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(54) AIR CONDITIONING SYSTEM

(57) An air-conditioning system (1) constitutes a mul-
tiple refrigeration cycle including a heat-source-side cir-
cuit (10) and a use-side circuit (30). The heat-source-side
circuit (10) includes a heat-source-side compressor (21),
an outdoor heat exchanger (23) that causes a
heat-source-side refrigerant and outdoor air to exchange
heat with each other, and a refrigerant-refrigerant heat
exchanger (25) that causes the heat-source-side refrig-
erant and a use-side refrigerant to exchange heat with
each other. The use-side circuit (30) includes a use-side
compressor (31), the refrigerant-refrigerant heat ex-
changer (25), and a plurality of indoor heat exchangers
(52) that cause the use-side refrigerant and indoor air to
exchange heat with each other, the use-side circuit (30)
having sealed therein carbon dioxide as the use-side re-
frigerant. An amount of the use-side refrigerant that is
sealed in the use-side circuit (30) is 7.9 kg or less.
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Description

Technical Field

[0001] The present disclosure relates to an air-condi-
tioning system including a plurality of indoor heat ex-
changers that cause carbon dioxide, serving as a refrig-
erant, and indoor air to exchange heat with each other.

Background Art

[0002] Hitherto, there has existed an air-conditioning
system including a plurality of indoor heat exchangers
that cause a refrigerant and indoor air to exchange heat
with each other. As such an air-conditioning system, as
described in Japanese Patent Literature 1 (International
Publication No. 2011/099063), there exists an air-condi-
tioning system that uses carbon dioxide as a refrigerant
that is sealed in a refrigerant circuit in which the refriger-
ant circulates.

Summary of Invention

Technical Problem

[0003] When carbon dioxide is used as a refrigerant
that is sealed in the refrigerant circuit, it is necessary to
consider adverse effects (such as lack of oxygen) on the
human body. Specifically, it is necessary to take safety
measures in accordance with the concentration level of
carbon dioxide that may reach an indoor space when the
refrigerant has leaked from the refrigerant circuit. In par-
ticular, this tendency is noticeable in an air-conditioning
system including a plurality of indoor heat exchangers
because, when the amount of refrigerant that is sealed
in the refrigerant circuit is large and the refrigerant has
leaked from one of the plurality of indoor heat exchang-
ers, all of the refrigerant that is sealed in the refrigerant
circuit may leak to an indoor space corresponding to the
indoor heat exchanger at which the refrigerant has
leaked.
[0004] Therefore, in the air-conditioning system includ-
ing the plurality of indoor heat exchangers that cause
carbon dioxide, serving as a refrigerant, and indoor air
to exchange heat with each other, it is desirable to reduce
the number of safety measures by reducing the amount
of carbon dioxide, serving as a refrigerant that is sealed
in the refrigerant circuit.

Solution to Problem

[0005] An air-conditioning system according to a first
aspect constitutes a multiple refrigeration cycle including
a heat-source-side circuit and a use-side circuit. The
heat-source-side circuit includes a heat-source-side
compressor that compresses a heat-source-side refrig-
erant, an outdoor heat exchanger that causes the heat-
source-side refrigerant and outdoor air to exchange heat

with each other, and a refrigerant-refrigerant heat ex-
changer that causes the heat-source-side refrigerant and
a use-side refrigerant to exchange heat with each other.
The use-side circuit includes a use-side compressor that
compresses the use-side refrigerant, the refrigerant-re-
frigerant heat exchanger, and a plurality of indoor heat
exchangers that cause the use-side refrigerant and in-
door air to exchange heat with each other, the use-side
circuit having sealed therein carbon dioxide as the use-
side refrigerant. In addition, here, an amount of the use-
side refrigerant that is sealed in the use-side circuit is 7.9
kg or less.
[0006] When carbon dioxide is used as the use-side
refrigerant that is sealed in the use-side circuit, the con-
centration level at which the number of safety measures
may be only one is greater than 0.074 kg per 1 m3 of
indoor space and 0.18 kg or less per 1 m3 of indoor space.
Here, in order to satisfy this condition, supposing that an
air conditioned space has a small spatial volume in which
the floor area is 20 m2 and the ceiling height is 2.2 m,
the amount of carbon dioxide (= 7.9 kg) at which the
number of safety measures is one or less is calculated,
and, as described above, the amount of use-side refrig-
erant that is sealed in the use-side circuit is reduced to
7.9 kg or less.
[0007] An air-conditioning system according to a sec-
ond aspect is the air-conditioning system according to
the first aspect, in which, among a warning device, a
blocking device, and a ventilating device, one of the warn-
ing device and the ventilating device is provided.
[0008] Here, as described above, unlike in a unitary
refrigeration cycle that uses carbon dioxide as a refrig-
erant, the outdoor heat exchanger at which the refrigerant
and the outdoor air exchange heat with each other is
provided at the heat-source-side circuit not including the
plurality of indoor heat exchangers, and the small refrig-
erant-refrigerant heat exchanger is provided at the use-
side circuit that uses carbon dioxide as the use-side re-
frigerant. Therefore, here, compared with a unitary re-
frigeration cycle that uses carbon dioxide as a refrigerant,
it is possible to reduce the amount of carbon dioxide,
serving as the use-side refrigerant that is sealed in the
use-side circuit. By reducing the amount of carbon diox-
ide, serving as the use-side refrigerant that is sealed in
the use-side circuit, in this way, here, the concentration
level of carbon dioxide that may reach an indoor space
when the use-side refrigerant has leaked from the use-
side circuit is reduced to a concentration level that allows
the number of safety measures to be one, and, as de-
scribed above, among the warning device, the blocking
device, and the ventilating device, only one of the warning
device and the ventilating device is to be provided.
[0009] In this way, here, in the air-conditioning system
including the plurality of indoor heat exchangers that
cause carbon dioxide, serving as the refrigerant, and the
indoor air to exchange heat with each other, it is possible
to reduce the number of safety measures by reducing
the amount of carbon dioxide, serving as the refrigerant
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that is sealed in the refrigerant circuit (the use-side cir-
cuit).
[0010] An air-conditioning system according to a third
aspect is the air-conditioning system according to the
second aspect, in which, of the warning device and the
ventilating device, the warning device is provided.
[0011] Here, as described above, as a safety measure,
the warning device is provided and the ventilating device
is not provided. Here, when the ventilating device is pro-
vided as a safety measure, since it is necessary to satisfy
setting standards, such as the ventilation amount, the
number of ventilations, and the position of a ventilation
opening, not providing the ventilating device as a safety
measure is effective in terms of costs and construction.
[0012] An air-conditioning system according to a fourth
aspect is the air-conditioning system according to any
one of the first aspect to the third aspect, in which the
indoor heat exchangers are micro-channel heat ex-
changers that use a flat porous tube as a heat transfer
tube in which the use-side refrigerant flows.
[0013] Here, as described above, since the indoor heat
exchangers are constituted by micro-channel heat ex-
changers, it is possible to reduce the volume of the indoor
heat exchangers and, thus, to further reduce the amount
of use-side refrigerant that is sealed in the use-side cir-
cuit.
[0014] An air-conditioning system according to a fifth
aspect is the air-conditioning system according to any
one of the first aspect to the fourth aspect, in which when
a rated refrigerating capacity of the air-conditioning sys-
tem is 28 kW or less, as a pipe that connects the refrig-
erant-refrigerant heat exchanger and the indoor heat ex-
changers in the use-side circuit to each other, a pipe hav-
ing a nominal diameter that is 2.5/8 inches or less is used,
and, as a pipe that connects the use-side compressor
and the indoor heat exchangers in the use-side circuit to
each other, a pipe having a nominal diameter that is 5/8
inches or less is used.
[0015] Here, as described above, even if the rated re-
frigerating capacity is 28 kW, it is possible to reduce the
amount of use-side refrigerant that is sealed in the use-
side circuit because, as a pipe that connects the refrig-
erant-refrigerant heat exchanger and the indoor heat ex-
changers in the use-side circuit to each other, there is
used a pipe having a nominal diameter that is 2.5/8 inches
or less, which is smaller than the nominal diameters
known in the art, and, as a pipe that connects the use-
side compressor and the indoor heat exchangers in the
use-side circuit to each other, there is used a pipe having
a nominal diameter that is 5/8 inches or less, which is
smaller than the nominal diameters known in the art.
[0016] An air-conditioning system according to a sixth
aspect is the air-conditioning system according to any
one of the first aspect to the fifth aspect, in which the
outdoor heat exchanger is provided at an outdoor unit,
the refrigerant-refrigerant heat exchanger is provided at
an intermediate unit that is connected to the outdoor unit
via a heat-source-side refrigerant connection pipe in

which the heat-source-side refrigerant flows, and the in-
door heat exchangers are provided at an indoor unit that
is connected to the intermediate unit via a use-side re-
frigerant connection pipe in which the use-side refrigerant
flows.
[0017] Here, as described above, since the refrigerant-
refrigerant heat exchanger is provided at the intermediate
unit that is provided separately from the outdoor unit, it
is possible to provide the refrigerant-refrigerant heat ex-
changer at a location that is close to the indoor units, and
thus, it is possible to further reduce the amount of use-
side refrigerant that is sealed in the use-side circuit.

Brief Description of Drawings

[0018]

[Fig. 1] Fig. 1 is a schematic view of a configuration
of an air-conditioning system according to an em-
bodiment of the present disclosure.
[Fig. 2] Fig. 2 is a perspective view of a main portion
of an indoor heat exchanger that constitutes the air-
conditioning system in Fig. 1.
[Fig. 3] Fig. 3 is an explanatory view of a pipe system
that connects units that constitute the air-condition-
ing system in Fig. 1 to each other.
[Fig. 4] Fig. 4 is a table that shows a relationship
between rated refrigerating capacities and nominal
pipe diameters of refrigerant connection pipes when
carbon dioxide is used as a refrigerant.
[Fig. 5] Fig. 5 shows a relationship between config-
urations of the air-conditioning system (a unitary re-
frigeration cycle A and a binary refrigeration cycle A)
and the amount of carbon dioxide, serving as a re-
frigerant.
[Fig. 6] Fig. 6 is a perspective view of a main portion
of an indoor heat exchanger that constitutes an air-
conditioning system of Modification 1.
[Fig. 7] Fig. 7 shows a relationship between config-
urations of the air-conditioning system (a unitary re-
frigeration cycle B, the binary refrigeration cycle A,
and a binary refrigeration cycle B) and the amount
of carbon dioxide, serving as a refrigerant.
[Fig. 8] Fig. 8 is a schematic view of a configuration
of an air-conditioning system of Modification 2.
[Fig. 9] Fig. 9 is an explanatory view of a pipe system
that connects units that constitute the air-condition-
ing system in Fig. 8 to each other.
[Fig. 10] Fig. 10 shows a relationship between con-
figurations of the air-conditioning system (the binary
refrigeration cycle B and a binary refrigeration cycle
C) and the amount of carbon dioxide, serving as a
refrigerant.

Description of Embodiments

[0019] An air-conditioning system is described below
based on the drawings.
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(1) Configuration

[0020] Fig. 1 is a schematic view of a configuration of
an air-conditioning system 1 according to an embodiment
of the present disclosure. Fig. 2 is a perspective view of
a main portion of an indoor heat exchanger 52 that con-
stitutes the air-conditioning system 1 in Fig. 1.

<Circuit Configuration>

[0021] The air-conditioning system 1 constitutes a mul-
tiple refrigeration cycle including a heat-source-side cir-
cuit 10 in which a heat-source-side refrigerant circulates
and a use-side circuit 30 in which a use-side refrigerant
circulates, and is a system that air-conditions (cools and
heats) an indoor space by causing the use-side refriger-
ant and indoor air to exchange heat with each other.

- Heat-Source-Side Circuit -

[0022] The heat-source-side circuit 10 primarily in-
cludes a heat-source-side compressor 21, an outdoor
heat exchanger 23, and a refrigerant-refrigerant heat ex-
changer 25. As a heat-source-side refrigerant, for exam-
ple, an HFC refrigerant, such as R32, an HFO refrigerant,
such as 1234yf, or a mixed refrigerant thereof is sealed
in the heat-source-side circuit 10. The heat-source-side
circuit 10 also includes a heat-source-side flow-path
switching device 22 and a heat-source-side decompres-
sor 24.
[0023] The heat-source-side compressor 21 is a de-
vice that compresses the heat-source-side refrigerant.
The heat-source-side compressor 21 is a compressor in
which, for example, a compression element, such as a
rotary compression element or a scroll compression el-
ement, is driven by a driving mechanism, such as a motor
or an engine.
[0024] The heat-source-side flow-path switching de-
vice 22 is a device that switches between a first state
(refer to the solid line of the heat-source-side flow-path
switching device 22 in Fig. 1) and a second state (refer
to the broken line of the heat-source-side flow-path
switching device 22 in Fig. 1). In the first state, the heat-
source-side flow-path switching device 22 causes the
outdoor heat exchanger 23 to function as a heat dissipa-
ter of the heat-source-side refrigerant and the refrigerant-
refrigerant heat exchanger 25 to function as an evapo-
rator of the heat-source-side refrigerant. In the second
state, the heat-source-side flow-path switching device 22
causes the outdoor heat exchanger 23 to function as an
evaporator of the heat-source-side refrigerant and the
refrigerant-refrigerant heat exchanger 25 to function as
a heat dissipater of the heat-source-side refrigerant. The
heat-source-side flow-path switching device 22 is, for ex-
ample, a four-way switching valve. In the first state, the
heat-source-side flow-path switching device 22 connects
a discharge side of the heat-source-side compressor 21
and a gas side of the outdoor heat exchanger 23 to each

other and connects an intake side of the heat-source-
side compressor 21 and a gas side of a flow path in which
the heat-source-side refrigerant flows in the refrigerant-
refrigerant heat exchanger 25 to each other. In the sec-
ond state, the heat-source-side flow-path switching de-
vice 22 connects the discharge side of the heat-source-
side compressor 21 and the gas side of the flow path in
which the heat-source-side refrigerant flows in the refrig-
erant-refrigerant heat exchanger 25 to each other and
connects the intake side of the heat-source-side com-
pressor 21 and the gas side of the outdoor heat exchang-
er 23 to each other. Note that the heat-source-side flow-
path switching device 22 is not limited to a four-way
switching valve, and, for example, may have the function
of switching between the first state and the second state
above by combining a plurality of valves (for example,
electromagnetic valves or three-way valves).
[0025] The outdoor heat exchanger 23 is a device that
causes the heat-source-side refrigerant and outdoor air
to exchange heat with each other. The outdoor heat ex-
changer 23 is, for example, a fin-and-tube-type heat ex-
changer. In a state in which the heat-source-side flow-
path switching device 22 has been switched to the first
state, the outdoor heat exchanger 23 functions as a heat
dissipater of the heat-source-side refrigerant with the out-
door air as a cooling source. In a state in which the heat-
source-side flow-path switching device 22 has been
switched to the second state, the outdoor heat exchanger
23 functions as an evaporator of the heat-source-side
refrigerant with the outdoor air as a heating source. The
gas side of the outdoor heat exchanger 23 is connected
to the heat-source-side flow-path switching device 22,
and a liquid side of the outdoor heat exchanger 23 is
connected to a liquid side of the flow path in which the
heat-source-side refrigerant flows in the refrigerant-re-
frigerant heat exchanger 25.
[0026] The heat-source-side decompressor 24 is a de-
vice that decompresses the heat-source-side refrigerant.
The heat-source-side decompressor 24 is, for example,
an electrically powered expansion valve. In the state in
which the heat-source-side flow-path switching device
22 has been switched to the first state, the heat-source-
side decompressor 24 decompresses the heat-source-
side refrigerant that has dissipated heat at the outdoor
heat exchanger 23. In the state in which the heat-source-
side flow-path switching device 22 has been switched to
the second state, the heat-source-side decompressor 24
decompresses the heat-source-side refrigerant that has
dissipated heat at the refrigerant-refrigerant heat ex-
changer 25. One end of the heat-source-side decom-
pressor 24 is connected to the liquid side of the outdoor
heat exchanger 23, and the other end of the heat-source-
side decompressor 24 is connected to the liquid side of
the flow path in which the heat-source-side refrigerant
flows in the refrigerant-refrigerant heat exchanger 25.
Note that the heat-source-side decompressor 24 is not
limited to an electrically powered expansion valve, and
may be, for example, other types of expansion valves, a
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capillary tube, or an expansion device.
[0027] The refrigerant-refrigerant heat exchanger 25
is a device that causes the heat-source-side refrigerant
and a use-side refrigerant to exchange heat with each
other. The refrigerant-refrigerant heat exchanger 25 is,
for example, a plate-type heat exchanger or a double-
pipe-type heat exchanger. Here, the plate-type heat ex-
changer and the double-pipe-type heat exchanger are
suited for exchanging heat between two refrigerants
(here, the heat-source-side refrigerant and the use-side
refrigerant), and are heat exchangers that are smaller
than large heat exchangers, such as fin-and-tube-type
heat exchangers at which a refrigerant and air exchange
heat with each other. In the state in which the heat-
source-side flow-path switching device 22 has been
switched to the first state, the refrigerant-refrigerant heat
exchanger 25 functions as an evaporator of a refrigerant
with the use-side refrigerant as a heating source. In the
state in which the heat-source-side flow-path switching
device 22 has been switched to the second state, the
refrigerant-refrigerant heat exchanger 25 functions as a
heat dissipater of a refrigerant with the use-side refriger-
ant as a cooling source. The gas side of the flow path in
which the heat-source-side refrigerant flows in the refrig-
erant-refrigerant heat exchanger 25 is connected to the
heat-source-side flow-path switching device 22, and the
liquid side of the flow path in which the heat-source-side
refrigerant flows in the refrigerant-refrigerant heat ex-
changer 25 is connected to the heat-source-side decom-
pressor 24.

- Use-Side Circuit -

[0028] The use-side circuit 30 includes a use-side com-
pressor 31, the refrigerant-refrigerant heat exchanger 25,
and a plurality of indoor heat exchangers 52. Carbon di-
oxide, serving as the use-side refrigerant, is sealed in
the use-side circuit 30. The use-side circuit 30 also in-
cludes a use-side flow-path switching device 32, a use-
side decompressor 33, and indoor decompressors 51
that correspond with the plurality of indoor heat exchang-
ers 52. Note that, when carbon dioxide is used as the
use-side refrigerant, the refrigerant may be brought into
a supercritical state (a state in which a gas state and a
liquid state cannot be distinguished) during a refrigeration
cycle. However, regarding, for example, the names of
components that constitute the use-side circuit 30, the
terms "gas" and "liquid" are used in, for example, the
names of components similarly to when a refrigerant
(such as R410A and R32) that is not brought into a su-
percritical state during the refrigeration cycle is used.
[0029] The use-side compressor 31 is a device that
compresses a use-side refrigerant. The use-side com-
pressor 31 is a compressor in which, for example, a com-
pression element, such as a rotary compression element
or a scroll compression element, is driven by a driving
mechanism, such as a motor or an engine.
[0030] The use-side flow-path switching device 32 is

a device that switches between a first state (refer to the
solid line of the use-side flow-path switching device 32
in Fig. 1) and a second state (refer to the broken line of
the use-side flow-path switching device 32 in Fig. 1). In
the first state, the use-side flow-path switching device 32
causes the refrigerant-refrigerant heat exchanger 25 to
function as a heat dissipater of the use-side refrigerant.
In the second state, the use-side flow-path switching de-
vice 32 causes the refrigerant-refrigerant heat exchanger
25 to function as an evaporator of the use-side refriger-
ant. In the first state, the use-side flow-path switching
device 32 causes the indoor heat exchangers 52 to func-
tion as evaporators of the use-side refrigerant. In the sec-
ond state, the use-side flow-path switching device 32
causes the indoor heat exchangers 52 to function as heat
dissipaters of the use-side refrigerant. The use-side flow-
path switching device 32 is, for example, a four-way
switching valve. In the first state, the use-side flow-path
switching device 32 connects a discharge side of the use-
side compressor 31 and the gas side of the flow path in
which the use-side refrigerant flows in the refrigerant-
refrigerant heat exchanger 25 to each other, and con-
nects an intake side of the use-side compressor 31 and
a gas side of the indoor heat exchangers 52 to each other.
In the second state, the use-side flow-path switching de-
vice 32 connects the discharge side of the use-side com-
pressor 31 and the gas side of the indoor heat exchang-
ers 52 to each other, and connects the intake side of the
use-side compressor 31 and the liquid side of the flow
path in which the use-side refrigerant flows in the refrig-
erant-refrigerant heat exchanger 25 to each other. Note
that the use-side flow-path switching device 32 is not
limited to a four-way switching valve, and, for example,
may have the function of switching between the first state
and the second state above by combining a plurality of
valves (for example, electromagnetic valves or three-way
valves).
[0031] The refrigerant-refrigerant heat exchanger 25
is a device that causes the heat-source-side refrigerant
and the use-side refrigerant to exchange heat with each
other as described above. In the state in which the heat-
source-side flow-path switching device 22 has been
switched to the first state and the use-side flow-path
switching device 32 has been switched to the first state,
the refrigerant-refrigerant heat exchanger 25 functions
as a use-side heat dissipater with the heat-source-side
refrigerant as a cooling source. In the state in which the
heat-source-side flow-path switching device 22 has been
switched to the second state and the use-side flow-path
switching device 32 has been switched to the second
state, the refrigerant-refrigerant heat exchanger 25 func-
tions as an evaporator of the use-side refrigerant with
the heat-source-side refrigerant as a heating source. The
gas side of the flow path in which the use-side refrigerant
flows in the refrigerant-refrigerant heat exchanger 25 is
connected to the use-side flow-path switching device 32,
and the liquid side of the flow path in which the use-side
refrigerant flows in the refrigerant-refrigerant heat ex-
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changer 25 is connected to a liquid side of the indoor
heat exchangers 52.
[0032] The use-side decompressor 33 is a device that
decompresses the use-side refrigerant. The use-side de-
compressor 33 is, for example, an electrically powered
expansion valve. In the state in which the use-side flow-
path switching device 32 has been switched to the first
state, the use-side decompressor 33 is brought into a
fully open state or is set to an opening degree corre-
sponding to a nearly fully open state so as not to decom-
press to the extent possible the use-side refrigerant that
has dissipated heat at the refrigerant-refrigerant heat ex-
changer 25. In the state in which the use-side flow-path
switching device 32 has been switched to the second
state, the use-side decompressor 33 decompresses the
use-side refrigerant that is sent from the indoor decom-
pressors 51. One end of the use-side decompressor 33
is connected to the liquid side of the flow path in which
the use-side refrigerant flows in the refrigerant-refriger-
ant heat exchanger 25, and the other end of the use-side
decompressor 33 is connected to the indoor decompres-
sors 51. Note that the use-side decompressor 33 is not
limited to an electrically powered expansion valve, and
may be, for example, other types of expansion valves, a
capillary tube, or an expansion device.
[0033] The indoor decompressors 51 are devices that
decompress the use-side refrigerant. The indoor decom-
pressors 51 are, for example, electrically powered ex-
pansion valves. In the state in which the use-side flow-
path switching device 32 has been switched to the first
state, the indoor decompressors 51 decompress the use-
side refrigerant that has dissipated heat at the refrigerant-
refrigerant heat exchanger 25. In the state in which the
use-side flow-path switching device 32 has been
switched to the second state, the indoor decompressors
51 decompress the use-side refrigerant that has dissi-
pated heat at the indoor heat exchangers 52. One end
of each indoor decompressor 51 is connected to the use-
side decompressor 33, and the other end of each indoor
decompressor 51 is connected to the liquid side of a cor-
responding one of the indoor heat exchangers 52.
[0034] The indoor heat exchangers 52 are devices that
cause the use-side refrigerant and indoor air to exchange
heat with each other. The indoor heat exchangers 52 are,
for example, fin-and-tube-type heat exchangers. Here,
as the indoor heat exchangers 52, fin-and-tube-type heat
exchangers including a plurality of heat transfer tubes
54, which are constituted by circular tubes, and a plurality
of heat transfer fins 55 are used. In the state in which the
use-side flow-path switching device 32 has been
switched to the first state, each indoor heat exchanger
52 functions as a heat dissipater of the use-side refrig-
erant with indoor air as a cooling source. In the state in
which the use-side flow-path switching device 32 has
been switched to the second state, each indoor heat ex-
changer 52 functions as an evaporator of the use-side
refrigerant with the indoor air as a heating source. The
gas side of each indoor heat exchanger 52 is connected

to the use-side switching device 32, and the liquid side
of each indoor heat exchanger 52 is connected to a cor-
responding one of the indoor heat exchangers 51.

<Unit Configuration>

[0035] The devices constituting the heat-source-side
circuit 10 and the use-side circuit 30 above are provided
at a heat transfer unit 2 and a plurality of indoor units 5.
The indoor units 5 are provided in correspondence with
the indoor heat exchangers 52.

- Heat Transfer Unit -

[0036] The heat transfer unit 2 is disposed outdoors.
The heat-source-side circuit 10 that includes the refrig-
erant-refrigerant heat exchanger 25, and the use-side
compressor 31 and the use-side flow-path switching de-
vice 32 in the use-side circuit 30 are provided at the heat
transfer unit 2. The use-side decompressor 33 in the use-
side circuit 30 is also provided at the heat transfer unit 2.
[0037] An outdoor fan 26 for sending outdoor air to the
outdoor heat exchanger 23 is also provided at the heat
transfer unit 2. The outdoor fan 26 is a fan in which a
blowing element, such as a propeller fan, is driven by a
driving mechanism, such as a motor.

- Indoor Units, Warning Devices -

[0038] Each indoor unit 5 is disposed indoors. Each
indoor heat exchanger 52 of the use-side circuit 30 is
provided at a corresponding one of the indoor units 5.
Each indoor compressor 51 of the use-side circuit 30 is
also provided at a corresponding one of the indoor units 5.
[0039] Indoor fans 53 for sending indoor air to the in-
door heat exchangers 52 corresponding thereto are also
provided at the indoor units 5 corresponding thereto.
Each indoor fan 53 is a fan in which a blowing element,
such as a centrifugal fan or a multiblade fan, is driven by
a driving mechanism, such as a motor.
[0040] Refrigerant sensors 11 that detect leakage of a
use-side refrigerant are provided at the indoor units 5
corresponding thereto. Each refrigerant sensor 11 de-
tects whether the concentration of carbon dioxide, serv-
ing as the use-side refrigerant, is greater than or equal
to a predetermined concentration. Warning devices 12
that, when leakage of a use-side refrigerant has oc-
curred, gives a warning that the use-side refrigerant has
leaked are provided at the indoor units 5 corresponding
thereto. Here, providing the warning devices 12 is one
safety measure that should be taken when leakage of
carbon dioxide, serving as the use-side refrigerant, has
occurred. Here, when the refrigerant sensors 11 detect
leakage of a use-side refrigerant, the warning devices 12
corresponding thereto give a warning that the use-side
refrigerant has leaked. As the warning devices 12, warn-
ing devices that use sound and light to give a warning
that a use-side refrigerant has leaked are used.
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[0041] Note that, here, although the refrigerant sen-
sors 11 and the warning devices 12 are provided at the
indoor units 5 corresponding thereto, the refrigerant sen-
sors 11 and the warning devices 12 are not limited there-
to. The refrigerant sensors 11 and the warning devices
12 may be provided, for example, in an indoor space that
is air-conditioned by the indoor units 5 or at a remote
controller for operating the indoor units 5. The refrigerant
sensors 11 and the warning devices 12 may be provided
separately.

- Use-Side Refrigerant Connection Pipes -

[0042] The heat transfer unit 2 and each indoor unit 5
are connected to each other by use-side refrigerant con-
nection pipes 6 and 7 that constitute a part of the use-
side circuit 30.
[0043] The use-side liquid-refrigerant connection pipe
6 is a part of a pipe that connects the refrigerant-refrig-
erant heat exchanger 25 and the indoor heat exchangers
52 to each other. Specifically, the use-side liquid-refrig-
erant connection pipe 6 is a pipe that connects the use-
side decompressor 33 and each indoor decompressor
51 to each other. The use-side liquid-refrigerant connec-
tion pipe 6 primarily includes use-side liquid-refrigerant
connection branch pipes 62 that are connected to the
indoor units 5 corresponding thereto, and a use-side liq-
uid-refrigerant connection main pipe 61 that connects the
heat transfer unit 2 and a portion at which all of the use-
side liquid-refrigerant connection branch pipes 62 merge.
[0044] The use-side gas-refrigerant connection pipe 7
is a part of a pipe that connects the use-side compressor
31 and each indoor heat exchanger 52 to each other.
Specifically, the use-side gas-refrigerant connection pipe
7 is a pipe that connects the use-side flow-path switching
device 32 and the gas side of each indoor heat exchanger
52 to each other. The use-side gas-refrigerant connec-
tion pipe 7 primarily includes use-side gas-refrigerant
connection branch pipes 72 that are connected to the
indoor units 5 corresponding thereto, and a use-side gas-
refrigerant connection main pipe 71 that connects the
heat transfer unit 2 and a portion at which all of the use-
side gas-refrigerant connection branch pipes 72 merge.

- Control Unit -

[0045] The devices that constitute the heat transfer unit
2 and the indoor units 5 above are controlled by a control
unit 19. The control unit 19 is constituted by subjecting
to communication connection a control board or the like
provided at the heat transfer unit 2 and the indoor units
5. For convenience sake, Fig. 1 illustrates the control unit
19 at a position situated away from, for example, the heat
transfer unit 2 and the indoor units 5. In this way, the
control unit 19 controls the operations of the devices 11,
12, 21, 22, 24, 26, 31, 32, 33, 51, and 53 that constitute
the air-conditioning system 1, that is, the operation of the
entire air-conditioning system 1.

(2) Operation

[0046] Next, the operation of the air-conditioning sys-
tem 1 is described by using Fig. 1. In order to air-condition
the interior of a room, the air-conditioning system 1 is
capable of performing a cooling operation for cooling in-
door air and a heating operation for heating the indoor
air. When a use-side refrigerant leaks from the use-side
circuit 30, the warning devices 12 give a warning that the
use-side refrigerant has leaked. Note that the cooling op-
eration, the heating operation, and the operation that is
performed when a use-side refrigerant has leaked are
performed by the control unit 19.

- Cooling Operation -

[0047] In the cooling operation, for example, when all
of the indoor units 5 perform the cooling operation (that
is, when all indoor heat exchangers 52 function as evap-
orators of a use-side refrigerant and indoor air is cooled),
the heat-source-side flow-path switching device 22
switches to the first state (refer to the solid line of the
heat-source-side flow-path switching device 22 in Fig.
1), and the use-side flow-path switching device 32 switch-
es to the first state (refer to the solid line of the use-side
flow-path switching device 32 in Fig. 1).
[0048] This causes a heat-source-side refrigerant dis-
charged from the heat-source-side compressor 21 to be
sent to the outdoor heat exchanger 23 via the heat-
source-side flow-path switching device 22. At the outdoor
heat exchanger 23 that functions as a heat dissipater of
the heat-source-side refrigerant, the heat-source-side re-
frigerant that has been sent to the outdoor heat exchang-
er 23 exchanges heat with outdoor air that is supplied by
the outdoor fan 26 and is cooled, and is thus condensed.
The refrigerant that has dissipated heat at the outdoor
heat exchanger 23 is, after being decompressed by the
heat-source-side decompressor 24, sent to the refriger-
ant-refrigerant heat exchanger 25. At the refrigerant-re-
frigerant heat exchanger 25 that functions as an evapo-
rator of the heat-source-side refrigerant, the heat-source-
side refrigerant that has been sent to the refrigerant-re-
frigerant heat exchanger 25 exchanges heat with a use-
side refrigerant and is heated, and is thus evaporated.
The heat-source-side refrigerant that has been evapo-
rated at the refrigerant-refrigerant heat exchanger 25 is
sucked into the heat-source-side compressor 21 via the
heat-source-side flow-path switching device 22, and is
discharged again from the heat-source-side compressor
21.
[0049] On the other hand, a use-side refrigerant dis-
charged from the use-side compressor 31 is sent to the
refrigerant-refrigerant heat exchanger 25 via the use-
side flow-path switching device 32. At the refrigerant-re-
frigerant heat exchanger 25 that functions as an evapo-
rator of the use-side refrigerant, the use-side refrigerant
that has been sent to the refrigerant-refrigerant heat ex-
changer 25 exchanges heat with the heat-source-side
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refrigerant and is cooled. The use-side refrigerant that
has dissipated heat at the refrigerant-refrigerant heat ex-
changer 25 is sent to the use-side liquid-refrigerant con-
nection pipe 6 via the use-side medium decompressor
33. The use-side refrigerant that has been sent to the
use-side liquid medium connection pipe 6 is, after being
decompressed by the indoor decompressors 51, sent to
the indoor heat exchangers 52 corresponding thereto. At
the indoor heat exchangers 52 that function as evapora-
tors of the use-side refrigerant, the use-side refrigerant
that has been sent to the indoor heat exchangers 52 ex-
change heat with indoor air that is supplied by the indoor
fans 53 corresponding thereto and is cooled, and is thus
evaporated. Therefore, the cooling operation that cools
the indoor air is performed. The use-side refrigerant that
has evaporated at the indoor heat exchangers 52 is sent
to the use-side gas-refrigerant connection pipe 7. The
use-side refrigerant that has been sent to the use-side
gas-refrigerant connection pipe 7 is sucked into the use-
side compressor 31 via the use-side flow-path switching
device 32, and is discharged again from the use-side
compressor 31.

- Heating Operation -

[0050] In the heating operation, for example, when all
of the indoor units 5 perform the heating operation (that
is, when all indoor heat exchangers 52 function as heat
dissipaters of a use-side refrigerant and indoor air is heat-
ed), the heat-source-side flow-path switching device 22
switches to the second state (refer to the broken line of
the heat-source-side flow-path switching device 22 in Fig.
1), and the use-side flow-path switching device 32 switch-
es to the second state (refer to the broken line of the use-
side flow-path switching device 32 in Fig. 1).
[0051] This causes a heat-source-side refrigerant dis-
charged from the heat-source-side compressor 21 to be
sent to the refrigerant-refrigerant heat exchanger 25 via
the heat-source-side flow-path switching device 22. At
the refrigerant-refrigerant heat exchanger 25 that func-
tions as a heat dissipater of the heat-source-side refrig-
erant, the heat-source-side refrigerant that has been sent
to the refrigerant-refrigerant heat exchanger 25 exchang-
es heat with a use-side refrigerant and is cooled, and is
thus condensed. The heat-source-side refrigerant that
has dissipated heat at the refrigerant-refrigerant heat ex-
changer 25 is, after being decompressed by the heat-
source-side decompressor 24, sent to the outdoor heat
exchanger 23. At the outdoor heat exchanger 23 that
functions as an evaporator of the heat-source-side re-
frigerant, the heat-source-side refrigerant that has been
sent to the outdoor heat exchanger 23 exchanges heat
with outdoor air that is supplied by the outdoor fan 26
and is heated, and is thus evaporated. The heat-source-
side refrigerant that has been evaporated at the outdoor
heat exchanger 23 is sucked into the heat-source-side
compressor 21 via the heat-source-side flow-path
switching device 22, and is discharged again from the

heat-source-side compressor 21.
[0052] On the other hand, a use-side refrigerant dis-
charged from the use-side compressor 31 is sent to the
use-side gas-refrigerant connection pipe 7 via the use-
side flow-path switching device 32. The use-side refrig-
erant that has been sent to the use-side gas-refrigerant
connection pipe 7 is sent to the indoor heat exchangers
52. At the indoor heat exchangers 52 that function as
heat dissipaters of the use-side refrigerant, the use-side
refrigerant that has been sent to the indoor heat exchang-
ers 52 exchange heat with indoor air that is supplied by
the indoor fans 53 corresponding thereto and is cooled.
Therefore, the heating operation that heats the indoor air
is performed. The use-side refrigerant that has dissipated
heat at the indoor heat exchangers 52 is, after being de-
compressed by the indoor heat exchangers 51 corre-
sponding thereto, sent to the use-side liquid-refrigerant
connection pipe 6. The use-side refrigerant that has been
sent to the use-side liquid-refrigerant connection pipe 6
is, after being further decompressed by the use-side de-
compressor 33, sent to the refrigerant-refrigerant heat
exchanger 25. At the refrigerant-refrigerant heat ex-
changer 25 that functions as an evaporator of the use-
side refrigerant, the use-side refrigerant that has been
sent to the refrigerant-refrigerant heat exchanger 25 ex-
changes heat with a heat-source-side refrigerant and is
heated, and is thus evaporated. The use-side refrigerant
that has been evaporated at the refrigerant-refrigerant
heat exchanger 25 is sucked into the use-side compres-
sor 31 via the use-side flow-path switching device 32,
and is discharged again from the use-side compressor
31.

- When Use-Side Refrigerant Has Leaked -

[0053] When leakage of a use-side refrigerant from the
use-side circuit 30 occurs, the refrigerant sensors 11 de-
tect the leakage of the use-side refrigerant, and the warn-
ing devices 12 give a warning that the use-side refrigerant
has leaked.
[0054] Note that, here, since the amount of carbon di-
oxide, serving as the use-side refrigerant that is sealed
in the use-side circuit 30, is reduced, the concentration
level of carbon dioxide that may reach an indoor space
when the use-side refrigerant has leaked from the use-
side circuit 30 can be reduced to a concentration level
that allows the number of safety measures that should
be taken to be one when the leakage of carbon dioxide,
serving as the use-side refrigerant, has occurred. There-
fore, here, only the warning devices 12 are selectively
provided as a safety measure.

(3) Selection of Safety Measure

[0055] Here, selection of a safety measure that should
be taken when leakage of carbon dioxide, serving as a
refrigerant, has occurred is described by using Figs. 1 to
5. Here, Fig. 3 is an explanatory view of a pipe system
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that connects the unit 2 and units 5a to 5j that constitute
the air-conditioning system 1 in Fig. 1 to each other. Fig.
4 is a table that shows a relationship between rated re-
frigerating capacities and nominal pipe diameters of the
refrigerant connection pipes when carbon dioxide is used
as a refrigerant. Fig. 5 shows a relationship between con-
figurations of the air-conditioning system (a unitary re-
frigeration cycle A and a binary refrigeration cycle A) and
the amount of carbon dioxide, serving as a refrigerant.
[0056] When, as in the use-side circuit 30 of the air-
conditioning system 1, carbon dioxide is used as a re-
frigerant that is sealed in the refrigerant circuit including
the plurality of indoor heat exchangers that cause the
refrigerant and indoor air to exchange heat with each
other, it is necessary to take safety measures in accord-
ance with the concentration level of carbon dioxide that
may reach an indoor space when the refrigerant has
leaked from the refrigerant circuit. The concentration lev-
el of carbon dioxide at which no safety measures need
to be provided is 0.074 kg or less per 1 m3 of indoor
space; the concentration level at which the number of
safety measures may be only one is greater than 0.074
kg per 1 m3 of indoor space and 0.18 kg or less per 1 m3

of indoor space; and the concentration level at which the
number of safety measures need to be two or more is
greater than 0.18 kg per 1 m3 of indoor space. Therefore,
in order to reduce the number of safety measures to one
or less, it is necessary to satisfy the condition in which
the concentration level is 0.18 kg or less per 1 m3 of
indoor space. Note that, here, as a safety measure, in
addition to providing warning devices that give a warning
that a refrigerant has leaked, blocking devices that, when
a refrigerant has leaked, block circulation of the refriger-
ant may be provided, or ventilating devices that, when a
refrigerant has leaked, ventilate a space that is air-con-
ditioned by indoor air that has exchanged heat at the
indoor heat exchangers may be provided.
[0057] Here, it is assumed that, with the floor area of
an air conditioned space being 20 m2 per rated refriger-
ating capacity of 2.8 kW, an air-conditioning system
whose rated refrigerating capacity is 28 kW with respect
to a plurality of air conditioned spaces having a total floor
area of 200 m2 is provided. In this case, when carbon
dioxide, serving as a refrigerant, has leaked from the air
conditioned space having the smallest spatial volume
among the plurality of air conditioned spaces, the amount
of refrigerant (carbon dioxide) that allows the number of
safety measures to be one or less is calculated. Here,
"rated refrigerating capacity" means, for example, a value
that is equivalent to the "rated cooling capacity" or the
"nominal capacity" of the indoor units 5 or the heat trans-
fer unit 2 described in product catalogs or instruction
manuals, when the air-conditioning system 1 is taken as
an example. First, the ceiling height of the air conditioned
space having the smallest spatial volume is 2.2 m. There-
fore, the spatial volume of the air conditioned space is
44 m3 (=20m232.2m). Consequently, in order for the
number of safety measures to be one or less, it is nec-

essary to satisfy the condition in which the amount of
refrigerant is 7.9 kg (=0.18kg/m3344m3) or less. In order
not to provide any safety measures, it is necessary to
satisfy the condition in which the amount of refrigerant is
3.3 kg (=0.074kg/m3344m3) or less. On the other hand,
if the number of safety measures to be provided is two
or more, the amount of refrigerant may be greater than
7.9 kg. Note that, since in this supposition, the spatial
volume of the air conditioned space into which the refrig-
erant leaks is estimated at a considerably small value,
even if the amount of refrigerant is larger than the afore-
mentioned values, as long as the spatial volume of the
air conditioned space is large, there may be cases in
which the number of safety measures can be one or less.
In this sense, the value of the calculated amount of re-
frigerant corresponds to the condition on the safest side.
If the condition of the amount of refrigerant is satisfied,
it is practically possible for the number of safety measures
to be one or less in any air-conditioning system.
[0058] Next, the amount of carbon dioxide, serving as
the use-side refrigerant that is sealed in the use-side cir-
cuit 30 of the air-conditioning system 1, is described tak-
ing as an a example a configuration in which ten indoor
units 5 (5a to 5j) having a rated refrigerating capacity of
2.8 kW are connected to the heat transfer unit 2. Regard-
ing the lengths of the use-side refrigerant connection
pipes 6 and 7, it is assumed that the length of each of
the use-side refrigerant connection main pipes 61 and
71 is 50 m, and the total lengths of the use-side refrigerant
connection branch pipes 62 and 72 (62a to 62j, 72a to
72j) are 20 m. As shown in Fig. 4, the pipe diameters of
the use-side refrigerant connection pipes 6 and 7 are
selected and used in accordance with the rated refriger-
ating capacity. Here, as the use-side liquid-refrigerant
connection main pipe 61, a pipe having a nominal diam-
eter of 2.5/8 inches is used, and, as the use-side liquid-
refrigerant connection branch pipes 62, pipes having a
nominal diameter of 1.5/8 inches are used. As the use-
side gas-refrigerant connection main pipe 71, a pipe hav-
ing a nominal diameter of 5/8 inches is used, and, as the
use-side gas-refrigerant connection branch pipes 72,
pipes having a nominal diameter of 2.5/8 inches are used.
That is, here, since the total refrigerating capacity is 28
kW or less, as the use-side liquid-refrigerant connection
pipe 6, a pipe having a nominal diameter of 2.5/8 inches
or less is used, and, as the use-side gas-refrigerant con-
nection pipe 7, a pipe having a nominal diameter of 5/8
inches or less is used.
[0059] Here, in an air-conditioning system constituting
a unitary refrigeration cycle that uses carbon dioxide as
a refrigerant, it is assumed that a refrigerant circuit con-
stituting a unitary refrigeration cycle is used, with the re-
frigerant circuit having a refrigerating capacity that is the
same as that of the air-conditioning system 1 (the refrig-
erating capacity of ten indoor units each having a rated
refrigerating capacity of 2.8 kW) and including refrigerant
connection pipes having pipe lengths and pipe diameters
that are the same as the pipe lengths and the pipe diam-
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eters of the refrigerant connection pipes of the air-con-
ditioning system 1. In this case, when the amount of re-
frigerant (carbon dioxide) that is sealed in this refrigerant
circuit is calculated, the amount of refrigerant is 9.0 kg
(refer to the value of the unitary refrigeration cycle A in
Fig. 5).
[0060] When, based on this amount of refrigerant, the
amount of use-side refrigerant (carbon dioxide) that is
sealed in the use-side circuit 30 of the air-conditioning
system 1 constituting a binary refrigeration cycle is cal-
culated, the calculated amount of use-side refrigerant be-
comes 6.6 kg, which is smaller by 2.4 kg than the amount
of use-side refrigerant in the air-conditioning system con-
stituting a unitary refrigeration cycle that uses carbon di-
oxide as the refrigerant (refer to the value of the binary
refrigeration cycle A in Fig. 5).
[0061] Here, the amount of use-side refrigerant (car-
bon dioxide) that is sealed in the use-side circuit 30 of
the air-conditioning system 1 constituting a binary refrig-
eration cycle can be reduced because the large outdoor
heat exchanger at which a refrigerant and outdoor air
exchange heat with each other is provided at the heat-
source-side circuit 10 not including the plurality of indoor
heat exchangers 52, and the small refrigerant-refrigerant
heat exchanger 25 is provided at the use-side circuit 30
that uses carbon dioxide as the use-side refrigerant. That
is, the difference between the volume of the outdoor heat
exchanger that constitutes the air-conditioning system
constituting a unitary refrigeration cycle and the volume
of the flow path in which the use-side refrigerant flows in
the refrigerant-refrigerant heat exchanger 25 that consti-
tutes the air-conditioning system 1 constituting a binary
refrigeration cycle generally corresponds to the differ-
ence between the amounts of refrigerants (= 2.4 kg).
[0062] Therefore, in the air-conditioning system con-
stituting a unitary refrigeration cycle that uses carbon di-
oxide as a refrigerant, since the amount of refrigerant
(carbon dioxide) that is sealed in the refrigerant circuit is
greater than 7.9 kg, the number of safety measures
needs to be two or more. On the other hand, in the air-
conditioning system 1 constituting a binary refrigeration
cycle, since the amount of use-side refrigerant (carbon
dioxide) that is sealed in the use-side circuit 30 can be
7.9 kg or less, the number of safety measures can be one.
[0063] In addition, in the air-conditioning system 1, as
a safety measure, as described above, the warning de-
vices 12 that, when leakage of a use-side refrigerant has
occurred, give a warning that the use-side refrigerant has
leaked are provided. Here, as the warning devices 12,
warning devices are required that are in accordance with
specifications in which a warning that a use-side refrig-
erant has leaked is given by using sound and light. How-
ever, since other safety measures (blocking devices or
ventilating devices) need not be provided, costs are re-
duced and construction is facilitated.
[0064] In contrast, when the number of safety meas-
ures needs to be two or more (when the amount of re-
frigerant is greater than 7.9 kg), providing only warning

devices is not sufficient and thus blocking devices or ven-
tilating devices need to be provided, as a result of which
costs are increased and construction becomes trouble-
some.

(4) Features

[0065] Next, the features of the air-conditioning system
1 is described.

<A>

[0066] Here, as described above, the air-conditioning
system 1 constitutes a binary refrigeration cycle including
the heat-source-side circuit 10 and the use-side circuit
30. The heat-source-side circuit 10 includes the heat-
source-side compressor 21 that compresses a heat-
source-side refrigerant, the outdoor heat exchanger 23
that causes the heat-source-side refrigerant and outdoor
air to exchange heat with each other, and the refrigerant-
refrigerant heat exchanger 25 that causes the heat-
source-side refrigerant and a use-side refrigerant to ex-
change heat with each other. The use-side circuit 30 in-
cludes the use-side compressor 31 that compresses a
use-side refrigerant, the refrigerant-refrigerant heat ex-
changer 25, and the plurality of indoor heat exchangers
52 that cause the use-side refrigerant and indoor air to
exchange heat with each other. Carbon dioxide, serving
as the use-side refrigerant, is sealed in the use-side cir-
cuit 30. Here, as a safety measure that should be taken
when leakage of carbon dioxide, serving as the use re-
frigerant, has occurred, the warning devices 12 or venti-
lating devices among the warning devices 12, blocking
devices, and the ventilating devices are provided.
[0067] Here, an air-conditioning system constituting a
unitary refrigeration cycle that uses carbon dioxide as a
refrigerant includes an outdoor heat exchanger that caus-
es carbon dioxide, serving as a refrigerant in the refrig-
erant circuit, and outdoor air to exchange heat with other,
and the volume of the outdoor heat exchanger in the re-
frigerant circuit is very large. Moreover, the air-condition-
ing system constituting a unitary refrigeration cycle that
uses carbon dioxide as a refrigerant is, in terms of its
physical properties, less efficient compared with those
using refrigerants (such as an HFC refrigerant) known in
the art. This becomes noticeable particularly in an oper-
ation (cooling operation) in which the outdoor heat ex-
changer functions as a heat dissipater of the refrigerant
and the indoor heat exchangers function as evaporators
of the refrigerant. Therefore, in the air-conditioning sys-
tem constituting a unitary refrigeration cycle that uses
carbon dioxide as the refrigerant, methods devised for
increasing the efficiency are performed, for example, in-
creasing the heat transfer area of the outdoor heat ex-
changer or providing an intermediate cooler that cools
the refrigerant during a compression process or a sub-
cooler that further cools the refrigerant that has dissipat-
ed heat at the outdoor heat exchanger. However, such
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devised methods for increasing the efficiency increase
the amount of carbon dioxide, serving as the refrigerant
that is sealed in the refrigerant circuit, and thus make it
difficult to reduce the number of safety measures.
[0068] Therefore, here, as described above, the binary
refrigeration cycle including the use-side circuit 30 and
the heat-source-side circuit 10 is formed, with the use-
side circuit 30 including the plurality of indoor heat ex-
changers 52 and having carbon dioxide sealed therein,
and the heat-source-side circuit 10 being where heat is
exchanged with a use-side refrigerant via the refrigerant-
refrigerant heat exchanger 25 and having sealed therein
a heat-source-side refrigerant. Consequently, here, un-
like in a unitary refrigeration cycle that uses carbon diox-
ide as a refrigerant, the outdoor heat exchanger 23 at
which a refrigerant and outdoor air exchange heat with
each other is provided at the heat-source-side circuit 10
not including the plurality of indoor heat exchangers 52,
and the refrigerant-refrigerant heat exchanger 25 is pro-
vided at the use-side circuit 30 that uses carbon dioxide
as a use-side refrigerant. Here, the refrigerant-refrigerant
heat exchanger 25 is not a large heat exchanger at which
a refrigerant and air exchange heat with each other. For
the refrigerant-refrigerant heat exchanger 25, a small
heat exchanger using two refrigerants (here, the heat-
source-side refrigerant and the use-side refrigerant),
such as a plate-type heat exchanger or a double-pipe-
type heat exchanger, can be used. Here, unlike in a uni-
tary refrigeration cycle that uses carbon dioxide as a re-
frigerant, in the heat-source-side circuit 10, methods de-
vised for increasing the efficiency, such as using a refrig-
erant (such as R32 or R1234yf) having physical proper-
ties that are capable of increasing the efficiency than car-
bon dioxide or providing an intermediate cooler or a sub-
cooler, are performed to make it possible to increase the
entire efficiency including that of the use-side circuit 30.
Therefore, here, compared with a unitary refrigeration
cycle that uses carbon dioxide as a refrigerant, it is pos-
sible to reduce the amount of carbon dioxide, serving as
the use-side refrigerant that is sealed in the use-side cir-
cuit 30, and to increase the efficiency.
[0069] Here, since the amount of carbon dioxide, serv-
ing as the use-side refrigerant that is sealed in the use-
side circuit 30, is reduced, the concentration level of car-
bon dioxide that may reach an indoor space when the
use-side refrigerant has leaked from the use-side circuit
30 is reduced to a concentration level that allows the
number of safety measures to be one (a concentration
level that satisfies the condition in which the concentra-
tion level is greater than 0.074 kg per 1 m3 of indoor
space and 0.18 kg or less per 1 m3 of indoor space). Note
that, when this concentration level is converted into the
amount of carbon dioxide, serving as the use-side refrig-
erant that is sealed in the use-side circuit 30, the amount
of carbon dioxide is greater than 3.3 kg and 7.9 kg or less.
[0070] In this way, here, the concentration level is re-
duced to a concentration level that allows the number of
safety measures to be one, and, as described above, the

warning devices 12 or ventilating devices among the
warning devices 12, blocking devices, and the ventilating
devices are provided. That is, here, the number of safety
measures is reduced to one, and blocking devices are
not provided as a safety measure. Here, since blocking
devices are devices that must be provided at the use-
side circuit 30 and setting standards, such as blocking
performance, need to be satisfied, not providing blocking
devices as a safety measure is effective in terms of costs
and construction. Here, among the warning devices 12
and ventilating devices, the warning devices 12 are pro-
vided. That is, here, as described above, as a safety
measure, the warning devices 12 are provided and ven-
tilating devices are not provided. Here, when the venti-
lating device is provided as a safety measure, since it is
necessary to satisfy setting standards, such as the ven-
tilation amount, the number of ventilations, and the po-
sition of a ventilation opening, not providing the ventilat-
ing device as a safety measure is effective in terms of
costs and construction.
[0071] In this way, here, in the air-conditioning system
1 including the plurality of indoor heat exchangers 52 that
cause carbon dioxide, serving as a refrigerant, and indoor
air to exchange heat with each other, it is possible to
reduce the number of safety measures by reducing the
amount of carbon dioxide, serving as a refrigerant that
is sealed in the refrigerant circuit (the use-side circuit 30).

<B>

[0072] Here, as described above, even if the rated re-
frigerating capacity is 28 kW, that is, when the rated re-
frigerating capacity is 28 kW or less, as a pipe that con-
nects the refrigerant-refrigerant heat exchanger 25 and
the indoor heat exchangers 52 in the use-side circuit 30
to each other (the use-side liquid-refrigerant connection
pipe 6), there is used a pipe having a nominal diameter
that is 2.5/8 inches or less, which is smaller than nominal
diameters known in the art, and, as a pipe that connects
the use-side compressor 31 and the indoor heat ex-
changers 52 in the use-side circuit 30 to each other (the
use-side gas-refrigerant connection pipe 7), there is used
a pipe having a nominal diameter that is 5/8 inches or
less, which is smaller than nominal diameters known in
the art.
[0073] Therefore, it is possible to reduce the amount
of use-side refrigerant that is sealed in the use-side circuit
30.
[0074] Here, as described above, as the use-side liq-
uid-refrigerant connection pipe 6, there is used a pipe
having a nominal diameter of 1.5/8 inches when the rated
refrigerating capacity is in the range of 2.2 kW to 8.0 kW,
and having a nominal diameter of 2.5/8 inches when the
rated refrigerating capacity is in the range of 22.4 kW to
28.0 kW; and, as the use-side gas-refrigerant connection
pipe 7, there is used a pipe having a nominal diameter
of 2.5/8 when the rated refrigerating capacity is in the
range of 2.2 kW to 4.5 kW. In this way, here, since pipes
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having nominal diameters in increments of 0.5/8 inches
that are not used as refrigerant pipes known in the art
are used, it is possible to increase the size of pipes that
can be used as refrigerant pipes and to contribute to op-
timizing the refrigerant pipes.

(5) Modifications

<Modification 1>

[0075] In the embodiment above, as the indoor heat
exchangers 52, the fin-and-tube-type heat exchangers
including the plurality of heat transfer tubes 54, which are
constituted by circular tubes, are used (see Fig. 2), and
the amount of use-side refrigerant (carbon dioxide) that
is sealed in the use-side circuit 30 is 6.6 kg (refer to the
value of the binary refrigeration cycle A in Fig. 5).
[0076] In contrast, here, as the indoor heat exchangers
52, instead of the heat exchangers including the plurality
of heat transfer tubes 54, which are constituted by circular
tubes, micro-channel heat exchangers including a plu-
rality of heat transfer tubes 56, which are constituted by
flat porous tubes, are used as shown in Fig. 6. Note that,
here, although, as the micro-channel heat exchangers,
as in Fig. 2, fin-and-tube-type heat exchangers including
the plurality of heat transfer tubes 56 and a plurality of
heat transfer fins 57 are used, the micro-channel heat
exchangers are not limited thereto.
[0077] Therefore, here, it is possible to reduce the vol-
umes of the indoor heat exchangers 52, and the amount
of use-side refrigerant that is sealed in the use-side circuit
30 becomes 6.1 kg, which is smaller by 0.5 kg than the
amount of use-side refrigerant when the fin-and-tube-
type heat exchangers including the plurality of heat trans-
fer tubes 54, which are constituted by circular tubes, is
used (refer to the value of a binary refrigeration cycle B
in Fig. 7).
[0078] In this way, here, since the indoor heat exchang-
ers 52 are constituted by the micro-channel heat ex-
changers, it is possible to reduce the volume of the indoor
heat exchangers 52 and, thus, to further reduce the
amount of use-side refrigerant that is sealed in the use-
side circuit 30.
[0079] Note that, in an air-conditioning system consti-
tuting a unitary refrigeration cycle, when micro-channel
heat exchangers are used as the indoor heat exchang-
ers, similarly to the relationship between the binary re-
frigeration cycle A and the binary refrigeration cycle B,
the amount of refrigerant becomes 8.5 kg (refer to the
value in a unitary refrigeration cycle B in Fig. 7), which
is smaller by 0.5 kg than the amount of refrigerant in the
unitary refrigeration cycle A (= 9.0 kg, refer to Fig. 5).
However, even in this case, since the amount of refrig-
erant does not become 7.9 kg or less, as long as an air-
conditioning system constituting a unitary refrigeration
cycle is used, the number of safety measures cannot be
one.

<Modification 2>

[0080] In the embodiment and Modification 1 above,
the use-side compressor 31 and the refrigerant-refriger-
ant heat exchanger 25 in the use-side circuit 30 are pro-
vided together with the heat-source-side circuit 10 at the
heat transfer unit 2 (see Fig. 1). In Modification 1 (when
the indoor heat exchangers 52 are constituted by micro-
channel heat exchangers), the amount of use-side refrig-
erant (carbon dioxide) that is sealed in the use-side circuit
30 is 6.1 kg (refer to the value of the binary refrigeration
cycle B in Fig. 7).
[0081] In contrast, here, as shown in Fig. 8, the heat
transfer unit 2 is divided into an outdoor unit 3 and an
intermediate unit 4, and the units 3 and 4 are connected
to each other via heat-source-side refrigerant connection
pipes 8 and 9.
[0082] The outdoor unit 3 is disposed outdoors. As
shown in Fig. 8, portions of the heat-source-side circuit
10 excluding the refrigerant-refrigerant heat exchanger
25 (the heat-source-side compressor 21, the heat-
source-side flow-path switching device 22, the outdoor
heat exchanger 23, and the heat-source-side decom-
pressor 24) are provided at the outdoor unit 3.
[0083] As shown in Fig. 9, the intermediate unit 4 is
disposed at a location that is close to a branched portion
that branches into each indoor unit 5. As shown in Fig.
8, the use-side compressor 31, the use-side flow-path
switching device 32, the refrigerant-refrigerant heat ex-
changer 25, and the use-side decompressor 33 in the
use-side circuit 30 are provided at the intermediate unit 4.
[0084] The heat-source-side liquid-refrigerant connec-
tion pipe 8 is a part of a pipe that connects the outdoor
heat exchanger 23 and the refrigerant-refrigerant heat
exchanger 25 to each other. Specifically, the heat-
source-side liquid-refrigerant connection pipe 6 is a pipe
that connects the heat-source-side decompressor 24
and the liquid side of the flow path in which a heat-source-
side refrigerant flows in the refrigerant-refrigerant heat
exchanger 25. The heat-source-side gas-refrigerant con-
nection pipe 9 is a part of a pipe that connects the heat-
source-side compressor 21 and the refrigerant-refriger-
ant heat exchanger 25 to each other. Specifically, the
heat-source-side gas-refrigerant connection pipe 9 is a
pipe that connects the heat-source-side flow-path switch-
ing device 22 and the gas side of the flow path in which
a heat-source-side refrigerant flows in the refrigerant-re-
frigerant heat exchanger 25 to each other.
[0085] In this way, here, the outdoor heat exchanger
23 is provided at the outdoor unit 3, the refrigerant-refrig-
erant heat exchanger 25 is provided at the intermediate
unit 4 that is connected to the outdoor unit 3 via the heat-
source-side refrigerant connection pipes 8 and 9 in which
a heat-source-side refrigerant flows, and the indoor heat
exchangers 52 are provided at the indoor units 5 corre-
sponding thereto that are connected to the intermediate
unit 4 via the use-side refrigerant connection pipes 6 and
7 in which a use-side refrigerant flows.
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[0086] Therefore, here, it is possible to provide the in-
termediate unit 4 at which the refrigerant-refrigerant heat
exchanger 25 is provided at a location that is close to the
branched portion that branches into each indoor unit 5,
and, for example, it is possible to reduce to 10 m the
lengths of the use-side refrigerant connection main pipe
61 and the use-side refrigerant connection main pipe71
of a corresponding one of the use-side refrigerant con-
nection pipe 6 and the use-side refrigerant connection
pipe 7 extending toward the indoor units 5 from the in-
termediate unit 4. Therefore, the amount of use-side re-
frigerant that is sealed in the use-side circuit 30 becomes
5.0 kg (refer to the value in a binary refrigeration cycle C
in Fig. 10), which is smaller by 1.1 kg than the amount
of use-side refrigerant when the refrigerant-refrigerant
heat exchanger 25 is provided at the outdoor heat trans-
fer unit 2 (when the lengths of the use-side refrigerant
connection main pipes 61 and 71 are 50 m).
[0087] In this way, here, since the refrigerant-refriger-
ant heat exchanger 25 is provided at the intermediate
unit 4 that is provided separately from the outdoor unit
3, it is possible to provide the refrigerant-refrigerant heat
exchanger 25 at a location that is close to the indoor units
5, and, thus, it is possible to further reduce the amount
of use-side refrigerant that is sealed in the use-side circuit
30.

<C>

[0088] Although, in the embodiment and the modifica-
tions above, the binary refrigeration cycle including one
heat-source-side circuit is used, the cycle is not limited
thereto. A multiple refrigeration cycle including a plurality
of heat-source-side circuits may be used.

<D>

[0089] Although, in the embodiment and the modifica-
tions above, a configuration that is capable of performing
a cooling operation and a heating operation is taken as
an example in the description, the configuration is not
limited thereto and may be a configuration used exclu-
sively for a cooling operation.
[0090] Although the embodiment of the present disclo-
sure is described above, it is to be understood that var-
ious changes can be made in the forms and details with-
out departing from the spirit and the scope of the present
disclosure described in the claims.

Industrial Applicability

[0091] The present disclosure is widely applicable to
an air-conditioning system including a plurality of indoor
heat exchangers that cause carbon dioxide, serving as
a refrigerant, and indoor air to exchange heat with each
other.

Reference Signs List

[0092]

1 air-conditioning system
3 outdoor unit
4 intermediate unit
5 indoor unit
6 use-side liquid-refrigerant connection pipe
7 use-side gas-refrigerant connection pipe
8 heat-source-side liquid-refrigerant connection pipe
9 heat-source-side gas-refrigerant connection pipe
10 heat-source-side circuit
12 warning device
21 heat-source-side compressor
23 outdoor heat exchanger
25 refrigerant-refrigerant heat exchanger
30 use-side circuit
31 use-side compressor
56 flat porous tube
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International Publication No. 2011/099063

Claims

1. An air-conditioning system (1) that constitutes a mul-
tiple refrigeration system, the multiple refrigeration
system comprising:

a heat-source-side circuit (10) including a heat-
source-side compressor (21) that compresses
a heat-source-side refrigerant, an outdoor heat
exchanger (23) that causes the heat-source-
side refrigerant and outdoor air to exchange heat
with each other, and a refrigerant-refrigerant
heat exchanger (25) that causes the heat-
source-side refrigerant and a use-side refriger-
ant to exchange heat with each other; and
a use-side circuit (30) including a use-side com-
pressor (31) that compresses the use-side re-
frigerant, the refrigerant-refrigerant heat ex-
changer, and a plurality of indoor heat exchang-
ers (52) that cause the use-side refrigerant and
indoor air to exchange heat with each other, the
use-side circuit (30) having sealed therein car-
bon dioxide as the use-side refrigerant,
wherein an amount of the use-side refrigerant
that is sealed in the use-side circuit is 7.9 kg or
less.

2. The air-conditioning system according to Claim 1,
wherein, among a warning device (12) that, when
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the use-side refrigerant has leaked, gives a warning
that the use-side refrigerant has leaked, a blocking
device that, when the use-side refrigerant has
leaked, blocks a circulation of the use-side refriger-
ant, and a ventilating device that, when the use-side
refrigerant has leaked, ventilates a space that is air-
conditioned by the indoor air that has exchanged
heat at the indoor heat exchanger, one of the warning
device and the ventilating device is provided.

3. The air-conditioning system according to Claim 2,
wherein, of the warning device and the ventilating
device, the warning device is provided.

4.  The air-conditioning system according to any one
of Claims 1 to 3,
wherein the indoor heat exchangers are micro-chan-
nel heat exchangers that use a flat porous tube (56)
as a heat transfer tube in which the use-side refrig-
erant flows.

5. The air-conditioning system according to any one of
Claims 1 to 4,
wherein when a rated refrigerating capacity of the
air-conditioning system is 28 kW or less, as a pipe
that connects the refrigerant-refrigerant heat ex-
changer and the indoor heat exchangers in the use-
side circuit to each other, a pipe having a nominal
diameter that is 2.5/8 inches or less is used, and, as
a pipe that connects the use-side compressor and
the indoor heat exchangers in the use-side circuit to
each other, a pipe having a nominal diameter that is
5/8 inches or less is used.

6. The air-conditioning system according to any one of
Claims 1 to 5,
wherein the outdoor heat exchanger is provided at
an outdoor unit (3),
wherein the refrigerant-refrigerant heat exchanger
is provided at an intermediate unit (4) that is con-
nected to the outdoor unit via a heat-source-side re-
frigerant connection pipe (8, 9) in which the heat-
source-side refrigerant flows, and
wherein the indoor heat exchangers are provided at
an indoor unit (5) that is connected to the intermedi-
ate unit via a use-side refrigerant connection pipe
(6, 7) in which the use-side refrigerant flows.
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