, and 51c are provided at
pipes at the side opposite to the second expansion de-
vices 41a, 41b, and 41c relative to the load side heat
exchangers 40a, 40b, and 40c. Furthermore, the fourth
temperature detection devices 52a, 52b, and 52c are pro-
vided at air-inlet portions ofthe load side heat exchangers
40a, 40b, and 40c.

[0022] During the cooling operation mode, the second
temperature detection devices 50a, 50b, and 50c detect
the temperatures of the refrigerant flowing into the load
side heat exchangers 40a, 40b, and 40c, and the third
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temperature detection devices 51a, 51b, and 51c detect
the temperatures of the refrigerant flowing out of the load
side heat exchangers 40a, 40b, and 40c. Furthermore,
the fourth temperature detection devices 52a, 52b, and
52c detect the temperature of the indoor air. Each tem-
perature detection device is, for example, a thermistor or
another device.

[0023] The air-conditioning apparatus 100 includes a
controller 30 being a microcomputer or another device.
The controller 30 is configured to execute each of later-
described operation modes by controlling the frequency
of the compressor 10, the rotation speed (including
ON/OFF) of the outdoor fan 16 for the heat source side
heat exchanger 12, switching of the refrigerant flow path
switching device 11, the opening degrees of the second
expansion devices 41a, 41b, and 41c, etc. on the basis
of detection values of various detection devices and com-
mands from a remote controller. Fig. 1 shows anexample
in which the controller 30 is provided in the outdoor unit
1, but the controller 30 may be provided for each of the
indoor units 2a, 2b, and 2c in addition to the outdoor unit 1.
[0024] The air-conditioning apparatus 100 also in-
cludes: first valve devices 70a, 70b, and 70c respectively
provided at the refrigerant branch pipes 3a, 3b, and 3c
that become the inlet sides of the indoor units 2a, 2b, and
2c, respectively, during the cooling operation mode; and
second valve devices 71a, 71b, and 71c respectively pro-
vided at the refrigerant branch pipes 3a, 3b, and 3c that
become the outlet sides of the indoor units 2a, 2b, and
2c, respectively, during the cooling operation mode. The
first valve devices 70a, 70b, and 70c and the second
valve devices 71a, 71b, and 71c are closed when a re-
frigerant leakage detection signal sent from a refrigerant
leakage detection device provided in the indoor space or
in each of the indoor units 2a, 2b, and 2cis inputted there-
into, thereby preventing leakage of the refrigerant to the
indoor space.

[0025] Hereinafter, regarding the air-conditioning ap-
paratus 100 according to Embodiment 1, operation dur-
ing the cooling operation mode will be initially described
with reference to Fig. 2, and operation during the heating
operation mode will be described next with reference to
Fig. 3.

[Cooling operation mode]

[0026] Fig. 2 is a refrigerant circuit diagram showing
flow of the refrigerant during the cooling operation mode
of the air-conditioning apparatus according to Embodi-
ment 1 of the presentinvention. Fig. 2 illustrates the cool-
ing operation mode in the case where cooling energy
loads have been generated in the load side heat ex-
changers 40a, 40b, and 40c, and solid arrows in the draw-
ing indicate the direction of flow of the refrigerant during
the cooling operation mode.

[0027] During the cooling operation mode, the low-
temperature and low-pressure refrigerant is compressed
into high-temperature, high-pressure gas refrigerant by
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the compressor 10 and discharged therefrom. The high-
temperature, high-pressure gas refrigerant discharged
from the compressor 10 flows into the heat source side
heat exchanger 12 owing to the refrigerant flow path
switching device 11. The high-temperature, high-pres-
sure gas refrigerant flowing into the heat source side heat
exchanger 12 condenses into high-pressure liquid refrig-
erant while rejecting heat to outdoor air. Then, the high-
pressure liquid refrigerant having flowed out from the
heat source side heat exchanger 12 is reduced in pres-
sure by the first expansion device 13 into intermediate-
pressure two-phase gas-liquid refrigerant, flows out from
the outdoor unit 1, flows through the refrigerant main pipe
5 into the refrigerant branch pipes 3a, 3b, and 3c, and
flows to the indoor units 2a, 2b, and 2c.

[0028] Meanwhile, the controller 30 controls the open-
ing degree of the first expansion device 13 such that the
detection value of the third pressure detection device 23
becomes a predetermined value. The average pressure
of the pressure detected by the first pressure detection
device 20 and the pressure detected by the second pres-
sure detection device 21 may be set as the predeter-
mined value. Alternatively, a temperature detection de-
vice may be provided instead of the third pressure de-
tection device 23, and the first expansion device 13 may
be controlled such that the detection value of the tem-
perature detection device becomes a target temperature,
or another means may be provided as long as it is pos-
sible to produce intermediate-pressure two-phase gas-
liquid refrigerant.

[0029] Because of action of the first expansion device
13, the phase state of the refrigerant flowing in the refrig-
erant main pipe 5 and the refrigerant branch pipes 3a,
3b, and 3c changes from a supercooled liquid state to a
two-phase gas-liquid state. Accordingly, it is possible to
reduce the weight of the refrigerant present in the refrig-
erant main pipe 5 and the refrigerant branch pipes 3a,
3b, and 3c.

[0030] The intermediate-pressure two-phase gas-lig-
uid refrigerant flowing into the indoor units 2a, 2b, and
2c is reduced in pressure by the second expansion de-
vices 41a, 41b, and 41c into low-temperature and low-
pressure two-phase gas-liquid refrigerant, then flows into
the load side heat exchangers 40a, 40b, and 40c that act
as an evaporator, and removes heat from indoor air to
cool the indoor air, thereby becoming low-temperature
and low-pressure gas refrigerant. The low-temperature
and low-pressure gas refrigerant having flowed out from
the load side heat exchangers 40a, 40b, and 40c flows
to the refrigerant branch pipes 3a, 3b, and 3c and flows
through the refrigerant main pipe 5 into the outdoor unit
1. The refrigerant flowing into the outdoor unit 1 flows to
the accumulator 14 owing to the refrigerant flow path
switching device 11 and is sucked into the compressor
10.

[0031] Meanwhile, the controller 30 controls the open-
ing degrees of the second expansion devices 41a, 41b,
and 41c such that superheat (degree of superheat) ob-
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tained on the basis of the differences between the tem-
peratures detected by the second temperature detection
devices 50a, 50b, and 50c and the temperatures detect-
ed by the third temperature detection devices 51a, 51b,
and 51cis constant. In addition, the controller 30 controls
the opening degrees of the first valve devices 70a, 70b,
and 70c and the second valve devices 71a, 71b, and 71¢c
such that flow of the refrigerant during the cooling oper-
ation mode is not blocked. In this state, when the refrig-
erant leakage detection device inputs a refrigerant leak-
age detection signal to the first valve devices 70a, 70b,
and 70c and the second valve devices 71a, 71b, and 71c,
the first valve devices 70a, 70b, and 70c and the second
valve devices 71a, 71b, and 71c are closed, thereby pre-
venting leakage of the refrigerant to the indoor space.
[0032] Inthe case where the first expansion device 13
is not provided, high-pressure supercooled liquid refrig-
erant flows in sections between the heat source side heat
exchanger 12 and the second expansion devices 41a,
41b, and 41c during the cooling operation mode. On the
other hand, in Embodiment 1, by reducing the pressure
of the refrigerant having flowed out from the heat source
side heat exchanger 12 by the first expansion device 13,
it is possible to make the refrigerant flowing between the
first expansion device 13 and the second expansion de-
vices 41a, 41b, and 41c into a two-phase gas-liquid state
during the cooling operation mode.

[0033] With such a configuration, it is possible to re-
duce the weight of the refrigerant present between the
first expansion device 13 and the second expansion de-
vices 41a, 41b, and 41c, so that it is possible to reduce
aleakage amountof the refrigerant when refrigerant leak-
age occurs.

[Heating operation mode]

[0034] Fig. 3 is a refrigerant circuit diagram showing
flow of the refrigerant during the heating operation mode
of the air-conditioning apparatus according to Embodi-
ment 1 of the presentinvention. Fig. 3 illustrates the heat-
ing operation mode in the case where heating energy
loads have been generated in the load side heat ex-
changers 40a, 40b, and 40c, and solid arrows in the draw-
ing indicate the direction of flow of the refrigerant during
the heating operation mode.

[0035] During the heating operation mode, the low-
temperature and low-pressure refrigerant is compressed
into high-temperature, high-pressure gas refrigerant by
the compressor 10 and discharged therefrom. The high-
temperature, high-pressure gas refrigerant discharged
from the compressor 10 flows through the refrigerant
main pipe 5 into the refrigerant branch pipes 3a, 3b, and
3c owing to the refrigerant flow path switching device 11,
and flows into the indoor units 2a, 2b, and 2c. The high-
temperature, high-pressure gas refrigerant flowing into
the indoor units 2a, 2b, and 2c rejects heat to the indoor
air at the load side heat exchangers 40a, 40b, and 40c
to become high-pressure liquid refrigerant, and flows into
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the second expansion devices 41a, 41b, and 41c. Then,
the high-pressure liquid refrigerantis reduced in pressure
by the second expansion devices 41a, 41b, and 41cinto
low-temperature and low-pressure two-phase gas-liquid
refrigerant, flows out from the indoor units 2a, 2b, and
2c¢, and flows via the refrigerant branch pipes 3a, 3b, and
3c through the refrigerant main pipe 5 into the outdoor
unit 1.

[0036] The low-temperature and low-pressure two-
phase gas-liquid refrigerant flowing into the outdoor unit
1 passes through the first expansion device 13 that has
been opened, removes heat from outdoor air at the heat
source side heat exchanger 12 thereby to evaporate into
low-temperature and low-pressure two-phase gas-liquid
refrigerant having higher quality. The low-temperature
and low-pressure two-phase gas-liquid refrigerant hav-
ing flowed out from the heat source side heat exchanger
12 flows to the accumulator 14 owing to the refrigerant
flow path switching device 11 and is separated into gas
refrigerant and liquid refrigerant, and only the gas refrig-
erant is sucked into the compressor 10.

[0037] Meanwhile, in the case where the first expan-
sion device 13 is a device whose opening degree is ad-
justable such as an electronic expansion valve, the con-
troller 30 sets the opening degree of the first expansion
device 13 during the heating operation mode to such an
opening degree that the operating state (for example,
heating capacity, etc.) of the refrigeration cycle is not
adversely affected (for example, full opening). In addition,
the controller 30 controls the opening degrees of the sec-
ond expansion devices 41a, 41b, and 41c such that sub-
cooling (degree of supercooling) obtained on the basis
of the differences between the saturated liquid temper-
ature of the refrigerant calculated from the pressure de-
tected by the first pressure detection device 20 and the
temperatures detected by the second temperature de-
tection devices 50a, 50b, and 50c is constant. Moreover,
the controller 30 controls the opening degrees of the first
valve devices 70a, 70b, and 70c and the second valve
devices 71a, 71b, and 71c such that flow of the refrigerant
during the heating operation mode is not blocked.
[0038] In this state, when refrigerant leakage is detect-
ed by the refrigerant leakage detection device, the first
valve devices 70a, 70b, and 70c and the second valve
devices 71a, 71b, and 71care closed, thereby preventing
leakage of the refrigerant to the indoor space. In addition,
in this case, the refrigerant flowing from the indoor units
2a, 2b, and 2c toward the first expansion device 13 is in
a two-phase gas-liquid state, and thus it is possible to
reduce a leakage amount of the refrigerant.

Embodiment 2

[0039] Fig. 4 is a schematic configuration diagram of
a refrigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 2 of the
present invention. In Embodiment 2, only the differences
from Embodiment 1 will be described.
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[0040] InEmbodiment2, afirst valve device 70d is pro-
vided at a shared refrigerant path shared between the
indoor units 2b and 2c. A second valve device 71d is
provided at a shared refrigerant path shared between the
indoor units 2b and 2c. As shown in Fig. 4, the first valve
device 70d and the second valve device 71d are each
provided at the refrigerant main pipe 5 between the indoor
unit 2a and the indoor unit 2b.

[0041] Inthe air-conditioning apparatus 100 according
to Embodiment 2, flow of the refrigerant during the cooling
operation mode and during heating operation mode is
the same as in Embodiment 1, and control of each com-
ponent such as the compressor 10, the first expansion
device 13, and the second expansion devices 41a, 41b,
and 41c is also the same as in Embodiment 1.

[0042] In Embodiment 2, as described in Embodiment
1, the refrigerant flowing between the first expansion de-
vice 13 and the second expansion devices 41a, 41b, and
41c during the cooling operation mode is made into a
two-phase gas-liquid state owing to the first expansion
device 13. Accordingly, the amount of the leaking refrig-
erant is small as compared to the case where the first
expansion device 13 is not provided. Thus, in an air-con-
ditioning system or another system in which the refriger-
ant branch pipes 3a, 3b, and 3c are short, it becomes
unnecessary to provide valve devices to refrigerant
branch pipes 3b and 3c connected to the front and the
rear of the indoor units 2b and 2c, respectively, and thus
itis possible to reduce the number of used valve devices,
so that it is possible to provide an inexpensive air-condi-
tioning system.

[0043] For example, by providing the first valve device
70d and the second valve device 71d in Embodiment 2
at such positions that a maximum refrigerant concentra-
tion that may occur during refrigerant leakage becomes
smaller than a predetermined value, it is possible to pro-
vide an air-conditioning apparatus 100 having higher
safety. The maximum refrigerant concentration is calcu-
lated from the diameters of the refrigerant branch pipes
3b and 3c between the first valve device 70d and the
second valve device 71d, the sum of the weights of the
refrigerant included in the indoor units 2b and 2c, and
the smaller volume of an indoor space among the vol-
umes of indoor spaces that are air-conditioned by the
indoor unit 2b and the indoor unit 2c.

[0044] Fig. 4 shows an example in which the first valve
device 70d is provided at a shared refrigerant path shared
between the indoor units 2b and 2¢ and the second valve
device 71dis provided at a shared refrigerant path shared
between the indoor units 2b and 2c, but the present in-
vention is not limited thereto. For example, each of the
first valve device 70d and the second valve device 71d
may be provided at a shared refrigerant path shared
among three indoor units including the indoor unit 2a as
long as the maximum refrigerant concentration in each
indoor space during refrigerant leakage is not high. Al-
ternatively, also in an air-conditioning system in which
four or more indoor units are provided, if the above-de-
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scribed maximum refrigerant concentration is not high,
the first valve device 70d may be provided at a shared
refrigerant path that is shared among the four or more
indoor units and the second valve device 71d may be
provided at a shared refrigerant path that is shared
among the four or more indoor units.

[0045] For example, for determining the weights of the
refrigerant included in the refrigerant branch pipes 3a,
3b, and 3c and the indoor units 2a, 2b, and 2¢, a method
may be used in which refrigerant weights for the diame-
ters of pipes and the capacities of indoor units as targets
are referred to from data of refrigerant added/filled
amount at a site, the data being provided from the man-
ufacture.

[0046] The predetermined value for the maximum re-
frigerant concentration may be a value specified by law
of each country or an international standard, or another
value. For example, the predetermined value may be a
value of RCL (Refrigerant Concentration Limit) defined
by an international standard such as 1IS05149, or a value
calculated from RCL in accordance with the risk of the
used refrigerant, such as RLC/2 and RCL/5, may be
used.

[0047] Inthe case where the first valve device 70d and
the second valve device 71d are provided in a space
above a ceiling, it is possible to prevent the refrigerant
concentration in a specific indoor space from becoming
high. This is because even when refrigerant leakage oc-
curs at a part of the refrigerant main pipe 5 or the refrig-
erant branch pipes 3a, 3b, and 3c, the part being other
than a part which is located in the indoor units 2a, 2b and
2c and the section between the first valve device 70d and
the second valve device 71d, the refrigerant is agitated
in the space above the ceiling and thereafter leaks to the
indoor spaces in which those indoor units 2a, 2b, and 2c,
which are located in the section between the first valve
device 70d and the second valve device 71d, are in-
stalled.

[0048] When refrigerant leakage is detected by the re-
frigerant leakage detection device, the controller 30
brings the first valve devices 70a and 70d and the second
valve devices 71a and 71d into a closed state. Accord-
ingly, it is possible to inhibit leakage of the refrigerant to
the indoor space.

Embodiment 3

[0049] Fig. 5 is a schematic configuration diagram of
a refrigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 3 of the
present invention. In Embodiment 3, only the differences
from Embodiment 1 will be described.

[0050] The air-conditioning apparatus 100 according
to Embodiment 3 includes: a bypass pipe 6 thatbranches
from the refrigerant pipe 4 connecting the first expansion
device 13 of the outdoor unit 1 and the refrigerant main
pipe 5 and is connected to the refrigerant pipe 4 between
the refrigerant flow path switching device 11 and the ac-
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cumulator 14; and a bypass valve device 15 provided at
the bypass pipe 6. In addition, a pump-down function that
reduces the amount of the refrigerant leaking to the in-
door space when refrigerant leakage occurs is added to
the controller 30.

[0051] Fig. 5 shows an example in which the branch
point and the meeting point of the bypass pipe 6 and the
refrigerant pipe 4 are located in the outdoor unit 1, but
the present invention is not limited thereto. In addition,
the bypass valve device 15 serves to block flow of the
refrigerant in the bypass pipe 6, may be any device as
long as the device is able to block flow of the refrigerant,
and may be, for example, a solenoid valve or another
device.

[0052] During the cooling operation mode and during
the heating operation mode, the bypass valve device 15
is in a closed state, so that the refrigerant is prevented
from flowing to the bypass pipe 6. Accordingly, flow of
the refrigerant during the cooling operation mode and
that during the heating operation mode are the same as
in Embodiment 1, and control of each component such
as the compressor 10, the first expansion device 13, and
the second expansion devices 41a, 41b, and 41c is also
the same as in Embodiment 1.

[0053] Next,the pump-downfunction added to the con-
troller 30 will be described with reference to Fig. 6.
[0054] Fig. 6 is a flowchart showing operation of an
actuator in the pump-down function of the air-condition-
ing apparatus according to Embodiment 3 of the present
invention.

[0055] The above-described pump-down function is a
function that is performed when refrigerant leakage is
detected by refrigerant leakage detectors provided in the
indoor units 2a, 2b, and 2c, the indoor spaces air-condi-
tioned by the indoor units 2a, 2b, and 2c, or the like or
from measurement values of various measurement sen-
sors provided in the air-conditioning apparatus 100. That
is, the pump-down function is a function to reduce an
amount of the refrigerant leaking to the indoor space
when the refrigerant leaks at a part of the refrigerant main
pipe 5 or the refrigerant branch pipes 3a, 3b, and 3c, the
part being other than a part which is located in the indoor
units 2a, 2b, and 2c and the section between the first
valve devices 71a, 71b and 71c and the second valve
devices 71a, 71b and 71c.

[0056] For example, when refrigerant leakage is de-
tected by therefrigerantleakage detector during the heat-
ing operation mode, the controller 30 switches the refrig-
erant flow path switching device 11 to a flow path for the
cooling operation mode (step A1). When refrigerant leak-
age is detected during the cooling operation mode,
switching of the refrigerant flow path switching device 11
is not performed, and the current state is maintained.
[0057] Next, the controller 30 sets the frequency of the
compressor 10 to a predetermined value (step A2),
opens the bypass valve device 15 from a closed state
and also fully closes the first expansion device 13 (step
A3, step A4), and sets the rotation speed of the outdoor
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fan 16 to a predetermined value (step A5). The first ex-
pansion device 13 is fully closed, but the opening degree
of the first expansion device 13 may be set to an opening
degree close to full closing.

[0058] At this time, a pump-down operation is per-
formed in which the refrigerant in the refrigerant main
pipe 5 and the refrigerant branch pipes 3a, 3b, and 3c
that connect the outdoor unit 1 and the first valve devices
70a, 70b, and 70c in a closed state and the outdoor unit
1 and the second valve devices 71a, 71b, and 71cin a
closed state, is collected in the heat source side heat
exchanger 12 and the accumulator 14. The timing at
which the first valve devices 70a, 70b, and 70c and the
second valve devices 71a, 71b, and 71c are changed
from an opened state to a closed state is not shown in
Fig. 6, and is, for example, between step A1 and step A2.
[0059] The operation order from step A1 to step A5
shown in Fig. 6 is not limited, and the same pump-down
operation as described above is performed even when
the operation order from step A1 to step A5 is changed.
[0060] When the predetermined value set for the fre-
quency of the compressor 10 in step A2 is set to a high
frequency, the pressure of the refrigeration cycle rapidly
changes, so that there is a risk of abnormal stop or the
like. Onthe other hand, when such a predetermined value
is set to a low frequency, the pump-down effect is dimin-
ished, and thus it is not so preferable to perform pump-
down at a minimum allowable frequency of the compres-
sor 10. Therefore, it is preferable to perform a pump-
down operation at a frequency that is approximately half
the sum of the minimum frequency and the maximum
frequency. Instead, the frequency of the compressor 10
may be changed in accordance with the detection value
of either the first pressure detection device 20 or the sec-
ond pressure detection device 21.

[0061] The predetermined value set for the rotation
speed of the outdoorfan 16 in step A5 is setto amaximum
rotation speed. When the rotation speed of the outdoor
fan 16 is higher, the refrigerant more easily condensates
at the heat source side heat exchanger 12, so that it is
possible to inhibit the discharge pressure of the compres-
sor 10 from increasing. The rotation speed of the outdoor
fan 16 is set to a maximum speed, but the rotation speed
of the outdoor fan 16 may be set to a value lower than
the maximum value.

[0062] When the pump-down operation is performed,
the controller 30 determines an end state of the pump-
down operation by using the detection value of either the
first pressure detection device 20 or the second pressure
detection device 21 (step A6). The controller 30 ends the
pump-down operation when the pressure (detection val-
ue) detected by the first pressure detection device 20 is
equal to or greater than a first threshold or the pressure
(detection value) detected by the second pressure de-
tection device 21 is equal to or less than a second thresh-
old.

[0063] Regarding the threshold set for ending the
pump-down operation in step A6, when the firstthreshold
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at the high-pressure side is set to a value as low as pos-
sible and the second threshold at the low-pressure side
is set to a value as high as possible, itis possible to move
a lot of the refrigerant from the refrigerant main pipe 5
and the refrigerant branch pipes 3a, 3b, and 3c to the
outdoor unit 1, so that more safety is achieved. Thus, in
the case where the first pressure detection device 20 is
used, the first threshold is preferably set to the maximum
allowable pressure for the compressor 10 during opera-
tion or to a value close to the maximum pressure. In the
case where the second pressure detection device 21 is
used, the second threshold is preferably set to the min-
imum pressure that is allowable for the compressor 10
during operation or to a value close to the minimum pres-
sure.

[0064] The end state of the pump-down operation is
determined using the detection value of either the first
pressure detection device 20 or the second pressure de-
tection device 21, but the pump-down operation may be
ended when the pressure (detection value) detected by
thefirst pressure detection device 20 is equal to or greater
than the first threshold and the pressure (detection value)
detected by the second pressure detection device 21 is
equal to or less than the second threshold.

[0065] Regarding the determination for ending the
pump-down operation, the pump-down operation may be
ended when a predetermined time has elapsed from start
of the pump-down operation.

[0066] When end of the pump-down operation is con-
firmed, the controller 30 fully closes the bypass valve
device 15 (step A7), switches the refrigerant flow path
switching device 11 to a flow path for the heating oper-
ation mode (step A8), and finally stops the compressor
10 (step A9). Although the bypass valve device 15 is fully
closed, the opening degree of the bypass valve device
15 may be set to an opening degree close to full closing.
[0067] By performing the operation shown in steps A7
to A9, it is possible to contain the refrigerant collected in
the heat source side heat exchanger 12 and the accu-
mulator 14 by the pump-down operation from steps A1
to A5, in the outdoor unit 1. Accordingly, the collected
refrigerant does not move to the indoor units 2a, 2b, and
2c side. Thus, the amount of the refrigerant leaking to
the indoor space is reduced, and the safety improves.
[0068] The operation order from step A7 to step A9
showninFig. 6is notlimited, and the same advantageous
effects as described above are achieved even when the
operation order is changed.

[0069] Embodiment 3 has been described in which the
bypass pipe 6 and the bypass valve device 15 are spe-
cially added, butthe presentinvention is notlimited there-
to. For example, a bypass may be provided which uses
an internal heat exchanger having an effect of increasing
the degree of supercooling of the refrigerant flowing in
the refrigerant main pipe 5 and the refrigerant branch
pipes 3a, 3b, and 3c and reducing pressure loss during
the cooling operation mode. In this case, the pump-down
function is effective without using the above-described
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bypass pipe 6 and bypass valve device 15, and it is pos-
sible to achieve the same advantageous effects as de-
scribed above.

[0070] The pump-down function described in Embod-
iment 3 is effective for the air-conditioning system in
which the first valve device 70d is provided at a shared
refrigerant path shared by the multiple indoor units 2a,
2b, and 2c as described in Embodiment 2, and the second
valve device 71d is provided at a shared refrigerant path
shared by the multiple indoor units 2a, 2b, and 2c¢ as
described in Embodiment 2, and it is possible to achieve
the same advantageous effects as described above.

Embodiment 4

[0071] Fig. 7 is a schematic configuration diagram of
a refrigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 4 of the
present invention. In Embodiment 4, only the differences
from Embodiment 3 will be described.

[0072] In Embodiment 4, the second valve devices
71a, 71b, and 71c are provided only at the refrigerant
branch pipes 3a, 3b, and 3c at the refrigerant flow path
switching device 11 side, among the refrigerant branch
pipes 3a, 3b, and 3c connected to the indoor units 2a,
2b, and 2c. In addition, although described later, the con-
troller 30 has a pump-down function different from that
in Embodiment 3. Flow of the refrigerant and control dur-
ing the cooling operation mode and the heating operation
mode are the same as in Embodiment 3 except that only
operation of the first valve devices 70a, 70b, and 70c is
not present.

[0073] The pump-down function of the controller 30 in
Embodiment 4 will be described with reference to Fig. 8.
Fig. 8 is a flowchart showing operation of an actuator in
the pump-down function of the air-conditioning apparatus
according to Embodiment 4 of the present invention.
[0074] For example, similar to Embodiment 3, when
refrigerant leakage is detected by the refrigerant leakage
detector during the heating operation mode, the control-
ler 30 switches the refrigerant flow path switching device
11 to the flow path for the cooling operation mode (step
B1). When the refrigerant leakage is detected during the
cooling operation, switching of the refrigerant flow path
switching device 11 is not performed, and the current
state is maintained. In addition, when refrigerant leakage
is detected by the refrigerant leakage detector, the sec-
ond valve devices 71a, 71b, and 71c switch from an
opened state to a closed state.

[0075] Next, the controller 30 sets the frequency of the
compressor 10 to a predetermined value (step B2), and
opens the bypass valve device 15 and also fully closes
the first expansion device 13 (step B3, step B4). Then,
the controller 30 fully closes the second expansion de-
vices 41a, 41b, and 41c (step B5) and sets the rotation
speed of the outdoor fan 16 to a predetermined value
(step B6).

[0076] At this time, a pump-down operation is per-
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formed in which the refrigerant in the refrigerant main
pipe 5 and the refrigerant branch pipes 3a, 3b, and 3c
that connect the outdoor unit 1 and the second expansion
devices 41a, 41b, and 41c in a closed state and the out-
door unit 1 and the second valve devices 71a, 71b, and
71c in a closed state, is collected in the heat source side
heat exchanger 12 and the accumulator 14.

[0077] The operation order from step B1 to step B6
shown in Fig. 8 is not limited, and it is possible to perform
the same pump-down operation as described above
even when the operation order from step B1 to step B6
is changed.

[0078] When the pump-down operation is performed,
the controller 30 determines an end state of the pump-
down operation by using the detection value of either the
first pressure detection device 20 or the second pressure
detection device 21 (step B7). The controller 30 ends the
pump-down operation when the pressure (detection val-
ue) detected by the first pressure detection device 20 is
equal to or greater than a first threshold or the pressure
(detection value) detected by the second pressure de-
tection device 21 is equal to or less than a second thresh-
old.

[0079] The end state of the pump-down operation is
determined using the detection value of either the first
pressure detection device 20 or the second pressure de-
tection device 21, but the pump-down operation may be
ended when the pressure (detection value) detected by
thefirst pressure detection device 20 is equal to or greater
than the first threshold and the pressure (detection value)
detected by the second pressure detection device 21 is
equal to or less than the second threshold.

[0080] Regarding the determination for ending the
pump-down operation, the pump-down operation may be
ended when a predetermined time has elapsed from start
of the pump-down operation.

[0081] When end of the pump-down operation is con-
firmed, the controller 30 fully closes the bypass valve
device 15 (step B8), switches the refrigerant flow path
switching device 11 to the flow path for the heating op-
eration mode (step B9), and finally stops the compressor
10 (step B10).

[0082] By performing the operation shown in steps B8
to B10, it is possible to enclose the refrigerant collected
in the heat source side heat exchanger 12 and the accu-
mulator 14 by the pump-down operation from steps B1
to B6, in the outdoor unit 1. Accordingly, the collected
refrigerant does not move to the indoor units 2a, 2b, and
2c side. Thus, the amount of the refrigerant leaking to
the indoor space is reduced, and the safety improves.
[0083] The operation order from step B8 to step B10
showninFig. 8is notlimited, and the same advantageous
effects as described above are achieved even when the
operation order is changed.

[0084] In Embodiment 4, since only the second valve
devices 71a, 71b, and 71c are provided at the refrigerant
flow path switching device 11 side, a risk of refrigerant
leakage to the indoor space increases, but by performing



17 EP 3 467 406 A1 18

the pump-down function with the second expansion de-
vices 41a, 41b, and 41c, it is possible to realize an inex-
pensive air-conditioning apparatus in which the first valve
devices 70a, 70b, and 70c are not used but safety is
maintained.

Embodiment 5

[0085] Fig. 9 is a schematic configuration diagram of
a refrigerant circuit showing an example of an air-condi-
tioning apparatus according to Embodiment 5 of the
present invention. In Embodiment 5, only the differences
from Embodiment 4 will be described.

[0086] The air-conditioning apparatus 100 according
to Embodiment 5 is configured such that an outdoor unit
1 and a heat medium relay device 60 are connected to
each other by the refrigerant main pipe 5 to form a refrig-
erant circuit and the heat medium relay device 60 and
indoor units 2a and 2b are connected to each other by
heat medium pipes 64a and 64b to form a heat medium
cycle circuit. The outdoor unit 1 in Embodiment 5 has the
same configuration as in Embodiment 4, and thus the
description thereof is omitted.

[Configurations of indoor units 2a and 2b]

[0087] The indoor units 2a and 2b in Embodiment 5
each have the same configuration as in Embodiment 4
except that the second expansion devices provided at
the refrigerant branch pipes are removed and the pipes
connecting the respective components are changed from
the refrigerant branch pipes to the heat medium pipes
64aand 64b. In Fig. 9, an example in which the twoindoor
units 2a and 2b are connected is shown, but the number
of indoor units is not limited thereto, and one or three or
more indoor units may be provided.

[Configuration of heat medium relay device 60]

[0088] The heat medium relay device 60 includes a
heat medium heat exchanger 61, a pump 62 that trans-
fers a heat medium such as water or a brine, and heat
medium flow control devices 63a and 63b that adjust the
flow rate of the heat medium flowing in the heat medium
pipe 64. These components are connected to each other
by the heat medium pipe 64. The heat medium relay de-
vice 60 is provided in a space such as amachine chamber
or a space above a ceiling. The number of heat medium
relay devices 60 is one in Fig. 9, butis not limited thereto,
and two or more heat medium relay devices 60 may be
provided in parallel.

[0089] The heat medium heat exchanger 61 is, for ex-
ample, a plate-type heat exchanger or another heat ex-
changer thatexchanges heat between the refrigerantand
the heat medium such a water or a brine. A fifth temper-
ature detection device 65 and a sixth temperature detec-
tion device 66 are provided at an outlet and an inlet at
the refrigerant side of the heat medium heat exchanger
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61, and a seventh temperature detection device 67 and
an eighth temperature detection device 68 are provided
at an outlet and an inlet at the heat medium side of the
heat medium heat exchanger 61.

[0090] Hereinafter, regarding the air-conditioning ap-
paratus 100 according to Embodiment 5, operation dur-
ing the cooling operation mode will be initially described
with reference to Fig. 10, and operation during the heating
operation mode will be described next with reference to
Fig. 11.

[Cooling operation mode]

[0091] Fig. 10 is a refrigerant circuit diagram showing
flow of the refrigerant and the heat medium during the
cooling operation mode of the air-conditioning apparatus
according to Embodiment 5 of the present invention. Fig.
10 illustrates the cooling operation mode in the case
where cooling energy loads have been generated in the
load side heat exchangers 40a and 40b, solid arrows in
the drawing indicate the direction of flow of the refrigerant,
and broken arrows indicate the direction of flow of the
heat medium.

[0092] During the cooling operation mode, the low-
temperature and low-pressure refrigerant is compressed
into high-temperature, high-pressure gas refrigerant by
the compressor 10 and discharged therefrom. The high-
temperature, high-pressure gas refrigerant discharged
from the compressor 10 flows into the heat source side
heat exchanger 12 owing to the refrigerant flow path
switching device 11. The high-temperature, high-pres-
sure gas refrigerant flowing into the heat source side heat
exchanger 12 condenses into high-pressure liquid refrig-
erant while rejecting heat to outdoor air. Then, the high-
pressure liquid refrigerant having flowed out from the
heat source side heat exchanger 12 is reduced in pres-
sure by the first expansion device 13 into intermediate-
pressure two-phase gas-liquid refrigerant, flows out from
the outdoor unit 1, and flows through the refrigerant main
pipe 5 into the heat medium relay device 60.

[0093] The intermediate-pressure two-phase gas-lig-
uid refrigerant flowing into the heat medium relay device
60 is reduced in pressure by a second expansion device
41 into low-temperature and low-pressure two-phase
gas-liquid refrigerant, then flows into the heat medium
heat exchanger 61 that acts as an evaporator, and re-
moves heat from the heat medium to cool the heat me-
dium, thereby becoming low-temperature and low-pres-
sure gas refrigerant. The low-temperature and low-pres-
sure gas refrigerant flows out from the heat medium relay
device 60 and flows through the refrigerant main pipe 5
into the outdoor unit 1. The low-temperature and low-
pressure gas refrigerant flowing into the outdoor unit 1
flows to the accumulator 14 owing to the refrigerant flow
path switching device 11 and is sucked into the compres-
sor 10.

[0094] Meanwhile, the controller 30 controls the open-
ing degree of the second expansion device 41 such that
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superheat (degree of superheat) obtained on the basis
of the difference between the temperature detected by
the fifth temperature detection device 65 and the tem-
perature detected by the sixth temperature detection de-
vice 66. In addition, the controller 30 controls the opening
degree of a second valve device 71 such that flow of the
refrigerant during the cooling operation mode is not
blocked. By also closing the bypass valve device 15, by-
passing unwanted refrigerant is inhibited.

[0095] Next, operation of the heat medium side circuit
during the cooling operation mode will be described.
[0096] First, the heat medium discharged by the pump
62 for circulating the heat medium in the heat medium
circuit flows into the heat medium heat exchanger 61 and
is cooled by receiving cooling energy from the low-tem-
perature and low-pressure gas refrigerant flowing in the
refrigerant side circuit. The cooled heat medium is ad-
justed by the heat medium flow control devices 63a and
63b into a flow rate corresponding to a heat load required
by each of the indoor units 2a and 2b, and flows out from
the heat medium relay device 60.

[0097] The heat medium having flowed out from the
heat medium relay device 60 flows through the heat me-
dium pipes 64a and 64b into the indoor units 2a and 2b
and exchanges heat with indoor air at the load side heat
exchangers 40a and 40b to be heated, thereby cooling
the indoor air. Meanwhile, the heat medium heated by
the indoor air flows out from the indoor units 2a and 2b,
flows through the heat medium pipes 64a and 64b into
the heat medium relay device 60 again, and is sucked
into the pump 62.

[0098] Meanwhile, the controller 30 controls the pump
62 such that the temperature difference between the tem-
perature detected by the seventh temperature detection
device 67 and the temperature detected by the eighth
temperature detection device 68 becomes a predeter-
mined value. By so controlling, it is possible to supply
cooling energy corresponding to heat loads that have
been generated in the indoor units 2a and 2b, so that it
is possible to reduce energy consumption.

[0099] The controller 30 also controls the opening de-
grees of the heat medium flow control devices 63a and
63b such that the temperature differences between the
temperatures detected by the second temperature de-
tection devices 50a and 50b and the temperatures de-
tected by the third temperature detection devices 51a
and 51b each become a predetermined value. By so con-
trolling, it is possible to supply cooling energy corre-
sponding to heat loads that have been generated in the
respective indoor units 2a and 2b, so that it is possible
to reduce energy consumption.

[Heating operation mode]

[0100] Fig. 11 is a refrigerant circuit diagram showing
flow of the refrigerant and the heat medium during the
heating operation mode of the air-conditioning apparatus
according to Embodiment 5 of the present invention. Fig.
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11 illustrates the heating operation mode in the case
where heating energy loads have been generated in the
load side heat exchangers 40a and 40b, solid arrows in
the drawing indicate the direction of flow of the refrigerant,
and broken arrows indicate the direction of flow of the
heat medium.

[0101] During the heating operation mode, the low-
temperature and low-pressure refrigerant is compressed
into high-temperature, high-pressure gas refrigerant by
the compressor 10 and discharged therefrom. The high-
temperature, high-pressure gas refrigerant discharged
from the compressor 10 flows out from the outdoor unit
1 owing to the refrigerant flow path switching device 11,
and flows through the refrigerant main pipe 5 into the
heat medium relay device 60. The high-temperature,
high-pressure gas refrigerant flowing into the heat medi-
um relay device 60 rejects heat to the heat medium at
the heat medium heat exchanger 61 to become high-
pressure liquid refrigerant, and flows into the second ex-
pansion device 41. Then, the high-pressure liquid refrig-
erant is reduced in pressure by the second expansion
device 41 into low-temperature and low-pressure two-
phase gas-liquid refrigerant, then flows out from the heat
mediumrelay device 60, and flows through the refrigerant
main pipe 5 into the outdoor unit 1.

[0102] The low-temperature and low-pressure two-
phase gas-liquid refrigerant flowing into the outdoor unit
1 passes through the first expansion device 13 that has
been opened, removes heat from outdoor air at the heat
source side heat exchanger 12 thereby to evaporate into
low-temperature and low-pressure two-phase gas-liquid
refrigerant having higher quality. The low-temperature
and low-pressure two-phase gas-liquid refrigerant hav-
ing flowed out from the heat source side heat exchanger
12 flows to the accumulator 14 owing to the refrigerant
flow path switching device 11 and is separated into gas
refrigerant and liquid refrigerant, and only the gas refrig-
erant is sucked into the compressor 10.

[0103] Meanwhile, the controller 30 controls the open-
ing degree of the second expansion device 41 such that
subcooling (degree of supercooling) obtained on the ba-
sis of the difference between the saturated liquid tem-
perature of the refrigerant calculated from the pressure
detected by the first pressure detection device 20 and
the temperature detected by the sixth temperature de-
tection device 66 is constant.

[0104] Inthe case where the first expansion device 13
is a device whose opening degree is adjustable such as
an electronic expansion valve, the opening degree of the
first expansion device 13 during the heating operation
mode is set to such an opening degree that the operating
state (for example, heating capacity, etc.) of the refriger-
ation cycle is not adversely affected (for example, full
opening). In addition, the second valve device 71 is
opened such that flow of the refrigerant is not blocked.
By also closing the bypass valve device 15, bypassing
unwanted refrigerant is inhibited.

[0105] Next, operation of the heat medium side circuit
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during the heating operation mode will be described.
[0106] First, the heat medium discharged by the pump
62 for circulating the heat medium in the heat medium
circuit flows into the heat medium heat exchanger 61 and
is heated by receiving heating energy from the high-tem-
perature refrigerant flowing in the refrigerant side circuit.
Thereafter, the heated heat medium is adjusted by the
heat medium flow control device 63 into a flow rate cor-
responding to a heat load required by each of the indoor
units 2a and 2b, and flows out from the heat medium
relay device 60.

[0107] The heat medium having flowed out from the
heat medium relay device 60 flows through the heat me-
dium pipes 64a and 64b into the indoor units 2a and 2b
and exchanges heat with indoor air at the load side heat
exchangers 40a and 40b to be cooled, thereby heating
the indoor air. Meanwhile, the heat medium cooled by
the indoor air flows out from the indoor units 2a and 2b,
flows through the heat medium pipes 64a and 64b into
the heat medium relay device 60 again, and is sucked
into the pump 62.

[0108] Meanwhile, the controller 30 controls the pump
62 such that the temperature difference between the tem-
perature detected by the seventh temperature detection
device 67 and the temperature detected by the eighth
temperature detection device 68 becomes a predeter-
mined value. By so controlling, it is possible to supply
cooling energy corresponding to heat loads that have
been generated in the indoor units 2a and 2b, so that it
is possible to reduce energy consumption.

[0109] The controller 30 also controls the opening de-
gree of the heat medium flow control device 63 such that
the temperature differences between the temperatures
detected by the second temperature detection devices
50a and 50b and the temperatures detected by the third
temperature detection devices 51a and 51b each be-
come a predetermined value. By so controlling, it is pos-
sible to supply cooling energy corresponding to heat
loads that have been generated in the respective indoor
units 2a and 2b, so that it is possible to reduce energy
consumption.

[0110] Next, the pump-down function of the controller
30 in Embodiment 5 will be described.

[0111] For example, similar to Embodiment 3, when
refrigerant leakage is detected by the refrigerant leakage
detector during the heating operation mode, the control-
ler 30 switches the refrigerant flow path switching device
11 to the flow path for the cooling operation mode. When
the refrigerant leakage is detected during the cooling op-
eration, switching of the refrigerant flow path switching
device 11 is not performed, and the current state is main-
tained. In addition, when refrigerant leakage is detected
by the refrigerant leakage detector, the second valve de-
vice 71 changes from an opened state to a closed state.
[0112] Next, the controller 30 sets the frequency of the
compressor 10 to a predetermined value, and opens the
bypass valve device 15 and also fully closes the first ex-
pansion device 13. Then, the controller 30 fully closes
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the second expansion device 41 and sets the rotation
speed of the outdoor fan 16 to a predetermined value.
[0113] At this time, a pump-down operation is per-
formed in which the refrigerant in the refrigerant main
pipe 5 that connects the outdoor unit 1 and the second
expansion device 41 in a closed state and the outdoor
unit 1 and the second valve device 71 in a closed state,
and in the refrigerant branch pipes 3a, 3b, and 3c is col-
lected in the heat source side heat exchanger 12 and the
accumulator 14.

[0114] When the pump-down operation is performed,
the controller 30 determines an end state of the pump-
down operation by using the detection value of either the
first pressure detection device 20 or the second pressure
detection device 21. The controller 30 ends the pump-
down operation when the pressure (detection value) de-
tected by the first pressure detection device 20 is equal
to or greater than a first threshold or the pressure (de-
tection value) detected by the second pressure detection
device 21 is equal to or less than a second threshold.
[0115] The end state of the pump-down operation is
determined using the detection value of either the first
pressure detection device 20 or the second pressure de-
tection device 21, but the pump-down operation may be
ended when the pressure (detection value) detected by
thefirst pressure detection device 20 is equal to or greater
than the first threshold and the pressure (detection value)
detected by the second pressure detection device 21 is
equal to or less than the second threshold.

[0116] Regarding the determination for ending the
pump-down operation, the pump-down operation may be
ended when a predetermined time has elapsed from start
of the pump-down operation.

[0117] When end of the pump-down operation is con-
firmed, the controller 30 fully closes the bypass valve
device 15, switches the refrigerant flow path switching
device 11 to the flow path for the heating operation mode,
and finally stops the compressor 10.

[0118] By fully closing the bypass valve device 15,
switching the refrigerant flow path switching device 11 to
the flow path for the heating operation mode, and stop-
ping the compressor 10 as described above, itis possible
to enclose the refrigerant collected in the heat source
side heat exchanger 12 and the accumulator 14 by the
above-described pump-down operation, in the outdoor
unit 1. Accordingly, the collected refrigerant does not
move to the heat medium relay device 60 side, and thus
the amount of the refrigerantleaking to the space in which
the heat medium relay device 60 is provided is reduced,
and the safety improves.

[0119] Whenrefrigerantleakage is detected by the re-
frigerant leakage detection device, the controller 30 clos-
es the second expansion device 41 and also closes the
second valve device 71. Thus, itis also possible to inhibit
leakage of the refrigerant to the space in which the heat
medium relay device 60 is provided.

[0120] Since the heat medium relay device 60 is
present between the outdoor unit 1 and the indoor units
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2a and 2b, an valve device does not have to be provided
at each of the refrigerant branch pipes connected to the
front and the rear of the indoor units 2b and 2c. Thus, it
is possible to reduce the number of used valve devices,
and itis possible to provide an inexpensive air-condition-
ing system.

[0121] In the air-conditioning systems described in
Embodiment 1 to Embodiment 4, the two-phase gas-lig-
uid refrigerant flows into the indoor units 2a, 2b, and 2¢
provided in the indoor spaces or in the vicinities of the
indoor spaces, so that there is a problem that loud sound
is likely to occur, for example, when the refrigerant pass-
es through the second expansion device 41.

[0122] On the other hand, with the configuration as de-
scribed in Embodiment 5, it is possible to locate a noise
occurrence source at a distance away from the indoor
space, anditis also possible to reduce arisk of refrigerant
leakage to the indoor space since the heat medium flows
in the indoor units 2a and 2b and the refrigerant does not
flows therein.

[0123] In the air-conditioning apparatus 100 using the
heat medium, it is possible to reduce the amount of the
used refrigerant by an amount corresponding to the re-
frigerant branch pipes connected to the indoor units 2a
and 2b. In addition, since the amount of the entire refrig-
erant used in the air-conditioning apparatus 100 is re-
duced, the risk involved when refrigerant leakage occurs
in the heat medium relay device 60 can be reduced.
[0124] In Embodiment 5, the controller 30 provided in
the outdoor unit 1 is used to control the actuator provided
in the heat medium relay device 60, but the present in-
vention is not limited thereto. For example, another con-
troller may be provided in the heat medium relay device
60 to control the actuator, or a controller provided in a
unit of the indoor units 2a and 2b, a remote controller, or
another device may be used to control the actuator.
[0125] Fig. 9 shows an example in which the air-con-
ditioning apparatus 100 according to Embodiment 4 is
changed to an air-conditioning system using a heat me-
dium, but an air-conditioning apparatus 100 similarly hav-
ing improved noise reduction and safety is obtained even
when any of the air-conditioning apparatuses 100 ac-
cording to Embodiment 1 to Embodiment 3 is changed
to an air-conditioning system using a heat medium.
[0126] In the air-conditioning apparatuses 100 accord-
ing to Embodiment 3 to Embodiment 5 described above,
the bypass pipe 6 and the bypass valve device 15 are
located in the outdoor unit 1, but the present invention is
not limited thereto. The bypass pipe 6 and the bypass
valve device 15 may be provided outside the outdoor unit
1, and it is possible to achieve the same advantageous
effects as described above.

[0127] The case where the number of outdoor units 1
is one has been described as an example in Embodiment
1 to Embodiment 5, but the number of outdoor units 1 is
not limited to one. A plurality of outdoor units may perform
the operation specified in each Embodiment, and it is
possible to achieve the same advantageous effects.
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[0128] Regarding an air-conditioning system in which
a plurality of indoor units are connected, Embodiment 1
to Embodiment 5 may be applied not only to an air-con-
ditioning system in which all connected indoor units per-
form cooling or heating operation, but also to an air-con-
ditioning system in which cooling operation and heating
operation are simultaneously performed in accordance
with indoor units.

[0129] In Embodiment 1 to Embodiment 5, the case
where one compressor 10 is connected to the outdoor
unit 1 has been described as an example, but an outdoor
unit 1 in which two or more compressors 10 are connect-
ed may be provided. Reference Signs List

[0130] 1 outdoor unit 2a, 2b, 2c indoor unit 3a, 3b, 3c
refrigerant branch pipe, 4 refrigerant pipe 5 refrigerant
main pipe 6 bypass pipe 10 compressor 11 refrigerant
flow path switching device 12 heat source side heat ex-
changer 13 first expansion device 14 accumulator 15 by-
pass valve device 16 outdoor fan 20 first pressure de-
tection device 21 second pressure detection device 22
first temperature detection device 23 third pressure de-
tection device 30 controller 40a, 40b, 40c load side heat
exchanger 41, 41a, 41b, 41c second expansion device
42a, 42b, 42c indoor fan 50a, 50b, 50c second temper-
ature detection device 51a, 51b, 51c third temperature
detection device 52a, 52b, 52c fourth temperature de-
tection device 60 heat medium relay device 61 heat me-
dium heat exchanger 62 pump 63a, 63b heat medium
flow control device 64, 64a, 64b heat medium pipe 65
fifth temperature detection device 66 sixth temperature
detection device 67 seventh temperature detection de-
vice 68 eighth temperature detection device 70a, 70b,
70c first valve device 71, 71a, 71b, 71c second valve
device 100 air-conditioning apparatus

Claims
1. An air-conditioning apparatus comprising:

an outdoor unit and an indoor unit, the outdoor
unit having at least a compressor, a refrigerant
flow path switching device, a heat source side
heat exchanger, and a first expansion device,
the indoor unit having at least a load side heat
exchanger and a second expansion device,
the compressor, the refrigerant flow path switch-
ing device, the heat source side heat exchanger,
the first expansion device, the load side heat
exchanger and the second expansion device
being connected by refrigerant pipes to form a
refrigerant circuit a first valve device provided at
a refrigerant pipe of the refrigerant pipes, the
refrigerant pipe connecting between the first ex-
pansion device and the second expansion de-
vice;

a second valve device provided at a refrigerant
pipe of the refrigerant pipes, the refrigerant pipe
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connecting between the refrigerant flow path
switching device and the load side heat ex-
changer; and

a controller configured to control the first expan-
sion device during a cooling operation mode to
expand, into a two-phase gas-liquid state, refrig-
erant flowing through the first expansion device
to the refrigerant pipe between the first expan-
sion device and the second expansion device,
wherein

the first valve device and the second valve de-
vice are closed when leakage of the refrigerant
is detected.

The air-conditioning apparatus of claim 1, wherein a
plurality of the indoor units are connected to the out-
door unit, and the first valve device and the second
valve device are provided for each of the indoor units.

The air-conditioning apparatus of claim 1, wherein a
plurality of the indoor units are connected to the out-
door unit, and the second valve device is provided
at a shared refrigerant path shared among at least
some of the plurality of the indoor units.

The air-conditioning apparatus of claim 3, wherein
the first valve device is provided at a shared refrig-
erant path shared among at least some of the plu-
rality of the indoor units.

The air-conditioning apparatus of any one of claims
1 to 4, wherein the first valve device and the second
valve device are provided at such positions that a
refrigerant concentration during assumed refrigerant
leakage is less than a predetermined value,

the refrigerant concentration during assumed refrig-
erant leakage being calculated from

a sum of a weight of the refrigerant in the indoor
unit connected to the outdoor unit and a weight
of the refrigerant calculated from a diameter of
part of the refrigerant pipe of the refrigerant
pipes, the refrigerant pipe being connected to
the indoor unit, and

a volume of an indoor space having a smallest
volume from among indoor spaces that are air-
conditioned by a plurality of indoor units.

6. The air-conditioning apparatus of any one of claims

1 to 5, further comprising:

an accumulator provided at a suction side of the
COMpressor;

a bypass pipe branching from the refrigerant
pipe between the first expansion device and the
second expansion device during a cooling op-
eration mode and connected to arefrigerant pipe
of the refrigerant pipes, the refrigerant pipe con-
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necting between the refrigerant flow path switch-
ing device and the accumulator; and

a bypass valve device provided at the bypass
pipe, wherein

the controller is configured to perform a pump-
down operation using both or either one of the
first expansion device and the bypass valve de-
vice when refrigerant leakage occurs.

The air-conditioning apparatus of claim 6, wherein
the controller is configured to, when performing the
pump-down operation, switch the refrigerant flow
path switching device to a direction for the cooling
operation mode, fully close the first expansion device
or change an opening degree of the first expansion
device to an opening degree close to full closing,
open the bypass valve device, and operate the com-
pressor.

The air-conditioning apparatus of claim 6 or 7,
wherein

the outdoor unit has a fan increasing an amount of
heat exchanged in the heat source side heat ex-
changer, and

the controller is configured to set a rotation speed of
the fan to a maximum value or a value close to the
maximum value during the pump-down operation.

The air-conditioning apparatus of any one of claims
6 to 8, further comprising both or any one of a first
pressure detection device detecting a pressure at a
discharge side of the compressor and a second pres-
sure detection device detecting a pressure at the
suction side of the compressor, wherein

the controller is configured to end the pump-down
operation when the pressure detected by the first
pressure detection device is equal to or greater than
a first threshold and the pressure detected by the
second pressure detection device is equal to or less
than a second threshold, or when the pressure de-
tected by the first pressure detection device is equal
to or greater than the first threshold or the pressure
detected by the second pressure detection device is
equal to or less than the second threshold.

The air-conditioning apparatus of claim 9, wherein
the controller is configured to, when ending the
pump-down operation, switch the refrigerant flow
path switching device to a direction for a heating op-
eration mode and make the bypass valve device into
a full closing state or a state close to full closing.

The air-conditioning apparatus of any one of claims
7 to 10, wherein

only the second valve device, from among the first
valve device and the second valve device, is provid-
ed, and

the controller is configured to, when performing the
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pump-down operation, fully close the second expan-
sion device.

The air-conditioning apparatus of any one of claims
1 to 11, comprising a heat medium heat exchange
device forming a refrigerant circuit with the outdoor
unit in place of the indoor unit and forming a heat
medium cycle circuit with the indoor unit having the
load side heat exchanger, wherein

the heat medium heat exchange device includes

aheatmedium heat exchanger exchanging heat
between the refrigerant flowing in the refrigerant
circuit and the heat medium flowing in the heat
medium cycle circuit, and

a pump configured to transfer the heat medium
in the heat medium cycle circuit to the load side
heat exchanger and circulate the heat medium.
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