
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

96
3 

35
9

A
1

TEPZZ 96¥¥59A_T
(11) EP 2 963 359 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
06.01.2016 Bulletin 2016/01

(21) Application number: 13876128.3

(22) Date of filing: 28.02.2013

(51) Int Cl.:
F25B 1/00 (2006.01) F24F 5/00 (2006.01)

F25B 49/02 (2006.01)

(86) International application number: 
PCT/JP2013/055294

(87) International publication number: 
WO 2014/132378 (04.09.2014 Gazette 2014/36)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:  
• SHIMAMOTO, Daisuke

Tokyo 100-8310 (JP)
• MOTOMURA, Yuji

Tokyo 100-8310 (JP)

• HONDA, Takayoshi
Tokyo 100-8310 (JP)

• MORIMOTO, Osamu
Tokyo 100-8310 (JP)

• ONO, Tatsuo
Tokyo 100-8310 (JP)

• NISHIOKA, Koji
Tokyo 102-0073 (JP)

(74) Representative: Pfenning, Meinig & Partner GbR
Patent- und Rechtsanwälte 
Theresienhöhe 11a
80339 München (DE)

(54) AIR CONDITIONING DEVICE

(57) A heat source-side refrigerant circuit (A) and a
heat medium circuit (B) are cascade-connected so that
heat source-side refrigerant and a heat medium ex-
change heat in an intermediate heat exchanger (15). The
heat medium circuit (B) includes a relief valve (60), which
is actuated when the heat source-side refrigerant flows
into the heat medium circuit (B), to thereby expel the heat
source-side refrigerant and the heat medium.
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Description

Technical Field

[0001] The present invention relates to an air-conditioning apparatus to be applied to, for example, a multi-air-condi-
tioning apparatus for a building.

Background Art

[0002] As a related-art air-conditioning apparatus, there is given an air-conditioning apparatus including a heat source
apparatus (outdoor unit) arranged outside of a building and indoor units arranged in rooms of the building as in a case
of a multi-air-conditioning apparatus for a building. Refrigerant circulating through a refrigerant circuit of the air-condi-
tioning apparatus described above rejects heat to (takes away heat from) air supplied to a heat exchanger of each of
the indoor units to heat or cool the air. Then, the heated or cooled air is sent to an air-conditioned space to perform
heating or cooling.
[0003] Each of the indoor units of the multi-air-conditioning apparatus for a building described above is generally
arranged for use in an indoor space where a person is present (such as an office, a residential room, or a store). Therefore,
when the refrigerant leaks from the indoor unit arranged in the indoor space for some reason, there arises a problem in
view of effects on a human body and safety because some kinds of refrigerant have inflammability and toxicity. Further,
even when the refrigerant is not harmful to the human body, it is supposed that an oxygen concentration in the indoor
space is lowered due to the refrigerant leakage to affect the human body.
[0004] In order to cope with the problem described above, it is conceivable to adopt a secondary loop system for the
air-conditioning apparatus, in which the indoor space where a person is present is air-conditioned by circulating the
refrigerant through a primary loop (outdoor-unit system) and using unharmful water or brine (hereinafter referred to as
"heat medium") in a secondary loop (indoor-unit system) (see, for example, Patent Literature 1).

Citation List

Patent Literature

[0005] Patent Literature 1: Japanese Unexamined Patent Application Publication No. 2000-227242 (see, for example,
Abstract and Fig. 1)

Summary of Invention

Technical Problem

[0006] In the air-conditioning apparatus as disclosed in Patent Literature 1, the refrigerant leakage toward the indoor
units does not basically occur. In a case where a heat exchanging unit (heat exchanger) is damaged in the heat exchanging
unit, in which the refrigerant in the primary loop and the heat medium in the secondary loop exchange heat, resulting in
the leakage of the refrigerant in the primary loop toward the secondary loop, however, the refrigerant leakage to the
indoor unit arranged in the indoor space undesirably occurs.
[0007] When the refrigerant leakage occurs as described above, a pressure in the secondary loop increases. Thus,
there is a problem in that the increase in pressure leads to damage to a component used in the secondary loop and the
refrigerant leakage spreads due to the damage.
[0008] The present invention has been made to solve the problems described above, and has an object to provide an
air-conditioning apparatus capable of reducing a pressure in a secondary loop to suppress damage to a component
used in the secondary loop, which is otherwise caused by an increase in pressure, to thereby suppress spread of
refrigerant leakage even when a heat exchanging unit is damaged in the heat exchanging unit, in which the refrigerant
in a primary loop and a heat medium in the secondary loop exchange heat, resulting in leakage of the refrigerant in the
primary loop toward the secondary loop.

Solution to Problem

[0009] According to one embodiment of the present invention, there is provided an air-conditioning apparatus, including:
a heat source-side refrigerant circuit for circulating heat source-side refrigerant, in which a compressor, a heat source-
side heat exchanger, an expansion device, and a heat source-side refrigerant passage in an intermediate heat exchanger
are connected in series by pipes; and a heat medium circuit for circulating a heat medium, in which a pump, a use-side
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heat exchanger, and a heat medium passage in the intermediate heat exchanger are connected in series by pipes, the
heat source-side refrigerant circuit and the heat medium circuit being cascade-connected so that the heat source-side
refrigerant and the heat medium exchange heat in the intermediate heat exchanger, the heat medium circuit including
a relief valve, the relief valve being actuated when the heat source-side refrigerant flows into the heat medium circuit,
to thereby expel the heat source-side refrigerant and the heat medium.

Advantageous Effects of Invention

[0010] According to the air-conditioning apparatus of the one embodiment of the present invention, the relief valve is
arranged. Thus, even when the refrigerant in the primary loop leaks toward the secondary loop, the heat source-side
refrigerant mixed with the heat medium is expelled out of a system of the secondary loop. Therefore, the pressure in
the secondary loop can be reduced to suppress the damage to the component used in the secondary loop, which is
otherwise caused by the increase in pressure, to thereby suppress the spread of the refrigerant leakage.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 is a schematic diagram illustrating an example of installation of an air-conditioning apparatus according
to an embodiment of the present invention.
[Fig. 2] Fig. 2 illustrates a first refrigerant circuit configuration example of the air-conditioning apparatus according
to the embodiment of the present invention.
[Fig. 3] Fig. 3 illustrates a second refrigerant circuit configuration example of the air-conditioning apparatus according
to the embodiment of the present invention.
[Fig. 4] Fig. 4 is a refrigerant circuit diagram illustrating a flow of refrigerant during a cooling only operation mode of
the air-conditioning apparatus illustrated in Fig. 2.
[Fig. 5] Fig. 5 is a refrigerant circuit diagram illustrating the flow of the refrigerant during a heating only operation
mode of the air-conditioning apparatus illustrated in Fig. 2.
[Fig. 6] Fig. 6 is a refrigerant circuit diagram illustrating the flow of the refrigerant during a cooling main operation
mode of the air-conditioning apparatus illustrated in Fig. 2.
[Fig. 7] Fig. 7 is a refrigerant circuit diagram illustrating the flow of the refrigerant during a heating main operation
mode of the air-conditioning apparatus illustrated in Fig. 2.

Description of Embodiments

[0012] Now, an embodiment of the present invention is described referring to the drawings. Note that, the present
invention is not limited to the embodiment described below. Moreover, in the drawings referred to below, the size
relationship between components may be different from the reality in some cases. Embodiment
[0013] Fig. 1 is a schematic diagram illustrating an example of installation of an air-conditioning apparatus 100 according
to an embodiment of the present invention.
[0014] Now, the example of installation of the air-conditioning apparatus 100 is described referring to Fig. 1.
[0015] The air-conditioning apparatus 100 includes a refrigeration cycle in which refrigerant is circulated. For each of
indoor units 2a to 2d, a cooling mode or a heating mode can be freely selected as an operation mode. The air-conditioning
apparatus 100 according to this embodiment uses as the refrigerant, for example, a single-component refrigerant such
as R-22, R-32, and R-134a, a near-azeotropic refrigerant mixture such as R-410A and R-404A, a zeotropic refrigerant
mixture such as R-407C, a refrigerant having a double bond in a chemical formula and a relatively small value of a global
warming potential such as CF3CF=CH2 or a mixture thereof, or a natural refrigerant such as CO2 and propane. Further,
the air-conditioning apparatus 100 includes a heat source-side refrigerant circuit A using the natural refrigerant (here-
inafter also referred to as "primary loop") and a heat medium circuit B using water or the like as a heat medium (hereinafter
also referred to as "secondary loop") (see Fig. 2).
[0016] For the air-conditioning apparatus 100 according to this embodiment, a method (indirect method) of indirectly
using the refrigerant (hereinafter referred to as "heat source-side refrigerant") is adopted. Specifically, cooling energy
or heating energy stored in the heat source-side refrigerant is transferred to refrigerant (hereinafter referred to as "heat
medium") different from the heat source-side refrigerant so that an air-conditioned space is cooled or heated with the
cooling energy or heating energy stored in the heat medium. Further, through direct heat exchange between the heat
medium and another heat source such as outdoor air, indoor air, or boiler exhaust heat, the cooling energy or the heating
energy can be stored in the heat medium.
[0017] As illustrated in Fig. 1, the air-conditioning apparatus 100 according to this embodiment includes one outdoor



EP 2 963 359 A1

4

5

10

15

20

25

30

35

40

45

50

55

unit 1 serving as a heat source apparatus, a plurality of the indoor units 2a to 2d (hereinafter also referred to simply as
"indoor units 2"), and a heat medium relay unit 3 interposed between the outdoor unit 1 and the indoor units 2. The heat
medium relay unit 3 exchanges heat between the heat source-side refrigerant and the heat medium. The outdoor unit
1 and the heat medium relay unit 3 are connected to each other by refrigerant pipes 4 through which the heat source-
side refrigerant is circulated. The heat medium relay unit 3 and the indoor units 2 are connected to each other by heat
medium pipes 5 through which the heat medium is circulated. Further, the cooling energy or heating energy generated
by the outdoor unit 1 is delivered to the indoor units 2 through the heat medium relay unit 3.
[0018] The outdoor unit 1 is generally arranged in an outdoor space 6, which is a space outside of a structure 9 such
as an building (for example, on a rooftop), and supplies the cooling energy or heating energy to the indoor units 2 through
the heat medium relay unit 3.
[0019] The indoor units 2 are arranged at positions at which cooling air or heating air can be supplied to an indoor
space 7 as a space inside the structure 9 (residential room, for example), and supply the cooling air or heating air to the
indoor space 7 as the air-conditioned space.
[0020] The heat medium relay unit 3 is arranged as a casing independent of the outdoor unit 1 and the indoor units 2
and is installed at a position different from the outdoor space 6 and the indoor space 7. The heat medium relay unit 3 is
connected to the outdoor unit 1 through the refrigerant pipes 4 and to the indoor units 2 through the heat medium pipes
5 so as to transfer the cooling energy or heating energy supplied from the outdoor unit 1 to the indoor units 2.
[0021] As illustrated in Fig. 1, in the air-conditioning apparatus 100 according to this embodiment, the outdoor unit 1
and the heat medium relay unit 3 are connected through the two refrigerant pipes 4, whereas the heat medium relay
unit 3 and each of the indoor units 2a to 2d are connected through the two heat medium pipes 5. As described above,
in the air-conditioning apparatus 100, each of the units (outdoor unit 1, indoor units 2, and heat medium relay unit 3) are
connected through the refrigerant pipes 4 and the heat medium pipes 5. As a result, construction is facilitated.
[0022] Note that, although a state in which the heat medium relay unit 3 is installed in a space 8 inside the structure
9 such as a space above a ceiling, which is a different space from the indoor space 7 (for example, a space such as a
space above a ceiling in the structure 9), is illustrated as an example in Fig. 1, the heat medium relay unit 3 may also
be installed in a shared space where an elevator is installed. Further, although ceiling cassette type indoor units are
illustrated as an example of the indoor units 2, the indoor units are not limited thereto. Specifically, any other types of
the indoor unit such as a ceiling-concealed indoor unit or a ceiling-suspended indoor unit may be used as the indoor
units 2 as long as heating air or cooling air can be blown into the indoor space 7 directly or through a duct.
[0023] Further, the heat medium relay unit 3 may also be installed in the vicinity of the outdoor unit 1. When a distance
from the heat medium relay unit 3 to the indoor units 2 is excessively long, however, delivery power for the heat medium
is significantly increased. Therefore, it should be noted that energy saving effects are weakened.
[0024] Fig. 2 illustrates a first refrigerant circuit configuration example of the air-conditioning apparatus 100 according
to the embodiment of the present invention.
[0025] As illustrated in Fig. 2, the outdoor unit 1 and intermediate heat exchangers 15a and 15b included in the heat
medium relay unit 3 are connected to each other through the refrigerant pipes 4. Further, the indoor units 2 and the
intermediate heat exchangers 15a and 15b are connected to each other through the heat medium pipes 5.

[Outdoor Unit 1]

[0026] In the outdoor unit 1, a compressor 10 for compressing the refrigerant, a first refrigerant flow switching device
11 constructed of a four-way valve or the like, a heat source-side heat exchanger 12 functioning as an evaporator or a
condenser, and an accumulator 19 for accumulating surplus refrigerant therein are mounted and connected by the
refrigerant pipes 4.
[0027] Further, the outdoor unit 1 includes check valves 13a to 13d, which can set a direction of a flow of the heat
source-side refrigerant to be controlled to flow into the heat medium relay unit 3 constant regardless of a required
operation for the indoor units 2.
[0028] The check valve 13d is arranged on the refrigerant pipe 4 between the intermediate heat exchangers 15a and
15b (hereinafter sometimes referred to simply as "intermediate heat exchangers 15") and the first refrigerant flow switching
device 11, the check valve 13b is arranged on a first connection pipe 4a, the check valve 13c is arranged on a second
connection pipe 4b, and the check valve 13a is arranged on the refrigerant pipe 4 between the heat source-side heat
exchanger 12 and the intermediate heat exchangers 15a and 15b.
[0029] The compressor 10 sucks the heat source-side refrigerant, and compresses the heat source-side refrigerant
into a high-temperature and high-pressure state. The compressor 10 may be a capacity-controllable inverter compressor
or the like.
[0030] The first refrigerant flow switching device 11 switches a flow of the heat source-side refrigerant between a flow
of the heat source-side refrigerant during a heating operation mode (during a heating only operation mode and a heating
main operation mode) and a flow of the heat source-side refrigerant during a cooling operation mode (during a cooling
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only operation mode and a cooling main operation mode).
[0031] The heat source-side heat exchanger 12 functions as the evaporator during the heating operation and functions
as the condenser during the cooling operation, and exchanges heat between air supplied from an air sending device
such as a fan (not shown) and the heat source-side refrigerant.
[0032] Here, the cooling only operation mode is a mode in which all the running indoor units 2 execute the cooling
operation, the heating only operation mode is a mode in which all the running indoor units 2 execute the heating operation,
the cooling main operation mode is a cooling and heating mixed operation mode in which the cooling operation and the
heating operation are both executed and a cooling load is larger, and the heating main operation mode is similarly a
cooling and heating mixed operation mode in which a heating load is larger.
[0033] The accumulator 19 is arranged on a suction side of the compressor 10 and has a function of accumulating
the surplus refrigerant therein and a function of separating liquid refrigerant and gas refrigerant from each other. Note
that, the accumulator 19 may be any reservoir as long as the surplus refrigerant can be accumulated therein.
[0034] Further, a second pressure sensor 37 and a third pressure sensor 38, which are pressure detection devices,
are arranged in the front and back of the compressor 10. A refrigerant flow rate from the compressor 10 can be calculated
based on a rotation speed of the compressor 10 and detection values of the second pressure sensor 37 and the third
pressure sensor 38.

[Indoor Unit 2]

[0035] In the four indoor units 2a to 2d, use-side heat exchangers 26a to 26d (hereinafter also referred to simply as
"use-side heat exchangers 26") are respectively mounted. The use-side heat exchangers 26 are connected to heat
medium flow control devices 25a to 25d (hereinafter also referred to simply as "heat medium flow control devices 25")
and second heat medium flow switching devices 23a to 23d (hereinafter also referred to simply as "second heat medium
flow switching devices 23"), which are included in the heat medium relay unit 3, through the heat medium pipes 5.
[0036] The use-side heat exchangers 26 exchange the heat between the air supplied by the air sending device such
as the fan (not shown) and the heat medium to generate cooling air or heating air to be supplied to the indoor space 7.
[0037] Further, sucked-air temperature detection devices 39a to 39d for detecting a suction temperature are respec-
tively arranged in the indoor units 2a to 2d.

[Heat Medium Relay Unit 3]

[0038] The heat medium relay unit 3 includes the two intermediate heat exchangers 15a and 15b (hereinafter also
referred to simply as "intermediate heat exchangers 15") for exchanging heat between the refrigerant and the heat
medium, two expansion devices 16a and 16b (hereinafter also referred to simply as "expansion devices 16") for decom-
pressing the refrigerant, two opening and closing devices 17a and 17b (hereinafter also referred to simply as "opening
and closing devices 17") for opening and closing passages of the refrigerant pipes 4, two second refrigerant flow switching
devices 18a and 18b (hereinafter also referred to simply as "second refrigerant flow switching devices 18") for switching
the refrigerant passage, two pumps 21 a and 21 b (hereinafter also referred to simply as "pumps 21 ") for circulating the
heat medium, four first heat medium flow switching devices 22a to 22d (hereinafter also referred to simply as "first heat
medium flow switching devices 22"), each being connected to one of the heat medium pipes 5, the four second heat
medium flow switching devices 23, each being connected to another of the heat medium pipes 5, the four heat medium
flow control devices 25a to 25d connected to the heat medium pipes 5 between the first heat medium flow switching
devices 22 and the use-side heat exchangers 26, and two relief valves 60a and 60b (hereinafter also referred to simply
as "relief valves 60") for expelling the heat medium out of the system (for example, into the heat medium relay unit 3)
when a pressure in the secondary loop increases to a predetermined value.
[0039] The two intermediate heat exchangers 15a and 15b function as condensers (radiators) or evaporators, and
exchange heat between the heat source-side refrigerant and the heat medium, to thereby transfer the cooling energy
or heating energy, which is generated by the outdoor unit 1 and stored in the heat source-side refrigerant, to the heat
medium. The intermediate heat exchanger 15a is arranged between the expansion device 16a and the second refrigerant
flow switching device 18a in the heat source-side refrigerant circuit A and serves to cool the heat medium during the
cooling and heating mixed operation mode. The intermediate heat exchanger 15b is arranged between the expansion
device 16b and the second refrigerant flow switching device 18b in the heat source-side refrigerant circuit A and serves
to heat the heat medium during the cooling and heating mixed operation mode. Note that, the intermediate heat ex-
changers 15a and 15b only need to be, for example, double-pipe heat exchangers or plate heat exchangers.
[0040] The two expansion devices 16a and 16b function as pressure reducing valves and expansion valves and
decompress the heat source-side refrigerant to expand the heat source-side refrigerant. The expansion device 16a is
arranged on an upstream side of the intermediate heat exchanger 15a in the flow of the heat source-side refrigerant
during the cooling only operation mode. The expansion device 16b is arranged on an upstream side of the intermediate
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heat exchanger 15b in the flow of the heat source-side refrigerant during the cooling only operation mode. Note that,
the two expansion devices 16 only need to be devices capable of variably controlling their opening degrees, such as
electronic expansion valves.
[0041] The two opening and closing devices 17a and 17b open and close the refrigerant pipes 4, and only need to be
two-way valves or the like.
[0042] The two second refrigerant flow switching devices 18a and 18b are four-way valves and switch the flow of the
heat source-side refrigerant in accordance with the operation mode. The second refrigerant flow switching device 18a
is arranged on a downstream side of the intermediate heat exchanger 15a in the flow of the heat source-side refrigerant
during the cooling only operation mode. The second refrigerant flow switching device 18b is arranged on a downstream
side of the intermediate heat exchanger 15b in the flow of the heat source-side refrigerant during the cooling only
operation mode.
[0043] The two pumps 21 a and 21 b circulate the heat medium in the heat medium pipes 5. The pump 21 a is arranged
on the heat medium pipe 5 between the intermediate heat exchanger 15a and the second heat medium flow switching
devices 23. The pump 21 b is arranged on the heat medium pipe 5 between the intermediate heat exchanger 15b and
the second heat medium flow switching devices 23. The two pumps 21 only need to be, for example, capacity-controllable
pumps. Note that, the pump 21 a may be arranged on the heat medium pipe 5 between the intermediate heat exchanger
15a and the first heat medium flow switching devices 22, whereas the pump 21 b may be arranged on the heat medium
pipe 5 between the intermediate heat exchanger 15b and the first heat medium flow switching devices 22.
[0044] The four first heat medium flow switching devices 22a to 22d are three-way valves or the like and switch the
passage of the heat medium. The first heat medium flow switching devices 22 are arranged in the number in accordance
with the number of the installed indoor units 2 (four in this embodiment). Among the three ways of each of the first heat
medium flow switching devices 22, one way is connected to the intermediate heat exchanger 15a, another way is
connected to the intermediate heat exchanger 15b, and the remaining way is connected to the heat medium flow control
device 25. The first heat medium flow switching devices 22 are arranged on an outlet side of the heat medium passages
of the use-side heat exchangers 26.
[0045] Note that, the first heat medium flow switching devices 22a to 22d are arranged in order of the first heat medium
flow switching devices 22a, 22b, 22c, and 22d from the bottom of the drawing sheet so as to correspond to the indoor
units 2a to 2d, and are illustrated as being arranged in the heat medium relay unit 3. However, a larger number thereof
may be arranged.
[0046] The four second heat medium flow switching devices 23a to 23d are three-way valves or the like and switch
the passage of the heat medium. The second heat medium flow switching devices 23 are arranged in the number in
accordance with the number of the installed indoor units 2 (four in this embodiment). Among the three ways of each of
the second heat medium flow switching devices 23, one way is connected to the intermediate heat exchanger 15a,
another way is connected to the intermediate heat exchanger 15b, and the remaining way is connected to the use-side
heat exchanger 26. The second heat medium flow switching devices 23 are arranged on an inlet side of the heat medium
passages of the use-side heat exchangers 26.
[0047] Note that, the second heat medium flow switching devices 23a to 23d are arranged in order of the second heat
medium flow switching devices 23a, 23b, 23c, and 23d from the bottom of the drawing sheet so as to correspond to the
indoor units 2a to 2d, and are illustrated as being arranged in the heat medium relay unit 3. However, a larger number
thereof may be arranged.
[0048] The four heat medium flow control devices 25a to 25d are two-way valves or the like, each capable of controlling
the opening area, and control the flow rate of the heat medium flowing through the heat medium pipes 5. The heat
medium flow control devices 25 are arranged in the number in accordance with the number of the installed indoor units
2 (four in this embodiment). One way of each of the heat medium flow control devices 25 is connected to the use-side
heat exchanger 26, whereas another way thereof is connected to the first heat medium flow switching device 22. The
heat medium flow control devices 25 are arranged on the outlet side of the heat medium passages of the use-side heat
exchangers 26.
[0049] Note that, the heat medium flow control devices 25a to 25d are arranged in order of the heat medium flow
control devices 25a, 25b, 25c, and 25d from the bottom of the drawing sheet so as to correspond to the indoor units 2a
to 2d, and are illustrated as being arranged in the heat medium relay unit 3. However, a larger number thereof may be
arranged. Further, the heat medium flow control devices 25 may be arranged on the inlet side of the heat medium
passages of the use-side heat exchangers 26.

[Relief Valve 60]

[0050] The two relief valves 60a and 60b are respectively arranged on the heat medium pipes 5 on an outlet side of
the pumps 21 a and 21 b, and are actuated to expel the heat medium out of the system when the pressure in the
secondary loop increases to a predetermined value (working pressure).
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[0051] Note that, the working pressure of the relief valves 60 is determined based on the kind of heat source-side
refrigerant and the kind of heat medium.
[0052] Further, in the air-conditioning apparatus 100 according to this embodiment, the increase in pressure in the
secondary loop is assumed in a case where a communication hole is formed between the primary loop and the secondary
loop of the intermediate heat exchangers 15 due to freezing of the heat medium on the secondary loop side or corrosion
occurring between the heat medium and the intermediate heat exchangers 15. Therefore, a Cv value (Cv[60a]+Cv[60b]),
which is a coefficient indicating a flow characteristic of the relief valves 60, is expressed as follows. 

P1: maximum pressure of the heat source-side refrigerant (maximum pressure in the primary loop)
P2: working pressure of the relief valves
Cv1: Cv value of the communication hole formed between the primary loop and the secondary loop
Cv[60a]: Cv value of the relief valve 60a
Cv[60b]: Cv value of the relief valve 60b

[0053] Here, for example, in a case where P1 is 3.8 MPa when the refrigerant of the primary loop is R410A, and P2
is 0.4 MPa that is a value obtained by adding a mean pressure 0.2 MPa of the heat medium and a maximum head loss
0.2 MPa of the pumps 21, the CV value is expressed as follows. 

[0054] Further, for example, Cv1 is about 1 mm2 in a case of a pin hole due to the corrosion of a copper pipe, and
thus the Cv value of the relief valves 60, which corresponds to the sum of Cv[60a]+Cv[60b], is required to be 3 mm2 or
larger in total.
[0055] Note that, the working pressure of the relief valves 60 is determined in accordance with the maximum pressure
of the heat medium alone. Then, when the heat source-side refrigerant leaks into the secondary loop, the relief valves
60 are actuated along with a sudden increase in pressure in the secondary loop. However, there is a risk in that the
increase in pressure is not fully relieved and the pressure exceeds withstanding pressures of components used in the
secondary loop, resulting in damage to the components. Therefore, also in consideration of a pressure different for each
kind of heat source-side refrigerant, the working pressure of the relief valves 60 is determined based on the kind of heat
medium and the kind of heat source-side refrigerant. Further, a size of each of the relief valves 60 is selected in accordance
with the maximum pressure of the heat medium and the maximum pressure of the heat source-side refrigerant to
determine (control) an expelling flow rate out of the system. In this manner, the pressure in the secondary loop is kept
at an appropriate pressure.
[0056] Fig. 3 illustrates a second refrigerant circuit configuration example of the air-conditioning apparatus 100 ac-
cording to the embodiment of the present invention.
[0057] As illustrated in Fig. 2, in the first refrigerant circuit configuration example, the relief valves 60a and 60b are
respectively arranged on the heat medium pipes 5 on the outlet side of the pumps 21 a and 21 b. As illustrated in Fig.
3, however, the relief valve 60b may be omitted by connecting the heat medium pipe 5 on a discharge side of the pump
21 a and the heat medium pipe 5 on a discharge side of the pump 21 b through a narrow pipe. Further, a heat medium
pressure detection device 62 for detecting the pressure in the secondary loop may be arranged on the heat medium
pipe 5 on the outlet side of the pump 21 b.
[0058] The heat medium relay unit 3 includes, as illustrated in Figs. 2 and 3, various types of detection means such
as two first temperature sensors 31 a and 31 b (hereinafter also referred to simply as "first temperature sensors 31 "),
four second temperature sensors 34a to 34d (hereinafter also referred to simply as "second temperature sensors 34"),
four third temperature sensors 35a to 35d (hereinafter also referred to simply as "third temperature sensors 35"), a fourth
temperature sensor 50, and a first pressure sensor 36. Information pieces detected by the above-mentioned detection
means (for example, temperature information and pressure information) are transmitted to a controller 52 (note that, the
controller 52 is described later) for collectively controlling the operation of the air-conditioning apparatus 100, and are
used for controlling a driving frequency of the compressor 10, a rotation speed of each of the air sending devices (not
shown) arranged in the vicinity of the heat source-side heat exchanger 12 and in the vicinity of the use-side heat
exchangers 26, switching of the first refrigerant flow switching device 11, a driving frequency of the pumps 21, switching
of the second refrigerant flow switching devices 18, and the like.
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[0059] Besides, in the heat medium relay unit 3, a refrigerant leakage detection device 61 is arranged on the intermediate
heat exchangers 15 or in the vicinity thereof in addition to the above-mentioned detection means. Information therefrom
is input to a computing device 52a described below.
[0060] The controller 52 is a microcomputer or the like and calculates an evaporating temperature, a condensing
temperature, a saturation temperature, a degree of superheat, and a degree of subcooling based on the results of
calculation by the computing device 52a. Then, based on the results of calculation, the controller 52 controls an opening
degree of each of the expansion devices 16, the rotation speed of the compressor 10, a speed of each of the fans for
the heat source-side heat exchanger 12 and the use-side heat exchangers 26 (including ON/OFF), and the like so that
performance of the air-conditioning apparatus 100 is maximized.
[0061] Besides, based on the information pieces detected by the various detection means and an instruction from a
remote controller, the controller 52 controls a driving frequency of the compressor 10, a rotation speed of the air sending
devices (including ON/OFF), switching of the first refrigerant flow switching device 11, driving of the pumps 21, the
opening degree of each of the expansion devices 16, opening and closing of the opening and closing devices 17,
switching of the second refrigerant flow switching devices 18, switching of the first heat medium flow switching devices
22, switching of the second heat medium flow switching devices 23, an opening degree of each of the heat medium flow
control devices 25, and the like. Specifically, the controller 52 collectively controls various types of equipment so as to
execute each of the operation modes described later.
[0062] Note that, a controller 57 is also arranged in the outdoor unit 1, and controls actuators of the outdoor unit 1
based on the information pieces transmitted from the controller 52 of the heat medium relay unit 3.
[0063] Further, although the controller 52 of the heat medium relay unit 3 is described as a component independent
of a computing device 57a arranged in the outdoor unit 1 in this embodiment, the controller 52 and the computing device
57a may be the same component.
[0064] The two first temperature sensors 31 a and 31 b detect a temperature of the heat medium flowing out of the
intermediate heat exchangers 15, specifically, the heat medium at outlets of the intermediate heat exchangers 15, and
only need to be, for example, thermistors. The first temperature sensor 31 a is arranged on the heat medium pipe 5 on
an inlet side of the pump 21 a. The first temperature sensor 31 b is arranged on the heat medium pipe 5 on an inlet side
of the pump 21 b.
[0065] The four second temperature sensors 34a to 34d are respectively arranged between the first heat medium flow
switching devices 22 and the heat medium flow control devices 25, and detect the temperature of the heat medium
flowing out of the use-side heat exchangers (or heat recovery heat exchangers) 26. The four second temperature sensors
34a to 34d only need to be thermistors. The second temperature sensors 34 are arranged in the number in accordance
with the number of the installed indoor units 2 (four in this embodiment). Note that, the second temperature sensors 34a
to 34d are illustrated as the second temperature sensors 34a, 34b, 34c, and 34d from the bottom of the drawing sheet
so as to correspond to the indoor units 2.
[0066] The four third temperature sensors 35a to 35d are arranged on an inlet side or an outlet side of the intermediate
heat exchangers 15 for the heat source-side refrigerant, and detect the temperature of the heat source-side refrigerant
flowing into the intermediate heat exchangers 15 or the temperature of the heat source-side refrigerant flowing out of
the intermediate heat exchangers 15. The four third temperature sensors 35a to 35d only need to be thermistors. The
third temperature sensor 35a is arranged between the intermediate heat exchanger 15a and the second refrigerant flow
switching device 18a. The third temperature sensor 35b is arranged between the intermediate heat exchanger 15a and
the expansion device 16a. The third temperature sensor 35c is arranged between the intermediate heat exchanger 15b
and the second refrigerant flow switching device 18b. The third temperature sensor 35d is arranged between the inter-
mediate heat exchanger 15b and the expansion device 16b.
[0067] The fourth temperature sensor 50 obtains the temperature information that is used to calculate the evaporating
temperature and a dew-point temperature, and is arranged between the expansion devices 16a and 16b.
[0068] The first pressure sensor 36 obtains the pressure information for conversion into the saturation temperature
that is used to control the opening degrees of the expansion devices 16, and is arranged between the intermediate heat
exchanger 15b and the expansion device 16b.
[0069] The heat medium pipes 5 for circulating the heat medium include the heat medium pipes 5 connected to the
intermediate heat exchanger 15a and the heat medium pipes 5 connected to the intermediate heat exchanger 15b, each
of which are split in accordance with the number of the indoor units 2 connected to the heat medium relay unit 3 (split
into four branches in this embodiment). Further, the heat medium pipes 5 connected to the inlet side of the intermediate
heat exchanger 15a and the heat medium pipes 5 connected to the inlet side of the intermediate heat exchanger 15b
are respectively connected by the first heat medium flow switching devices 22, whereas the heat medium pipes 5
connected to the outlet side of the intermediate heat exchanger 15a and the heat medium pipes 5 connected to the
outlet side of the intermediate heat exchanger 15b are respectively connected by the second heat medium flow switching
devices 23.
[0070] Further, through control of the first heat medium flow switching devices 22 and the second heat medium flow
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switching devices 23, whether to control the heat medium from the intermediate heat exchanger 15a to flow into the
use-side heat exchangers 26 or to control the heat medium from the intermediate heat exchanger 15b to flow into the
use-side heat exchangers 26 is determined.

[Description of Operation Modes]

[0071] In the air-conditioning apparatus 100, the compressor 10, the first refrigerant flow switching device 11, the heat
source-side heat exchanger 12, the opening and closing devices 17, the expansion devices 16, the heat source-side
refrigerant passage in the intermediate heat exchanger 15a, the second refrigerant flow switching devices 18, and the
accumulator 19 are connected by the refrigerant pipes 4 to form the heat source-side refrigerant circuit A.
[0072] Further, the heat medium passage in the intermediate heat exchanger 15a, the pumps 21, the second heat
medium flow switching devices 23, the use-side heat exchangers 26, the heat medium flow control devices 25, and the
first heat medium flow switching devices 22 are connected by the heat medium pipes 5 to form the heat medium circuit
B. Specifically, the plurality of the use-side heat exchangers 26 are respectively connected in parallel to the intermediate
heat exchangers 15a and 15b to form the heat medium circuit B having a plurality of systems.
[0073] Therefore, in the air-conditioning apparatus 100, the outdoor unit 1 and the heat medium relay unit 3 are
connected through the intermediate heat exchangers 15a and 15b arranged in the heat medium relay unit 3, whereas
the heat medium relay unit 3 and the indoor units 2 are similarly connected through the intermediate heat exchangers
15a and 15b. Specifically, in the air-conditioning apparatus 100, the heat source-side refrigerant circulating through the
heat source-side refrigerant circuit A through the intermediate heat exchangers 15a and 15b and the heat medium
circulating through the heat medium circuit B exchange heat.
[0074] Now, each of the operation modes to be executed by the air-conditioning apparatus 100 is described. Based
on an instruction from each of the indoor units 2, the air-conditioning apparatus 100 enables the indoor units 2 to perform
the cooling operation or the heating operation. Specifically, the air-conditioning apparatus 100 enables all the indoor
units 2 to perform the same operation and also enables each of the indoor units 2 to perform a different operation.
[0075] The number of operation modes to be executed by the air-conditioning apparatus 100 is four, specifically, the
cooling only operation mode, the heating only operation mode, the cooling main operation mode, and the heating main
operation mode. Now, each of the operation modes is described with the flows of the heat source-side refrigerant and
the heat medium.

[Cooling Only Operation Mode]

[0076] Fig. 4 is a refrigerant circuit diagram illustrating the flow of the refrigerant during the cooling only operation
mode of the air-conditioning apparatus 100 illustrated in Fig. 2. Note that, in Fig. 4, the cooling only operation mode is
described taking as an example a case where a cooling load is generated in the indoor unit 2a corresponding to the
use-side heat exchanger 26a and the indoor unit 2b corresponding to the use-side heat exchanger 26b. Further, the
pipes indicated by the thick lines are the pipes through which the refrigerant (heat source-side refrigerant and heat
medium) flows. A direction of the flow of the heat source-side refrigerant is indicated by the solid arrows, whereas a
direction of the flow of the heat medium is indicated by the dashed arrows.
[0077] In the case of the cooling only operation mode illustrated in Fig. 4, the first refrigerant flow switching device 11
in the outdoor unit 1 is switched so that the heat source-side refrigerant discharged from the compressor 10 flows into
the heat source-side heat exchanger 12. In the heat medium relay unit 3, the pumps 21 a and 21 b are driven to open
the heat medium flow control devices 25a and 25b and to close the heat medium flow control devices 25c and 25d so
that the heat medium circulates between the intermediate heat changers 15a and 15b and the use-side heat exchangers
26a and 26b.
[0078] First, the flow of the heat source-side refrigerant in the heat source-side refrigerant circuit A is described.
[0079] Low-temperature and low-pressure refrigerant is compressed by the compressor 10 and discharged as high-
temperature and high-pressure gas refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 flows into the heat source-side heat exchanger 12 through the first refrigerant flow switching device
11, and then turns into high-pressure liquid refrigerant in the heat source-side heat exchanger 12 while rejecting heat
to the outdoor air. The high-pressure refrigerant flowing out of the heat source-side heat exchanger 12 passes through
the check valve 13a to flow out of the outdoor unit 1, and then passes through the refrigerant pipe 4 to flow into the heat
medium relay unit 3. After passing through the opening and closing device 17a, the high-pressure refrigerant flowing
into the heat medium relay unit 3 is split into a flow toward the expansion device 16a and a flow toward the expansion
device 16b. Then, the refrigerant is expanded by the expansion devices 16a and 16b to turn into low-temperature and
low-pressure two-phase refrigerant. Note that, the opening and closing device 17b is closed.
[0080] The two-phase refrigerant flows into each of the intermediate heat exchangers 15a and 15b functioning as the
evaporators and takes away heat from the heat medium circulating through the heat medium circuit B. As a result, the
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two-phase refrigerant turns into low-temperature and low-pressure gas refrigerant while cooling the heat medium. The
gas refrigerant flowing out of the intermediate heat exchangers 15a and 15b flows out of the heat medium relay unit 3
through the second refrigerant flow switching devices 18a and 18b, and then passes through the refrigerant pipe 4 to
flow into the outdoor unit 1 again. The refrigerant flowing into the outdoor unit 1 passes through the check valve 13d to
be sucked into the compressor 10 again through the first refrigerant flow switching device 11 and the accumulator 19.
[0081] At this time, the second refrigerant flow switching devices 18a and 18b are held in communication with low-
pressure pipes. Further, the opening degree of the expansion device 16a is controlled so that superheat (degree of
superheat) determined as a difference between the temperature detected by the third temperature sensor 35a and the
temperature detected by the third temperature sensor 35b becomes constant. Similarly, the opening degree of the
expansion device 16b is controlled so that superheat determined as a difference between the temperature detected by
the third temperature sensor 35c and the temperature detected by the third temperature sensor 35d becomes constant.
[0082] Next, the flow of the heat medium in the heat medium circuit B is described.
[0083] In the cooling only operation mode, the cooing energy of the heat source-side refrigerant is transferred to the
heat medium in each of the intermediate heat exchangers 15a and 15b. The cooled heat medium is controlled to flow
through the heat medium pipes 5 by the pumps 21 a and 21 b. The heat medium, which is pressurized by the pumps
21 a and 21 b to flow out thereof, flows into the use-side heat exchangers 26a and 26b through the second heat medium
flow switching devices 23a and 23b. Then, the heat medium takes away heat from the indoor air in the use-side heat
exchangers 26a and 26b to cool the indoor space 7.
[0084] Thereafter, the heat medium flows out of the use-side heat exchangers 26a and 26b to flow into the heat
medium flow control devices 25a and 25b. At this time, after the flow rate of the heat medium is controlled to a flow rate
necessary to achieve an air conditioning load required for interior by the functions of the heat medium flow control devices
25a and 25b, the heat medium flows into the use-side heat exchangers 26a and 26b. The heat medium flowing out of
the heat medium flow control devices 25a and 25b passes through the first heat medium flow switching devices 22a
and 22b to flow into the intermediate heat exchangers 15a and 15b, and is then sucked into the pumps 21 a and 21 b again.
[0085] Note that, in the heat medium pipes 5 for the use-side heat exchangers 26a and 26b, the heat medium flows
in a direction to the first heat medium flow switching devices 22a and 22b from the second heat medium flow switching
devices 23a and 23b through the heat medium flow control devices 25a and 25b. Further, the air conditioning load
required for the indoor space 7 can be achieved by performing control so that a difference between the temperature
detected by the first temperature sensor 31 a or the temperature detected by the first temperature sensor 31 b and the
temperature detected by the second temperature sensor 34a (or the second temperature sensor 34b) is kept as a target
value. As outlet temperatures of the intermediate heat exchangers 15a and 15b, any of the temperatures obtained by
the first temperature sensors 31 a and 31 b or an average temperature thereof may be used. At this time, the opening
degree of each of the first heat medium flow switching devices 22 and the second heat medium flow switching devices
23 is set to an intermediate opening degree so that the passages to both the intermediate heat exchangers 15a and
15b are secured.
[0086] When the cooling only operation mode is executed, the heat medium is not required to be controlled to flow to
the use-side heat exchangers 26 without a heat load (including a thermostat-off state). Therefore, the passages are
closed by the heat medium flow control devices 25 so that the heat medium does not flow to the use-side heat exchangers
26. In Fig. 4, the heat medium is controlled to flow through the use-side heat exchangers 26a and 26b because of the
presence of heat loads, whereas the use-side heat exchangers 26c and 26d are not actuated. Therefore, the corre-
sponding heat medium flow control device 25c and heat medium flow control device 25d are fully closed. When the heat
load is generated in the use-side heat exchangers 26 or a heat recovery device is operated, the heat medium flow control
device 25 only needs to be opened to allow the heat medium to circulate.
[0087] Note that, the same applies to the heating only operation mode, the cooling main operation mode, and the
heating main operation mode.
[0088] The refrigerant whose temperature is detected by the fourth temperature sensor 50 is the liquid refrigerant.
Based on the temperature information thereof, a liquid inlet enthalpy is calculated by the computing device 52a. Further,
a temperature in the low-pressure two-phase temperature state is detected by the third temperature sensor 35d. Based
on the temperature information thereof, a saturated liquid enthalpy and a saturated gas enthalpy are calculated by the
computing device 52a. Based on the information pieces described above, an evaporating temperature Te* and a dew-
point temperature Tdew* are determined by a method described later.

[Heating Only Operation Mode]

[0089] Fig. 5 is a refrigerant circuit diagram illustrating the flow of the refrigerant during the heating only operation
mode of the air-conditioning apparatus 100 illustrated in Fig. 2. Note that, in Fig. 4, the heating only operation mode is
described taking as an example a case where a heating load is generated in the use-side heat exchangers 26a and
26b. Further, the pipes indicated by the thick lines are the pipes through which the refrigerant flows. The direction of the



EP 2 963 359 A1

11

5

10

15

20

25

30

35

40

45

50

55

flow of the heat source-side refrigerant is indicated by the solid arrows, whereas the direction of the flow of the heat
medium is indicated by the dashed arrows.
[0090] In the case of the heating only operation mode illustrated in Fig. 5, the first refrigerant flow switching device 11
in the outdoor unit 1 is switched so that the heat source-side refrigerant discharged from the compressor 10 flows into
the heat medium relay unit 3 without passing through the heat source-side heat exchanger 12. In the heat medium relay
unit 3, the pumps 21 a and 21 b are driven to open the heat medium flow control devices 25a and 25b and to close the
heat medium flow control devices 25c and 25d so that the heat medium circulates between the intermediate heat changers
15a and 15b and the use-side heat exchangers 26a and 26b.
[0091] First, the flow of the heat source-side refrigerant in the heat source-side refrigerant circuit A is described.
[0092] Low-temperature and low-pressure refrigerant is compressed by the compressor 10 and discharged as high-
temperature and high-pressure gas refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 passes through the first refrigerant flow switching device 11 and the check valve 13b to flow out of
the outdoor unit 1. The high-temperature and high-pressure gas refrigerant flowing out of the outdoor unit 1 passes
through the refrigerant pipe 4 to flow into the heat medium relay unit 3. The high-temperature and high-pressure gas
refrigerant flowing into the heat medium relay unit 3 is split into the flow toward the second refrigerant flow switching
device 18a and the flow toward the second refrigerant flow switching device 18b. Then, the gas refrigerant passes
respectively through the second refrigerant flow switching device 18a and the second refrigerant flow switching device
18b to flow into the intermediate heat exchangers 15a and 15b.
[0093] The high-temperature and high-pressure gas refrigerant flowing into the intermediate heat exchangers 15a and
15b turns into high-pressure liquid refrigerant while rejecting heat to the heat medium circulating through the heat medium
circuit B. The liquid refrigerant flowing out of the intermediate heat exchangers 15a and 15b is expanded by the expansion
devices 16a and 16b to turn into low-temperature and low-pressure two-phase refrigerant. The two-phase refrigerant
passes through the opening and closing device 17b to flow out of the heat medium relay unit 3, and then flows into the
outdoor unit 1 again through the refrigerant pipe 4. Note that, the opening and closing device 17a is closed.
[0094] The refrigerant flowing into the outdoor unit 1 passes through the check valve 13c to flow into the heat source-
side heat exchanger 12 functioning as the evaporator. Then, the refrigerant flowing into the heat source-side heat
exchanger 12 takes away heat from the outdoor air in the heat source-side heat exchanger 12 to turn into low-temperature
and low-pressure gas refrigerant. The low-temperature and low-pressure gas refrigerant flowing out of the heat source-
side heat exchanger 12 is sucked into the compressor 10 again through the first refrigerant flow switching device 11
and the accumulator 19.
[0095] At this time, the second refrigerant flow switching devices 18a and 18b are held in communication with high-
pressure pipes. Further, the opening degree of the expansion device 16a is controlled so that subcool (degree of
subcooling) determined as a difference between a value determined by converting the pressure detected by the first
pressure sensor 36 into a saturation temperature and the temperature detected by the third temperature sensor 35b
becomes constant. Similarly, the opening degree of the expansion device 16b is controlled so that subcool determined
as a difference between the value determined by converting the pressure detected by the first pressure sensor 36 into
the saturation temperature and the temperature detected by the third temperature sensor 35d becomes constant. Note
that, in a case where a temperature at an intermediate position in the intermediate heat exchangers 15 can be measured,
the temperature at the intermediate position may be used in place of the first pressure sensor 36. As a result, the system
can be constructed at low cost.
[0096] Next, the flow of the heat medium in the heat medium circuit B is described.
[0097] In the heating only operation mode, the heating energy of the heat source-side refrigerant is transferred to the
heat medium in each of the intermediate heat exchangers 15a and 15b. The heated heat medium is controlled to flow
through the heat medium pipes 5 by the pumps 21 a and 21 b. The heat medium, which is pressurized by the pumps
21 a and 21 b to flow out thereof, flows into the use-side heat exchangers 26a and 26b through the second heat medium
flow switching devices 23a and 23b. Then, the heat medium rejects heat to the indoor air in the use-side heat exchangers
26a and 26b to heat the indoor space 7.
[0098] Thereafter, the heat medium flows out of the use-side heat exchangers 26a and 26b to flow into the heat
medium flow control devices 25a and 25b. At this time, after the flow rate of the heat medium is controlled to the flow
rate necessary to achieve the air conditioning load required for the interior by the functions of the heat medium flow
control devices 25a and 25b, the heat medium flows into the use-side heat exchangers 26a and 26b. The heat medium
flowing out of the heat medium flow control devices 25a and 25b passes through the first heat medium flow switching
devices 22a and 22b to flow into the intermediate heat exchangers 15a and 15b, and is then sucked into the pumps 21
a and 21 b again.
[0099] Note that, in the heat medium pipes 5 for the use-side heat exchangers 26a and 26b, the heat medium flows
in the direction to the first heat medium flow switching devices 22a and 22b from the second heat medium flow switching
devices 23a and 23b through the heat medium flow control devices 25a and 25b. Further, the air conditioning load
required for the indoor space 7 can be achieved by performing control so that the difference between the temperature
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detected by the first temperature sensor 31 a or the temperature detected by the first temperature sensor 31 b and the
temperature detected by the second temperature sensor 34a or 34b is kept as a target value. As the outlet temperatures
of the intermediate heat exchangers 15a and 15b, any of the temperatures obtained by the first temperature sensors
31 a and 31 b or an average temperature thereof may be used.
[0100] At this time, the opening degree of each of the first heat medium flow switching devices 22 and the second
heat medium flow switching devices 23 is set to an intermediate opening degree so that the passages to both the
intermediate heat exchangers 15a and 15b are secured. Further, the use-side heat exchanger 26 needs to essentially
be controlled based on a difference between a temperature at the inlet and a temperature at the outlet. The heat medium
temperature on the inlet side of the use-side heat exchanger 26 is substantially the same as the temperature detected
by the first temperature sensor 31 b. Therefore, by using the first temperature sensor 31 b, the number of temperature
sensors can be reduced. As a result, the system can be constructed at low cost.

[Cooling Main Operation Mode]

[0101] Fig. 6 is a refrigerant circuit diagram illustrating the flow of the refrigerant during the cooling main operation
mode of the air-conditioning apparatus 100 illustrated in Fig. 2. Note that, in Fig. 6, the cooling main operation mode is
described taking as an example a case where the heating load is generated in the use-side heat exchanger 26d and
the cooling load is generated in the use-side heat exchangers 26a to 26c. Further, the pipes indicated by the thick lines
are the pipes through which the refrigerant (heat source-side refrigerant and heat medium) circulates. The direction of
the flow of the heat source-side refrigerant is indicated by the solid arrows, whereas the direction of the flow of the heat
medium is indicated by the dashed arrows.
[0102] In the case of the cooling main operation mode illustrated in Fig. 6, the first refrigerant flow switching device
11 in the outdoor unit 1 is switched so that the heat source-side refrigerant discharged from the compressor 10 flows
into the heat source-side heat exchanger 12. In the heat medium relay unit 3, the pumps 21 a and 21 b are driven to
open the heat medium flow control devices 25a to 25d so that the heat medium circulates between the intermediate
heat changer 15a and the use-side heat exchangers 26a to 26c and between the intermediate heat changer 15b and
the use-side heat exchanger 26d.
[0103] First, the flow of the heat source-side refrigerant in the heat source-side refrigerant circuit A is described.
[0104] Low-temperature and low-pressure refrigerant is compressed by the compressor 10 and discharged as high-
temperature and high-pressure gas refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 flows into the heat source-side heat exchanger 12 through the first refrigerant flow switching device
11, and then turns into liquid refrigerant in the heat source-side heat exchanger 12 while rejecting heat to the outdoor
air. The refrigerant flowing out of the heat source-side heat exchanger 12 flows out of the outdoor unit 1, and passes
through the check valve 13a and the refrigerant pipe 4 to flow into the heat medium relay unit 3. The refrigerant flowing
into the heat medium relay unit 3 passes through the second refrigerant flow switching device 18b to flow into the
intermediate heat exchanger 15b functioning as the condenser.
[0105] The refrigerant flowing into the intermediate heat exchanger 15b turns into refrigerant having a further lowered
temperature while rejecting heat to the heat medium circulating through the heat medium circuit B. The refrigerant flowing
out of the intermediate heat exchanger 15b is expanded by the expansion device 16b to turn into low-pressure two-
phase refrigerant. The low-pressure two-phase refrigerant flows into the intermediate heat exchanger 15a functioning
as the evaporator through the expansion device 16a. The low-pressure two-phase refrigerant flowing into the intermediate
heat exchanger 15a takes away heat from the heat medium circulating through the heat medium circuit B to turn into
low-pressure gas refrigerant while cooling the heat medium. The gas refrigerant flows out of the intermediate heat
exchanger 15a, flows out of the heat medium relay unit 3 through the second refrigerant flow switching device 18a, and
passes through the refrigerant pipe 4 to flow into the outdoor unit 1 again. The refrigerant flowing into the outdoor unit
1 is sucked into the compressor 10 again through the check valve 13d, the first refrigerant flow switching device 11, and
the accumulator 19.
[0106] At this time, the second refrigerant flow switching device 18a is held in communication with a low-pressure
pipe, whereas the second refrigerant flow switching device 18b is held in communication with a high-pressure-side pipe.
Further, the opening degree of the expansion device 16b is controlled so that the superheat determined as a difference
between the temperature detected by the third temperature sensor 35a and the temperature detected by the third
temperature sensor 35b becomes constant. In addition, the expansion device 16a is fully opened, whereas the opening
and closing devices 17a and 17b are closed. Note that, the opening degree of the expansion device 16b may be controlled
so that the subcool determined as a difference between the value determined by converting the pressure detected by
the first pressure sensor 36 into the saturation temperature and the temperature detected by the third temperature sensor
35d becomes constant. Further, the expansion device 16b may be fully opened, while the superheat or subcool may be
controlled by the expansion device 16a.
[0107] Next, the flow of the heat medium in the heat medium circuit B is described.
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[0108] In the cooling main operation mode, the heating energy of the heat source-side refrigerant is transferred to the
heat medium in the intermediate heat exchanger 15b. The heated heat medium is controlled to flow through the heat
medium pipe 5 by the pump 21 b. Further, the cooling energy of the heat source-side refrigerant is transferred to the
heat medium in the intermediate heat exchanger 15a. The cooled heat medium is controlled to flow through the heat
medium pipes 5 by the pump 21 a. The heat medium, which is pressurized by the pumps 21 a and 21 b to flow out
thereof, flows into the use-side heat exchangers 26a to 26d through the second heat medium flow switching devices
23a to 23d.
[0109] The heat medium rejects heat to the indoor air in the use-side heat exchanger 26d to heat the indoor space 7.
Further, the heat medium takes away heat from the indoor air in the use-side heat exchangers 26a to 26c to cool the
indoor space 7. At this time, after the flow rate of the heat medium is controlled to the flow rate necessary to achieve
the air conditioning load required for the interior by the functions of the heat medium flow control devices 25a to 25d,
the heat medium flows into the use-side heat exchangers 26a to 26d.
[0110] The heat medium, which passes through the use-side heat exchanger 26d to have a slightly lowered temper-
ature, passes through the heat medium flow control device 25d and the first heat medium flow switching device 22d to
flow into the intermediate heat exchanger 15b, and is sucked into the pump 21 b again.
[0111] Further, the heat medium, which passes through the use-side heat exchangers 26a to 26c to have a slightly
increased temperature, passes through the heat medium flow control devices 25a to 25c and the first heat medium flow
switching devices 22a to 22c to flow into the intermediate heat exchanger 15a, and is sucked into the pump 21 a again.
[0112] During the execution of the cooling main operation mode, the heated heat medium and the cooled heat medium
are introduced into the use-side heat exchangers 26a to 26d respectively with the heating loads and cooling loads without
being mixed, by the functions of the first heat medium flow switching devices 22 and the second heat medium flow
switching devices 23.
[0113] Note that, in the heat medium pipes 5 for the use-side heat exchangers 26a to 26d, the heat medium flows in
the direction to the first heat medium flow switching devices 22 from the second heat medium flow switching devices 23
through the heat medium flow control devices 25 on both the heating side and the cooling side.
[0114] Further, the air conditioning load required for the indoor space 7 can be achieved by controlling the difference
between the temperature detected by the first temperature sensor 31 b and the temperature detected by the second
temperature sensor 34d to be kept as a target value on the heating side and the difference between the temperatures
detected by the second temperature sensors 34a to 34c and the temperature detected by the first temperature sensor
31 a to be kept as a target value on the cooling side.

[Heating Main Operation Mode]

[0115] Fig. 7 is a refrigerant circuit diagram illustrating the flow of the refrigerant during the heating main operation
mode of the air-conditioning apparatus 100 illustrated in Fig. 2. Note that, in Fig. 7, the heating main operation mode is
described taking as an example a case where the heating load is generated in the use-side heat exchangers 26b to 26d
and the cooling load is generated in the use-side heat exchanger 26a. Further, the pipes indicated by the thick lines are
the pipes through which the refrigerant (heat source-side refrigerant and heat medium) circulates. The direction of the
flow of the heat source-side refrigerant is indicated by the solid arrows, whereas the direction of the flow of the heat
medium is indicated by the dashed arrows.
[0116] In the case of the heating main operation mode illustrated in Fig. 7, the first refrigerant flow switching device
11 in the outdoor unit 1 is switched so that the heat source-side refrigerant discharged from the compressor 10 flows
into the heat medium relay unit 3 without passing through the heat source-side heat exchanger 12. In the heat medium
relay unit 3, the pumps 21 a and 21 b are driven to open the heat medium flow control devices 25a to 25d so that the
heat medium circulates between the intermediate heat changer 15a and the use-side heat exchanger 26a and between
the intermediate heat changer 15b and the use-side heat exchangers 26b to 26d.
[0117] First, the flow of the heat source-side refrigerant in the heat source-side refrigerant circuit A is described.
[0118] Low-temperature and low-pressure refrigerant is compressed by the compressor 10 and discharged as high-
temperature and high-pressure gas refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 passes through the first refrigerant flow switching device 11 and the check valve 13b to flow out of
the outdoor unit 1. The high-temperature and high-pressure gas refrigerant flowing out of the outdoor unit 1 passes
through the refrigerant pipe 4 to flow into the heat medium relay unit 3. The high-temperature and high-pressure gas
refrigerant flowing into the heat medium relay unit 3 passes through the second refrigerant flow switching device 18b to
flow into the intermediate heat exchanger 15b functioning as the condenser.
[0119] The gas refrigerant flowing into the intermediate heat exchanger 15b turns into liquid refrigerant while rejecting
heat to the heat medium circulating through the heat medium circuit B. The refrigerant flowing out of the intermediate
heat exchanger 15b is expanded by the expansion device 16b to turn into low-pressure two-phase refrigerant. The low-
pressure two-phase refrigerant flows into the intermediate heat exchanger 15a functioning as the evaporator through



EP 2 963 359 A1

14

5

10

15

20

25

30

35

40

45

50

55

the expansion device 16a. The low-pressure two-phase refrigerant flowing into the intermediate heat exchanger 15a
takes away heat from the heat medium circulating through the heat medium circuit B to evaporate and cool the heat
medium. The low-pressure two-phase refrigerant flows out of the intermediate heat exchanger 15a, and flows out of the
heat medium relay unit 3 through the second refrigerant flow switching device 18a to flow into the outdoor unit 1 again.
[0120] The refrigerant flowing into the outdoor unit 1 passes through the check valve 13c to flow into the heat source-
side heat exchanger 12 functioning as the evaporator. Then, the refrigerant flowing into the heat source-side heat
exchanger 12 takes away heat from the outdoor air in the heat source-side heat exchanger 12 to turn into low-temperature
and low-pressure gas refrigerant. The low-temperature and low-pressure gas refrigerant flowing out of the heat source-
side heat exchanger 12 is sucked into the compressor 10 again through the first refrigerant flow switching device 11
and the accumulator 19.
[0121] At this time, the second refrigerant flow switching device 18a is held in communication with a low-pressure-
side pipe, whereas the second refrigerant flow switching device 18b is held in communication with a high-pressure-side
pipe. Further, the opening degree of the expansion device 16b is controlled so that the subcool determined as the
difference between the value determined by converting the pressure detected by the first pressure sensor 36 into the
saturation temperature and the temperature detected by the third temperature sensor 35b becomes constant. In addition,
the expansion device 16a is fully opened, whereas the opening and closing devices 17a and 17b are closed. Note that,
the expansion device 16b may be fully opened, while the subcool may be controlled by the expansion device 16a.
[0122] Next, the flow of the heat medium in the heat medium circuit B is described.
[0123] In the heating main operation mode, the heating energy of the heat source-side refrigerant is transferred to the
heat medium in the intermediate heat exchanger 15b. The heated heat medium is controlled to flow through the heat
medium pipes 5 by the pump 21 b. Further, the cooling energy of the heat source-side refrigerant is transferred to the
heat medium in the intermediate heat exchanger 15a. The cooled heat medium is controlled to flow through the heat
medium pipe 5 by the pump 21 a. The heat medium, which is pressurized by the pumps 21 a and 21 b to flow out thereof,
flows into the use-side heat exchangers 26a to 26d through the second heat medium flow switching devices 23a to 23d.
[0124] The heat medium takes away heat from the indoor air in the use-side heat exchanger 26a to cool the indoor
space 7. Further, the heat medium rejects heat to the indoor air in the use-side heat exchangers 26b to 26d to heat the
indoor space 7. At this time, after the flow rate of the heat medium is controlled to the flow rate necessary to achieve
the air conditioning load required for the interior by the functions of the heat medium flow control devices 25a to 25d,
the heat medium flows into the use-side heat exchangers 26a to 26d.
[0125] The heat medium, which passes through the use-side heat exchanger 26a to have a slightly increased tem-
perature, passes through the heat medium flow control device 25a and the first heat medium flow switching device 22a
to flow into the intermediate heat exchanger 15a, and is sucked into the pump 21 a again.
[0126] Further, the heat medium, which passes through the use-side heat exchangers 26b to 26d to have a slightly
lowered temperature, passes through the heat medium flow control devices 25b to 25d and the first heat medium flow
switching devices 22b to 22d to flow into the intermediate heat exchanger 15b, and is sucked into the pump 21 b again.
[0127] During the execution of the heating main operation mode, the heated heat medium and the cooled heat medium
are introduced into the use-side heat exchangers 26a to 26d respectively with the heating loads and cooling loads without
being mixed, by the functions of the first heat medium flow switching devices 22 and the second heat medium flow
switching devices 23.
[0128] Note that, in the heat medium pipes 5 for the use-side heat exchangers 26a to 26d, the heat medium flows in
the direction to the first heat medium flow switching devices 22 from the second heat medium flow switching devices 23
through the heat medium flow control devices 25 on both the heating side and the cooling side.
[0129] Further, the air conditioning load required for the indoor space 7 can be achieved by controlling the difference
between the temperature detected by the first temperature sensor 31 b and the temperatures detected by the second
temperature sensors 34b to 34d to be kept as a target value on the heating side and the difference between the temperature
detected by the second temperature sensor 34a and the temperature detected by the first temperature sensor 31 a to
be kept as a target value on the cooling side.
[0130] Note that, when the heating main operation mode is executed, the heat medium is not required to be controlled
to flow to the use-side heat exchangers 26 without a heat load (including the thermostat-off state). Therefore, the passages
are closed by the heat medium flow control devices 25 so that the heat medium does not flow to the use-side heat
exchangers 26. In Fig. 7, the heat medium is controlled to flow through all the use-side heat exchangers 26a to 26d
because of the presence of heat loads. However, when any one of the use-side heat exchangers 26 does not have the
heat load, the corresponding one of the heat medium flow control devices 25 is fully closed.
[0131] Next, an operation in a case where the heat source-side refrigerant leaks in the intermediate heat exchanger
15 of the heat medium relay unit 3 is described.
[0132] When the heat source-side refrigerant leaks in the intermediate heat exchanger 15, the heat source-side re-
frigerant of the primary loop flows into the secondary loop. As a result, the pressure in the secondary loop increases.
When the pressure in the secondary loop increases to the predetermined value (working pressure), the relief valves 60



EP 2 963 359 A1

15

5

10

15

20

25

30

35

40

45

50

55

are actuated to expel the heat source-side refrigerant mixed with the heat medium from the relief valves 60. Therefore,
the pressure in the secondary loop can be reduced to suppress the damage to the component used in the secondary
loop, which is otherwise caused by the increase in pressure, to thereby suppress the spread of the leakage of the heat
source-side refrigerant.
[0133] At this time, the working pressure of the relief valves 60 is determined based on the kind of heat medium and
the kind of heat source-side refrigerant and the size of each of the relief valves 60 is selected in accordance with the
maximum pressure of the heat medium and the maximum pressure of the heat source-side refrigerant to determine
(control) the expelling flow rate out of the system. In this manner, the pressure in the secondary loop is kept at an
appropriate pressure.
[0134] Further, the expelled heat source-side refrigerant and heat medium stagnate inside the heat medium relay unit
3, which is detected by the refrigerant leakage detection device 61. In this case, by stopping the operation of the outdoor
unit 1, stopping the pumps 21 a and 21 b, and closing the heat medium flow control devices 25a to 25d, the spread of
the leakage of the heat source-side refrigerant to the indoor side can be further suppressed.
[0135] Note that, the leakage of the heat source-side refrigerant may be determined based on a change in the refrig-
eration cycle of the primary loop such as a reduction in the second pressure sensor 37 of the outdoor unit 1 in place of
the detection by the refrigerant leakage detection device 61. In this case, the second pressure sensor functions as
refrigerant leakage detection means. Further, the heat medium pressure detection device 62 (see Fig. 3) for detecting
the pressure in the secondary loop may be arranged to detect the leakage of the heat source-side refrigerant based on
the increase in pressure in the secondary loop. In this case, the heat medium pressure detection device 62 functions
as the refrigerant leakage detection means.

Reference Signs List

[0136] 1 outdoor unit 2 indoor unit 2a to 2d indoor unit 3 heat medium relay unit 4 refrigerant pipe 4a first connection
pipe 4b second connection pipe 5 heat medium pipe 6 outdoor space 7 indoor space 8 space 9 building 10 compressor
11 first refrigerant flow switching device 12 heat source-side heat exchanger 13a to 13d check valve 15 intermediate
heat exchanger 15a, 15b intermediate heat exchanger 16 expansion device 16a, 16b expansion device 17a, 17b opening
and closing device18 second refrigerant flow switching device 18a, 18b second refrigerant flow switching device 19
accumulator 21 pump 21 a, 21 b pump 22 first heat medium flow switching device 22a to 22d first heat medium flow
switching device 23 second heat medium flow switching device 23a to 23d second heat medium flow switching device
25 heat medium flow control device 25a to 25d heat medium flow control device 26 use-side heat exchanger 26a to 26d
use-side heat exchanger 31 first temperature sensor 31 a, 31 b first temperature sensor 34 second temperature sensor
34a to 34d second temperature sensor 35 third temperature sensor 35a to 35d third temperature sensor 36 first pressure
sensor 37 second pressure sensor 38 third pressure sensor 39a to 39d sucked-air temperature detection device 50
fourth temperature sensor 52 (heat medium relay unit) controller 52a (heat medium relay unit) computing device 57
(outdoor unit) controller 57a (outdoor unit) computing device 60 relief valve 60a relief valve 60b relief valve 61 refrigerant
leakage detection device 62 heat medium pressure detection device 100 air-conditioning apparatus A heat source-side
refrigerant circuit B heat medium circuit

Claims

1. An air-conditioning apparatus, comprising:

a heat source-side refrigerant circuit for circulating heat source-side refrigerant, in which a compressor, a heat
source-side heat exchanger, an expansion device, and a heat source-side refrigerant passage in an intermediate
heat exchanger are connected in series by pipes; and
a heat medium circuit for circulating a heat medium, in which a pump, a use-side heat exchanger, and a heat
medium passage in the intermediate heat exchanger are connected in series by pipes,
the heat source-side refrigerant circuit and the heat medium circuit being cascade-connected so that the heat
source-side refrigerant and the heat medium exchange heat in the intermediate heat exchanger,
the heat medium circuit including a relief valve, and
the relief valve being actuated when the heat source-side refrigerant flows into the heat medium circuit, to
thereby expel the heat source-side refrigerant and the heat medium.

2. The air-conditioning apparatus of claim 1, wherein the relief valve is actuated when a pressure in the heat medium
circuit reaches a predetermined value.
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3. The air-conditioning apparatus of claim 2, wherein the predetermined value is determined based on a kind of the
heat source-side refrigerant and a kind of the heat medium.

4. The air-conditioning apparatus of any one of claims 1 to 3, wherein the relief valve is selected based on a maximum
pressure of the heat source-side refrigerant and a maximum pressure of the heat medium.

5.  The air-conditioning apparatus of claim 4, wherein a Cv value of the relief valve is selected so as to satisfy a value
obtained by dividing a product of a Cv value of a communication hole formed between the heat source-side refrigerant
circuit and the heat medium circuit and a square root of a difference between the maximum pressure of the heat
source-side refrigerant and a working pressure of the relief valve by a square root of the working pressure of the
relief valve.

6. The air-conditioning apparatus of any one of claims 1 to 5, further comprising refrigerant leakage detection means
configured to detect leakage of the heat source-side refrigerant,
wherein driving of the pump is stopped when the refrigerant leakage detection means detects the leakage.

7. The air-conditioning apparatus of any one of claims 1 to 5, further comprising:

a heat medium flow control device configured to control a flow rate of the heat medium; and
refrigerant leakage detection means configured to detect leakage of the heat source-side refrigerant,
wherein the heat medium flow control device is closed when the refrigerant leakage detection means detects
the leakage.

8. The air-conditioning apparatus of claim 6 or 7, wherein the refrigerant leakage detection means is installed in the
intermediate heat exchanger or in proximity to the intermediate heat exchanger.

9. The air-conditioning apparatus of claim 6 or 7, wherein the refrigerant leakage detection means detects the leakage
when the pressure in the heat medium circuit reaches the predetermined value.

10.  The air-conditioning apparatus of claim 6 or 7, wherein the refrigerant leakage detection means detects the leakage
based on a change in an operating situation of the heat source-side refrigerant circuit.
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