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(54) AIR CONDITIONING DEVICE

(57) To provide an air-conditioning apparatus en-
abling a reduction in a filling amount of refrigerant. An
air-conditioning apparatus (1) includes an indoor heat
exchanger (31), an outdoor heat exchanger (40), and a
four-way switching valve (22) that switches between a
heating operation and a cooling operation, the heating
operation causing the indoor heat exchanger (31) to
function as a condenser for a refrigerant and causing
the outdoor heat exchanger (40) to function as an eva-
porator for the refrigerant, the cooling operation causing
the indoor heat exchanger (31) to function as an eva-

porator for the refrigerant and causing the outdoor heat
exchanger (40) to function as a condenser for the refrig-
erant. An internal volume of the indoor heat exchanger
(31) is smaller than an internal volume of the outdoor heat
exchanger (40), and an internal volume of a region
through which the refrigerant flows in the outdoor heat
exchanger (40) during the cooling operation is smaller
than an internal volume of a region through which the
refrigerant flows in the outdoor heat exchanger (40) dur-
ing the heating operation.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an air-condi-
tioning apparatus.

BACKGROUND ART

[0002] In recent years, from the viewpoint of global
environmental protection, the introduction of air-condi-
tioning apparatuses that perform a heating operation
using air as a heat source has been promoted even in
cold districts.

[0003] As an example of such air-conditioning appa-
ratuses used in cold districts, an air-conditioning appa-
ratus that adjusts heating capacity in accordance with an
indoor heating load has been proposed as described in
PTL 1 (International Publication No. 2020/208776).

SUMMARY OF THE INVENTION
<Technical Problem>

[0004] In some cases, in order to sufficiently ensure
capacity during heating operation even in a case where
the outdoor air temperature is low as in cold districts, an
air-conditioning apparatus with a large-volume outdoor
heat exchanger that functions as an evaporator is used.
In a case of performing a cooling operation by using this
air-conditioning apparatus, the outdoor heat exchanger
functions as a condenser for a refrigerant. In this case
however, since alarge amount of liquid refrigerantis likely
to be present within the large-volume outdoor heat ex-
changer, the amount of the refrigerant filling the refriger-
ant circuit tends to increase.

<Solution to Problem>

[0005] An air-conditioning apparatus according to a
first aspect includes: a first heat exchanger; a second
heat exchanger; and a switching section. The switching
section switches between a first operation and a second
operation. The first operation causes the first heat ex-
changer to function as a condenser for a refrigerant and
causes the second heat exchanger to function as an
evaporator for the refrigerant. The second operation
causes the first heat exchanger to function as an eva-
porator for the refrigerant and causes the second heat
exchanger to function as a condenser for the refrigerant.
An internal volume of the first heat exchanger is smaller
than an internal volume of the second heat exchanger. An
internal volume of a region through which the refrigerant
flows in the second heat exchanger during the second
operation is smaller than an internal volume of a region
through which the refrigerant flows in the second heat
exchanger during the first operation.

[0006] This air-conditioning apparatus causes the sec-
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ond heatexchangerthathas alargerinternal volume than
the first heat exchanger to function as an evaporator for
the refrigerant during the first operation, thereby easily
ensuring the capacity during the first operation. In addi-
tion, in the air-conditioning apparatus, the internal vo-
lume of the region through which the refrigerant flows in
the second heat exchanger during the second operation
that causes the second heat exchanger to function as a
condenser for the refrigerant is smaller than the internal
volume of the region through which the refrigerant flows
in the second heat exchanger during the first operation.
Therefore, the amount of the liquid refrigerant retained in
the second heat exchanger during the second operation
can be reduced to a small amount. This enables a re-
duction in the amount of refrigerant filling the air-condi-
tioning apparatus.

[0007] An air-conditioning apparatus according to a
second aspect is the air-conditioning apparatus accord-
ing to the firstaspect, in which the second heat exchanger
is an air heat exchanger that causes the refrigerant
flowing inside the second heat exchanger to exchange
heat with air flowing outside.

[0008] Even in a case where the refrigerant flowing
through the second heat exchanger that functions as an
evaporator when the first operation is performed ex-
changes heat with low temperature outdoor air in cold
districts, this air-conditioning apparatus can easily en-
sure the capacity because the second heat exchanger
has alarger internal volume than the first heat exchanger.
[0009] An air-conditioning apparatus according to a
third aspect is the air-conditioning apparatus according
to the second aspect, and further includes a blower
section. The blower section is capable of supplying an
air flow to an entirety of the second heat exchanger.
[0010] This air-conditioning apparatus can easily en-
sure the amount of heat exchange because the air flow is
supplied to the entirety of the second heat exchanger.
[0011] An air-conditioning apparatus according to a
fourth aspect is the air-conditioning apparatus according
to the third aspect, in which during the second operation,
a flow path through which the refrigerant flows in the
second heat exchanger has no overlapping portion per
se when viewed from a direction of the air flow generated
by the blower section.

[0012] Evenin acase where the internal volume of the
region through which the refrigerant passesin the second
heat exchanger during the second operation is smaller
than that during the first operation, this air-conditioning
apparatus can perform efficient heat exchange.

[0013] An air-conditioning apparatus according to a
fifth aspect is the air-conditioning apparatus according
toany one of the first to fourth aspects, in which during the
first operation, the refrigerant flows through an entirety of
the internal volume of the second heat exchanger.
[0014] This air-conditioning apparatus can easily en-
sure the capacity in the second heat exchanger that
functions as an evaporator when performing the first
operation.
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[0015] An air-conditioning apparatus according to a
sixth aspect is the air-conditioning apparatus according
to any one of the first to fourth aspects, in which during the
first operation, the second heat exchanger includes two
or more flow paths through which the refrigerant flows.
[0016] This air-conditioning apparatus can reduce the
pressure loss in the second heat exchanger that func-
tions as an evaporator when performing the first opera-
tion.

[0017] An air-conditioning apparatus according to a
seventh aspect is the air-conditioning apparatus accord-
ing to any one of the first to sixth aspects, in which the
second heat exchanger includes a plurality of heat trans-
fer tubes. During the second operation, the heat transfer
tubes included in the second heat exchangerinclude one
or more heat transfer tubes through which the refrigerant
does not flow.

[0018] This air-conditioning apparatus can reduce the
amount of the liquid refrigerant retained in the second
heat exchanger to a small amount during the second
operation that causes the second heat exchanger to
function as a condenser for the refrigerant.

[0019] An air-conditioning apparatus according to an
eighth aspect is the air-conditioning apparatus according
to any one of the first to seventh aspects, in which the
internal volume of the first heat exchanger is 2/3 or less
the internal volume of the second heat exchanger.
[0020] Eveninacase where the internal volume of the
second heat exchanger is large, this air-conditioning
apparatus can reduce the filling amount of refrigerant
to a small amount.

[0021] An air-conditioning apparatus according to a
ninth aspect is the air-conditioning apparatus according
to any one of the first to eighth aspects, in which the
second heat exchanger is a heat-source-side heat ex-
changer. The first heat exchanger is a utilization-side
heat exchanger.

[0022] This air-conditioning apparatus can obtain a
large amount of heat during the first operation in the
second heat exchanger that has a larger internal volume
than the first heat exchanger.

[0023] An air-conditioning apparatus according to a
tenth aspect is the air-conditioning apparatus according
to any one of the first to ninth aspects, in which the
refrigerant is a flammable refrigerant.

[0024] Even in a case where the flammable refrigerant
is used, this air-conditioning apparatus enables a reduc-
tion in the filling amount of the flammable refrigerant.
[0025] An air-conditioning apparatus according to an
eleventh aspectis the air-conditioning apparatus accord-
ing to the tenth aspect, in which the flammable refrigerant
includes one or two or more kinds selected from the group
consisting of R290, R600, and R600a.

[0026] Even in a case where an easily flammable re-
frigerant is used, this air-conditioning apparatus can re-
duce the risk of ignition.
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BRIEF DESCRIPTION OF DRAWINGS
[0027]

[Fig. 1] Fig. 1 is a schematic configuration diagram of
a refrigerant circuit.

[Fig. 2] Fig. 2 is a schematic control block configura-
tion diagram of an air-conditioning apparatus.

[Fig. 3] Fig. 3 is a schematic external configuration
diagram of an outdoor heat exchanger according to
another embodiment A.

[Fig. 4] Fig. 4 is a diagram illustrating flows of a
refrigerant in the outdoor heat exchanger according
to the another embodiment A during a heating op-
eration.

DESCRIPTION OF EMBODIMENTS

[0028] Hereinafter, an air-conditioning apparatus 1 will
be described with reference to Fig. 1, which is a sche-
matic configuration diagram of a refrigerant circuit, and
Fig. 2, which is a schematic control block configuration
diagram.

[0029] The air-conditioning apparatus 1 is a refrigera-
tion cycle apparatus that conditions air in a target space
by performing a vapor compression refrigeration cycle.
The air-conditioning apparatus 1 of the present embodi-
ment can be used, for example, in cold districts, or the
like, where a heating load is larger than a cooling load
throughout a year.

[0030] The air-conditioning apparatus 1 mainly in-
cludes an outdoor unit 20, an indoor unit 30, a liquid-side
refrigerant connection pipe 6 and a gas-side refrigerant
connection pipe 5 that connect the outdoor unit 20 and
the indoor unit 30 to each other, a heat load circuit 50, a
remote controller (not illustrated) that serves as an input
device and an output device, and a controller 7 that
controls operations of the air-conditioning apparatus 1.
[0031] The air-conditioning apparatus 1 performs a
refrigeration cycle in which a refrigerant enclosed in a
refrigerant circuit 10 is compressed, cooled or con-
densed, decompressed, heated or evaporated, and then
compressed again. In the present embodiment, the re-
frigerant circuit 10 is filled with a refrigerant for performing
a vapor compression refrigeration cycle. The refrigerant
is a flammable refrigerant. Examples of the flammable
refrigerant include highly flammable refrigerants of
classes A3 and B3, flammable refrigerants of classes
A2 and B2, low-flammable refrigerants of classes A2L
and B2L, and the like, in ASHRAE Safety Group. More
specifically, the refrigerant may be one or two or more
kinds selected from the group consisting of R290, R600,
and R600a. Note that in the present embodiment, the
refrigerant circuit 10 is filled with a refrigerant with a
higher specific gravity than air. In addition, the refrigerant
circuit 10 is filled with refrigerating machine oil together
with the mixed refrigerant.



5 EP 4 542 133 A1 6

(1) Outdoor unit 20

[0032] The outdoor unit 20 is connected to the indoor
unit 30 via the liquid-side refrigerant connection pipe 6
and the gas-side refrigerant connection pipe 5, and forms
a portion of the refrigerant circuit 10. The outdoor unit 20
mainly includes a compressor 21, a four-way switching
valve 22, an outdoor heat exchanger 40, a first control
valve 43, a second control valve 44, an outdoor expan-
sion valve 24, an outdoor fan 25, an accumulator 49, a
liquid-side shutoff valve 29, and a gas-side shutoff valve
28. In the present embodiment, the outdoor unit 20 is
disposed outdoors.

[0033] Thecompressor21isadevicethatcompresses
a low-pressure refrigerant in the refrigeration cycle until
the pressure of the refrigerant becomes high. Here, a
hermetic-structure compressor is used as the compres-
sor 21. The hermetic-structure compressor has a displa-
cement type compression element, such as a rotary type
or scroll type compression element (not illustrated) that is
rotationally driven by a compressor motor. The compres-
sor motor is provided for changing the capacity, and the
operation frequency thereof is controllable by an inverter.
[0034] The four-way switching valve 22 switches be-
tween a cooling operation connection state and a heating
operation connection state by switching the connection
state. In the cooling operation connection state, the four-
way switching valve 22 connects a suction side of the
compressor 21 to the gas-side shutoff valve 28 while
connecting a discharge side of the compressor 21 to
the outdoor heat exchanger 40. More specifically, in
the cooling operation connection state, the discharge
side of the compressor 21 is connected to a branch point
A, which will be described later. On the other hand, in the
heating operation connection state, the four-way switch-
ing valve 22 connects the suction side of the compressor
21 to the outdoor heat exchanger 40 while connecting the
discharge side of the compressor 21 to the gas-side
shutoff valve 28. More specifically, in the heating opera-
tion connection state, the suction side of the compressor
21 is connected to the branch point A, which will be
described later.

[0035] The accumulator 49 is provided between the
four-way switching valve 22 and the suction side of the
compressor 21. Accordingly, the compressor 21 is inhib-
ited from sucking the refrigerant in a liquid state.

[0036] The outdoor heat exchanger 40 is a heat-
source-side heat exchanger in which a portion thereof
functions as a condenser for a high-pressure refrigerant
in the refrigeration cycle during a cooling operation, and
the entirety thereof functions as an evaporator for a low-
pressure refrigerant in the refrigeration cycle during a
heating operation. The outdoor heat exchanger 40 in-
cludes a first outdoor heat exchanger 41 and a second
outdoor heat exchanger 42 that are connected in parallel
with each other in the refrigerant circuit 10. The first
outdoor heat exchanger 41 and the second outdoor heat
exchanger 42 of the outdoor heat exchanger 40 are each

10

15

20

25

30

35

40

45

50

55

an air heat exchanger that causes the refrigerant flowing
therein to exchange heat with the air passing outside. The
first outdoor heat exchanger 41 and the second outdoor
heat exchanger 42 of the outdoor heat exchanger 40
each include a plurality of heat transfer tubes connected
to a header, and a plurality of fins fixed to the plurality of
heat transfer tubes. An internal volume of the outdoor
heat exchanger 40 is larger than an internal volume of an
indoor heat exchanger 31. The internal volume of the
outdoor heat exchanger 40 may be 1.5 times or more the
internal volume of the indoor heat exchanger 31, and is
preferably 2.0 times or more the internal volume of the
indoor heat exchanger 31. For example, the internal
volume of the outdoor heat exchanger 40 may be 3 L
ormore and 10 L orless,ormaybe4 L ormoreand 7L or
less. Note that the internal volume of the outdoor heat
exchanger 40 is the sum of internal volumes of the first
outdoor heat exchanger 41 and the second outdoor heat
exchanger 42. The internal volumes of the first outdoor
heat exchanger 41 and the second outdoor heat exchan-
ger42 eachreferto the volume of fluid in a case where the
inside of the header and the heat transfer tubes are filled
with the fluid.

[0037] In the present embodiment, during a cooling
operation, the first outdoor heat exchanger 41 functions
as a condenser for a high-pressure refrigerant in the
refrigeration cycle, and during a heating operation, both
the first outdoor heat exchanger 41 and the second out-
door heat exchanger 42 function as an evaporator for a
low-pressure refrigerant in the refrigeration cycle. The
first outdoor heat exchanger 41 is provided between the
four-way switching valve 22 and the outdoor expansion
valve 24. The branch point A at which a refrigerant flow
path branches is provided between the four-way switch-
ing valve 22 and an end portion of the first outdoor heat
exchanger 41 on a gas refrigerant side. A branch point B
at which a refrigerant flow path branches is provided
between an end portion of the first outdoor heat exchan-
ger 41 on a liquid refrigerant side and the outdoor ex-
pansion valve 24. An end portion of the second outdoor
heat exchanger 42 on the gas refrigerant side is con-
nected to the branch point A, and an end portion of the
second outdoor heat exchanger 42 on the liquid refrig-
erant side is connected to the branch point B. Thus, the
second outdoor heat exchanger 42 is connected in par-
allel with the first outdoor heat exchanger 41. The first
control valve 43 that is controllable to be opened and
closed is provided between the end portion of the second
outdoor heat exchanger 42 on the gas refrigerant side
and the branch point A. The second control valve 44 that
is controllable to be opened and closed is provided
between the end portion of the second outdoor heat
exchanger42 on the liquid refrigerant side and the branch
point B.

[0038] The outdoor fan 25 generates an air flow for
sucking outdoor air into the outdoor unit 20 and for
discharging the air to the outside after the sucked air
exchanges heat with the refrigerant in the outdoor heat
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exchanger40. The outdoor fan 25 is rotationally driven by
an outdoor fan motor. In the present embodiment, the
outdoor fan 25 includes a plurality of fans. The outdoor
fan 25 that includes the plurality of fans supplies the air
flow generated by the driving operation to the entirety of
the outdoor heat exchanger 40. More specifically, the air
flow generated by the outdoor fan 25 is supplied to the
entirety of the first outdoor heat exchanger 41, and is also
supplied to the entirety of the second outdoor heat ex-
changer42. Note thatin the present embodiment, the first
outdoor heat exchanger 41 is disposed on the windward
side of the second outdoor heat exchanger 42 in the
direction of the air flow generated by the outdoor fan 25.
[0039] The outdoor expansion valve 24 is provided
between a liquid side end portion of the outdoor heat
exchanger 40 and the liquid-side shutoff valve 29. The
outdoor expansion valve 24 may be, for example, a
mechanical expansion valve used with a capillary tube
or athermosensitive cylinder, but is preferably an electric
expansion valve, the opening degree of which is adjus-
table through control.

[0040] The liquid-side shutoff valve 29 is a manually
operated valve disposed in the outdoor unit 20 at a
portion connecting with the liquid-side refrigerant con-
nection pipe 6.

[0041] The gas-side shutoff valve 28 is a manually
operated valve disposed in the outdoor unit 20 at a
portion connecting with the gas-side refrigerant connec-
tion pipe 5.

[0042] The outdoor unit 20 includes an outdoor unit
control unit 27 that controls the operation of each com-
ponent included in the outdoor unit 20. The outdoor unit
control unit 27 has a microcomputer that includes a
processor such as a central processing unit (CPU),
memory such as ROM or RAM, and the like. The outdoor
unit control unit 27 is connected to an indoor unit control
unit 34 of each indoor unit 30 via a communication line,
and transmits and receives control signals and the like.
[0043] The outdoor unit 20 is provided with a discharge
pressure sensor 61, a discharge temperature sensor 62,
a suction pressure sensor 63, a suction temperature
sensor 64, a first outdoor heat-exchange temperature
sensor 65, a second outdoor heat-exchange tempera-
ture sensor 66, an outdoor air temperature sensor 67,
and the like. Each of these sensors is electrically con-
nected to the outdoor unit control unit 27, and transmits a
detection signal to the outdoor unit control unit 27. The
discharge pressure sensor 61 detects the pressure of the
refrigerant flowing through a discharge pipe that con-
nects the discharge side of the compressor 21 to one
of the connection ports of the four-way switching valve
22. The discharge temperature sensor 62 detects the
temperature of the refrigerant flowing through the dis-
charge pipe. The suction pressure sensor 63 detects the
pressure of the refrigerant flowing through a suction pipe
that connects the suction side of the compressor 21 to
one of the connection ports of the four-way switching
valve 22. The suction temperature sensor 64 detects the
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temperature of the refrigerant flowing through the suction
pipe. The first outdoor heat-exchange temperature sen-
sor 65 detects the temperature of the refrigerant flowing
between the liquid refrigerant side end portion of the first
outdoor heat exchanger 41 and the branch point B. The
second outdoor heat-exchange temperature sensor 66
detects the temperature of the refrigerant flowing be-
tween the liquid refrigerant side end portion of the second
outdoor heat exchanger 42 and the branch point B. The
outdoor air temperature sensor 67 detects the tempera-
ture of outdoor air before the outdoor air passes through
the outdoor heat exchanger 40.

(2) Heat load circuit 50

[0044] Theheatload circuit 50 is a circuit within which a
heat medium, which is a fluid, circulates. The heat med-
ium is not limited, and examples thereof include fluids
such as water and brine.

[0045] The heat load circuit 50 includes a heat load
section 51 and a pump 52.

[0046] The heat load section 51 is a section that pro-
cesses a cooling load during a cooling operation and that
processes a heating load during a heating operation.
Examples of the heatload section 51 include floor heating
panels used during a heating operation, coil parts of fan
coil units for supplying cool air using blower fans during a
cooling operation, and the like.

[0047] The pump 52 circulates the heat medium in the
heat load circuit 50, and the flow rate thereof is control-
lable.

[0048] During a cooling operation, the heat load circuit
50 supplies a heat medium cooled by exchanging heat
with the refrigerantin the indoor heat exchanger 31 to the
heat load section 51. The heat medium warmed by
processing the cooling load in the heat load section 51
is supplied to the indoor heat exchanger 31 again.
[0049] During a heating operation, the heat load circuit
50 supplies a heat medium warmed by exchanging heat
with the refrigerant in the indoor heat exchanger 31 to the
heat load section 51. The heat medium cooled by pro-
cessing the heating load in the heat load section 51 is
supplied to the indoor heat exchanger 31 again.

(3) Indoor unit 30

[0050] The indoor unit 30 is provided near an air-con-
ditioning target space. The indoor unit 30 is connected to
the outdoor unit 20 via the liquid-side refrigerant connec-
tion pipe 6 and the gas-side refrigerant connection pipe 5,
and forms a portion of the refrigerant circuit 10. In the
present embodiment, the indoor unit 30 is disposed in-
doors.

[0051] The indoor unit 30 includes the indoor heat
exchanger 31.
[0052] A liquid side of the indoor heat exchanger 31 is

connected to the liquid-side refrigerant connection pipe
6, and a gas side end of the indoor heat exchanger 31 is
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connected to the gas-side refrigerant connection pipe 5.
The indoor heat exchanger 31 is a heat exchanger that
functions as an evaporator for a low-pressure refrigerant
in the refrigeration cycle during a cooling operation, and
as a condenser for a high-pressure refrigerant in the
refrigeration cycle during a heating operation.

[0053] Theindoorheatexchanger 31 is a heatexchan-
ger that causes the refrigerant flowing therein to ex-
change heat with the heat medium flowing through the
heat load circuit 50. The indoor heat exchanger 31 of the
presentembodimentis a plate heat exchangerin which a
plurality of plate-shaped members are stacked with re-
gions through which the refrigerant flows and regions
through which the heat medium flows being alternately
arranged. The internal volume of the indoor heat exchan-
ger 31 is smaller than the internal volume of the outdoor
heat exchanger 40. The internal volume of the indoor
heat exchanger 31 may be 2/3 or less the internal volume
ofthe outdoor heat exchanger 40, and is preferably half or
less than the internal volume of the outdoor heat exchan-
ger 40. For example, the internal volume of the indoor
heat exchanger 31 may be 1L or more and 4 L or less, or
may be 1.5 L or more and 2.5 L or less. Note that the
internal volume of the indoor heat exchanger 31 refers to
the volume of a space through which the refrigerant flows
within the indoor heat exchanger 31, excluding a space
through which the heat medium flows. Specifically, the
internal volume of the indoor heat exchanger 31 refers to
the volume of the fluid in a case where the space through
which the refrigerant flows within the indoor heat exchan-
ger 31 is filled with the fluid.

[0054] In addition, the indoor unit 30 includes the in-
door unit control unit 34 that controls the operation of
each componentincluded in the indoor unit 30 and each
component included in the heat load circuit 50. The in-
door unit control unit 34 has a microcomputer that in-
cludes a processor such as a central processing unit
(CPU), memory such as ROM or RAM, and the like.
The indoor unit control unit 34 is connected to the outdoor
unit control unit 27 via the communication line, and
transmits and receives control signals and the like.
[0055] The indoor unit 30 is provided with an indoor
liquid-side heat-exchange temperature sensor 71, an
indoor gas-side heat-exchange temperature sensor 73,
aheatmedium temperature sensor 53, and the like. Each
of these sensors is electrically connected to the indoor
unit control unit 34, and transmits a detection signal to the
indoor unit control unit 34. The indoor liquid-side heat-
exchange temperature sensor 71 detects the tempera-
ture of the refrigerant flowing through an outlet of the
indoor heat exchanger 31 on the liquid refrigerant side,
which is a side opposite to a side connected to the four-
way switching valve 22. The indoor gas-side heat-ex-
change temperature sensor 73 detects the temperature
of the refrigerant flowing through an outlet of the indoor
heat exchanger 31 on the gas refrigerant side, which is
the side connected to the four-way switching valve 22.
The heat medium temperature sensor 53 detects the

10

15

20

25

30

35

40

45

50

55

temperature of the heat medium flowing through an outlet
of the indoor heat exchanger 31.

(4) Details of controller 7

[0056] In the air-conditioning apparatus 1, the control-
ler 7 that controls the operations of the air-conditioning
apparatus 1 is configured by connecting the outdoor unit
control unit 27 and the indoor unit control unit 34 to each
other via the communication line.

[0057] The controller 7 mainly includes a processor
such as a central processing unit (CPU), memory such as
ROM or RAM, and the like. Note that various processes
and controls performed by the controller 7 are realized by
the respective components included in the outdoor unit
control unit 27 and/or the indoor unit control unit 34
functioning integrally.

(5) Operating mode

[0058] Hereinafter, operating modes will be described.
[0059] A cooling operating mode, a heating operating
mode, and a defrosting operating mode are provided as
the operating modes.

[0060] The controller 7 determines whether the opera-
tion mode is the cooling operating mode or the heating
operating mode on the basis of an instruction received
from the remote controller or the like, and executes the
determined operation mode. In addition, the controller 7
executes the defrosting operating mode in a case where
a predetermined defrost start condition is met during the
execution of the heating operating mode. Furthermore,
the controller 7 ends the defrosting operation in a case
where a predetermined defrost end condition is met
during the execution of the defrosting operating mode,
and resumes the heating operating mode. The defrost
start condition is not limited, and can be established on
the basis of, for example, the continuous operation time
of the heating operation or the temperature of outdoor air.
In addition, the defrost end condition is not limited, and
examples thereof include the elapse of a predetermined
time from the start of the defrosting operating mode, the
temperature of the outdoor heat exchanger 40 becoming
equal to or less than a predetermined value, and the like.

(5-1) Cooling operating mode

[0061] Inthe cooling operating mode, the air-condition-
ing apparatus 1 sets the connection state of the four-way
switching valve 22 to the cooling operation connection
state, where the suction side of the compressor 21 is
connected to the gas-side shutoff valve 28 while the
discharge side of the compressor 21 is connected to
the first outdoor heat exchanger 41 of the outdoor heat
exchanger 40. In this state, the refrigerant filling the
refrigerant circuit 10 is mainly circulated in the order of
the compressor 21, the first outdoor heat exchanger 41,
the outdoor expansion valve 24, and the indoor heat
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exchanger 31. Note that, during the cooling operation,
the first control valve 43 and the second control valve 44
are closed, and the refrigerant does not flow through the
second outdoor heat exchanger 42. As for the air-con-
ditioning apparatus 1 used in environments with a rela-
tively small cooling load, it is possible to process the
cooling load without using the entire region of the outdoor
heat exchanger 40 as a condenser. Note that, during the
cooling operation, either the first control valve 43 or the
second control valve 44 alone may be closed, for exam-
ple. In addition, the outdoor fan 25 is controlled to be in a
driving state. The flow rate of the pump 52 of the heat load
circuit 50 is controlled on the basis of, for example, the
temperature of the heat medium detected by the heat
medium temperature sensor 53 and a set temperature in
the heat load section 51.

[0062] Whenthe cooling operating mode is started, the
refrigerant in the refrigerant circuit 10 is sucked into the
compressor 21, compressed, and then discharged.
[0063] The operation frequency of the compressor 21
is controlled through capacity control based on the cool-
ing load required for the indoor unit 30.

[0064] The gas refrigerant discharged from the com-
pressor 21 passes through the four-way switching valve
22, and flows into the first outdoor heat exchanger 41
from the gas side end.

[0065] The gas refrigerant flowing into the first outdoor
heatexchanger41 from the gas side end exchanges heat
with outdoor-side air supplied by the outdoor fan 25 and is
condensed in the first outdoor heat exchanger 41, be-
comes a liquid refrigerant, and flows out from the liquid
side end of the first outdoor heat exchanger 41.

[0066] The refrigerant flowing out from the liquid side
end of the first outdoor heat exchanger 41 is decom-
pressed when passing through the outdoor expansion
valve 24. Note that the outdoor expansion valve 24 is
controlled, for example, so that the degree of superheat-
ing of the refrigerant to be sucked into the compressor 21
reaches a predetermined target value of the degree of
superheating. Here, the degree of superheating of the
refrigerant to be sucked into the compressor 21 can be
obtained, for example, by subtracting a saturation tem-
perature corresponding to a suction pressure (pressure
detected by the suction pressure sensor 63) from a
suction temperature (temperature detected by the suc-
tion temperature sensor 64).

[0067] The refrigerant decompressed at the outdoor
expansion valve 24 passes through the liquid-side shut-
off valve 29 and the liquid-side refrigerant connection
pipe 6, and flows into the indoor unit 30.

[0068] The refrigerant flowing into the indoor unit 30
flows into the indoor heat exchanger 31, where the re-
frigerant exchanges heat with the heat medium circulat-
ing through the heat load circuit 50 and is evaporated,
becomes a gas refrigerant, and flows out from the gas
side end of the indoor heat exchanger 31. The gas
refrigerant flowing out from the gas side end of the indoor
heat exchanger 31 flows into the gas-side refrigerant
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connection pipe 5.

[0069] The refrigerant flowing through the gas-side
refrigerant connection pipe 5 passes through the gas-
side shutoff valve 28, the four-way switching valve 22,
and the accumulator 49, and is again sucked into the
compressor 21.

(5-2) Heating operating mode

[0070] In the heating operating mode, the air-condi-
tioning apparatus 1 sets the connection state of the four-
way switching valve 22 to the heating operation connec-
tion state, where the suction side of the compressor 21 is
connected to the outdoor heat exchanger 40 while the
discharge side of the compressor 21 is connected to the
gas-side shutoff valve 28. In this state, the refrigerant with
which the refrigerant circuit 10 is filled is mainly circulated
in the order of the compressor 21, the indoor heat ex-
changer 31, the outdoor expansion valve 24, and the
outdoor heat exchanger 40. Here, in the heating operat-
ing mode, in order to cause the refrigerant to flow through
the entirety of the outdoor heat exchanger 40, more
specifically, in order to cause the refrigerant to flow
through both the first outdoor heat exchanger 41 and
the second outdoor heat exchanger 42, both the first
control valve 43 and the second control valve 44 are
controlled to be in an open state. Although the air-con-
ditioning apparatus 1 is used in environments with a
relatively large heating load, it is possible to process
the large heating load by using the entire region of the
outdoor heat exchanger 40 as an evaporator. In addition,
the outdoor fan 25 is controlled to be in a driving state.
The flow rate of the pump 52 of the heat load circuit 50 is
controlled on the basis of, forexample, the temperature of
the heat medium detected by the heat medium tempera-
ture sensor 53 and the set temperature in the heat load
section 51.

[0071] Whenthe heating operatingmode is started, the
refrigerant in the refrigerant circuit 10 is sucked into the
compressor 21, compressed, and then discharged.
[0072] The operation frequency of the compressor 21
is controlled through capacity control based on the heat-
ing load required for the indoor unit 30.

[0073] The gas refrigerant discharged from the com-
pressor 21 flows through the four-way switching valve 22
and the gas-side refrigerant connection pipe 5, and then
flows into the indoor unit 30.

[0074] The refrigerant flowing into the indoor unit 30
flows into the indoor heat exchanger 31 from the gas side
end, where the refrigerant exchanges heat with the heat
medium circulating through the heat load circuit 50 and is
condensed, becomes a refrigerant in a gas-liquid two-
phase state or a liquid refrigerant, and flows out from the
liquid side end of the indoor heat exchanger 31. The
refrigerant flowing out from the liquid side end of the
indoor heat exchanger 31 flows into the liquid-side re-
frigerant connection pipe 6.

[0075] The refrigerant flowing through the liquid-side
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refrigerant connection pipe 6 flows into the outdoor unit
20, passes through the liquid-side shutoff valve 29, and is
decompressed at the outdoor expansion valve 24 until
the pressure of the refrigerant becomes low in the re-
frigeration cycle. Note that the outdoor expansion valve
24 is controlled, for example, so that the degree of super-
heating of the refrigerant to be sucked into the compres-
sor 21 reaches a predetermined target value of the
degree of superheating.

[0076] The refrigerant decompressed at the outdoor
expansion valve 24 splits and flows into the respective
liquid side ends of the first outdoor heat exchanger41 and
the second outdoor heat exchanger 42.

[0077] The refrigerant flowing from the liquid side end
into the first outdoor heat exchanger 41 exchanges heat
with outdoor air supplied by the outdoor fan 25 and is
evaporated in the first outdoor heat exchanger 41, be-
comes a gas refrigerant, and flows out from the gas side
end of the first outdoor heat exchanger 41. Similarly, the
refrigerant flowing from the liquid side end into the second
outdoor heat exchanger 42 exchanges heat with outdoor
air supplied by the outdoorfan 25 and is evaporated in the
second outdoor heat exchanger 42, becomes a gas
refrigerant, and flows out from the gas side end of the
second outdoor heat exchanger 42.

[0078] The refrigerant flowing out from the gas refrig-
erant side end portion of the first outdoor heat exchanger
41 and the refrigerant flowing out from the gas refrigerant
side end portion of the second outdoor heat exchanger 42
merge, then pass through the four-way switching valve
22 and the accumulator 49, and are again sucked into the
compressor 21.

(5-3) Defrosting operating mode

[0079] In the defrosting operating mode, the air-con-
ditioning apparatus 1 sets the connection state of the
four-way switching valve 22 to the cooling operation
connection state, where the suction side of the compres-
sor 21 is connected to the gas-side shutoff valve 28 while
the discharge side of the compressor 21 is connected to
both the first outdoor heat exchanger 41 and the second
outdoor heat exchanger 42. In this state, the refrigerant
filling the refrigerant circuit 10 is mainly circulated in the
order of the compressor 21, the first outdoor heat ex-
changer 41 and the second outdoor heat exchanger 42,
the outdoor expansion valve 24, and the indoor heat
exchanger 31. Note that, during the defrosting operation,
unlike during the cooling operation, the first control valve
43 and the second control valve 44 are opened in order to
remove frost adhering to the first outdoor heat exchanger
41 and the second outdoor heat exchanger42, so thatthe
refrigerant is supplied to both the first outdoor heat ex-
changer 41 and the second outdoor heat exchanger 42.
In addition, during the defrosting operation, the outdoor
fan 25 is stopped. In addition, during the defrosting
operation, the pump 52 of the heat load circuit 50 is
stopped.
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[0080] When the defrosting operating mode is started,
the refrigerant in the refrigerant circuit 10 is sucked into
the compressor 21, compressed, and then discharged.
The compressor 21 is controlled, for example, to operate
at a predetermined maximum frequency in order to
promptly melt the frost.

[0081] The gas refrigerant discharged from the com-
pressor 21 passes through the four-way switching valve
22, and flows into each of the first outdoor heat exchanger
41 and the second outdoor heat exchanger 42. The gas
refrigerant flowing into the first outdoor heat exchanger
41 fromthe gas side endis condensed by melting the frost
adhering to the first outdoor heat exchanger 41, becomes
a liquid refrigerant or a refrigerant in a gas-liquid two-
phase state, and flows out from the liquid side end of the
first outdoor heat exchanger 41. The gas refrigerant
flowing into the second outdoor heat exchanger 42 from
the gas side end is condensed by melting the frost
adhering to the second outdoor heat exchanger 42,
becomes a liquid refrigerant or a refrigerant in a gas-
liquid two-phase state, and flows out from the liquid side
end of the second outdoor heat exchanger 42.

[0082] The refrigerant flowing out from the liquid side
end of the first outdoor heat exchanger 41 and the re-
frigerant flowing out from the liquid side end of the second
outdoor heat exchanger 42 merge, and are then decom-
pressed when passing through the outdoor expansion
valve 24. The refrigerant decompressed at the outdoor
expansion valve 24 passes through the liquid-side shut-
off valve 29 and the liquid-side refrigerant connection
pipe 6, and flows into the indoor unit 30.

[0083] The refrigerant flowing into the indoor unit 30
flows into the indoor heat exchanger 31, where the re-
frigerant exchanges heat with the heat medium circulat-
ing through the heat load circuit 50 and is evaporated,
becomes a gas refrigerant, and flows out from the gas
side end of the indoor heat exchanger 31. The gas
refrigerant flowing out from the gas side end of the indoor
heat exchanger 31 flows into the gas-side refrigerant
connection pipe 5.

[0084] The refrigerant flowing through the gas-side
refrigerant connection pipe 5 passes through the gas-
side shutoff valve 28, the four-way switching valve 22,
and the accumulator 49, and is again sucked into the
compressor 21.

(6) Features

[0085] The air-conditioning apparatus 1 of the present
embodiment causes the entirety of the outdoor heat
exchanger 40 that has a larger internal volume than
the indoor heat exchanger 31 to function as an evapora-
tor for a refrigerant during the heating operation, and
thereby can easily ensure the capacity during the heating
operation. Therefore, even in a case where the air-con-
ditioning apparatus 1 is used in environments with alarge
heating load, such as cold districts, the air-conditioning
apparatus 1 can easily process the heating load. On the
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other hand, during the cooling operation, the air-condi-
tioning apparatus 1 causes only the first outdoor heat
exchanger 41 of the outdoor heat exchanger 40 to func-
tion as a condenser for the refrigerant, and does not
cause the second outdoor heat exchanger 42 to function
as acondenser for the refrigerant. Accordingly, during the
cooling operation, the amount of liquid refrigerant present
within the outdoor heat exchanger40 can be reducedto a
small amount, thereby enabling a reduction in the amount
of refrigerant filling the air-conditioning apparatus 1. In
addition, in a case where the air-conditioning apparatus 1
is used in environments where a cooling load is smaller
than the heating load, such as cold districts, the air-
conditioning apparatus 1 can easily process the cooling
load even in a case where only the first outdoor heat
exchanger 41 of the outdoor heat exchanger 40 is used.
[0086] Inthis manner, while making it easier to process
the heat loads of the heating load and the cooling load,
the amount of refrigerant filling the air-conditioning ap-
paratus 1 can be reduced to a small amount. Particularly,
in a case where a flammable refrigerant is used as the
refrigerant, the amount of leakage can be reduced to a
small amount even if a refrigerant leakage occurs. This
can suppress an increase in concentration of leaking
refrigerant during the refrigerant leakage, thereby en-
abling a reduction in the risk of ignition.

[0087] In addition, since the amount of excess refrig-
erant in the air-conditioning apparatus 1 can be reduced
to a smallamount, itis possible to eliminate the necessity
of providing a receiver in the refrigerant circuit 10 for
storing a liquid refrigerant at a location where a liquid
refrigerant or a refrigerantin a gas-liquid two-phase state
flows, or even if such a receiver is provided, the internal
volume thereof can be reduced to be small.

[0088] In addition, since the outdoor heat exchanger
40 is an air heat exchanger that has a larger internal
volume than the indoor heat exchanger 31, the air-con-
ditioning apparatus 1 can easily ensure a heat source
even during the heating operation in cold districts.
[0089] In addition, in the air-conditioning apparatus 1,
the air flow generated by the outdoor fan 25 is supplied to
the entirety of the first outdoor heat exchanger 41, and is
also supplied to the entirety of the second outdoor heat
exchanger 42. Therefore, either a case where the refrig-
erant is made to flow through both the first outdoor heat
exchanger41 and the second outdoor heat exchanger42
or a case where the refrigerant is made to flow through
only the first outdoor heat exchanger 41, heat exchange
can be performed in the entirety of the first outdoor heat
exchanger 41 and in the entirety of the second outdoor
heat exchanger 42 or in the entirety of the first outdoor
heat exchanger 41, by using the air flow generated by the
outdoor fan 25 in both cases.

[0090] In addition, during the heating operation, a plur-
ality of refrigerant flow paths are formed in the air-con-
ditioning apparatus 1 as refrigerant flow paths passing
through the outdoor heat exchanger 40. The paths in-
clude a refrigerant flow path passing through the first
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outdoor heat exchanger 41 and a refrigerant flow path
passing through the second outdoor heat exchanger 42.
Accordingly, compared to a case where the outdoor heat
exchanger 40 is configured to be a single refrigerant flow
path, it becomes possible to reduce the pressure loss
when the refrigerant passes therethrough.

(7) Other embodiments
(7-1) Another embodiment A

[0091] The above embodiment has been described
using, as an example, the air-conditioning apparatus 1
in which the outdoor heat exchanger 40 includes the first
outdoor heat exchanger 41 and the second outdoor heat
exchanger 42, and the first outdoor heat exchanger 41 is
disposed on the windward side of the second outdoor
heat exchanger 42 in the direction of the air flow gener-
ated by the outdoor fan 25.

[0092] Alternatively, the outdoor heat exchanger may
include a plurality of separate heat exchangers, which
are more than two. Specifically, the outdoor heat exchan-
ger may include more than two refrigerant flow paths, for
example.

[0093] In addition, the arrangement of the plurality of
heat exchangers included in the outdoor heat exchanger
is not limited to an arrangement in which the heat ex-
changers are arranged in the direction of the air flow
generated by the outdoor fan 25.

[0094] For example, the outdoor heat exchanger may
be a heat exchanger in which a plurality of vertically
arranged heat transfer tube groups are provided in three
rows side by side in the direction of the air flow, as in an
outdoor heat exchanger 140 illustrated in Fig. 3. For
example, the outdoor heat exchanger may include first
outdoor heat exchangers 141, second outdoor heat ex-
changers 142, and third outdoor heat exchangers 143, as
in the outdoor heat exchanger 140. Here, it is preferable
that the heat transfer tubes disposed in adjacent rows in
the direction of the air flow be staggered in position in
order not to overlap each other when viewed from the
direction of the air flow.

[0095] Inthe outdoor heatexchanger 140, forexample,
during the heating operation, a refrigerant splits into three
separate flow paths and flows therethrough as illustrated
in Fig. 4. Specifically, the refrigerant flows into the first
outdoor heat exchanger 141 from a position in a middle
stage on the leeward side in the outdoor heat exchanger
140, flows through the heat transfer tubes, then moves to
an upper stage in the outdoor heat exchanger 140 when
making a turn at an end portion, flows through the heat
transfer tubes in the upper stage, makes another turn,
and flows through the heat transfer tubes in an upper
stage on the windward side in the outdoor heat exchan-
ger 140. In addition, the refrigerant flows into the second
outdoor heat exchanger 142 from a position in a lower
stage on the leeward side in the outdoor heat exchanger
140, flows through the heat transfer tubes, then makes a
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turn at an end portion, flows through the heat transfer
tubes in alower stage in the outdoor heat exchanger 140,
moves to a middle stage on the windward side in the
outdoor heat exchanger 140 when making another turn,
and flows through the heat transfer tubes. In addition, the
refrigerant flows into the third outdoor heat exchanger
143 from a position in an upper stage on the leeward side
in the outdoor heat exchanger 140, flows through the heat
transfer tubes, then moves to a middle stage in the out-
door heat exchanger 140 when making a turn at an end
portion, flows through the heat transfer tubes, movestoa
lower stage on the windward side in the outdoor heat
exchanger 140 when making another turn, and flows
through the heat transfer tubes. During the cooling op-
eration, the refrigerant is not made to flow through the first
outdoor heat exchanger 141 and the second outdoor
heat exchanger 142, but is made to flow only through
the third outdoor heat exchanger 143. This enables a
utilization of the entirety of the air flow supplied from the
outdoor fan 25 for heat exchange, even in a case where
the refrigerant flows through only a portion of the outdoor
heat exchanger 140 during the cooling operation, be-
cause the refrigerant is made to flow through the third
outdoor heat exchanger 143.

[0096] Inacasewheretheoutdoorheatexchanger 140
is used in the above embodiment, for example, the third
outdoor heat exchanger 143 can be provided between
the branch point A and the branch point B, and the first
outdoor heat exchanger 141 and the second outdoor
heat exchanger 142 can be connected in parallel with
each other between the first control valve 43 and the
second control valve 44.

(7-2) Another embodiment B

[0097] The above embodiment has been described
using, as an example, a case of a heat exchanger in
which the refrigerant flowing through the indoor heat
exchanger 31 exchanges heat with the heat medium
circulating through the heat load circuit 50.

[0098] Alternatively, the indoor heatexchanger 31 may
be an air heat exchanger, for example. Specifically, for
example, the indoor heatexchanger 31 may perform heat
exchange using air supplied from an indoor fan in order to
adjust the temperature of air in the space where the
indoor heat exchanger 31 is disposed.

(7-3) Another embodiment C

[0099] The above embodiment has been described
using, as an example, the air-conditioning apparatus 1
provided with only a single indoor unit 30.

[0100] Alternatively, the air-conditioning apparatus 1
may include, for example, a plurality of indoor units 30
thatare connected in parallel with each other with respect
to the outdoor unit 20.
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(Appendix)

[0101] The embodiments of the present disclosure
have been described heretofore, and it will be understood
that a variety of modifications in mode and detail may be
made without departing from the gist and scope of the
present disclosure as set forth in claims.

REFERENCE SIGNS LIST

[0102]

1 AIR-CONDITIONING ~ APPARA-
TUS

7 CONTROLLER (CONTROL UNIT)

10, 10a, 10b, 10c  REFRIGERANT CIRCUIT

20 OUTDOOR UNIT

21 COMPRESSOR

22 FOUR-WAY SWITCHING VALVE
(SWITCHING SECTION)

24 OUTDOOR EXPANSION VALVE

25 OUTDOOR FAN (BLOWER SEC-
TION)

27 OUTDOOR UNIT CONTROL
UNIT

30 INDOOR UNIT

31 INDOOR HEAT EXCHANGER
(FIRST HEAT EXCHANGER)

34 INDOOR UNIT CONTROL UNIT

40 OUTDOOR HEAT EXCHANGER
(SECOND HEAT EXCHANGER)

41 FIRST OUTDOOR HEAT EX-
CHANGER

42 SECOND OUTDOOR HEAT EX-
CHANGER

43 FIRST CONTROL VALVE

44 SECOND CONTROL VALVE

49 ACCUMULATOR

50 HEAT LOAD CIRCUIT

51  HEAT LOAD SECTION

52 PUMP

61 DISCHARGE PRESSURE SENSOR

62 DISCHARGE TEMPERATURE SENSOR

63 SUCTION PRESSURE SENSOR

64 SUCTION TEMPERATURE SENSOR

65 FIRST OUTDOOR HEAT-EXCHANGE TEM-
PERATURE SENSOR

66 SECOND OUTDOOR HEAT-EXCHANGE TEM-
PERATURE SENSOR

67 OUTDOOR AIR TEMPERATURE SENSOR

71 INDOOR LIQUID-SIDE HEAT-EXCHANGE TEM-
PERATURE SENSOR

73 INDOOR GAS-SIDE HEAT-EXCHANGE TEM-
PERATURE SENSOR

CITATION LIST
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PATENT LITERATURE

[0103] PTL 1: International Publication No.
2020/208776

Claims

1. An air-conditioning apparatus (1), comprising:

a first heat exchanger (31);

a second heat exchanger (40); and

a switching section (22) that switches between a
first operation and a second operation, the first
operation causing the first heat exchanger to
function as a condenser for a refrigerant and
causing the second heat exchanger to function
as an evaporator for the refrigerant, the second
operation causing the first heat exchanger to
function as an evaporator for the refrigerant
and causing the second heat exchanger to func-
tion as a condenser for the refrigerant, wherein
an internal volume of the first heat exchanger is
smaller than an internal volume of the second
heat exchanger, and

an internal volume of a region through which the
refrigerant flows in the second heat exchanger
during the second operation is smaller than an
internal volume of a region through which the
refrigerant flows in the second heat exchanger
during the first operation.

The air-conditioning apparatus according to claim 1,
wherein the second heat exchanger is an air heat
exchanger that causes the refrigerant flowing inside
the second heat exchanger to exchange heat with air
flowing outside.

The air-conditioning apparatus according to claim 2,
further comprising a blower section (25) that is cap-
able of supplying an air flow to an entirety of the
second heat exchanger.

The air-conditioning apparatus according to claim 3,
wherein during the second operation, a flow path
through which the refrigerant flows in the second
heat exchanger has no overlapping portion per se
when viewed from a direction of the air flow gener-
ated by the blower section.

The air-conditioning apparatus according to any one
of claims 1to 4, wherein during the first operation, the
refrigerant flows through an entirety of the internal
volume of the second heat exchanger.

The air-conditioning apparatus according to any one
of claims 1to 4, wherein during the first operation, the
second heat exchanger includes two or more flow
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7.

10.

1.

paths through which the refrigerant flows.

The air-conditioning apparatus according to any one
of claims 1 to 6, wherein

the second heat exchanger includes a plurality
of heat transfer tubes, and

during the second operation, the heat transfer
tubes included in the second heat exchanger
include one or more heat transfer tubes through
which the refrigerant does not flow.

The air-conditioning apparatus according to any one
of claims 1 to 7, wherein the internal volume of the
first heat exchanger is 2/3 or less the internal volume
of the second heat exchanger.

The air-conditioning apparatus according to any one
of claims 1 to 8, wherein

the second heat exchanger is a heat-source-
side heat exchanger, and

the first heat exchanger is a utilization-side heat
exchanger.

The air-conditioning apparatus according to any one
of claims 1 to 9, wherein the refrigerant is a flam-
mable refrigerant.

The air-conditioning apparatus according to claim
10, wherein the flammable refrigerant includes one
or two or more kinds selected from the group con-
sisting of R290, R600, and R600a.
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