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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus including a refrigerant circuit and a heat
medium circuit.

Background Art

[0002] In air-conditioning apparatuses such as multi
air-conditioning apparatuses for buildings, a heat source
side unit (outdoor unit) is installed outside a building and
a use side unit (indoor unit) is installed inside the building,
for example. In such air-conditioning apparatuses, refrig-
erant circulating through a refrigerant circuit provided in
the air-conditioning apparatus exchanges heat with air
supplied to a use side heat exchanger at the use side
heat exchanger of the use side unit, and transfers heat
to air or receives heat from air, and thus the air is heated
or cooled. Then, the heated or cooled air is sent to an
air-conditioning target space, and thus the air-condition-
ing target space is heated or cooled. As a refrigerant
used in such an air-conditioning apparatus, for example,
an HFC (hydrofluorocarbon) refrigerant is often used.
However, air-conditioning apparatuses using a natural
refrigerant such as carbon dioxide (CO2) have also been
suggested.
[0003] Furthermore, various air-conditioning appara-
tuses called a chiller have been suggested in which cool-
ing energy or heating energy is generated by a heat
source side unit installed outside a building (see, for ex-
ample, Patent Literature 1). Patent Literature 1 discloses
an air-conditioning apparatus in which water, antifreeze
solution, or other fluid is heated or cooled by a water heat
exchanger provided at an outdoor unit, and the water,
antifreeze solution, or other fluid is delivered to an indoor
unit including a fan coil unit, a panel heater, and other
devices, and thus an air-conditioning target space is
heated or cooled. Patent literature 1 discloses an air-
conditioning apparatus and use of such an apparatus
according to the preamble of claim 1 and 6.
[0004] Furthermore, an air-conditioning apparatus
called a waste heat recovery chiller has also been sug-
gested in which four water pipes are connected between
a heat source side unit and a use side unit. Patent Liter-
ature 2 discloses a multi-room heating and cooling ap-
paratus in which heated or cooled water or other fluid is
simultaneously supplied to multiple indoor units and a
cooling operation and a heating operation is freely se-
lected for each of the multiple indoor units.
[0005] Furthermore, an air-conditioning apparatus has
been suggested in which a refrigerant heat exchanger
that exchanges heat between a primary refrigerant flow-
ing through a primary-side refrigerant circuit and a sec-
ondary refrigerant flowing through a secondary-side re-
frigerant circuit is installed in the vicinity of multiple use
side units (see, for example, Patent Literature 3).

[0006] An air-conditioning apparatus has also been
suggested in which refrigerant heated or cooled by a heat
source side unit is supplied to a heat exchanger provided
at a relay unit, and heating energy or cooling energy of
the supplied refrigerant is transmitted to a heat medium
via the heat exchanger (see, for example, Patent Litera-
ture 4). Patent Literature 4 discloses a refrigeration cycle
apparatus in which a heat source side unit and a branch
unit are connected by two pipes.
[0007] Furthermore, an air-conditioning apparatus
such as a multi-air-conditioning apparatus for buildings
has been suggested in which refrigerant circulates be-
tween an outdoor unit and a relay unit and a heat medium
such as water circulates between the relay unit and an
indoor unit (see, for example, Patent Literature 5). Patent
Literature 5 discloses an air-conditioning apparatus in
which a distance to which the heat medium is conveyed
is shortened by interposing the relay unit between the
outdoor unit and the indoor unit to reduce power con-
sumed to convey the heat medium. Patent Literature 6
discloses an air-conditioning apparatus with the features
according to the preamble of claim 1. Further prior art
useful for understanding the current invention is de-
scribed in Patent Literature 7, Patent Literature 8 and
Patent Literature 9.

Citation List

Patent Literature

[0008]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2005-140444 (Page 4,
Fig. 1)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 5-280818 (Pages 4 to 5,
Fig. 1)
Patent Literature 3: Japanese Unexamined Patent
Application Publication No. 2001-289465 (Pages 5
to 8, Fig. 1, Fig. 2)
Patent Literature 4: Japanese Unexamined Patent
Application Publication No. 2003-343936 (Page 5,
Fig. 1)
Patent Literature 5: International Publication No. WO
10/049998 (Page 3, Page 20, Fig. 1)
Patent Literature 6: Patent Application Publication
No. EP 2 314 939 A1
Patent Literature 7 Patent Application Publication
No. EP 2 589 885 A2
Patent Literature 8: Patent Application Publication
No. GB 2 444 778 A
Patent Literature 9: Patent Application Publication
No. NL 106 105 C
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Summary of Invention

Technical Problem

[0009] For installation of the apparatuses described in
Patent Literatures 1 to 5 in buildings, HFC refrigerant or
other refrigerant is introduced into a heat source side
unit, and water, antifreeze solution, or other fluid that is
to exchange heat with the HFC refrigerant or other re-
frigerant is introduced between the heat source side unit
and a use side unit. When the water, antifreeze solution,
or other fluid heated or cooled by heat exchange with the
HFC refrigerant or other refrigerant is conveyed to the
use side unit by a pump or other devices, an air-condi-
tioning target space is heated or cooled. When the heat
medium such as water and antifreeze solution is intro-
duced, air remaining in a conveyance passage through
which the heat medium flows has to be eliminated. A
suggested unit for eliminating air remaining in the con-
veyance passage includes providing an air vent valve at
the conveyance passage, in a test operation or other op-
erations for introduction of an apparatus, eliminating air
using the air vent valve while a heat medium is introduced
and conveyed to the conveyance passage, or eliminating
air and a heat medium at the same time using the air vent
valve.
[0010] However, to eliminate air, steps are required
such as activating a heat medium conveyance device
such as a pump in the apparatus, operating a flow switch-
ing valve to convey a heat medium to each use side unit,
and heating the heat medium by operating a heat source
side unit to discharge air remaining in the heat medium.
The steps require a long time, and thus, the workability
is not excellent.
[0011] Furthermore, in the case where a unit for elim-
inating air and a heat medium at the same time using the
air vent valve is adopted to eliminate air and antifreeze
solution containing a substance that needs environmen-
tally friendly drainage is used as a heat medium, waste-
water treatment is required, and the above configuration
is not environmentally friendly.
[0012] Furthermore, to eliminate air, in the case where
a unit for eliminating air and a heat medium at the same
time using the air vent valve is adopted, the heat medium
such as water, antifreeze solution, or other fluid continues
to be discharged in a test operation or other operations
for introduction of the apparatus. Consequently, at the
time of apparatus introduction or other times, a large
amount of water, antifreeze solution, or other fluid is re-
quired, and thus, the workability and economy are not
excellent.
[0013] The present invention has been made in light
of the above problems, and provides an air-conditioning
apparatus with excellent workability, economy, and en-
vironmental friendliness.

Solution to Problem

[0014] An air-conditioning apparatus and a use of an
air-conditioning apparatus are proposed according to
embodiments of the present invention as specified in the
independent claims. The embodiment of the air-condi-
tioning apparatus includes a refrigerant circuit in which
a compressor, a heat source side heat exchanger, an
expansion device, and an intermediate heat exchanger
exchanging heat between refrigerant and a heat medium
are connected by a refrigerant pipe, the refrigerant flow-
ing through the refrigerant circuit, a heat medium circuit
in which a pump conveying the heat medium, a use side
heat exchanger, and the intermediate heat exchanger
are connected by a heat medium pipe, the heat medium
flowing through the heat medium circuit, and an air dis-
charge device including a heat medium tank connected
to the heat medium circuit and separating air from the
heat medium in the heat medium circuit, and an air vent
valve provided at the heat medium tank and discharging
the air.

Advantageous Effects of Invention

[0015] The air-conditioning apparatus according to the
embodiment of the present invention includes the air dis-
charge device including the heat medium tank and the
air vent valve to improve the workability, economy, and
environmental friendliness. Brief Description of Drawings
[0016]

[Fig. 1] Fig. 1 is a schematic diagram illustrating an
air-conditioning apparatus 100 according to Embod-
iment 1 of the present invention.
[Fig. 2] Fig. 2 is a circuit diagram illustrating the air-
conditioning apparatus 100 according to Embodi-
ment 1 of the present invention.
[Fig. 3] Fig. 3 is a circuit diagram illustrating the air-
conditioning apparatus 100 according to Embodi-
ment 1 of the present invention.
[Fig. 4] Fig. 4 is a schematic diagram illustrating an
air discharge device 15 according to Embodiment 1
of the present invention.
[Fig. 5] Fig. 5 is a circuit diagram illustrating a heat
operation of the air-conditioning apparatus 100 ac-
cording to Embodiment 1 of the present invention.
[Fig. 6] Fig. 6 is a circuit diagram illustrating a cooling
operation of the air-conditioning apparatus 100 ac-
cording to Embodiment 1 of the present invention.
[Fig. 7] Fig. 7 is a circuit diagram illustrating a heating
main operation of the air-conditioning apparatus 100
according to Embodiment 1 of the present invention.
Description of Embodiments

[0017] Hereinafter, an air-conditioning apparatus ac-
cording to an embodiment of the present invention will
be explained with reference to the drawings. The present
invention is not limited to the embodiment described be-
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low. In the drawings provided below including Fig. 1, the
size relation of individual component members may differ
from the actual size relation.

Embodiment 1

[0018] Fig. 1 is a schematic diagram illustrating an air-
conditioning apparatus 100 according to Embodiment 1
of the present invention. With reference to Fig. 1, the air-
conditioning apparatus 100 will be described below. As
illustrated in Fig. 1, the air-conditioning apparatus 100
includes a heat source side unit 1, which is, for example,
an outdoor unit, a plurality of use side units 3, which are,
for example, indoor units, and a relay unit 2 that is inter-
posed between the heat source side unit 1 and the use
side units 3. The relay unit 2 exchanges heat between
refrigerant and a heat medium. The heat source side unit
1 and the relay unit 2 are connected by refrigerant pipes
4 through which refrigerant flows, and the relay unit 2
and the use side units 3 are connected by heat medium
pipes 5 through which a heat medium flows. Cooling en-
ergy or heating energy generated at the heat source side
unit 1 is delivered to the use side units 3 via the relay unit
2.
[0019] The heat source side unit 1 is normally arranged
in an outdoor space 6, which is a space (for example, a
rooftop) outside a structure 9 such as a building, and
supplies heating energy or cooling energy to the use side
units 3 via the relay unit 2. The relay unit 2 transmits the
heating energy or cooling energy generated at the heat
source side unit 1 to the use side units 3. The relay unit
2 is a component that is separate from the heat source
side unit 1 and the use side units 3, and is installable at
a place different from the outdoor space 6 and an indoor
space 7. Furthermore, the relay unit 2 is connected to
the heat source side unit 1 by the refrigerant pipes 4, and
is connected to the use side units 3 by the heat medium
pipes 5. The use side units 3 are arranged at positions
from which cooling air or heating air can be supplied to
the indoor space 7, which is a space (for example, a living
room) inside the structure 9, and supply the cooling air
or heating air to the indoor space 7, which is an air-con-
ditioning target space.
[0020] Refrigerant is conveyed from the heat source
side unit 1 to the relay unit 2 through the refrigerant pipes
4. The conveyed refrigerant exchanges heat with a heat
medium at intermediate heat exchangers 25 (see Fig. 2)
in the relay unit 2, and heats or cools the heat medium.
That is, the heat medium is heated or cooled at the in-
termediate heat exchangers 25 and turns into hot water
or cold water. The hot water heated or cold water cooled
at the relay unit 2 is conveyed to the use side units 3
through the heat medium pipes 5 using pumps 31 (see
Fig. 2), which are heat medium conveyance devices, and
is used by the use side units 3 for a heating operation or
cooling operation for the indoor space 7.
[0021] As refrigerant, for example, a single refrigerant
such as R-22 and R-134a, a near-azeotropic refrigerant

mixture such as R-410A and R-404A, a non-azeotropic
refrigerant mixture such as R-407C, a refrigerant having
a relatively small global warming potential, such as CF3
and CF = CH2 having a double bond in the chemical
formula or a mixture of such a refrigerant, or a natural
refrigerant such as CO2 and propane, can be used.
[0022] In contrast, as a heat medium, for example, wa-
ter, antifreeze solution, a liquid mixture of water and an-
tifreeze solution, a liquid mixture of water and an additive
having high anti-corrosion effect, or other fluid can be
used. The air-conditioning apparatus 100 according to
Embodiment 1 will be described in the case where water
is adopted as a heat medium.
[0023] As illustrated in Fig. 1, in the air-conditioning
apparatus 100 according to Embodiment 1, the heat
source side unit 1 and the relay unit 2 are connected by
the two refrigerant pipes 4, and the relay unit 2 and each
of the use side units 3 are connected by the two heat
medium pipes 5. As described above, in the air-condi-
tioning apparatus 100, by connecting the heat source
side unit 1, the relay unit 2, and each of the use side units
3 by the two refrigerant pipes 4 and the two heat medium
pipes 5, easy construction can be achieved.
[0024] In Fig. 1, a state is illustrated as an example in
which the relay unit 2 is installed in a space 8 such as a
space above a ceiling, which is a space that is in the
structure 9 but is different from the indoor space 7. The
relay unit 2 may be installed in any other space such as
a common space in which an elevator or other apparatus
is installed. Furthermore, in Fig. 1, the case where the
use side units 3 are of a ceiling cassette type is illustrated
as an example. However, the use side units 3 are not
limited to the ceiling cassette type. The use side units 3
may be of any type such as a ceiling embedded type and
a ceiling suspended type as long as the use side units 3
are able to blow heating air or cooling air to the indoor
space 7 directly or through a duct or other devices.
[0025] Furthermore, in Fig. 1, the case where the heat
source side unit 1 is installed in the outdoor space 6 is
illustrated as an example. However, the heat source side
unit 1 is not limited to be installed as described above.
For example, the heat source side unit 1 may be installed
in an enclosed space, such as a machine room with a
ventilation opening. The heat source side unit 1 may be
installed inside the structure 9 as long as waste heat can
be exhausted outside the structure 9 via an exhaust duct.
When the heat source side unit 1 is of a water-cooled
type, the heat source side unit 1 may be installed inside
the structure 9.
[0026] Furthermore, the relay unit 2 may be installed
in the vicinity of the heat source side unit 1. In the case
where the relay unit 2 is installed in the vicinity of the heat
source side unit 1, the length of each of the heat medium
pipes 5 that connect the relay unit 2 and the use side
units 3 is appropriately adjusted. This is because a longer
distance from the relay unit 2 to the use side units 3 ac-
cordingly increases power consumed to convey a heat
medium, thus reducing energy saving effect. Further-
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more, the numbers of connected heat source side units
1, relay units 2, and use side units 3 are not limited to
the numbers illustrated in Fig. 1. The numbers of con-
nected heat source side units 1, relay units 2, and use
side units 3 may be appropriately determined depending
on the structure 9 in which the air-conditioning apparatus
100 is installed.
[0027] In the case where the plurality of relay units 2
are connected to the single heat source side unit 1, the
plurality of relay units 2 may be each separately installed
in a common space or a space such as a space above
a ceiling in the structure 9 such as a building. By installing
the plurality of relay units 2 as described above, the in-
termediate heat exchangers 25 inside each of the relay
units 2 is able to bear air-conditioning load. Furthermore,
as long as the use side units 3 are installed at a distance
or a height within an allowable conveyance range of the
heat medium conveyance device in each of the relay units
2, the use side units 3 can be arranged to the entire struc-
ture such as a building.
[0028] Fig. 2 is a circuit diagram illustrating the air-con-
ditioning apparatus 100 according to Embodiment 1 of
the present invention. As illustrated in Fig. 2, the heat
source side unit 1 and the relay unit 2 are connected to
each other by the refrigerant pipes 4 via intermediate
heat exchangers 25a and 25b provided in the relay unit
2. Furthermore, the relay unit 2 and the use side units 3
are connected to each other by the heat medium pipes
5 via the intermediate heat exchangers 25a and 25b.
[0029] When the indoor space 7 reaches a set temper-
ature, the air-conditioning apparatus 100 according to
Embodiment 1 stops supply of a heat medium to use side
heat exchangers 35 provided in the use side units 3 (ther-
mo-off). Furthermore, even when the indoor space 7
does not reach the set temperature, when an instruction
is issued by a user, the air-conditioning apparatus 100
not only stops supply of a heat medium to the use side
heat exchangers 35 provided in the use side units 3 but
also stops operation of fans (not illustrated in figures)
provided in the vicinity of the use side heat exchangers
35 (stop mode). As described above, the air-conditioning
apparatus 100 according to Embodiment 1 performs ther-
mo-off and adjusts the temperature of the indoor space
7 when the indoor space 7 reaches the set temperature,
and executes the stop mode when an instruction for stop-
ping operation is received from a user.
[0030] The air-conditioning apparatus 100 includes a
refrigerant circuit A, which is a refrigeration cycle in which
refrigerant circulates, and a heat medium circuit B
through which a heat medium circulates, and a cooling
operation or a heating operation can be selected for each
of the use side units 3. Hereinafter, a mode in which all
of the use side units 3 perform a cooling operation will
be referred to as a cooling operation mode, a mode in
which all of the use side units 3 perform a heating oper-
ation will be referred to as a heating operation mode, and
a mode in which some use side units 3 perform a cooling
operation and other use side units 3 perform a heating

operation will be referred to as a mixed operation mode.
The mixed operation mode includes a cooling main mode
in which the cooling load is larger than the heating load
and a heating main mode in which the heating load is
larger than the cooling load.

(Heat Source Side Unit 1)

[0031] In the heat source side unit 1, a compressor 10,
a first refrigerant flow switching device 11 such as a four-
way valve, a heat source side heat exchanger 12, and
an accumulator 19 are installed and are connected by
the refrigerant pipes 4. The heat source side unit 1 also
includes a first connection pipe 4a, a second connection
pipe 4b, and check valves 13a to 13d. By providing the
first connection pipe 4a, the second connection pipe 4b,
and the check valves 13a to 13d, the air-conditioning
apparatus 100 can allow the flow of refrigerant that flows
into the relay unit 2 from the heat source side unit 1 into
a fixed direction, irrespective of which operation mode is
executed among the heating operation mode, the cooling
operation mode, the heating main mode, and the cooling
main mode.

(Compressor 10)

[0032] The compressor 10 sucks refrigerant, com-
presses the refrigerant into a high-temperature and high-
pressure state, and conveys the refrigerant to the refrig-
erant circuit A. The discharge side of the compressor 10
is connected to the first refrigerant flow switching device
11, and the suction side of the compressor 10 is connect-
ed to the accumulator 19. The compressor 10 is preferred
to be an inverter compressor whose capacity can be con-
trolled, for example.

(First Refrigerant Flow Switching Device 11)

[0033] In the heating operation mode and the heating
main mode of the mixed operation mode, the first refrig-
erant flow switching device 11 switches a flow passage
to connect the discharge side of the compressor 10 and
the check valve 13d and to connect the heat source side
heat exchanger 12 and the suction side of the accumu-
lator 19. In the cooling operation mode and the cooling
main mode of the mixed operation mode, the first refrig-
erant flow switching device 11 switches a flow passage
to connect the discharge side of the compressor 10 and
the heat source side heat exchanger 12 and to connect
the check valve 13c and the suction side of the accumu-
lator 19.

(Heat Source Side Heat Exchanger 12)

[0034] The heat source side heat exchanger 12 oper-
ates as an evaporator during a heating operation and
operates as a condenser or a radiator during a cooling
operation. The heat source side heat exchanger 12 ex-

7 8 



EP 3 428 550 B1

6

5

10

15

20

25

30

35

40

45

50

55

changes heat between fluid of air supplied from an air-
sending device such as a fan (not illustrated in figures)
and refrigerant to evaporate and gasify or condense and
liquefy the refrigerant. In the heating operation mode,
one end of the heat source side heat exchanger 12 is
connected to the check valve 13b, and the other end of
the heat source side heat exchanger 12 is connected to
the suction side of the accumulator 19. In the cooling
operation mode, the other end of the heat source side
heat exchanger 12 is connected to the discharge side of
the compressor 10, and the one end of the heat source
side heat exchanger 12 is connected to the check valve
13a. The heat source side heat exchanger 12 is preferred
to be a plate fin-and-tube heat exchanger that exchanges
heat between refrigerant flowing in the refrigerant pipe 4
and air passing through fins, for example.

(Accumulator 19)

[0035] The accumulator 19 stores excess refrigerant
caused by a difference between the heating operation
and the cooling operation, excess refrigerant caused by
a transient change in the operation (for example, a
change in the number of operating use side units 3) or
other excess refrigerant. In the heating operation mode,
the suction side of the accumulator 19 is connected to
the heat source side heat exchanger 12, and the dis-
charge side of the accumulator 19 is connected to the
suction side of the compressor 10. In the cooling opera-
tion mode, the suction side of the accumulator 19 is con-
nected to the check valve 13c, and the discharge side of
the accumulator 19 is connected to the suction side of
the compressor 10.

(Check Valves 13a to 13d)

[0036] The check valve 13c is provided at a portion of
the refrigerant pipe 4 between the relay unit 2 and the
first refrigerant flow switching device 11 and allows re-
frigerant to flow only in the direction from the relay unit 2
to the heat source side unit 1. The check valve 13a is
provided at a portion of the refrigerant pipe 4 between
the heat source side heat exchanger 12 and the relay
unit 2 and allows refrigerant to flow only in the direction
from the heat source side unit 1 to the relay unit 2. The
check valve 13d is provided at the first connection pipe
4a and allows refrigerant discharged from the compres-
sor 10 to flow in the relay unit 2 during a heating operation.
The check valve 13b is provided at the second connection
pipe 4b and allows refrigerant returned from the relay
unit 2 to flow in the suction side of the compressor 10
during a heating operation.

(First Connection Pipe 4a, Second Connection Pipe 4b)

[0037] The first connection pipe 4a allows connection,
in the heat source side unit 1, between a portion of the
refrigerant pipe 4 between the first refrigerant flow switch-

ing device 11 and the check valve 13c and a portion of
the refrigerant pipe 4 between the check valve 13a and
the relay unit 2. The second connection pipe 4b allows
connection, in the heat source side unit 1, between a
portion of the refrigerant pipe 4 between the check valve
13c and the relay unit 2 and a portion of the refrigerant
pipe 4 between the heat source side heat exchanger 12
and the check valve 13a. In Fig. 2, the case where the
first connection pipe 4a, the second connection pipe 4b,
the check valve 13a, the check valve 13b, the check valve
13c, and the check valve 13d are provided is illustrated
as an example. However, the present invention is not
limited to the above configuration. The above compo-
nents are not necessarily provided.

(Use Side Unit 3)

[0038] The use side units 3 include use side heat ex-
changers 35a to 35d (may be generically referred to as
the use side heat exchangers 35). In Fig. 2, the case
where four use side units 3a to 3d are connected to the
relay unit 2 via the heat medium pipes 5 is illustrated as
an example. However, the number of connected use side
units 3 is not limited to four.

(Use Side Heat Exchanger 35)

[0039] The use side heat exchangers 35 are connected
to corresponding heat medium flow control devices 34a
to 34d (may be generically referred to as heat medium
flow control devices 34) via the heat medium pipes 5 and
are connected to corresponding second heat medium
flow switching devices 33a to 33d (may be generically
referred to as second heat medium flow switching devic-
es 33) via the heat medium pipes 5. Furthermore, the
use side heat exchangers 35 exchange heat between air
supplied from air-sending devices such as fans (not il-
lustrated in figures) and a heat medium to heat or cool
the air into heating air or cooling air to be supplied to the
indoor space 7. In Fig. 2, the four use side heat exchang-
ers 35a to 35d are provided at the four use side units 3a
to 3d, respectively. However, the number of connected
use side heat exchangers 35 is not limited to four.

(Relay Unit 2)

[0040] In the relay unit 2, the two intermediate heat
exchangers 25a and 25b (may be generically referred to
as the intermediate heat exchangers 25), two expansion
devices 26a and 26b (may be generically referred to as
expansion devices 26), two opening and closing devices
27 and 29, two second refrigerant flow switching devices
28 (may be generically referred to as second refrigerant
flow switching devices 28), two pumps 31a and 31b (may
be generically referred as pumps 31), four first heat me-
dium flow switching devices 32a to 32d (may be gener-
ically referred to as first heat medium flow switching de-
vices 32), the four second heat medium flow switching
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devices 33a to 33d (may be generically referred to as the
second heat medium flow switching devices 33), and the
four heat medium flow control devices 34a to 34d (may
be generically referred to as the heat medium flow control
devices 34) are provided. Furthermore, the relay unit 2
includes a controller 50.
[0041] Functions of the second heat medium flow
switching devices 33a to 33d and the heat medium flow
control devices 34a to 34d can be integrated, and the
second heat medium flow switching devices 33 and the
heat medium flow control devices 34 may be integrated
as a block by connecting branch ports.

(Intermediate Heat Exchanger 25)

[0042] The intermediate heat exchangers 25 operate
as condensers (radiators) or evaporators, exchange heat
between refrigerant and a heat medium, and transmit
cooling energy or heating energy generated at the heat
source side unit 1 and stored in the refrigerant to the heat
medium. That is, the intermediate heat exchangers 25
operate as condensers or radiators and transmit heating
energy of refrigerant to a heat medium during a heating
operation and operate as evaporators and transmit cool-
ing energy of refrigerant to a heat medium during a cool-
ing operation. The intermediate heat exchanger 25a is
provided between the expansion device 26a and the sec-
ond refrigerant flow switching device 28a in the refriger-
ant circuit A and is used for cooling a heat medium in the
mixed operation mode. The intermediate heat exchanger
25b is provided between the expansion device 26b and
the second refrigerant flow switching device 28b in the
refrigerant circuit A and is used for heating a heat medium
in the mixed operation mode.

(Expansion Device 26)

[0043] The expansion devices 26 operate as pressure
reducing valves or expansion valves to decompress and
expand refrigerant. The expansion device 26a is provid-
ed on the upstream side of the intermediate heat ex-
changer 25a in the flow of refrigerant in a cooling oper-
ation. The expansion device 26b is provided on the up-
stream side of the intermediate heat exchanger 25b in
the flow of refrigerant in a cooling operation. The expan-
sion devices 26 may be devices whose opening degrees
are variably controllable, such as electronic expansion
valves.

(Opening and Closing Devices 27 and 29)

[0044] The opening and closing device 27 and the
opening and closing device 29 are, for example, solenoid
valves or other devices that can be opened and closed
by electrical connection, and open and close flow pas-
sages at which the opening and closing device 27 and
the opening and closing device 29 are provided. That is,
the opening and closing device 27 and the opening and

closing device 29 are controlled to be opened and closed
depending on an operation mode, and switch the flow
passage of refrigerant. The opening and closing device
27 is provided, at a portion of the refrigerant pipe 4 on a
refrigerant inlet side, on an upstream side of the expan-
sion devices 26 in a cooling operation. The opening and
closing device 29 is provided at a bypass pipe 20 that
connects the portion of the refrigerant pipe 4 on the re-
frigerant inlet side with a portion of the refrigerant pipe 4
on a refrigerant outlet side. The opening and closing de-
vice 27 and the opening and closing device 29 may be
any device that may open and close the flow passages
at which the opening and closing device 27 and the open-
ing and closing device 29 are provided, and may be ex-
pansion valves whose opening degree may be control-
led, such as electronic expansion valves.

(Second Refrigerant Flow Switching Device 28)

[0045] The second refrigerant flow switching devices
28 are, for example, four-way valves, and switch the flow
of refrigerant so that the intermediate heat exchangers
25 operate as condensers or evaporators depending on
the operation mode. The second refrigerant flow switch-
ing device 28a is provided on the downstream side of the
intermediate heat exchanger 25a in the flow of refrigerant
in a cooling operation. The second refrigerant flow
switching device 28b is provided on the downstream side
of the intermediate heat exchanger 25b in the flow of
refrigerant in a cooling operation.

(Pump 31)

[0046] The pumps 31 cause a heat medium that flows
through the heat medium pipes 5 to circulate in the heat
medium circuit B. The pump 31a is provided at a portion
of the heat medium pipe 5 between the intermediate heat
exchanger 25a and the second heat medium flow switch-
ing devices 33. The pump 31b is provided at a portion of
the heat medium pipe 5 between the intermediate heat
exchanger 25b and the second heat medium flow switch-
ing devices 33. The pumps 31 are, for example, pumps
whose capacity is preferably controllable and whose flow
rate is preferably adjustable depending on the size of the
load in the use side units 3.

(First Heat Medium Flow Switching Device 32)

[0047] The first heat medium flow switching devices
32 switch connection of an outlet side of the flow passage
of a heat medium of the use side heat exchangers 35
and an inlet side of the flow passage of a heat medium
of the intermediate heat exchangers 25. The number of
first heat medium flow switching devices 32 provided cor-
responds to the number of use side units 3 installed (in
Embodiment 1, the number is four). The first heat medium
flow switching devices 32 are, for example, three-way
valves, and are provided on the outlet side of the heat

11 12 



EP 3 428 550 B1

8

5

10

15

20

25

30

35

40

45

50

55

medium flow passages for the use side heat exchangers
35 in such a manner that one of the three ways is con-
nected to the intermediate heat exchanger 25a, another
one of the three ways is connected to the intermediate
heat exchanger 25b, and the other one of the three ways
is connected to the heat medium flow control devices 34.
To correspond to the outlet side of the use side units 3a
to 3d, the first heat medium flow switching devices 32a
to 32d are provided. Furthermore, switching of a heat
medium flow passage includes switching from one side
to the other side of some heat medium flow passages as
well as switching from one side to the other side of all
heat medium flow passages.

(Second Heat Medium Flow Switching Device 33)

[0048] The second heat medium flow switching devic-
es 33 switch connection of an outlet side of the flow pas-
sage of a heat medium of the intermediate heat exchang-
ers 25 and an inlet side of the flow passage of a heat
medium of the use side heat exchangers 35. The number
of second heat medium flow switching devices 33 pro-
vided corresponds to the number of use side units 3 in-
stalled (in Embodiment 1, the number is four). The sec-
ond heat medium flow switching devices 33 are, for ex-
ample, three-way valves, and are provided on the inlet
side of the heat medium flow passages for the use side
heat exchangers 35 in such a manner that one of the
three ways is connected to the intermediate heat ex-
changer 25a, another one of the three ways is connected
to the intermediate heat exchanger 25b, and the other
one of the three ways is connected to the use side heat
exchangers 35. To correspond to the use side units 3a
to 3d, the second heat medium flow switching devices
33a to 33d are provided. Furthermore, switching of a heat
medium flow passage includes switching from one side
to the other side of some heat medium flow passages as
well as switching from one side to the other side of all
heat medium flow passages.

(Heat Medium Flow Control Device 34)

[0049] The heat medium flow control devices 34 are
two-way valves or other devices whose opening area can
be controlled, and control the flow rate of a heat medium
flowing in the heat medium pipes 5. The number of heat
medium flow control devices 34 provided corresponds to
the number of use side units 3 installed (in Embodiment
1, the number is four). The heat medium flow control de-
vices 34 are provided on the outlet side of the heat me-
dium flow passages for the use side heat exchangers 35
in such a manner that one of the two ways is connected
to the use side heat exchangers 35 and the other one of
the two ways is connected to the first heat medium flow
switching devices 32. That is, the heat medium flow con-
trol devices 34 adjust the amount of heat medium flowing
into the use side units 3 depending on the temperature
of the heat medium flowing into and flowing out of the

use side units 3 and supply an amount of heat medium
suitable for the indoor load to the use side units 3.
[0050] To correspond to the use side units 3a to 3d,
the heat medium flow control devices 34a to 34d are pro-
vided. The heat medium flow control devices 34 may be
provided on the inlet side of the heat medium flow pas-
sages for the use side heat exchangers 35. Furthermore,
the heat medium flow control devices 34 may be provided
at a portion that is on the inlet side of the heat medium
flow passages for the use side heat exchangers 35 and
that is between the second heat medium flow switching
devices 33 and the use side heat exchangers 35. More-
over, when a use side unit 3 requires no load, such as
during the stop mode or thermo-off, the supply of a heat
medium to the use side unit 3 can be stopped by fully
closing the corresponding heat medium flow control de-
vice 34.
[0051] When, as the first heat medium flow switching
devices 32 or the second heat medium flow switching
devices 33, devices having functions of the heat medium
flow control devices 34 in addition to functions of the first
heat medium flow switching devices 32 and the second
heat medium flow switching devices 33 are used, the
heat medium flow control devices 34 may be omitted.
[0052] Furthermore, as described above, the first heat
medium flow switching devices 32, the second heat me-
dium flow switching devices 33, and the heat medium
flow control devices 34 may be integrated (formed as a
block) and devices including a flow switching function, a
flow control function, and a flow passage closing function
may be used in place of the first heat medium flow switch-
ing devices 32, the second heat medium flow switching
devices 33, and the heat medium flow control devices 34.
[0053] The heat medium pipes 5 through which a heat
medium flows include a pipe connected to the interme-
diate heat exchanger 25a and a pipe connected to the
intermediate heat exchanger 25b. Each pipe of the heat
medium pipes 5 branches out into branch pipes (in Em-
bodiment 1, four branches) depending on the number of
use side units 3 connected to the relay unit 2. The branch
pipes of heat medium pipes 5 that are connected to the
intermediate heat exchanger 25a and the branch pipes
of the heat medium pipes 5 that are connected to the
intermediate heat exchanger 25b are connected to the
first heat medium flow switching devices 32 and the sec-
ond heat medium flow switching devices 33. The first
heat medium flow switching devices 32 and the second
heat medium flow switching devices 33 are controlled to
cause a heat medium from the intermediate heat ex-
changer 25a or a heat medium from the intermediate
heat exchanger 25b to flow into the use side heat ex-
changers 35.

(Temperature Sensor 40)

[0054] Furthermore, in the relay unit 2, two tempera-
ture sensors 40a and 40b (may be generically referred
to as temperature sensors 40) for measuring the temper-
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ature of a heat medium on the outlet side of the interme-
diate heat exchangers 25 are provided. Information of
temperature measured by the temperature sensors 40
is sent to the controller 50 that integrally controls the op-
eration of the air-conditioning apparatus 100, and is used
for control of the driving frequency of the compressor 10,
the rotation speed of air-sending devices (not illustrated
in figures), switching of the first refrigerant flow switching
device 11, the driving frequency of the pumps 31, switch-
ing of the second refrigerant flow switching devices 28,
switching of the flow passage of a heat medium, adjust-
ment of the flow rate of a heat medium in the use side
units 3, and other operations.
[0055] The temperature sensors 40 measure the tem-
perature of a heat medium flowing out of the intermediate
heat exchangers 25, that is, a heat medium on the outlet
side of the intermediate heat exchangers 25. The tem-
perature sensor 40a is provided at the heat medium pipe
5 on the suction side of the pump 31a. The temperature
sensor 40b is provided at the heat medium pipe 5 on the
suction side of the pump 31b. The temperature sensors
40 may be, for example, thermistors.

(Controller 50)

[0056] The controller 50 is a microcomputer or other
devices. The controller 50 controls the driving frequency
of the compressor 10, the rotation speed (and turning on
and off) of air-sending devices (not illustrated in figures),
switching of the first refrigerant flow switching device 11,
driving of the pumps 31, the opening degree of the ex-
pansion devices 26, switching of the second refrigerant
flow switching devices 28, switching of the first heat me-
dium flow switching devices 32, switching of the second
heat medium flow switching devices 33, driving of the
heat medium flow control devices 34, opening and clos-
ing of the opening and closing devices 27 and 29, and
other operations, on the basis of detection results from
the various detection units and instructions from a remote
controller or other devices. That is, the controller 50 con-
trols actuators or other devices included in these com-
ponents and executes operation modes. The case where
the controller 50 is provided in the relay unit 2 is illustrated
as an example. However, the controller 50 is not limited
to be provided in the relay unit 2. The controller 50 may
be provided in the heat source side unit 1 or the use side
unit 3. The controller 50 may also communicate with each
component.

(Air Discharge Device 15)

[0057] Next, the air discharge device 15 will be de-
scribed. Fig. 3 is a circuit diagram illustrating the air-con-
ditioning apparatus 100 according to Embodiment 1 of
the present invention. As illustrated in Fig. 3, the air dis-
charge device 15 is connected to the heat medium circuit
B. A heat medium conveyed by the pumps 31 flows into
the air discharge device 15, and then flows out of the air

discharge device 15. The position in which the air dis-
charge device 15 is connected to the heat medium circuit
B is not limited. For example, the air discharge device 15
may be installed via a connection port allowing connec-
tion between the relay unit 2 and a use side unit 3. In Fig.
3, the use side unit 3a illustrated in Fig. 2 is removed,
and the air discharge device 15 is connected to the con-
nection port for the removed use side unit 3a. As de-
scribed above, the air discharge device 15 is detachably
connected to the heat medium circuit B.
[0058] Fig. 4 is a schematic diagram illustrating the air
discharge device 15 according to Embodiment 1 of the
present invention. As illustrated in Fig. 4, the air discharge
device 15 includes a heat medium tank 17, an upstream
side stop valve 16a, a downstream side stop valve 16b,
and an air vent valve 18.

(Heat Medium Tank 17)

[0059] A heat medium flows into the heat medium tank
17. In the heat medium tank 17, air contained in the heat
medium flowing into the heat medium circuit B is lifted
up to an upper part of the tank using a difference in the
density between the heat medium and air. Thus, in the
heat medium tank 17, air stays in the upper part of the
tank, and the heat medium stays in a lower part of the
tank. As described above, in the heat medium tank 17,
air and a heat medium in the heat medium circuit B is
separated from each other.

(Upstream Side Stop Valve 16a, Downstream Side Stop 
Valve 16b)

[0060] The upstream side stop valve 16a is provided
at an upstream side pipe 15a that is connected on the
inflow side of a heat medium of the heat medium tank
17, and opens and closes the flow passage of a heat
medium. The upstream side pipe 15a is connected to an
upper side part of the heat medium tank 17. The down-
stream side stop valve 16b is provided at a downstream
side pipe 15b that is connected to an outflow side of a
heat medium of the heat medium tank 17, and opens and
closes the flow passage of a heat medium. The down-
stream side pipe 15b is connected to a lower part of the
heat medium tank 17. The downstream side stop valve
16b is provided at a portion lower than that of the up-
stream side stop valve 16a. The upstream side stop valve
16a and the downstream side stop valve 16b are used
when the air discharge device 15 is attached to or de-
tached from the heat medium circuit B. The upstream
side stop valve 16a and the downstream side stop valve
16b are to open and close the flow passage and may be
electrically or manually operated as long as the flow pas-
sage can be opened and closed.

(Air Vent Valve 18)

[0061] The air vent valve 18 is provided at the heat
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medium tank 17 and discharges air. The air vent valve
18 is provided above, in particular, at the top part, of the
heat medium tank 17. The air vent valve 18 is, for exam-
ple, an automatic air vent valve, and discharges only air
staying in the upper part of the heat medium tank 17 to
the outside of the air discharge device 15. Thus, air stain-
ing in the upper part of the heat medium tank 17 is dis-
charged through the air vent valve 18 to the outside of
the air discharge device 15, and a heat medium staying
in the lower part of the heat medium tank 17 passes
through the downstream side stop valve 16b and flows
in the heat medium circuit B. The air vent valve 18 may
have a configuration of any air vent valve as long as no
heat medium is discharged.
[0062] In the air-conditioning apparatus 100, the refrig-
erant circuit A is formed by connecting the compressor
10, the first refrigerant flow switching device 11, the heat
source side heat exchanger 12, the opening and closing
device 27, the opening and closing device 29, the second
refrigerant flow switching devices 28, the refrigerant flow
passages for the intermediate heat exchangers 25, the
expansion devices 26, and the accumulator 19 by the
refrigerant pipes 4. Furthermore, in the air-conditioning
apparatus 100, the heat medium circuit B is formed by
connecting the heat medium flow passages for the inter-
mediate heat exchangers 25, the pumps 31, the first heat
medium flow switching devices 32, the heat medium flow
control devices 34, the use side heat exchangers 35, and
the second heat medium flow switching devices 33 by
the heat medium pipes 5. The plurality of use side heat
exchangers 35 are connected in parallel to each of the
intermediate heat exchanger 25a and the intermediate
heat exchanger 25b to form the heat medium circuit B
as multiple systems.
[0063] Consequently, in the air-conditioning apparatus
100, the heat source side unit 1 and the relay unit 2 are
connected via the intermediate heat exchanger 25a and
the intermediate heat exchanger 25b that are provided
in the relay unit 2, and the relay unit 2 and the use side
units 3 are connected via the intermediate heat exchang-
er 25a and the intermediate heat exchanger 25b. That
is, in the air-conditioning apparatus 100, heat is ex-
changed at the intermediate heat exchanger 25a and the
intermediate heat exchanger 25b between refrigerant
that circulates through the refrigerant circuit A and a heat
medium that circulates through the heat medium circuit
B. With the use of the above configuration, the air-con-
ditioning apparatus 100 achieves a cooling operation or
a heating operation suitable for the indoor load.
[0064] Next, individual operation modes executed by
the air-conditioning apparatus 100 will be explained. Op-
eration modes executed by the air-conditioning appara-
tus 100 include a heating operation mode (heating only
mode) in which all of the driving use side units 3 perform
a heating operation, a cooling operation mode (cooling
only mode) in which all of the driving use side units 3
perform a cooling operation, a cooling main mode, which
is a mixed operation mode, in which the cooling load is

larger than the heating load, and a heating main mode,
which is another mixed operation mode, in which the
heating load is larger than the cooling load. The above
operation modes are each executed by combining
switching of the first refrigerant flow switching device 11,
the second refrigerant flow switching devices 28, the first
heat medium flow switching devices 32, and the second
heat medium flow switching devices 33 and opening and
closing of the opening and closing device 27 and the
opening and closing device 29.

(Heating Operation Mode (Heating Only Mode))

[0065] Fig. 5 is a circuit diagram illustrating a heating
operation of the air-conditioning apparatus 100 accord-
ing to Embodiment 1 of the present invention. In Fig. 5,
an example in which all of the four use side units 3a to
3d are in the heating operation mode is illustrated. In Fig.
5, pipes through which refrigerant flows are represented
by thick lines, and the flow direction of refrigerant is rep-
resented by solid arrows. Furthermore, the flow direction
of a heat medium is represented by broken arrows.
[0066] In the heating operation mode (heating only
mode), in the heat source side unit 1, the first refrigerant
flow switching device 11 switches a flow passage to
cause refrigerant discharged from the compressor 10 to
flow into the relay unit 2 without passing through the heat
source side heat exchanger 12.
[0067] In the relay unit 2, the four first heat medium
flow switching devices 32a to 32d and the four second
heat medium flow switching devices 33a to 33d are
opened with heating side opening angles or intermediate
opening angles, and the four heat medium flow control
devices 34a to 34d are opened at predetermined opening
degrees. Furthermore, the opening and closing device
27 is closed, the opening and closing device 29 is
opened, and the expansion device 26a and the expan-
sion device 26b are opened at predetermined opening
degrees. The pumps 31 are set to a flow rate instruction
value corresponding to the load of the use side units 3.
The second refrigerant flow switching device 28a switch-
es a flow passage to connect the inflow side of the re-
frigerant pipe 4 and the intermediate heat exchanger 25a,
and the second refrigerant flow switching device 28b
switches a flow passage to connect the inflow side of the
refrigerant pipe 4 and the intermediate heat exchanger
25b. Thus, all of the four use side units 3a to 3d are in
the heating operation mode.
[0068] First, the flow of refrigerant in the refrigerant cir-
cuit A will be explained. High-temperature and low-pres-
sure refrigerant is compressed by the compressor 10 into
high-temperature and high-pressure gas refrigerant, and
is discharged. The high-temperature and high-pressure
gas refrigerant discharged from the compressor 10 pass-
es through the first refrigerant flow switching device 11
and first connection pipe 4a, and flows out of the heat
source side unit 1. The high-temperature and high-pres-
sure gas refrigerant flowing out of the heat source side
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unit 1 passes through the refrigerant pipe 4, and flows
into the relay unit 2. The high-temperature and high-pres-
sure gas refrigerant flowing into the relay unit 2 passes
through the second refrigerant flow switching devices
28a and 28b, and then flows into the intermediate heat
exchangers 25a and 25b. Then, the refrigerant exchang-
es heat with a heat medium and is condensed at the
intermediate heat exchangers 25a and 25b, and turns
into low-temperature and high-pressure refrigerant. The
low-temperature and high-pressure refrigerant is ex-
panded at the expansion devices 26a and 26b, and turns
into low-temperature and low-pressure refrigerant. Sub-
sequently, the refrigerant passes through the opening
and closing device 29, and is conveyed to the heat source
side unit 1. Then, the refrigerant exchanges heat with
outside air at the heat source side heat exchanger 12,
and turns into high-temperature and low-pressure gas
refrigerant. Then, the high-temperature and low-pres-
sure gas refrigerant is sucked again into the compressor
10 via the first refrigerant flow switching device 11 and
the accumulator 19.
[0069] At this time, the opening degrees of the expan-
sion devices 26a and 26b are controlled to make the sub-
cooling (degree of subcooling) constant. The subcooling
(degree of subcooling) is obtained as a difference be-
tween a value obtained by converting the pressure of
refrigerant flowing between the intermediate heat ex-
changers 25a and 25b and the expansion devices 26a
and 26b into saturation temperature and the temperature
on the outlet side of the intermediate heat exchangers
25a and 25b.
[0070] Next, the flow of a heat medium in the heat me-
dium circuit B will be explained. In the relay unit 2, the
pumps 31a and 31b are driven, the heat medium flow
control devices 34a to 34d are opened, and a heat me-
dium circulates between each of intermediate heat ex-
changers 25a and 25b and the use side heat exchangers
35a to 35d. Furthermore, all of the three ways of the sec-
ond heat medium flow switching devices 33a to 33d are
opened to cause a heat medium supplied through the
pump 31a and the pump 31b to flow into the use side
heat exchangers 35a to 35d.
[0071] The heat medium flows out of the use side heat
exchangers 35a to 35d, and flows into the heat medium
flow control devices 34a to 34d. At this time, by the heat
medium flow control devices 34a to 34d, the flow rate of
a heat medium is controlled to be a flow rate necessary
for an air-conditioning load required for an indoor space,
and the heat medium is caused to flow into the use side
heat exchangers 35a to 35d. The heat medium flowing
out of the heat medium flow control devices 34a to 34d
passes through the first heat medium flow switching de-
vices 32a to 32d, and flows into the intermediate heat
exchanger 25a and the intermediate heat exchanger 25b.
Then, the heat medium exchanges heat with refrigerant
at the intermediate heat exchanger 25a and the interme-
diate heat exchanger 25b, and is thus heated. Subse-
quently, the heat medium is sucked again into the pump

31a and the pump 31 b.

(Cooling Operation Mode (Cooling Only Mode))

[0072] Fig. 6 is a circuit diagram illustrating a cooling
operation of the air-conditioning apparatus 100 accord-
ing to Embodiment 1 of the present invention. In Fig. 6,
an example in which all of the four use side units 3a to
3d are in the cooling operation mode is illustrated. In Fig.
6, pipes through which refrigerant flows are represented
by thick lines, and the flow direction of refrigerant is rep-
resented by solid arrows. Furthermore, the flow direction
of a heat medium is represented by broken arrows.
[0073] In the cooling operation mode (cooling only
mode), in the heat source side unit 1, the first refrigerant
flow switching device 11 switches a flow passage to
cause refrigerant discharged from the compressor 10 to
flow into the heat source side heat exchanger 12.
[0074] In the relay unit 2, the four first heat medium
flow switching devices 32a to 32d and the four second
heat medium flow switching devices 33a to 33d are
opened with cooling side opening angles or intermediate
opening angles, and the four heat medium flow control
devices 34a to 34d are opened at predetermined opening
degrees. Furthermore, the opening and closing device
27 is opened, the opening and closing device 29 is
closed, and the expansion devices 26a and 26b are
opened at predetermined opening degrees. The pumps
31 are set to a flow rate instruction value corresponding
to the load of the use side units 3. The second refrigerant
flow switching device 28a switches a flow passage to
connect the outflow side of the refrigerant pipe 4 and the
intermediate heat exchanger 25a, and the second refrig-
erant flow switching device 28b switches a flow passage
to connect the outflow side of the refrigerant pipe 4 and
the intermediate heat exchanger 25b. Thus, all of the four
use side units 3a to 3d are in the cooling operation mode.
[0075] First, the flow of refrigerant in the refrigerant cir-
cuit A will be explained. High-temperature and low-pres-
sure refrigerant is compressed by the compressor 10 into
high-temperature and high-pressure gas refrigerant, and
is discharged. The high-temperature and high-pressure
gas refrigerant discharged from the compressor 10 pass-
es through the first refrigerant flow switching device 11,
and flows into the heat source side heat exchanger 12.
The refrigerant exchanges heat with outside air, and
turns into low-temperature and high-pressure liquid re-
frigerant or two-phase refrigerant. Then, the refrigerant
passes through the check valve 13a, and flows out of the
heat source side unit 1. The low-temperature and high-
pressure liquid refrigerant or two-phase refrigerant flow-
ing out of the heat source side unit 1 passes through the
refrigerant pipe 4, and flows into the relay unit 2. The low-
temperature and high-pressure liquid refrigerant or two-
phase refrigerant flowing into the relay unit 2 passes
through the opening and closing device 27, is expanded
at the expansion device 26a and the expansion device
26b into low-temperature and low-pressure two-phase
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refrigerant. Then, the refrigerant exchanges heat with a
heat medium at the intermediate heat exchanger 25a and
the intermediate heat exchanger 25b, and turns into high-
temperature and low-pressure refrigerant. Then, the re-
frigerant flows into the heat source side unit 1 from the
relay unit 2, and is sucked again to the compressor 10
via the first refrigerant flow switching device 11 and the
accumulator 19.
[0076] At this time, the opening degree of the expan-
sion devices 26a and 26b is controlled to make the su-
perheat (degree of superheat) constant. The superheat
(degree of superheat) is obtained as a difference be-
tween a value obtained by converting the pressure of
refrigerant flowing between the intermediate heat ex-
changers 25a and 25b and the expansion devices 26a
and 26b into saturation temperature and the temperature
on the outlet side of the intermediate heat exchangers
25a and 25b.
[0077] Next, the flow of a heat medium in the heat me-
dium circuit B will be explained. In the relay unit 2, the
pumps 31a and 31b are driven, the heat medium flow
control devices 34a to 34d are opened, and a heat me-
dium circulates between each of intermediate heat ex-
changer 25a and the intermediate heat exchanger 25b
and the use side heat exchangers 35a to 35d. Further-
more, all of the three ways of the second heat medium
flow switching devices 33a to 33d are opened to cause
a heat medium supplied through the pump 31a and the
pump 31b to flow into the use side heat exchangers 35a
to 35d.
[0078] The heat medium flows out of the use side heat
exchangers 35a to 35d, and flows into the heat medium
flow control devices 34a to 34d. At this time, by the heat
medium flow control devices 34a to 34d, the flow rate of
a heat medium is controlled to be a flow rate necessary
for an air-conditioning load required for an indoor space,
and the heat medium is caused to flow into the use side
heat exchangers 35a to 35d. The heat medium flowing
out of the heat medium flow control devices 34a to 34d
passes through the first heat medium flow switching de-
vices 32a to 32d, and flows into the intermediate heat
exchanger 25a and the intermediate heat exchanger 25b.
Then, the heat medium exchanges heat with refrigerant
at the intermediate heat exchanger 25a and the interme-
diate heat exchanger 25b, and is thus cooled. Subse-
quently, the heat medium is sucked again into the pump
31a and the pump 31 b.

(Mixed Operation Mode (Heating Main Mode))

[0079] Fig. 7 is a circuit diagram illustrating a heating
main operation of the air-conditioning apparatus 100 ac-
cording to Embodiment 1 of the present invention. In Fig.
7, some of the four use side units 3a to 3d perform a
heating operation, and the other use side units 3 perform
a cooling operation. In Fig. 7, a heating main mode in
which the proportion of the heating operation is larger
than the proportion of the cooling operation will be ex-

plained.
[0080] In Fig. 7, pipes through which refrigerant flows
are represented by thick lines, and the flow direction of
refrigerant is represented by solid arrows. Furthermore,
the flow direction of a heat medium is represented by
broken arrows.
[0081] In the mixed operation mode (heating main
mode), in the heat source side unit 1, the first refrigerant
flow switching device 11 switches a flow passage to
cause refrigerant discharged from the compressor 10 to
flow into the relay unit 2 without passing through the heat
source side heat exchanger 12.
[0082] In the relay unit 2, among the four first heat me-
dium flow switching devices 32a to 32d and the four sec-
ond heat medium flow switching devices 33a to 33d, a
second heat medium flow switching device 33 that is con-
tributed to connection of a use side unit 3 in the heating
operation mode is set to a heating side opening angle,
and a second heat medium flow switching device 33 that
is contributed to connection of a use side unit 3 in the
cooling operation mode is set to a cooling side opening
angle. The four heat medium flow control devices 34a to
34d are opened at predetermined opening degrees. Fur-
thermore, the opening and closing device 27 is closed,
the opening and closing device 29 is closed, and the ex-
pansion device 26a and the expansion device 26b are
opened at predetermined opening degrees. The pumps
31 are set to a flow rate instruction value corresponding
to the load of the use side units 3. The second refrigerant
flow switching device 28a switches a flow passage to
connect the outflow side of the refrigerant pipe 4 and the
intermediate heat exchanger 25a, and the second refrig-
erant flow switching device 28b switches a flow passage
to connect the inflow side of the refrigerant pipe 4 and
the intermediate heat exchanger 25b. Thus, some of the
four driving use side units 3a to 3d are in the heating
operation mode, and the other driving use side units 3
are in the cooling operation mode.
[0083] First, the flow of refrigerant in the refrigerant cir-
cuit A will be explained. High-temperature and low-pres-
sure refrigerant is compressed by the compressor 10 into
high-temperature and high-pressure gas refrigerant, and
is discharged. The high-temperature and high-pressure
gas refrigerant discharged from the compressor 10 pass-
es through the first refrigerant flow switching device 11
and the first connection pipe 4a, and flows out of the heat
source side unit 1. The high-temperature and high-pres-
sure gas refrigerant flowing out of the heat source side
unit 1 passes through the refrigerant pipe 4, and flows
into the relay unit 2. The high-temperature and high-pres-
sure gas refrigerant flowing into the relay unit 2 passes
through the second refrigerant flow switching device 28b,
and flows into the intermediate heat exchanger 25b.
Then, the refrigerant exchanges heat with a heat medium
and is condensed at the intermediate heat exchanger
25b, and turns into low-temperature and high-pressure
refrigerant. The low-temperature and high-pressure re-
frigerant is expanded at the expansion device 26b and
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the expansion device 26a, and turns into low-tempera-
ture and low-pressure refrigerant. Subsequently, the re-
frigerant flows into the intermediate heat exchanger 25a.
Then, the refrigerant exchanges heat with a heat medium
and evaporated at the intermediate heat exchanger 25a,
and turns into high-temperature and low-pressure refrig-
erant. The high-temperature and low-pressure refriger-
ant passes through the second refrigerant flow switching
device 28a, and is then conveyed to the heat source side
unit 1. Then, the refrigerant exchanges heat with outside
air at the heat source side heat exchanger 12, and turns
into high-temperature and low-pressure gas refrigerant.
Then, the high-temperature and low-pressure gas refrig-
erant is sucked again into the compressor 10 via the first
refrigerant flow switching device 11 and the accumulator
19.
[0084] At this time, the opening degree of the expan-
sion device 26b is controlled to make the subcooling (de-
gree of subcooling) constant. The subcooling (degree of
subcooling) is obtained as a difference between a value
obtained by converting the pressure of refrigerant flowing
between the intermediate heat exchanger 25b and the
expansion device 26b into saturation temperature and
the temperature on the outlet side of the intermediate
heat exchanger 25b.
[0085] Furthermore, the opening degree of the expan-
sion device 26a is controlled to make the superheat (de-
gree of superheat) constant. The superheat (degree of
superheat) is obtained as a difference between a value
obtained by converting the pressure of refrigerant flowing
between the intermediate heat exchanger 25a and the
expansion device 26a into saturation temperature and
the temperature on the outlet side of the intermediate
heat exchanger 25a.
[0086] In the cooling main mode of the mixed operation
mode, in the heat source side unit 1, the first refrigerant
flow switching device 11 switches a flow passage to
cause refrigerant discharged from the compressor 10 to
flow into the heat source side heat exchanger 12.
[0087] Next, the flow of a heat medium in the heat me-
dium circuit B will be explained. In the relay unit 2, the
pumps 31a and 31b are driven, and the heat medium
flow control devices 34a to 34d are opened. Furthermore,
three ways of the second heat medium flow switching
devices 33a to 33d are set to predetermined opening
degrees so that, among heat media supplied from the
pump 31a and the pump 31b, a heat medium conveyed
through the pump 31b flows into a use side heat exchang-
er 35 in a use side unit 3 in the heating operation mode
and a heat medium conveyed through the pump 31a
flows into a use side heat exchanger 35 in a use side unit
3 in the cooling operation mode. The heat medium cir-
culates between each of the intermediate heat exchanger
25a and the intermediate heat exchanger 25b and the
use side heat exchangers 35a to 35d.
[0088] The heat medium flows out of the use side heat
exchangers 35a to 35d, and flows into the heat medium
flow control devices 34a to 34d. At this time, by the heat

medium flow control devices 34a to 34d, the flow rate of
a heat medium is controlled to be a flow rate necessary
for an air-conditioning load required for an indoor space,
and the heat medium is caused to flow into the use side
heat exchangers 35a to 35d. The heat medium flowing
out of the heat medium flow control devices 34a to 34d
passes through the first heat medium flow switching de-
vices 32a to 32d, and flows into the intermediate heat
exchanger 25a and the intermediate heat exchanger 25b.
Then, the heat medium exchanges heat with refrigerant,
and is thus cooled at the intermediate heat exchanger
25a. Subsequently, the heat medium exchanges heat
with refrigerant, and is thus heated at the intermediate
heat exchanger 25b. Subsequently, the heat medium is
sucked again into the pump 31a and the pump 31b.

(Air Vent Mode)

[0089] Next, an air vent mode will be explained. The
air vent mode is an operation mode in which, for example,
after the air-conditioning apparatus 100 is installed, when
the air-conditioning apparatus 100 is used for the first
time, air in the heat medium circuit B of the relay unit 2
and the use side units 3 is discharged out of the air-con-
ditioning apparatus 100.
[0090] In Fig. 3, an example in which one air discharge
device 15 is interposed between the second heat medium
flow switching device 33a and the heat medium flow con-
trol device 34a and the three use side units 3b to 3d are
interposed between the first heat medium flow switching
devices 33b to 33d and the heat medium flow control
devices 34b to 34d will be explained. In Fig. 3, the flow
direction of refrigerant is represented by solid arrows,
and the flow direction of a heat medium is represented
by broken arrows.
[0091] In the relay unit 2, the pump 31a and the pump
31b are driven, all of the heat medium flow control devices
34a to 34d connected to the use side units 3b to 3d and
the air discharge device 15 are opened, and a heat me-
dium circulates between each of the intermediate heat
exchanger 25a and the intermediate heat exchanger 25b
and each of the air discharge device 15 and the use side
heat exchangers 35b to 35d. Furthermore, the opening
degrees of the three ways of the second heat medium
flow switching devices 33a to 33d are set to intermediate
opening angles to cause a heat medium supplied through
the pump 31a and the pump 31b to flow into the air dis-
charge device 15 and the use side heat exchangers 35b
to 35d. Furthermore, the upstream side stop valve 16a
and the downstream side stop valve 16b in the air dis-
charge device 15 are connected to the heat medium cir-
cuit B and are then opened. Thus, the heat medium is
allowed to flow into the air discharge device 15 from the
heat medium circuit B.
[0092] The heat medium flows out of the air discharge
device 15 and the use side heat exchangers 35b to 35d,
and flows into the heat medium flow control devices 34a
to 35d. At this time, the heat medium flow control devices
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34a to 34d are opened as described above. The heat
medium conveyed through the pumps 31a and 31b flows
into the use side units 3b to 3d, and at the same time, air
contained in the heat medium circuit B is conveyed and
stirred inside the heat medium circuit B. Subsequently,
while the air discharge device 15 and one heat medium
flow control device 34 are opened, the other heat medium
flow control devices 34 are closed. Thus, the conveyed
heat medium and a part of remaining air flow into the
upstream side stop valve 16a of the air discharge device
15, and air in the heat medium tank 17 is discharged out
of the air discharge device 15 by the air vent valve 18.
[0093] Subsequently, the opened heat medium flow
control device 34 is closed, and one of the remaining
heat medium flow control devices 34 is opened, and the
above operation is performed. Then, the above operation
is repeated, and the heat medium and a part of remaining
air sequentially flows into the air discharge device 15,
and thus air in the heat medium circuit B can be dis-
charged out of the air-conditioning apparatus 100. After
air is discharged out of the air-conditioning apparatus
100 by the air discharge device 15, only the heat medium
passes through the downstream side stop valve 16b and
reaches the heat medium flow control device 34a. Sub-
sequently, the heat medium passes through the first heat
medium flow switching device 32a, and flows into the
intermediate heat exchanger 25a and the intermediate
heat exchanger 25b. Then, the heat medium exchanges
heat with refrigerant at the intermediate heat exchanger
25a and the intermediate heat exchanger 25b, and is
sucked again into the pump 31a and the pump 31b.
[0094] In operation modes other than the air vent
mode, both the upstream side stop valve 16a and the
downstream side stop valve 16b are closed. Thus, a heat
medium does not flow into the air discharge device 15.
[0095] Next, an action of the air-conditioning apparatus
100 according to Embodiment 1 of the present invention
will be explained. A heat medium containing air flows into
the heat medium tank 17. Then, due to a difference in
the density between the heat medium and air, air is lifted
up to an upper part of the tank, and the heat medium
stays in a lower part of the tank. Air lifted up to the upper
part of the heat medium tank 17 is discharged out of the
air discharge device 15 by the air vent valve 18. The heat
medium from which air has been eliminated flows again
into the heat medium circuit B from the heat medium tank
17. As described above, the air-conditioning apparatus
100 may efficiently discharge air contained in the heat
medium circuit B, and time for eliminating air can be short-
ened. Consequently, the workability of the air-condition-
ing apparatus 100 is excellent. Furthermore, a heat me-
dium is not discharged out of the air-conditioning appa-
ratus 100. Consequently, even if antifreeze solution is
used as a heat medium, wastewater treatment is not re-
quired. Thus, the air-conditioning apparatus 100 has an
excellent environmental friendliness. Furthermore, a
heat medium is not discharged out of the air-conditioning
apparatus 100, and consequently, excess water is not

required for introduction of the air-conditioning apparatus
100. Thus, the workability and economy of the air-con-
ditioning apparatus 100 is excellent. Furthermore, the air
discharge device 15 includes the heat medium tank 17,
and consequently, separation between a heat medium
and air can be achieved due to a difference in the density
between the heat medium and air. Installation position
of the heat medium tank 17 is not limited, and conse-
quently, the installation position of the air discharge de-
vice 15 is set highly flexibly. Furthermore, the air dis-
charge device 15 is detachably connected to the heat
medium circuit B. Thus, the air-conditioning apparatus
100 is highly versatile.
[0096] In the case where antifreeze solution is used as
a heat medium, at the time when the pumps 31 start,
undiluted solution of antifreeze solution is stored in ad-
vance in the heat medium tank 17. Water for dilution is
filled in the heat medium circuit B to dilute the antifreeze
solution. After the heat medium circuit B starts, the air
vent mode is executed. As described above, in the case
where antifreeze solution is used as a heat medium, by
storing antifreeze solution before dilution into the heat
medium tank 17, an operation for filling the antifreeze
solution in the heat medium circuit B as in a known tech-
nique may be omitted.
[0097] Furthermore, after an air vent operation is per-
formed, the air discharge device 15 may be kept con-
nected to the heat medium circuit B. In this case, the
upstream side stop valve 16a and the downstream side
stop valve 16b are closed during a normal operation in
which an air vent operation is not being performed, and
the upstream side stop valve 16a and the downstream
side stop valve 16b are periodically opened while a heat-
ing operation, a cooling operation, or a mixed operation
is being performed. Thus, air remaining in the heat me-
dium circuit B or air dissolved into a heat medium and
the heat medium flow into the air discharge device 15,
and air may thus be discharged. In the case where the
air discharge device 15 is always connected to the heat
medium circuit B, the upstream side stop valve 16a and
the downstream side stop valve 16b may be omitted. In
this case, during a normal operation, air is kept vented
during an operation. Consequently, the safety in a run-
ning operation of the air-conditioning apparatus 100 in-
creases. Furthermore, a configuration in which the air
discharge device 15 is attached in place of the use side
unit 3a is illustrated as an example. However, a connec-
tion port for the air discharge device 15 may be separately
provided at the heat medium circuit B. In the case where
the air discharge device 15 is not used, a valve provided
in the vicinity of the connection port is closed. In the case
where the air discharge device 15 is used, the valve is
opened, and a heat medium flows in the air discharge
device 15. Thus, the air discharge device 15 can be used
while the use side unit 3a is being used.
[0098] The case where the second refrigerant flow
switching devices 28 are four-way valves is illustrated as
an example. However, the present invention is not limited
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to this example. A plurality of two-way flow switching
valves or three-way flow switching valves may be used
to cause refrigerant to flow through a similar flow pas-
sage. Furthermore, the case where two intermediate heat
exchangers 25 and two expansion devices 26 are pro-
vided is illustrated as an example. However, one or three
or more intermediate heat exchangers 25 and one or
three or more expansion devices 26 may be provided.
Furthermore, the case where the heat medium flow con-
trol devices 34 are provided at the relay unit 2 is illustrated
as an example. However, the heat medium flow control
devices 34 are not limited to be provided at the relay unit
2. The heat medium flow control devices 34 may be pro-
vided at the use side units 3 or may be provided at a
component different from the relay unit 2 and the use
side units 3.
[0099] The case where the accumulator 19 is provided
at the heat source side unit 1 of the air-conditioning ap-
paratus 100 is illustrated as an example. However, the
accumulator 19 may be omitted. Furthermore, the case
where air-sending devices are attached to the heat
source side heat exchanger 12 and the use side heat
exchangers 35 to prompt condensation or evaporation
by sending air is illustrated as an example. However, air-
sending devices are not necessarily attached to the heat
source side heat exchanger 12 and the use side heat
exchangers 35. For example, panel heaters or other de-
vices using radiation may be used as the use side heat
exchangers 35, and water-cooled-type heat exchangers
or other devices in which heat is transmitted by water or
antifreeze solution may be used as the heat source side
heat exchanger 12. That is, heat exchangers of any type
may be used for the heat source side heat exchanger 12
and the use side heat exchangers 35 as long as the heat
exchangers can transfer heat or receive heat.
[0100] Furthermore, the case where four use side heat
exchangers 35 and four heat medium flow control devic-
es 34 (four pairs in total) are provided is illustrated as an
example. However, at least one pair of a use side heat
exchanger 35 and a heat medium flow control device 34
is only required, and the number of pairs is not limited to
four. Furthermore, the case where two intermediate heat
exchangers 25 are provided is illustrated as an example.
However, the number of intermediate heat exchangers
25 is not limited to two. Three or more intermediate heat
exchangers 25 may be installed as long as the interme-
diate heat exchangers 25 is each configured to cool or
heat a heat medium. Furthermore, each of the pump 31a
and the pump 31b may not be configured as a single
component. A plurality of small-volume pumps may be
connected in parallel.
[0101] Furthermore, the case where the air vent valve
18 provided at the air discharge device 15 is an automatic
air vent valve that extracts only air from among a heat
medium and the air and discharges the air outside the
air discharge device 15 is illustrated as an example. How-
ever, the air vent valve 18 is not limited to be an automatic
air vent valve. The air vent valve 18 may be a manual air

vent valve. In this case, air is removed from the air dis-
charge device 15 by periodical valve opening operations.
[0102] Furthermore, for example, antifreeze solution
(brine), water, a liquid mixture of antifreeze solution and
water, a liquid mixture of water and an additive having
high anti-corrosion effect, or other fluid may be used as
a heat medium flowing through the heat medium circuit
B. Thus, no refrigerant flows through the heat medium
circuit B, and consequently, safety may be ensured even
if a heat medium leaks in the indoor space 7.

Reference Signs List

[0103] 1: heat source side unit, 2: relay unit, 3, 3a, 3b,
3c, 3d: use side unit, 4: refrigerant pipe, 4a: first connec-
tion pipe, 4b: second connection pipe, 5: heat medium
pipe, 6: outdoor space, 7: indoor space, 8: space, 9: struc-
ture, 10: compressor, 11: first refrigerant flow switching
device, 12: heat source side heat exchanger, 13a, 13b,
13c, 13d: check valve, 15: air discharge device, 15a: up-
stream side pipe, 15b: downstream side pipe, 16a: up-
stream side stop valve, 16b: downstream side stop valve,
17: heat medium tank, 18: air vent valve, 19: accumulator,
20: bypass pipe, 25, 25a, 25b: intermediate heat ex-
changer, 26a, 26b: expansion device, 27, 29: opening
and closing device, 31, 31a, 31b: pump, 32, 32a, 32b,
32c, 32d: first heat medium flow switching device, 33,
33a, 33b, 33c, 33d: second heat medium flow switching
device, 34, 34a, 34b, 34c, 34d: heat medium flow control
device, 35, 35a, 35b, 35c, 35d: use side heat exchanger,
40, 40a, 40b: temperature sensor, 50: controller, 100:
air-conditioning apparatus, A: refrigerant circuit, B: heat
medium circuit
The subject-matter of the present invention relates, inter
alia, to the following aspects:

1. An air-conditioning apparatus comprising:

a refrigerant circuit in which a compressor, a
heat source side heat exchanger, an expansion
device, and an intermediate heat exchanger
configured to exchange heat between refriger-
ant and a heat medium are connected by a re-
frigerant pipe, the refrigerant flowing through the
refrigerant circuit;
a heat medium circuit in which a pump config-
ured to convey the heat medium, a use side heat
exchanger, and the intermediate heat exchang-
er are connected by a heat medium pipe, the
heat medium flowing through the heat medium
circuit; and
an air discharge device including a heat medium
tank connected to the heat medium circuit and
configured to separate air from the heat medium
in the heat medium circuit, and an air vent valve
provided at the heat medium tank and config-
ured to discharge the air.
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2. The air-conditioning apparatus of aspect 1, where-
in the air vent valve is provided in an upper part of
the heat medium tank.
3. The air-conditioning apparatus of aspect 1 or 2,
wherein the air discharge device further includes
an upstream side stop valve provided at an upstream
side pipe connected to an inflow side of the heat
medium of the heat medium tank, the upstream side
stop valve being configured to open and close a flow
passage of the heat medium, and
a downstream side stop valve provided at a down-
stream side pipe connected to an outflow side of the
heat medium of the heat medium tank, the down-
stream side stop valve being configured to open and
close a flow passage of the heat medium.
4. The air-conditioning apparatus of aspect 3,
wherein the upstream side stop valve is provided at
the upstream side pipe connected to a side part of
the heat medium tank, and
wherein the downstream side stop valve is provided
at the downstream side pipe connected to a lower
part of the heat medium tank.
5. The air-conditioning apparatus of any one of as-
pects 1 to 4, wherein the air discharge device is de-
tachably connected to the heat medium circuit.
6. The air-conditioning apparatus of any one of as-
pects 1 to 5,
wherein the heat medium comprises antifreeze so-
lution, and
wherein the antifreeze solution is stored in the heat
medium tank at a time when the pump starts.
7. The air-conditioning apparatus of any one of as-
pects 1 to 6, further comprising:

a heat source side unit including the compressor
and the heat source side heat exchanger;
a relay unit connected to the heat source side
unit and including the expansion device, the in-
termediate heat exchanger, and the pump; and
a use side unit connected to the relay unit and
including the use side heat exchanger.

8. The air-conditioning apparatus of aspect 7, where-
in the air discharge device is connected to the relay
unit via a connection port configured to allow con-
nection between the relay unit and the use side unit.

Claims

1. An air-conditioning apparatus comprising:

a refrigerant circuit (A) in which a compressor
(10), a heat source side heat exchanger (12),
an expansion device (26a, 26b), and an inter-
mediate heat exchanger (25a, 25b) configured
to exchange heat between refrigerant and a heat
medium are connected by a refrigerant pipe (4),

the refrigerant flowing through the refrigerant cir-
cuit (A);
a heat medium circuit (B) in which a pump (31a,
31b) configured to convey the heat medium, a
plurality of use side heat exchangers (35a, 35b,
35c, 35d), a plurality of heat medium flow control
devices (34a, 34b, 34c, 34d), and the interme-
diate heat exchanger (25a, 25b) are connected
by a heat medium pipe (5), the heat medium
flowing through the heat medium circuit (B), the
plurality of heat medium flow control devices
(34a, 34b, 34c, 34d) each being configured to
control a flow rate of the heat medium flowing
through a corresponding one of the plurality of
use side heat exchangers (35a, 35b, 35c, 35d);
an air discharge device (15) including a heat me-
dium tank (17) connected to the heat medium
circuit (B) and configured to separate air from
the heat medium in the heat medium circuit (B),
and an air vent valve (18) provided at the heat
medium tank (17) and configured to discharge
the air, and
a controller (50) configured to drive the plurality
of heat medium flow control devices (34a, 34b,
34c, 34d);
characterized in that the controller (50) is con-
figured to drive the plurality of heat medium flow
control devices (34a, 34b, 34c, 34d) such that
an air vent mode executed in which the air is
discharged, one of the plurality of heat medium
flow control devices (34a, 34b, 34c, 34d) being
opened while remaining one or more of the plu-
rality of heat medium flow control devices (34a,
34b, 34c, 34d) are closed to discharge the air
and then the opened one of the plurality of heat
medium flow control devices (34a, 34b, 34c,
34d) being sequentially switched to repeatedly
discharge the air.

2. The air-conditioning apparatus of claim 1, wherein
the air discharge device (15) is detachably connect-
ed to the heat medium circuit (B).

3. The air-conditioning apparatus of any one of claims
1 or 2,
wherein the heat medium comprises antifreeze so-
lution, and
wherein the antifreeze solution is stored in the heat
medium tank (17) at a time when the pump (31a,
31b) starts.

4. The air-conditioning apparatus of any one of claims
1 to 3, further comprising:

a heat source side unit (1) including the com-
pressor (10) and the heat source side heat ex-
changer (12);
a relay unit (2) connected to the heat source side
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unit (1) and including the expansion device (26a,
26b), the intermediate heat exchanger (25a,
25b), and the pump (31a, 31b); and
a use side unit (3a, 3b, 3c, 3d) connected to the
relay unit (2) and including the use side heat
exchanger (35a, 35b, 35c, 35d).

5. The air-conditioning apparatus of claim 4, wherein
the air discharge device (15) is connected to the relay
unit (2) via a connection port configured to allow con-
nection between the relay unit (2) and the use side
unit (3a, 3b, 3c, 3d).

6. Use of an air-conditioning apparatus, the air-condi-
tioning apparatus comprising a refrigerant circuit (A)
in which a compressor (10), a heat source side heat
exchanger (12), an expansion device (26a, 26b), and
an intermediate heat exchanger (25a, 25b) config-
ured to exchange heat between refrigerant and a
heat medium are connected by a refrigerant pipe (4),
the refrigerant flowing through the refrigerant circuit
(A);
a heat medium circuit (B) in which a pump (31a, 31b)
configured to convey the heat medium, a plurality of
use side heat exchangers (35a, 35b, 35c, 35d), a
plurality of heat medium flow control devices (34a,
34b, 34c, 34d), and the intermediate heat exchanger
(25a, 25b) are connected by a heat medium pipe (5),
the heat medium flowing through the heat medium
circuit (B), the plurality of heat medium flow control
devices (34a, 34b, 34c, 34d) each being configured
to control a flow rate of the heat medium flowing
through a corresponding one of the plurality of use
side heat exchangers (35a, 35b, 35c, 35d); and
an air discharge device (15) including a heat medium
tank (17) connected to the heat medium circuit (B)
and configured to separate air from the heat medium
in the heat medium circuit (B), and an air vent valve
(18) provided at the heat medium tank (17) and con-
figured to discharge the air,
characterized in that the use comprises that, in an
air vent mode in which the air is discharged, one of
the plurality of heat medium flow control devices
(34a, 34b, 34c, 34d) being opened while remaining
one or more of the plurality of heat medium flow con-
trol devices (34a, 34b, 34c, 34d) are closed to dis-
charge the air and then opened one of the plurality
of heat medium flow control devices (34a, 34b, 34c,
34d) being sequentially switched to repeatedly dis-
charge the air.

Patentansprüche

1. Klimaanlage, umfassend:

einen Kühlkreis (A), in dem ein Kompressor (10),
ein wärmequellenseitiger Wärmetauscher (12),

eine Expansionsvorrichtung (26a, 26b) und ein
Zwischen-Wärmetauscher (25a, 25b), der dafür
ausgelegt ist, Wärme zwischen einem Kühlmit-
tel und einem Wärmemedium auszutauschen,
durch ein Kühlmittelrohrleitung (4) verbunden
sind, wobei das Kühlmittel durch den Kühlmit-
telkreis (A) strömt;
ein Wärmemediumkreis (B), in dem eine Pumpe
(31a, 31b), die dafür ausgelegt ist, das Wärme-
medium zu fördern, mehrere verbrauchsseitige
Wärmetauscher (35a, 35b, 35c, 35d), mehrere
Wärmemedium-Durchflussregelvorrichtungen
(34a, 34b, 34c, 34d) und der Zwischen-Wärme-
tauscher (25a, 25b) durch ein Wärmemedium-
rohrleitung (5) verbunden sind, wobei das Wär-
memedium durch den Wärmemediumkreis (B)
strömt, wobei die mehreren Wärmemedium-
Durchflussregelvorrichtungen (34a, 34b, 34c,
34d) jeweils dafür ausgelegt sind, einen Durch-
fluss des Wärmemediums, das durch einen ent-
sprechenden von den mehreren verbrauchssei-
tigen Wärmetauschern (35a, 35b, 35c, 35d)
strömt, zu regeln;
eine Luftabgabevorrichtung (15), die einen Wär-
memediumtank (17), der mit dem Wärmemedi-
umkreis (B) verbunden ist und dafür ausgelegt
ist, Luft aus dem Wärmemedium im Wärmeme-
diumkreis (B) zu trennen, und ein Entlüftungs-
ventil (18), das an dem Wärmemediumtank (17)
vorgesehen ist und dafür ausgelegt ist, die Luft
abzugeben, umfasst und
eine Steuerung (50), die dafür ausgelegt ist, die
mehreren Wärmemedium-Durchflussregelvor-
richtungen (34a, 34b, 34c, 34d) anzusteuern;
dadurch gekennzeichnet, dass die Steuerung
(50) dafür ausgelegt ist, die mehreren Wärme-
medium-Durchflussregelvorrichtungen (34a,
34b, 34c, 34d) so anzusteuern, dass ein Entlüf-
tungsmodus ausgeführt wird, in dem die Luft ab-
gegeben wird, wobei eine von den mehreren
Wärmemedium-Durchflussregelvorrichtungen
(34a, 34b, 34c, 34d) geöffnet wird, während eine
oder mehrere übrige von den mehreren Wärme-
medium-Durchflussregelvorrichtungen (34a,
34b, 34c, 34d) geschlossen werden, um die Luft
abzugeben, und dann die geöffnete der mehre-
ren Wärmemedium-Durchflussregelvorrichtun-
gen (34a, 34b, 34c, 34d) sequentiell getauscht
wird, um die Luft wiederholt abzugeben.

2. Klimaanlage nach Anspruch 1, wobei die Luftabga-
bevorrichtung (15) lösbar mit dem Wärmemedium-
kreis (B) verbunden ist.

3. Klimaanlage nach einem der Ansprüche 1 oder 2,

wobei das Wärmemedium eine Frostschutzlö-
sung umfasst, und
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wobei die Frostschutzlösung zu einer Zeit, wenn
die Pumpe (31a, 31b) anläuft, im Wärmemedi-
umtank (17) gespeichert wird.

4. Klimaanlage nach einem der Ansprüche 1 bis 3, fer-
ner umfassend:

eine wärmequellenseitige Einheit (1), die den
Kompressor (10) und den wärmequellenseiti-
gen Wärmetauscher (12) aufweist;
eine Verteilungseinheit (2), die mit der wärme-
quellenseitigen Einheit (1) verbunden ist und die
Expansionsvorrichtung (26a, 26b), den Zwi-
schen-Wärmetauscher (25a, 25b) und die Pum-
pe (31a, 31b) aufweist; und
eine verbrauchsseitige Einheit (3a, 3h, 3c, 3d),
die mit der Verteilereinheit (2) verbunden ist und
den verbrauchsseitigen Wärmetauscher (35a,
35b, 35c, 35d) aufweist.

5. Klimaanlage nach Anspruch 4, wobei die Luftabga-
bevorrichtung (15) mit der Verteilereinheit (2) über
einen Verbindungskanal verbunden ist, der dafür
ausgelegt ist, eine Verbindung zwischen der Vertei-
lereinheit (2) und der verbrauchsseitigen Einheit (3a,
3h, 3c, 3d) zu ermöglichen.

6. Verwendung einer Klimaanlage, wobei die Klimaan-
lage umfasst:

einen Kühlkreis (A), in dem ein Kompressor (10),
ein wärmequellenseitiger Wärmetauscher (12),
eine Expansionsvorrichtung (26a, 26b) und ein
Zwischen-Wärmetauscher (25a, 25b), der dafür
ausgelegt ist, Wärme zwischen einem Kühlmit-
tel und einem Wärmemedium auszutauschen,
durch ein Kühlmittelrohrleitung (4) verbunden
sind, wobei das Kühlmittel durch den Kühlmit-
telkreis (A) strömt;
einen Wärmemediumkreis (B), in dem eine
Pumpe (31a, 31b), die dafür ausgelegt ist, das
Wärmemedium zu fördern, mehrere ver-
brauchsseitige Wärmetauscher (35a, 35b, 35c,
35d), mehrere Wärmemedium-Durchflussre-
gelvorrichtungen (34a, 34b, 34c, 34d) und der
Zwischen-Wärmetauscher (25a, 25b) durch ein
Wärmemediumrohrleitung (5) verbunden sind,
wobei das Wärmemedium durch den Wärme-
mediumkreis (B) strömt, wobei die mehreren
Wärmemedium-Durchflussregelvorrichtungen
(34a, 34b, 34c, 34d) jeweils dafür ausgelegt
sind, einen Durchfluss des Wärmemediums,
das durch einen entsprechenden von den meh-
reren verbrauchsseitigen Wärmetauschern
(35a, 35b, 35c, 35d) strömt, zu regeln; und
eine Luftabgabevorrichtung (15), die einen Wär-
memediumtank (17), der mit dem Wärmemedi-
umkreis (B) verbunden ist und dafür ausgelegt

ist, Luft aus dem Wärmemedium im Wärmeme-
diumkreis (B) zu trennen, und ein Entlüftungs-
ventil (18), das an dem Wärmemediumtank (17)
vorgesehen ist und dafür ausgelegt ist, die Luft
abzugeben, umfasst,
dadurch gekennzeichnet, dass die Verwen-
dung umfasst, dass in einem Entlüftungsmodus,
in dem Luft abgegeben wird, eine von den meh-
reren Wärmemedium-Durchflussregelvorrich-
tungen (34a, 34b, 34c, 34d) geöffnet wird, wäh-
rend eine oder mehrere übrige von den mehre-
ren Wärmemedium-Durchflussregelvorrichtun-
gen (34a, 34b, 34c, 34d) geschlossen werden,
um die Luft abzugeben, und dann die geöffnete
der mehreren Wärmemedium-Durchflussregel-
vorrichtungen (34a, 34b, 34c, 34d) sequentiell
getauscht wird, um die Luft wiederholt abzuge-
ben.

Revendications

1. Appareil de climatisation comprenant :

un circuit de fluide frigorigène (A) dans lequel
un compresseur (10), un échangeur de chaleur
côté source de chaleur (12), un détendeur (26a,
26b) et un échangeur de chaleur intermédiaire
(25a, 25b), configuré de manière à échanger de
la chaleur entre un fluide frigorigène et un fluide
caloporteur, sont connectés par un serpentin de
réfrigération (4), le fluide frigorigène s’écoulant
à travers le circuit de fluide frigorigène (A) ;
un circuit de fluide caloporteur (B) dans lequel
une pompe (31a, 31b) configurée de manière à
transporter le fluide caloporteur, une pluralité
d’échangeurs de chaleur côté utilisation (35a,
35b, 35c, 35d), une pluralité de dispositifs de
commande de flux de fluide caloporteur (34a,
34b, 34c, 34d), et l’échangeur de chaleur inter-
médiaire (25a, 25b), sont connectés par un ser-
pentin de fluide caloporteur (5), le fluide calo-
porteur circulant à travers le circuit de fluide ca-
loporteur (B), les dispositifs de la pluralité de dis-
positifs de commande de flux de fluide calopor-
teur (34a, 34b, 34c, 34d) étant chacun configu-
rés de manière à commander un débit du fluide
caloporteur circulant à travers un échangeur
correspondant de la pluralité d’échangeurs de
chaleur côté utilisation (35a, 35b, 35c, 35d) ;
un dispositif d’évacuation d’air (15) incluant un
réservoir de fluide caloporteur (17) connecté au
circuit de fluide caloporteur (B) et configuré de
manière à séparer l’air du fluide caloporteur
dans le circuit de fluide caloporteur (B), et une
soupape d’aération (18) fournie au niveau du
réservoir de fluide caloporteur (17) et configurée
de manière à évacuer l’air ; et
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un contrôleur (50) configuré de manière à com-
mander la pluralité de dispositifs de commande
de flux de fluide caloporteur (34a, 34b, 34c,
34d) ;
caractérisé en ce que le contrôleur (50) est
configuré de manière à commander la pluralité
de dispositifs de commande de flux de fluide ca-
loporteur (34a, 34b, 34c, 34d), de sorte qu’un
mode d’aération est exécuté dans lequel l’air est
évacué, dans lequel un dispositif de la pluralité
de dispositifs de commande de flux de fluide ca-
loporteur (34a, 34b, 34c, 34d) est ouvert, tandis
qu’un ou plusieurs dispositifs restants de la plu-
ralité de dispositifs de commande de flux de flui-
de caloporteur (34a, 34b, 34c, 34d) sont fermés,
pour évacuer l’air, et ensuite ledit dispositif
ouvert parmi la pluralité de dispositifs de com-
mande de flux de fluide caloporteur (34a, 34b,
34c, 34d) est commuté séquentiellement pour
évacuer l’air de manière répétée.

2. Appareil de climatisation selon la revendication 1,
dans lequel le dispositif d’évacuation d’air (15) est
connecté de manière amovible au circuit de fluide
caloporteur (B).

3. Appareil de climatisation selon l’une quelconque des
revendications 1 à 2,

dans lequel le fluide caloporteur comprend une
solution antigel ; et
dans lequel la solution antigel est stockée dans
le réservoir de fluide caloporteur (17) au moment
où la pompe (31a, 31b) démarre.

4. Appareil de climatisation selon l’une quelconque des
revendications 1 à 3, comprenant en outre :

une unité côté source de chaleur (1) incluant le
compresseur (10) et l’échangeur de chaleur cô-
té source de chaleur (12) ;
une unité de relais (2) connectée à l’unité côté
source de chaleur (1) et incluant le détendeur
(26a, 26b), l’échangeur de chaleur intermédiaire
(25a, 25b) et la pompe (31a, 31b) ; et
une unité côté utilisation (3a, 3b, 3c, 3d) con-
nectée à l’unité de relais (2) et incluant l’échan-
geur de chaleur côté utilisation (35a, 35b, 35c,
35d).

5. Appareil de climatisation selon la revendication 4,
dans lequel le dispositif d’évacuation d’air (15) est
connecté à l’unité de relais (2) par l’intermédiaire
d’un port de connexion configuré de manière à per-
mettre une connexion entre l’unité de relais (2) et
l’unité côté utilisation (3a, 3b, 3c, 3d).

6. Utilisation d’un appareil de climatisation, l’appareil

de climatisation comprenant :

un circuit de fluide frigorigène (A) dans lequel
un compresseur (10), un échangeur de chaleur
côté source de chaleur (12), un détendeur (26a,
26b) et un échangeur de chaleur intermédiaire
(25a, 25b), configuré de manière à échanger de
la chaleur entre un fluide frigorigène et un fluide
caloporteur, sont connectés par un serpentin de
réfrigération (4), le fluide frigorigène s’écoulant
à travers le circuit de fluide frigorigène (A) ;
un circuit de fluide caloporteur (B) dans lequel
une pompe (31a, 31b) configurée de manière à
transporter le fluide caloporteur, une pluralité
d’échangeurs de chaleur côté utilisation (35a,
35b, 35c, 35d), une pluralité de dispositifs de
commande de flux de fluide caloporteur (34a,
34b, 34c, 34d), et l’échangeur de chaleur inter-
médiaire (25a, 25b), sont connectés par un ser-
pentin de fluide caloporteur (5), le fluide calo-
porteur circulant à travers le circuit de fluide ca-
loporteur (B), les dispositifs de la pluralité de dis-
positifs de commande de flux de fluide calopor-
teur (34a, 34b, 34c, 34d) étant chacun configu-
rés de manière à commander un débit du fluide
caloporteur circulant à travers un échangeur
correspondant de la pluralité d’échangeurs de
chaleur côté utilisation (35a, 35b, 35c, 35d) ; et
un dispositif d’évacuation d’air (15) incluant un
réservoir de fluide caloporteur (17) connecté au
circuit de fluide caloporteur (B) et configuré de
manière à séparer l’air du fluide caloporteur
dans le circuit de fluide caloporteur (B), et une
soupape d’aération (18) fournie au niveau du
réservoir de fluide caloporteur (17) et configurée
de manière à évacuer l’air,
caractérisé en ce que l’utilisation inclut que,
dans un mode d’aération dans lequel l’air est
évacué, un dispositif de la pluralité de dispositifs
de commande de flux de fluide caloporteur (34a,
34b, 34c, 34d) est ouvert, tandis qu’un ou plu-
sieurs dispositifs restants de la pluralité de dis-
positifs de commande de flux de fluide calopor-
teur (34a, 34b, 34c, 34d) sont fermés, pour éva-
cuer l’air, et ensuite ledit dispositif ouvert parmi
la pluralité de dispositifs de commande de flux
de fluide caloporteur (34a, 34b, 34c, 34d) est
commuté séquentiellement pour évacuer l’air de
manière répétée.

35 36 



EP 3 428 550 B1

20



EP 3 428 550 B1

21



EP 3 428 550 B1

22



EP 3 428 550 B1

23



EP 3 428 550 B1

24

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP 2005140444 A [0008]
• JP 5280818 A [0008]
• JP 2001289465 A [0008]
• JP 2003343936 A [0008]
• WO 10049998 A [0008]

• EP 2314939 A1 [0008]
• EP 2589885 A2 [0008]
• GB 2444778 A [0008]
• NL 106105 C [0008]


	bibliography
	description
	claims
	drawings
	cited references

