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(87) Abstract: Provided is a refrigeration device with which the leakage of refrigerant is suppressed. The refrigeration
device comprises: a heat source unit (10); a plurality of usage units (30) arranged in parallel with respect to the heat source
unit; a refrigerant flow path switching unit (40) that has a plurality of gas-side first control valves (42) for switching the
flow of refrigerant in the corresponding usage units, and that individually switches the flow of refrigerant in the usage
units; gas-side first connecting piping (52) arranged between the heat source unit and each gas-side first control valve,
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and in which high-pressure gas refrigerant flows; a plurality of gas-side first branch pipes (521) that are included in the
gas-side first connecting piping, communicate with a corresponding usage unit, and in which the gas-side first control
valves are arranged; and a shutoff valve (65) that is arranged in the gas-side first connecting piping and that shuts off
the flow of refrigerant. The gas-side first connecting piping includes a plurality of branch units (BP2) connected to the
gas-side first branch pipes, and the shutoff valve is arranged closer to the heat source unit than the branch units.
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DESCRIPTION
REFRIGERATION APPARATUS
TECHNICAL FIELD

The present invention relates to a refrigeration apparatus.
BACKGROUND

Hitherto, for example, as disclosed in PTL 1 (Japanese Unexamined Patent Application
Publication No. 2015-114048), there has been known a refrigeration apparatus that performs a
refrigeration cycle in a refrigerant circuit including a heat source unit and a plurality of
utilization units connected in parallel. In the refrigeration apparatus, refrigerant pipes
extending between the heat source unit and the utilization units each have a control valve that
switches a flow of refrigerant. By individually controlling the states of the control valves,
directions of refrigerant flows to the individual utilization units are individually switched.

In the above-described refrigeration apparatus, when a refrigerant leak occurs in any
one of the utilization units, the corresponding control valve may be controlled to a closed state,
thereby reducing the supply of refrigerant to the utilization unit in which the refrigerant leak has
occurred and reducing another refrigerant leak.

Meanwhile, in the above-described refrigeration apparatus, for the purpose of
collecting refrigeration oil to a compressor, a valve that forms a minute refrigerant flow path
(minute flow path) even in a closed state may be adopted as a control valve disposed in a gas-
side refrigerant flow path. In such a case, even if the control valve is controlled to a closed
state when a refrigerant leak occurs, refrigerant flows via the minute flow path to the utilization
unit in which the refrigerant leak has occurred.

There is provided a refrigeration apparatus with increased safety.

SUMMARY

It 1s an object of the present invention to substantially overcome or at least
ameliorate one or more disadvantages of existing arrangements.

In one embodiment, the present invention seeks to provide a refrigeration apparatus that
performs a refrigeration cycle in a refrigerant circuit, comprising: a heat source unit including a
compressor for refrigerant and a heat-source-side heat exchanger; a plurality of utilization units
each of which is connected in parallel to the heat source unit and includes a utilization-side heat
exchanger; a refrigerant-flow-path switching unit that includes a plurality of first gas-side
control valves each of which switches a flow of refrigerant in a corresponding one of the

utilization units and that individually switches a flow of refrigerant in each of the utilization
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units; a first gas-side connection pipe that is disposed between the heat source unit and each of
the first gas-side control valves and through which high-pressure gas refrigerant flows; a
plurality of first gas-side branch pipes each of which is included in the first gas-side connection
pipe and communicates with a corresponding one of the utilization units; and a blocking valve
that is disposed in the first gas-side connection pipe and blocks a flow of refrigerant when in a
closed state, wherein each of the first gas-side control valves is disposed in the first gas-side
branch pipe that communicates with a corresponding one of the utilization units, the first gas-
side connection pipe includes a plurality of branch portions connected to the first gas-side
branch pipes, the blocking valve is disposed between the heat source unit and each of the
branch portions; and wherein each of the first gas-side control valves allows an amount of
refrigerant to pass therethrough when in a closed state.

A refrigeration apparatus according to the present disclosure is a refrigeration apparatus
that performs a refrigeration cycle in a refrigerant circuit, and includes a heat source unit, a
plurality of utilization units, a refrigerant-flow-path switching unit, a first gas-side connection
pipe, a plurality of first gas-side branch pipes, and a blocking valve. The heat source unit
includes a compressor for refrigerant and a heat-source-side heat exchanger. The plurality of
utilization units are connected in parallel to the heat source unit.  Each utilization unit includes
a utilization-side heat exchanger. The refrigerant-flow-path switching unit includes a plurality
of first gas-side control valves. Each first gas-side control valve switches a flow of refrigerant
in a corresponding one of the utilization units. The refrigerant-flow-path switching unit
individually switches a flow of refrigerant in each of the utilization units. The first gas-side
connection pipe is disposed between the heat source unit and each of the first gas-side control
valves. The first gas-side connection pipe is a pipe through which high-pressure gas
refrigerant flows. The first gas-side branch pipes are included in the first gas-side connection
pipe. Each first gas-side branch pipe communicates with a corresponding one of the utilization
units. The blocking valve is disposed in the first gas-side connection pipe. The blocking
valve blocks a flow of refrigerant when in a closed state. Each first gas-side control valve is
disposed in the first gas-side branch pipe that communicates with a corresponding one of the
utilization units. The first gas-side connection pipe includes a plurality of branch portions.
The branch portions are connected to the first gas-side branch pipes. The blocking valve is
disposed between the heat source unit and each of the branch portions.

In the refrigeration apparatus according to the present disclosure, the blocking valve

that is disposed in the first gas-side connection pipe and blocks a flow of refrigerant when in a
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closed state is disposed between the heat source unit and each branch portion. Accordingly,
even in a case where a refrigerant leak occurs in a utilization unit, the blocking valve disposed in
the first gas-side connection pipe is capable of reducing the supply of refrigerant to the
utilization unit.  As a result, another refrigerant leak can be reduced. In particular, in a case
where the first gas-side control valve is a valve that allows a  small amount of refrigerant to
pass therethrough when in a closed state, another refrigerant leak can be reduced. Accordingly,
the safety increases.

In the present disclosure, the "blocking valve" and the "first gas-side control valve" are
controllable valves that can be in a closed state in response to switching of an energization state
and are, for example, electric valves or electromagnetic valves.

In the refrigeration apparatus, preferably, each of the first gas-side control valves
allows a small amount of refrigerant to pass therethrough when in a closed state.

In the refrigeration apparatus, preferably, the blocking valve is disposed in the
refrigerant-flow-path switching unit.

Preferably, the refrigeration apparatus further includes a control section and a
refrigerant leak detecting section. The control section controls an operation of the blocking
valve. The refrigerant leak detecting section detects a refrigerant leak in the utilization units.
When the refrigerant leak detecting section detects a refrigerant leak, the control section controls
the blocking valve to a closed state. Accordingly, even in a case where a refrigerant leak
occurs in a utilization unit, the blocking valve reliably reduces the supply of refrigerant to the
utilization unit.

Preferably, the refrigeration apparatus further includes a liquid-side connection pipe, a
plurality of liquid-side branch pipes, and utilization-side control valves. The liquid-side
connection pipe is disposed between the heat source unit and the utilization units. The liquid-
side connection pipe is a pipe through which refrigerant in a liquid state flows. The liquid-side
branch pipes are included in the liquid-side connection pipe. Each liquid-side branch pipe
communicates with a corresponding one of the utilization units. Each utilization-side control
valve is disposed in one of the utilization units. Each utilization-side control valve
communicates with one of the liquid-side branch pipes. The control section further controls
states of the utilization-side control valves. When the refrigerant leak detecting section detects
a refrigerant leak, the control section controls a corresponding one of the utilization-side control
valves to a closed state. Accordingly, even in a case where a refrigerant leak occurs in a

utilization unit, the blocking valve and the utilization-side control valve reliably reduce the
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supply of refrigerant to the utilization unit.

In the present disclosure, the "refrigerant in a liquid state" includes not only refrigerant
in a saturated liquid state or a subcooled state but also refrigerant in a gas-liquid two-phase state.
In the present disclosure, the "utilization-side control valve" is a controllable valve that can be in
a closed state in response to switching of an energization state and is, for example, an electric
valve or an electromagnetic valve.

Preferably, the refrigeration apparatus further includes a liquid-side connection pipe
and a plurality of liquid-side branch pipes. The liquid-side connection pipe is disposed
between the heat source unit and the utilization units. Refrigerant in a liquid state flows
through the liquid-side connection pipe. The plurality of liquid-side branch pipes are included
in the liquid-side connection pipe. Each liquid-side branch pipe communicates with a
corresponding one of the utilization units. The refrigerant-flow-path switching unit includes a
plurality of liquid-side control valves. Each liquid-side control valve is disposed in one of the
liquid-side branch pipes. Each liquid-side control valve switches a flow of refrigerant in a
corresponding one of the utilization units. The control section further controls states of the
liquid-side control valves. When the refrigerant leak detecting section detects a refrigerant
leak, the control section controls a corresponding one of the liquid-side control valves to a
closed state. Accordingly, even in a case where a refrigerant leak occurs in a utilization unit,
the blocking valve and the liquid-side control valve reliably reduce the supply of refrigerant to
the utilization unit.

In the present disclosure, the "liquid-side control valve" is a controllable valve that can
be in a closed state in response to switching of an energization state and is, for example, an
electric valve or an electromagnetic valve.

In the refrigeration apparatus, preferably, the control section further controls states of
the first gas-side control valves. When the refrigerant leak detecting section detects a
refrigerant leak, the control section controls a corresponding one of the first gas-side control
valves to a closed state. Accordingly, even in a case where a refrigerant leak occurs in a
utilization unit, the blocking valve and the first gas-side control valve reliably reduce the supply
of refrigerant to the utilization unit.

In the present disclosure, the "first gas-side control valve" is a controllable valve that
can be in a closed state in response to switching of an energization state and is, for example, an
electric valve or an electromagnetic valve.

Preferably, the refrigeration apparatus further includes a second gas-side connection
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pipe and a plurality of second gas-side branch pipes. The second gas-side connection pipe is
disposed between the heat source unit and the refrigerant-flow-path switching unit. The
second gas-side connection pipe is a pipe through which low-pressure gas refrigerant flows.
The second gas-side branch pipes are included in the second gas-side connection pipe. Each
second gas-side branch pipe communicates with a corresponding one of the utilization units.
The refrigerant-flow-path switching unit includes a plurality of second gas-side control valves.
Each second gas-side control valve is disposed in one of the second gas-side branch pipes.
Each second gas-side control valve switches a flow of refrigerant in a corresponding one of the
utilization units. The control section further controls states of the second gas-side control
valves. When the refrigerant leak detecting section detects a refrigerant leak, the control
section controls a corresponding one of the second gas-side control valves to a closed state.
Accordingly, even in a case where a refrigerant leak occurs in a utilization unit, the blocking
valve and the second gas-side control valve reliably reduce the supply of refrigerant to the
utilization unit.

In the present disclosure, the "second gas-side control valve" is a controllable valve that
can be in a closed state in response to switching of an energization state and is, for example, an
electric valve or an electromagnetic valve.

Preferably, the refrigeration apparatus further includes a bypass mechanism. The
bypass mechanism allows refrigerant in the first gas-side connection pipe to flow to a bypass
portion provided in another pipe that communicates with the heat source unit. Accordingly,
even in a case where the blocking valve is controlled to a closed state, such an increase in
pressure of refrigerant in the first gas-side connection pipe as to damage a device or pipe is
reduced.

In the refrigeration apparatus, preferably, the bypass mechanism is disposed in a bypass
pipe. The bypass pipe is a pipe extending from the first gas-side connection pipe to the bypass
portion. The bypass mechanism is a pressure adjusting valve. The pressure adjusting valve
opens the bypass pipe when the refrigerant in the first gas-side connection pipe has a pressure
higher than or equal to a predetermined reference value. Accordingly, even when the
refrigerant in the first gas-side connection pipe has a pressure higher than or equal to the
predetermined reference value, the refrigerant in the first gas-side connection pipe is allowed to
flow to the bypass portion, and an increase in pressure of the refrigerant in the first gas-side
connection pipe to a risky value is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 1 is an overall configuration diagram of an air conditioning system.
Fig. 2 is a diagram of a refrigerant circuit in the outdoor unit.

Fig. 3 is a diagram of a refrigerant circuit in indoor units and an intermediate unit.

Fig. 4 is a block diagram schematically illustrating a controller and individual devices
connected to the controller.

Fig. 5 is a flowchart illustrating an example of a procedure of a process performed by
the controller.

Fig. 6 is a diagram of a refrigerant circuit including a bypass flow path according to a
first modification example.

Fig. 7 is a refrigerant circuit diagram according to a second modification example.

Fig. 8 is an overall configuration diagram of an air conditioning system according to a
third modification example.

Fig. 9 is a diagram of a refrigerant circuit in indoor units and intermediate units
according to the third modification example.

Example embodiments should become apparent from the following description,
which 1s given by way of example only, of at least one preferred but non-limiting
embodiment, described in connection with the accompanying figures.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an air conditioning system 100 (corresponding to a "refrigeration
apparatus") according to an embodiment of the present disclosure will be described with
reference to the drawings. The following embodiment is a specific example of the present
disclosure, does not limit the technical scope of the present disclosure, and can be changed as
appropriate without deviating from the gist of the present disclosure.

(1) Air conditioning system 100

Fig. 1 is an overall configuration diagram of the air conditioning system 100. The air
conditioning system 100 is installed in a building, a factory, or the like, and performs air
conditioning in a target space. The air conditioning system 100 is an air conditioning system
adopting a refrigerant pipe method, and performs a refrigeration cycle in a refrigerant circuit RC
to cool or heat the target space.

The air conditioning system 100 mainly includes one outdoor unit 10 serving as a heat
source unit, a plurality of indoor units 30 (30a, 30b, 30c, ---) serving as utilization units, an
intermediate unit 40 that switches a flow of refrigerant between the outdoor unit 10 and the

individual indoor units 30, outdoor-side connection pipes 50 (a first connection pipe 51, a
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second connection pipe 52, and a third connection pipe 53) extending between the outdoor unit
10 and the intermediate unit 40, a plurality of indoor-side connection pipes 60 (a liquid-side
connection pipe LP and a gas-side connection pipe GP) extending between the indoor units 30
and the intermediate unit 40, a plurality of refrigerant leak sensors 70 that detect a refrigerant
leak in the indoor units 30, and a controller 80 that controls the states of individual devices.

In the air conditioning system 100, the intermediate unit 40 is individually associated
with each indoor unit 30, and individually switches a flow of refrigerant in each indoor unit 30.
Accordingly, in the air conditioning system 100, the operation mode of each indoor unit 30 can
be individually switched between a cooling operation and a heating operation or the like. That
is, the air conditioning system 100 is of a so-called cooling/heating free type in which a cooling
operation or a heating operation can be selected for each indoor unit 30. Each indoor unit 30
receives, via a remote control apparatus that is not illustrated, commands related to switching of
various setting items, such as an operation mode and a set temperature.

In the following description, an indoor unit 30 that is performing a cooling operation
will be referred to as a "cooling indoor unit 30", an indoor unit 30 that is performing a heating
operation will be referred to as a "heating indoor unit 30", and an indoor unit 30 in an operation
stop state or an operation suspension state will be referred to as a "suspended indoor unit 30",
for the convenience of description.

In the air conditioning system 100, the outdoor unit 10 and the intermediate unit 40 are
connected by the outdoor-side connection pipes 50, the intermediate unit 40 and the individual
indoor units 30 are connected by the indoor-side connection pipes 60, and accordingly the
refrigerant circuit RC is constituted. Specifically, the outdoor unit 10 and the intermediate unit
40 are connected by the first connection pipe 51, the second connection pipe 52, and the third
connection pipe 53 serving as the outdoor-side connection pipes 50. Fach indoor unit 30 and
the intermediate unit 40 are connected by the gas-side connection pipe GP and the liquid-side
connection pipe LP serving as the indoor-side connection pipe 60. In other words, the
refrigerant circuit RC includes one outdoor unit 10, a plurality of indoor units 30, and one
intermediate unit 40.

In the air conditioning system 100, a vapor compression refrigeration cycle is
performed in which refrigerant sealed in the refrigerant circuit RC is compressed, cooled or
condensed, decompressed, heated or evaporated, and then compressed again.  The refrigerant
to fill the refrigerant circuit RC is not limited. For example, the refrigerant circuit RC is filled

with R32 refrigerant.
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In the air conditioning system 100, in the third connection pipe 53 extending between
the outdoor unit 10 and the intermediate unit 40, gas-liquid two-phase transport is performed in
which refrigerant is transported in a gas-liquid two-phase state. More specifically, under the
consideration that an operation can be performed using a smaller amount of refrigerant with a
decrease in performance being reduced in a case where refrigerant in a gas-liquid two-phase
state is transported in the third connection pipe 53 extending between the outdoor unit 10 and
the intermediate unit 40 than in a case where refrigerant in a liquid state is transported therein,
the air conditioning system 100 is configured to perform gas-liquid two-phase transport in the
third connection pipe 53 to save refrigerant.

In the air conditioning system 100, the operation state thereof shifts to any one of a
cooling only state, a heating only state, a cooling main state, a heating main state, and a
cooling/heating balanced state during an operation. The cooling only state is a state in which
all the indoor units 30 that are operating are cooling indoor units 30 (i.e., all the indoor units 30
that are operating are performing a cooling operation). The heating only state is a state in
which all the indoor units 30 that are operating are heating indoor units 30 (i.e., all the indoor
units 30 that are operating are performing a heating operation).

The cooling main state is a state in which the heat load of all the cooling indoor units
30 is assumed to be larger than the heat load of all the heating indoor units 30. The heating
main state is a state in which the heat load of all the heating indoor units 30 is assumed to be
larger than the heat load of all the cooling indoor units 30. The cooling/heating balanced state
is a state in which the heat load of all the cooling indoor units 30 and the heat load of all the
heating indoor units 30 are assumed to be balanced.

(1-1) Outdoor unit 10 (Heat source unit)

Fig. 2 is a diagram of a refrigerant circuit in the outdoor unit 10.  The outdoor unit 10
is installed outdoors, for example, on the roof or balcony of a building, or outside a room
(outside a target space), such as underground. The outdoor unit 10 mainly includes a first gas-
side shutoff valve 11, a second gas-side shutoff valve 12, a liquid-side shutoff valve 13, an
accumulator 14, a compressor 15, a first flow-path switching valve 16, a second flow-path
switching valve 17, a third flow-path switching valve 18, an outdoor heat exchanger 20, a first
outdoor control valve 23, a second outdoor control valve 24, a third outdoor control valve 25, a
fourth outdoor control valve 26, and a subcooling heat exchanger 27. In the outdoor unit 10,
these devices are disposed in a casing and are connected to each other by refrigerant pipes, and

accordingly a part of the refrigerant circuit RC is constituted. In addition, the outdoor unit 10
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includes an outdoor fan 28 and an outdoor unit control section 9.

The first gas-side shutoff valve 11, the second gas-side shutoff valve 12, and the liquid-
side shutoff valve 13 are manual valves that are opened/closed at the time of filling with
refrigerant, pump-down, or the like.

The first gas-side shutoff valve 11 has one end connected to the first connection pipe 51
and has the other end connected to a refrigerant pipe extending to the accumulator 14. The
second gas-side shutoff valve 12 has one end connected to the second connection pipe 52 and
has the other end connected to a refrigerant pipe extending to the third flow-path switching
valve 18. The first gas-side shutoff valve 11 and the second gas-side shutoff valve 12 each
function as a port for gas refrigerant (a gas-side port) in the outdoor unit 10.

The liquid-side shutoff valve 13 has one end connected to the third connection pipe 53
and has the other end connected to a refrigerant pipe extending to the third outdoor control valve
25. The liquid-side shutoff valve 13 functions as a port for liquid refrigerant or gas-liquid two-
phase refrigerant (liquid-side port) in the outdoor unit 10.

The accumulator 14 is a container for temporarily storing low-pressure refrigerant to be
sucked into the compressor 15 and separating the refrigerant into gas and liquid. Inside the
accumulator 14, refrigerant in a gas-liquid two-phase state is separated into gas refrigerant and
liquid refrigerant. The accumulator 14 is disposed between the first gas-side shutoff valve 11
and the compressor 15 (i.e., on the suction side of the compressor 15). The accumulator 14 has
a refrigerant port connected to the refrigerant pipe extending from the first gas-side shutoff
valve 11.  The accumulator 14 has a refrigerant outlet connected to a suction pipe Pa extending
to the compressor 15.

The compressor 15 is a positive-displacement compressor that has an enclosed structure
incorporating a compressor motor (not illustrated) and that has a scroll or rotary compression
mechanism, for example. In this embodiment, only one compressor 15 is provided, but the
embodiment is not limited thereto. Two or more compressors 15 may be connected in series or
parallel. The compressor 15 has a suction inlet (not illustrated) connected to the suction pipe
Pa. The compressor 15 has a discharge outlet (not illustrated) connected to a discharge pipe Pb.
The compressor 15 compresses low-pressure refrigerant sucked via the suction pipe Pa and
discharges the refrigerant to the discharge pipe Pb.

The compressor 15 communicates with, on the suction side, the intermediate unit 40 via
the suction pipe Pa, the accumulator 14, the first gas-side shutoff valve 11, the first connection

pipe 51, and so forth. In addition, the compressor 15 communicates with, on the suction side
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or discharge side, the intermediate unit 40 via the suction pipe Pa, the accumulator 14, the
second gas-side shutoff valve 12, the second connection pipe 52, and so forth. In addition, the
compressor 15 communicates with, on the discharge side or suction side, the outdoor heat
exchanger 20 via the discharge pipe Pb, the first flow-path switching valve 16, the second flow-
path switching valve 17, and so forth. That is, the compressor 15 is disposed between the
intermediate unit 40 (first control valves 41, second control valves 42) and the outdoor heat
exchanger 20.

The first flow-path switching valve 16, the second flow-path switching valve 17, and
the third flow-path switching valve 18 (hereinafter, these valves will be collectively referred to
as a "flow-path switching valve 19") are four-way switching valves and switch a flow of
refrigerant in accordance with a situation (see solid lines and broken lines in the flow-path
switching valve 19 in Fig. 2). The flow-path switching valve 19 has a refrigerant port
connected to the discharge pipe Pb or a branch pipe extending from the discharge pipe Pb. In
addition, the flow-path switching valve 19 is configured such that a flow of refrigerant in one
refrigerant flow path is blocked during an operation, and actually functions as a three-way valve.
The flow-path switching valve 19 can be switched between a first flow-path state (see the solid
lines in the flow-path switching valve 19 in Fig. 2) in which the refrigerant supplied from the
discharge side of the compressor 15 (the discharge pipe Pb) supply downstream, and a second
flow-path state (see the broken lines in the flow-path switching valve 19 in Fig. 2) in which the
flow of refrigerant is shut off.

The first flow-path switching valve 16 is disposed on the refrigerant inlet side/outlet
side of a first outdoor heat exchanger 21 (described below) of the outdoor heat exchanger 20.

In the first flow-path state, the first flow-path switching valve 16 allows the discharge side of the
compressor 15 and the gas-side port of the first outdoor heat exchanger 21 to communicate with
each other (see the solid lines in the first flow-path switching valve 16 in Fig. 2). In the second
flow-path state, the first flow-path switching valve 16 allows the suction side of the compressor
15 (the accumulator 14) and the gas-side port of the first outdoor heat exchanger 21 to
communicate with each other (see the broken lines in the first flow-path switching valve 16 in
Fig. 2).

The second flow-path switching valve 17 is disposed on the refrigerant inlet side/outlet
side of a second outdoor heat exchanger 22 (described below) of the outdoor heat exchanger 20.
In the first flow-path state, the second flow-path switching valve 17 allows the discharge side of

the compressor 15 and the gas-side port of the second outdoor heat exchanger 22 to
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communicate with each other (see the solid lines in the second flow-path switching valve 17 in
Fig. 2). In the second flow-path state, the second flow-path switching valve 17 allows the
suction side of the compressor 15 (the accumulator 14) and the gas-side port of the second
outdoor heat exchanger 22 to communicate with each other (see the broken lines in the second
flow-path switching valve 17 in Fig. 2).

In the first flow-path state, the third flow-path switching valve 18 allows the discharge
side of the compressor 15 and the second gas-side shutoff valve 12 to communicate with each
other (see the solid lines in the third flow-path switching valve 18 in Fig. 2). In the second
flow-path state, the third flow-path switching valve 18 allows the suction side of the compressor
15 (the accumulator 14) and the second gas-side shutoff valve 12 to communicate with each
other (see the broken lines in the third flow-path switching valve 18 in Fig. 2).

The outdoor heat exchanger 20 (corresponding to the "heat-source-side heat exchanger”
described in the claims) is a heat exchanger of a cross-fin type, a stacked type, or the like, and
includes a heat transfer tube (not illustrated) through which refrigerant passes. The outdoor
heat exchanger 20 functions as a condenser and/or an evaporator for refrigerant in accordance
with a flow of the refrigerant. More specifically, the outdoor heat exchanger 20 includes the
first outdoor heat exchanger 21 and the second outdoor heat exchanger 22.

The first outdoor heat exchanger 21 has a gas-side refrigerant port connected to a
refrigerant pipe connected to the first flow-path switching valve 16, and has a liquid-side
refrigerant port connected to a refrigerant pipe extending to the first outdoor control valve 23.
The second outdoor heat exchanger 22 has a gas-side refrigerant port connected to a refrigerant
pipe connected to the second flow-path switching valve 17, and has a liquid-side refrigerant port
connected to a refrigerant pipe extending to the second outdoor control valve 24, Refrigerant
that passes through the first outdoor heat exchanger 21 and the second outdoor heat exchanger
22 exchanges heat with an air flow generated by the outdoor fan 28.

The first outdoor control valve 23, the second outdoor control valve 24, the third
outdoor control valve 25, and the fourth outdoor control valve 26 are, for example, electric
valves whose opening degrees are adjustable. The first outdoor control valve 23, the second
outdoor control valve 24, the third outdoor control valve 25, and the fourth outdoor control
valve 26 are subjected to opening degree adjustment in accordance with a situation, and
decompress the refrigerant passing therethrough or increase/decrease the amount of refrigerant
passing therethrough in accordance with the opening degrees.

The first outdoor control valve 23 has one end connected to the refrigerant pipe
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extending from the first outdoor heat exchanger 21, and has the other end connected to a liquid-
side pipe Pc extending to one end of a first flow path 271 (described below) of the subcooling
heat exchanger 27. The second outdoor control valve 24 has one end connected to the
refrigerant pipe extending from the second outdoor heat exchanger 22, and has the other end
connected to the liquid-side pipe Pc extending to the one end of the first flow path 271 of the
subcooling heat exchanger 27. The liquid-side pipe Pc has one end that branches off into two
pipes, which are individually connected to the first outdoor control valve 23 and the second
outdoor control valve 24.

The third outdoor control valve 25 (decompression valve) has one end connected to a
refrigerant pipe extending to the other end of the first flow path 271 of the subcooling heat
exchanger 27, and has the other end connected to the refrigerant pipe extending to the liquid-
side shutoff valve 13. That is, the third outdoor control valve 25 is disposed between the
outdoor heat exchanger 20 and the third connection pipe 53. As will be described below, when
the operation state of the air conditioning system 100 is any one of the cooling only state, the
cooling main state, and the cooling/heating balanced state, the third outdoor control valve 25 is
controlled to a two-phase-transport opening degree so that gas-liquid two-phase transport is
performed in the third connection pipe 53. The two-phase-transport opening degree is an
opening degree for decompressing incoming refrigerant to a pressure that is assumed to be
suitable for transporting the refrigerant in a gas-liquid two-phase state in the third connection
pipe 53. That is, the two-phase-transport opening degree is an opening degree suitable for gas-
liquid two-phase transport in the third connection pipe 53.

The fourth outdoor control valve 26 has one end connected to a branch pipe that
branches off between both ends of the liquid-side pipe Pc, and has the other end connected to a
refrigerant pipe extending to one end of a second flow path 272 (described below) of the
subcooling heat exchanger 27.

The subcooling heat exchanger 27 is a heat exchanger for changing refrigerant flowed
out of the outdoor heat exchanger 20 into liquid refrigerant in a subcooled state. The
subcooling heat exchanger 27 is, for example, a double-pipe heat exchanger. The subcooling
heat exchanger 27 is formed of the first flow path 271 and the second flow path 272. More
specifically, the subcooling heat exchanger 27 has a structure in which the refrigerant flowing
through the first flow path 271 and the refrigerant flowing through the second flow path 272 can
exchange heat. The first flow path 271 has one end connected to the other end of the liquid-
side pipe Pc, and has the other end connected to the refrigerant pipe extending to the third
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outdoor control valve 25. The second flow path 272 has one end connected to the refrigerant
pipe extending to the fourth outdoor control valve 26, and has the other end connected to a
refrigerant pipe extending to the accumulator 14 (more specifically, a refrigerant pipe extending
between the accumulator 14 and the first flow-path switching valve 16 or the first gas-side
shutoff valve 11).

The outdoor fan 28 is, for example, a propeller fan, and includes an outdoor fan motor
(not illustrated) serving as a driving source. Driving of the outdoor fan 28 generates an air
flow that flows into the outdoor unit 10, passes through the outdoor heat exchanger 20, and
flows out of the outdoor unit 10.

The outdoor unit control section 9 includes a microcomputer constituted by a CPU, a
memory, and the like. The outdoor unit control section 9 transmits signals to and receives
signals from an indoor unit control section 39 (described below) and an intermediate unit control
section 49 (described below) via communication lines (not illustrated). The outdoor unit
control section 9 controls the operations and states of various devices included in the outdoor
unit 10 (for example, starting/stopping of and the rotation speed of the compressor 15 and the
outdoor fan 28, or switching of opening degrees of various valves) in accordance with a
situation.

In addition, the outdoor unit 10 includes an outdoor-side sensor 8 (see Fig. 4) that
detects a state (pressure or temperature) of refrigerant in the refrigerant circuit RC.

(1-2) Indoor unit 30 (Utilization unit)

Fig. 3 is a diagram of a refrigerant circuit in the indoor units 30 and the intermediate
unit 40. The type of the indoor units 30 is, although not limited, a ceiling-mounted type of
being mounted in a ceiling space, for example. The air conditioning system 100 includes a
plurality of (the number is n) indoor units 30 (30a, 30b, 30c, ---) that are connected in parallel to
the outdoor unit 10.

Each indoor unit 30 includes an indoor expansion valve 31 and an indoor heat
exchanger 32. In each indoor unit 30, these devices are disposed in a casing and are connected
to each other by a refrigerant pipe, thereby constituting a part of the refrigerant circuit RC. In
addition, each indoor unit 30 includes an indoor fan 33 and the indoor unit control section 39.

The indoor expansion valve 31 (corresponding to the "utilization-side control valve"
described in the claims) is an electric expansion valve whose opening degree is adjustable.

The indoor expansion valve 31 is a controllable valve that can be in a closed state in response to

switching of an energization state. The indoor expansion valve 31 has one end connected to
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the liquid-side connection pipe LP, and has the other end connected to a refrigerant pipe
extending to the indoor heat exchanger 32. That is, the indoor expansion valve 31 is disposed
between the indoor heat exchanger 32 and the third connection pipe 53. In other words, the
indoor expansion valve 31 is disposed in a refrigerant flow path between the indoor heat
exchanger 32 and a third control valve 43 in the intermediate unit 40. The indoor expansion
valve 31 communicates with a liquid-side refrigerant flow path LL (a liquid-side branch pipe
531) described below. The indoor expansion valve 31 decompresses the refrigerant passing
therethrough in accordance with the opening degree thereof. In this embodiment, when the
indoor expansion valve 31 is in a closed state (a minimum opening degree), the indoor
expansion valve 31 is in a slightly opened state to form a minute flow path that allows a  small
amount of refrigerant to pass therethrough.

The indoor heat exchanger 32 (corresponding to the "utilization-side heat exchanger"
described in the claims) is, for example, a heat exchanger of a cross-fin type, a stacked type, or
the like, and includes a heat transfer tube (not illustrated) through which refrigerant passes.

The indoor heat exchanger 32 functions as an evaporator or a condenser for refrigerant in
accordance with a flow of the refrigerant. The indoor heat exchanger 32 has a liquid-side
refrigerant port connected to the refrigerant pipe extending from the indoor expansion valve 31,
and has a gas-side refrigerant port connected to the gas-side connection pipe GP. Refrigerant
flowed into the indoor heat exchanger 32 exchanges heat with an air flow generated by the
indoor fan 33 when passing through the heat transfer tube.

In the indoor heat exchanger 32, switching between the upstream side and the
downstream side of refrigerant flowing thereinto, and switching between a state of functioning
as an evaporator for refrigerant and a state of functioning as a condenser for refrigerant, are
performed in accordance with the states (open/closed states) of the corresponding control valves
(41, 42, 43) in the intermediate unit 40, and the states (flow-path states) of the individual flow-
path switching valves 19 (16, 17, 18) in the outdoor unit 10.

The indoor fan 33 is, for example, a centrifugal fan, such as a turbofan. The indoor
fan 33 includes an indoor fan motor (not illustrated) serving as a driving source. Driving of the
indoor fan 33 generates an air flow that flows from a target space into the indoor unit 30, passes
through the indoor heat exchanger 32, and flows out to the target space.

The indoor unit control section 39 includes a microcomputer constituted by a CPU, a
memory, and the like. The indoor unit control section 39 receives a user instruction via a

remote controller (not illustrated) and controls, in response to the instruction, the operations and
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states of various devices included in the indoor unit 30 (for example, the rotation speed of the
indoor fan 33 and the opening degree of the indoor expansion valve 31). In addition, the
indoor unit control section 39 is connected to the outdoor unit control section 9 and the
intermediate unit control section 49 (described below) by communication lines (not illustrated),
and mutually transmits and receives signals. In addition, the indoor unit control section 39
includes a communication module that communicates with the remote controller by wired
communication or wireless communication, and mutually transmits a signal to and receives a
signal from the remote controller.

In addition, the indoor unit 30 includes an indoor-side sensor 38 (see Fig. 4), such as a
temperature sensor that detects a degree of superheating/subcooling of refrigerant passing
through the indoor heat exchanger 32, and a temperature sensor that detects a temperature
(indoor temperature) of air in a target space taken by the indoor fan 33.

(1-3) Intermediate unit 40 (corresponding to the "refrigerant-flow-path switching unit" described
in the claims)

The intermediate unit 40 is disposed between the outdoor unit 10 and the individual
indoor units 30, and switches a flow of refrigerant in each indoor unit 30. The intermediate
unit 40 includes a plurality of (here, the same number as the number of indoor units 30)
switching units 4 (4a, 4b, 4c, ---), a pressure adjusting section 44, and a gas-side blocking valve
65. In this embodiment, the switching units 4 are associated with the indoor units 30 on a one-
to-one basis. That is, the intermediate unit 40 is a unit in which the switching units 4
corresponding to the indoor units 30 on a one-to-one basis are integrated together.

Each switching unit 4 is disposed in a gas-side refrigerant flow path GL (described
below) and the liquid-side refrigerant flow path LL (described below) between a corresponding
one of the indoor units 30 (hereinafter referred to as a "corresponding indoor unit 30") and the
outdoor unit 10, and switches a flow of refrigerant flowing into the corresponding indoor unit 30.

As illustrated in Fig. 3, each switching unit 4 includes a plurality of refrigerant pipes (a
first pipe P1 to a third pipe P3) and a plurality of control valves (the first control valve 41, the
second control valve 42, and the third control valve 43). In the switching unit 4, these devices
are connected to each other by refrigerant pipes, thereby constituting a part of the refrigerant
circuit RC.

The first pipe P1 has one end connected to the liquid-side connection pipe LP, and has
the other end connected to the third control valve 43. The second pipe P2 has one end

connected to the gas-side connection pipe GP, and has the other end connected to the first
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control valve 41. The third pipe P3 has one end connected between both ends of the second
pipe P2, and has the other end connected to the second control valve 42.

Each of the refrigerant pipes (P1, P2, P3) included in the switching unit 4 need not
necessarily be formed of one pipe, and may be formed of a plurality of pipes connected by a
joint or the like.

The first control valve 41, the second control valve 42, and the third control valve 43
switch between opening/closing of a refrigerant flow path formed between the outdoor unit 10
and the corresponding indoor unit 30, thereby switching the flow of refrigerant in the
corresponding indoor unit 30.  The first control valve 41, the second control valve 42, and the
third control valve 43 are controllable valves that enter a closed state in response to switching of
an energization state, and are in this embodiment electric valves whose opening degrees are
adjustable. The first control valve 41, the second control valve 42, and the third control valve
43 switch a flow of refrigerant by allowing the refrigerant to pass therethrough or by blocking
the refrigerant.

The first control valve 41 (corresponding to the "second gas-side control valve"
described in the claims) has one end connected to the second pipe P2, and has the other end
connected to the first connection pipe 51 (a first branch pipe 511). The first control valve 41 is
disposed in a first gas-side branch flow path GLa (the first branch pipe 511) described below,
and adjusts the flow rate of the refrigerant flowing through the first gas-side branch flow path
GLa in accordance with the opening degree thereof, or switches the flow. That is, the first
control valve 41 is disposed in the first gas-side branch flow path GLa (the first branch pipe
511) that communicates with the corresponding indoor unit 30, and switches the flow of
refrigerant in the corresponding indoor unit 30. While in a closed state (a minimum opening
degree), the first control valve 41 is in a fully-closed state to block a flow of refrigerant.

The second control valve 42 (corresponding to the "first gas-side control valve"
described in the claims) has one end connected to the third pipe P3, and has the other end
connected to the second connection pipe 52 (a second branch pipe 521). The second control
valve 42 is disposed in a second gas-side branch flow path GLb (the second branch pipe 521)
described below, and adjusts the flow rate of the refrigerant flowing through the second gas-side
branch flow path GLb in accordance with the opening degree thereof, or switches the flow.
That is, the second control valve 42 is disposed in the second gas-side branch flow path GLb
(the second branch pipe 521) that communicates with the corresponding indoor unit 30, and

switches the flow of refrigerant in the corresponding indoor unit 30. In this embodiment, the
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second control valve 42 adopts a valve that forms a minute flow path (i.e., that is in a slightly
opened state) allowing a small amount of refrigerant to pass therethrough even in a closed
state (a minimum opening degree) for the purpose of collecting refrigeration oil to the
compressor 15.  Thus, the second control valve 42 allows a small amount of refrigerant to
pass therethrough even in a closed state.

The third control valve 43 (corresponding to the "liquid-side control valve" described
in the claims) has one end connected to the first pipe P1, and has the other end connected to the
third connection pipe 53 (the liquid-side branch pipe 531). The third control valve 43 is
disposed in the liquid-side refrigerant flow path LL (the liquid-side branch pipe 531) described
below, and adjusts the flow rate of the refrigerant flowing through the liquid-side refrigerant
flow path LL in accordance with the opening degree thereof, or switches the flow. That is, the
third control valve 43 is disposed in the liquid-side refrigerant flow path LL (the liquid-side
branch pipe 531) that communicates with the corresponding indoor unit 30, and switches the
flow of refrigerant in the corresponding indoor unit 30. While in a closed state (a minimum
opening degree), the third control valve 43 is in a fully-closed state to block a flow of refrigerant.

While the corresponding indoor unit 30 is performing a heating operation, the third
control valve 43 of the switching unit 4 is controlled to a two-phase-transport opening degree.
Accordingly, the refrigerant that has passed through the indoor heat exchanger 32 of the
corresponding indoor unit 30 and has condensed is decompressed when passing through the
third control valve 43 and becomes gas-liquid two-phase refrigerant. ~ As a result, the
refrigerant passes through the third connection pipe 53 in a gas-liquid two-phase state (i.e., gas-
liquid two-phase transport is performed).

While the corresponding indoor unit 30 is performing a cooling operation, the third
control valve 43 of the switching unit 4 is controlled to a noise-reduction opening degree. That
is, when gas-liquid two-phase transport is performed, the refrigerant is transported in a gas-
liquid two-phase state through the liquid-side refrigerant flow path LL (described below) toward
the cooling indoor unit 30. However, when the refrigerant passes through the liquid-side
connection pipe LP in a gas-liquid two-phase state, noise may occur in accordance with the
circulation amount and flow speed of the refrigerant. The third control valve 43 is disposed to
reduce the noise. While the corresponding indoor unit 30 is performing a cooling operation,
the third control valve 43 is controlled to a predetermined noise-reduction opening degree so as
to adjust the circulation amount or flow speed of the refrigerant passing therethrough, thereby

reducing noise when the refrigerant passes through the liquid-side connection pipe LP.
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The pressure adjusting section 44 is a unit that is disposed at the second connection
pipe 52 and that adjusts the pressure of refrigerant in the second connection pipe 52. The
pressure adjusting section 44 includes a pressure adjusting valve 45 and bypass pipes (a seventh
pipe P7 and an eighth pipe P8) for allowing the refrigerant in the second connection pipe 52 to
flow to the first connection pipe 51.

The pressure adjusting valve 45 (corresponding to the "bypass mechanism" described
in the claims) has one end connected to the seventh pipe P7, and has the other end connected to
the eighth pipe P8. In other words, the pressure adjusting valve 45 is disposed in a bypass pipe
(a bypass flow path BL described below).

The pressure adjusting valve 45 opens the bypass pipe (the bypass flow path BL) when
the pressure of refrigerant at the one end side thereof (here, the second connection pipe 52 on
the seventh pipe P7 side) becomes higher than or equal to a predetermined pressure reference
value (a value corresponding to a pressure that may cause damage to the pipes or devices
constituting the refrigerant circuit RC). The pressure adjusting valve 45 is a mechanical
automatic expansion valve including a pressure sensing mechanism in which a valve disc moves
in accordance with a change in pressure applied to the one end side thereof, and operates in
accordance with a pressure reference value calculated in advance. In this embodiment, the
pressure adjusting valve 45 adopts a known general-purpose valve that supports a pressure
reference value appropriately selected in accordance with the specifications (capacity, type, and
so forth) and the manner of arrangement of the pipes and devices constituting the refrigerant
circuit RC.

While a pressure lower than the pressure reference value is applied to the one end side
of the pressure adjusting valve 45, the valve disc is maintained at a predetermined position by
the elasticity of an elastic body included in the pressure sensing mechanism or the pressure
balance of a fluid, and thus the pressure adjusting valve 45 is in a fully closed state to block
refrigerant.  On the other hand, while a pressure higher than or equal to the predetermined
pressure reference value is applied to the one end side of the pressure adjusting valve 45, the
valve disc moves in accordance with the pressure, and thus the pressure adjusting valve 45 is in
an open state to allow refrigerant to flow therethrough from the one end side toward the other
end side. That is, the pressure adjusting valve 45 allows refrigerant to pass therethrough when
receiving a pressure higher than or equal to the pressure reference value. The pressure
adjusting valve 45 does not operate in accordance with the pressure of refrigerant applied from

the other end side (here, the eighth pipe P8 side). In this embodiment, when the pressure of the
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refrigerant in the seventh pipe P7 (more specifically, the pressure of the refrigerant in the second
connection pipe 52) becomes higher than or equal to the pressure reference value, the pressure
adjusting valve 45 opens the bypass flow path BL to allow the refrigerant in the second
connection pipe 52 to flow to the first connection pipe 51 (a second bypass portion B2).

The bypass pipes (P7, P8) are pipes extending from a first bypass portion B1 provided
in the second connection pipe 52 to the second bypass portion B2 provided in the first
connection pipe 51, and allow refrigerant to flow from the second connection pipe 52 to the first
connection pipe 51. The first bypass portion B1 is located, in the second connection pipe 52,
between the outdoor unit 10 and individual second gas-side branch portions BP2 (described
below). The second bypass portion B2 (corresponding to the "bypass portion" described in the
claims) is located, in the first connection pipe 51, between the outdoor unit 10 and individual
first gas-side branch portions BP1 (described below).

The seventh pipe P7 has one end connected to the second connection pipe 52, and has
the other end connected to the pressure adjusting valve 45. The one end of the seventh pipe P7
is connected to the first bypass portion B1.

The eighth pipe P8 has one end connected to the pressure adjusting valve 45, and has
the other end connected to the first connection pipe 51. The other end of the eighth pipe P8 is
connected to the second bypass portion B2.

The gas-side blocking valve 65 (corresponding to the "blocking valve" described in the
claims) is a controllable valve that enters a closed state in response to switching of an
energization state, and is in this embodiment, an electric valve whose opening degree is
adjustable. The gas-side blocking valve 65 blocks a flow of refrigerant while in a closed state.
The gas-side blocking valve 65 is located, in the intermediate unit 40, in the second connection
pipe 52, between the outdoor unit 10 and the individual second gas-side branch portions BP2.
The gas-side blocking valve 65 is disposed to reduce flowing of refrigerant toward the indoor
unit 30 via the second connection pipe 52 when a refrigerant leak occurs in any one of the
indoor units 30. That is, as described above, the second control valve 42 of each switching unit
4 that communicates with the second connection pipe 52 allows a  small amount of refrigerant
to pass therethrough even in a closed state.  Thus, even if the second control valve 42 is
controlled to a closed state when a refrigerant leak occurs in any one of the indoor units 30,
flowing of refrigerant toward the indoor unit 30 is not reliably reduced. The gas-side blocking
valve 65 is disposed between the outdoor unit 10 and the individual second control valves 42, so

as to reliably reduce flowing of refrigerant toward the indoor unit 30 as necessary.
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The intermediate unit 40 includes the intermediate unit control section 49 that controls
the states of various devices included in the intermediate unit 40. The intermediate unit control
section 49 includes a microcomputer constituted by a CPU, a memory, and the like. The
intermediate unit control section 49 receives a signal from the outdoor unit control section 9 or
the indoor unit control section 39 via a communication line, and controls, in accordance with a
situation, the operations and states of various devices included in the switching units 4 (here, the
opening degree of each first control valve 41, each second control valve 42, and each third
control valve 43).

(1-4) Outdoor-side connection pipe 50, Indoor-side connection pipe 60

Each outdoor-side connection pipe 50 and each indoor-side connection pipe 60 include
a portion that is installed on site by a service person. The length and diameter of each outdoor-
side connection pipe 50 and each indoor-side connection pipe 60 are appropriately selected in
accordance with an installation environment or design specifications. Each outdoor-side
connection pipe 50 and each indoor-side connection pipe 60 extend between the outdoor unit 10
and the switching units 4, or between each switching unit 4 and the corresponding indoor unit
30. Each outdoor-side connection pipe 50 and each indoor-side connection pipe 60 need not
necessarily be formed of one pipe, and may be formed of a plurality of pipes connected by a
joint, an opening/closing valve, or the like.

The outdoor-side connection pipes 50 (the first connection pipe 51, the second
connection pipe 52, and the third connection pipe 53) are disposed between the outdoor unit 10
and the individual indoor units 30.

The first connection pipe 51 (corresponding to the "second gas-side connection pipe”
described in the claims) is disposed between the outdoor unit 10 and the individual switching
units 4 (more specifically, the first control valves 41). During an operation, the first connection
pipe 51 functions as a refrigerant flow path through which low-pressure gas refrigerant flows.
The first connection pipe 51 has one end connected to the first gas-side shutoff valve 11, extends
toward the indoor units 30 to branch off in accordance with the number of indoor units 30, and
is connected to the individual first control valves 41 in the intermediate unit 40. The first
connection pipe 51 has the other end that branches off into a plurality of pipes. More
specifically, the first connection pipe 51 includes, on the other end side thereof, a plurality of
(the same number as the number of indoor units 30) branch portions (the first gas-side branch
portions BP1). The first connection pipe 51 includes, at the individual first gas-side branch

portions BP1, the first branch pipes 511 (corresponding to the "second gas-side branch pipes"

(26938839 _1):RWB



18 Feb 2021

2017434397

e}

25

30

21

described in the claims) each of which extends toward and communicates with the
corresponding indoor unit 30. That is, the first connection pipe 51 includes the plurality of first
branch pipes 511 each of which is disposed between the outdoor unit 10 and any one of the
indoor units 30 (here, in the switching unit 4). Each first branch pipe 511 has one end
connected to the first gas-side branch portion BP1, and has the other end connected to any one
of the first control valves 41.

The second connection pipe 52 (corresponding to the "first gas-side connection pipe"
described in the claims) is disposed between the outdoor unit 10 and the individual indoor units
30 (more specifically, the second control valves 42 of the individual switching units 4). During
an operation, the second connection pipe 52 functions as a refrigerant flow path through which
high-pressure gas refrigerant flows when the third flow-path switching valve 18 is in the first
flow-path state, and functions as a refrigerant flow path through which low-pressure gas
refrigerant flows when the third flow-path switching valve 18 is in the second flow-path state.
The second connection pipe 52 has one end connected to the second gas-side shutoff valve 12,
extends toward the indoor units 30 to branch off in accordance with the number of indoor units
30, and is connected to the individual second control valves 42 in the intermediate unit 40.

The second connection pipe 52 has the other end side that branches off into a plurality of pipes.
More specifically, the second connection pipe 52 includes, on the other end side thereof, a
plurality of (the same number as the number of indoor units 30) branch portions (the second gas-
side branch portions BP2). The second connection pipe 52 includes, at the individual second
gas-side branch portions BP2 (corresponding to the "branch portions" described in the claims),
the second branch pipes 521 (corresponding to the "first gas-side branch pipes" described in the
claims) each of which extends toward and communicates with the corresponding indoor unit 30.
That is, the second connection pipe 52 includes the plurality of second branch pipes 521 each of
which is disposed between the outdoor unit 10 and any one of the indoor units 30 (here, in the
switching unit 4). Each second branch pipe 521 has one end connected to the second gas-side
branch portion BP2, and has the other end connected to any one of the second control valves 42.

The third connection pipe 53 (corresponding to the "liquid-side connection pipe"
described in the claims) is disposed between the outdoor unit 10 and the individual indoor units
30. During an operation, the third connection pipe 53 functions as a refrigerant flow path
through which gas-liquid two-phase refrigerant decompressed by a decompression valve (the
third outdoor control valve 25/the third control valve 43) flows. The third connection pipe 53

has one end connected to the liquid-side shutoff valve 13, extends toward the indoor units 30 to
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branch off in accordance with the number of indoor units 30, and has the other end connected to
the individual third control valves 43 in the intermediate unit 40. The third connection pipe 53
has the other end side that branches off into a plurality of pipes. More specifically, the third
connection pipe 53 includes, on the other end side thereof, a plurality of (the same number as
the number of indoor units 30) branch portions (liquid-side branch portions BP3). The third
connection pipe 53 includes, at the individual liquid-side branch portions BP3, the liquid-side
branch pipes 531 each of which extends toward and communicates with the corresponding
indoor unit 30. That is, the second connection pipe 52 includes the plurality of liquid-side
branch pipes 531 each of which is disposed between the outdoor unit 10 and any one of the
indoor units 30 (here, in the switching unit 4). Each liquid-side branch pipe 531 has one end
connected to the liquid-side branch portion BP3, and has the other end connected to any one of
the third control valves 43.

The indoor-side connection pipe 60 (the gas-side connection pipe GP and the liquid-
side connection pipe LP) extends between each switching unit 4 and the corresponding indoor
unit 30 and connects both of them. Specifically, the gas-side connection pipe GP has one end
connected to the second pipe P2, and has the other end connected to the gas-side port of the
indoor heat exchanger 32. During an operation, the gas-side connection pipe GP functions as a
refrigerant flow path through which gas refrigerant flows. The liquid-side connection pipe LP
has one end connected to the first pipe P1, and has the other end connected to the indoor
expansion valve 31. During an operation, the liquid-side connection pipe LP functions as a
refrigerant flow path through which liquid refrigerant/gas-liquid two-phase refrigerant flows.
(1-5) Refrigerant leak sensor 70

The refrigerant leak sensors 70 are sensors for detecting a refrigerant leak in target
spaces where the indoor units 30 are disposed (more specifically, in the indoor units 30). In
this embodiment, a known general-purpose sensor is used as each refrigerant leak sensor 70 in
accordance with the type of refrigerant sealed in the refrigerant circuit RC. The refrigerant
leak sensors 70 are associated with the indoor units 30 on a one-to-one basis and are disposed in
the corresponding indoor units 30.

Each refrigerant leak sensor 70 continuously or intermittently outputs an electric signal
corresponding to a detected value (a refrigerant leak sensor detection signal) to the controller 80.
More specifically, the refrigerant leak sensor detection signal output from the refrigerant leak
sensor 70 has a voltage that varies according to the concentration of refrigerant detected by the

refrigerant leak sensor 70. In other words, the refrigerant leak sensor detection signal is output
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to the controller 80 in such a manner as to specify the concentration of leaked refrigerant in a
target space where the refrigerant leak sensor 70 is installed (more specifically, the concentration
of refrigerant detected by the refrigerant leak sensor 70) in addition to whether or not there is a
refrigerant leak in the refrigerant circuit RC. That is, the refrigerant leak sensor 70 corresponds
to a "refrigerant leak detecting section” that detects a refrigerant leak by directly detecting
refrigerant (more specifically, the concentration of refrigerant) flowing out of the indoor unit 30.
(1-6) Controller 80 (corresponding to the "control section" described in the claims)

The controller 80 is a computer that controls the state of each device to control the
operation of the air conditioning system 100. In this embodiment, the controller 80 includes
the outdoor unit control section 9, the indoor unit control section 39 in each indoor unit 30, and
the intermediate unit control section 49 that are connected by communication lines. The
details of the controller 80 will be described below.

(2) Refrigerant flow paths included in refrigerant circuit RC

The refrigerant circuit RC includes the following plurality of refrigerant flow paths.
(2-1) First gas-side refrigerant flow path GL1

The refrigerant circuit RC includes a first gas-side refrigerant flow path GLI that is
disposed between the outdoor unit 10 and the indoor units 30 (i.e., disposed between the outdoor
heat exchanger 20 and the individual indoor heat exchangers 32) and through which low-
pressure gas refrigerant flows. The first gas-side refrigerant flow path GL1 is a refrigerant
flow path formed of the first connection pipe 51, the first control valve 41 and the second pipe
P2 of each switching unit 4, and the gas-side connection pipe GP. In this embodiment, each
switching unit 4 of the intermediate unit 40 is disposed in the first gas-side refrigerant flow path
GLI1. The first gas-side refrigerant flow path GL1 is disposed between the outdoor unit 10 and
the corresponding indoor units 30.  The first gas-side refrigerant flow path GL1 extends to
branch off into a plurality of flow paths. Specifically, the first gas-side refrigerant flow path
GLI1 includes a plurality of first gas-side branch flow paths GLa. Each first gas-side branch
flow path GLa is disposed between the corresponding indoor unit 30 and the outdoor unit 10.

Each first gas-side branch flow path GLa is formed of the first branch pipe 511, and the
first control valve 41 and the second pipe P2 of the switching unit 4. The first gas-side
refrigerant flow path GL1 includes the plurality of first gas-side branch portions BP1 serving as
starting points of the first gas-side branch flow paths GLa.

(2-2) Second gas-side refrigerant flow path GL2

The refrigerant circuit RC includes a second gas-side refrigerant flow path GL2 that is
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disposed between the outdoor unit 10 and the indoor units 30 (i.e., disposed between the outdoor
heat exchanger 20 and the individual indoor heat exchangers 32) and through which low-
pressure or high-pressure gas refrigerant flows. The second gas-side refrigerant flow path GL2
is a refrigerant flow path formed of the second connection pipe 52, and the second control valve
42 and the third pipe P3 of each switching unit 4. In this embodiment, the switching unit 4 of
the intermediate unit 40 is disposed in the second gas-side refrigerant flow path GL2. The
second gas-side refrigerant flow path GL2 is disposed between the outdoor unit 10 and the
corresponding indoor units 30. The second gas-side refrigerant flow path GL2 extends to
branch off into a plurality of flow paths. Specifically, the second gas-side refrigerant flow path
GL2 includes a plurality of second gas-side branch flow paths GLb. Each second gas-side
branch flow path GLb is disposed between the corresponding indoor unit 30 and the outdoor
unit 10.

Each second gas-side branch flow path GLb is formed of the second branch pipe 521,
and the second control valve 42 and the third pipe P3 of the switching unit 4. The second gas-
side refrigerant flow path GL2 includes the plurality of second gas-side branch portions BP2
serving as starting points of the second gas-side branch flow paths GLb.

(2-3) Liquid-side refrigerant flow path LL

The refrigerant circuit RC includes a plurality of liquid-side refrigerant flow paths LL
that are disposed between the outdoor unit 10 and the indoor units 30 and through which liquid
refrigerant (refrigerant in a saturated liquid state or a subcooled state) or gas-liquid two-phase
refrigerant flows. The liquid-side refrigerant flow paths LL are refrigerant flow paths formed
of the third connection pipe 53, the third control valve 43 and the first pipe P1 of each switching
unit 4, and the liquid-side connection pipe LP. In this embodiment, the switching units 4 are
disposed in the individual liquid-side refrigerant flow paths LL. Each liquid-side refrigerant
flow path LL is disposed between the outdoor unit 10 and the corresponding indoor unit 30.

The liquid-side refrigerant flow path LL extends to branch off into a plurality of flow paths.
Specifically, the liquid-side refrigerant flow path LL includes a plurality of liquid-side branch
flow paths LL1. Each liquid-side branch flow path LL1 is disposed between the corresponding
indoor unit 30 and the outdoor unit 10. Each liquid-side branch flow path LL1 is formed of the
liquid-side branch pipe 531, and the third control valve 43 and the first pipe P1 of the switching
unit 4. The liquid-side refrigerant flow path LL includes the plurality of liquid-side branch
portions BP3 serving as starting points of the liquid-side branch flow paths LL1.

(2-4) Bypass flow path BL
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The refrigerant circuit RC includes the bypass flow path BL that is disposed between
the first gas-side refrigerant flow path GL1 and the second gas-side refrigerant flow path GL2
and that allows the refrigerant in the second gas-side refrigerant flow path GL2 to flow to the
first gas-side refrigerant flow path GL1. The bypass flow path BL is a refrigerant flow path
extending from the first bypass portion B1 of the second gas-side refrigerant flow path GL2 to
the second bypass portion B2 of the first gas-side refrigerant flow path GL1. The bypass flow
path BL is provided for the purpose of, when the refrigerant in the second gas-side refrigerant
flow path GL2 has a pressure higher than or equal to a predetermined pressure reference value,
reducing the pressure by allowing the refrigerant in the second gas-side refrigerant flow path
GL2 to flow to another portion to reduce damage to devices or pipes constituting the second
gas-side refrigerant flow path GL2.

The bypass flow path BL includes the seventh pipe P7 and P8 of the pressure adjusting
section 44 and the pressure adjusting valve 45.  In other words, the bypass flow path BLis a
refrigerant flow path formed of the seventh pipe P7 and the eighth pipe P8 of the pressure
adjusting section 44, and is opened or blocked by the pressure adjusting valve 45 of the pressure
adjusting section 44.

The bypass flow path BL is opened in response to switching of the pressure adjusting
valve 45 to an open state when the pressure of the refrigerant flowing through the second gas-
side refrigerant flow path GL2 becomes higher than or equal to the pressure reference value.
When the bypass flow path BL is open, the refrigerant in the second gas-side refrigerant flow
path GL2 is allowed to flow from the first bypass portion B1 of the second gas-side refrigerant
flow path GL2 to the second bypass portion B2 of the first gas-side refrigerant flow path GL1
via the bypass flow path BL, and flows through the first connection pipe 51 into the gas-side
port of the outdoor unit 10. That is, when the pressure of the refrigerant in the second gas-side
refrigerant flow path GL2 becomes higher than or equal to the pressure reference value, the
pressure adjusting valve 45 allows the refrigerant in the second gas-side refrigerant flow path
GL2 to flow to the second bypass portion B2 via the bypass flow path BL.

(3) Flow of refrigerant in refrigerant circuit RC

Hereinafter, a flow of refrigerant in the refrigerant circuit RC in each state will be
described.

(3-1) Cooling only state
<Al>

When the air conditioning system 100 is in the cooling only state, refrigerant is sucked
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into the compressor 15 via the suction pipe Pa and is compressed. The compressed high-
pressure gas refrigerant passes through the discharge pipe Pb and the first flow-path switching
valve 16 or the second flow-path switching valve 17, and flows into the outdoor heat exchanger
20 (the first outdoor heat exchanger 21 or the second outdoor heat exchanger 22). The
refrigerant flowed into the outdoor heat exchanger 20 exchanges heat with the air supplied by
the outdoor fan 28 and condenses, when passing through the outdoor heat exchanger 20. The
refrigerant passed through the outdoor heat exchanger 20 passes through the first outdoor
control valve 23 or the second outdoor control valve 24 and then branches off into two streams
while flowing through the liquid-side pipe Pc.
<A2>

One of the two streams of refrigerant branched in the liquid-side pipe Pc flows into the
fourth outdoor control valve 26 and is decompressed in accordance with the opening degree of
the fourth outdoor control valve 26. The refrigerant passed through the fourth outdoor control
valve 26 flows into the second flow path 272 of the subcooling heat exchanger 27, and
exchanges heat with the refrigerant passing through the first flow path 271 when passing
through the second flow path 272.  The refrigerant passed through the second flow path 272
flows into the accumulator 14, and is separated into gas and liquid in the accumulator 14.  The
gas refrigerant flowed out of the accumulator 14 flows through the suction pipe Pa and is sucked
into the compressor 15 again.
<A3>

The other of the two streams of refrigerant branched in the liquid-side pipe Pc flows
into the first flow path 271 of the subcooling heat exchanger 27. The refrigerant flowed into
the first flow path 271 exchanges heat with the refrigerant passing through the second flow path
272 when passing through the first flow path 271, and becomes subcooled liquid refrigerant.
The refrigerant passed through the first flow path 271 flows into the third outdoor control valve
25, is decompressed to a pressure suitable for gas-liquid two-phase transport in accordance with
the opening degree of the third outdoor control valve 25, and becomes gas-liquid two-phase
refrigerant.  The refrigerant passed through the third outdoor control valve 25 passes through
the liquid-side shutoff valve 13, flows into the third connection pipe 53 (the liquid-side
refrigerant flow path LL), and passes through the third connection pipe 53 in a gas-liquid two-
phase state. The refrigerant passed through the third connection pipe 53 flows into the liquid-
side branch flow path LL1 and flows into any one of the switching units 4 corresponding to the

cooling indoor unit 30.
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<A4>

The refrigerant flowed into the switching unit 4 corresponding to the cooling indoor
unit 30 flows into the third control valve 43.  The refrigerant flowed into the third control valve
43 is decompressed in accordance with the opening degree (noise-reduction opening degree) of
the third control valve 43 and then flows into the first pipe P1. The refrigerant passed through
the first pipe P1 flows out of the switching unit 4 and flows into the liquid-side connection pipe
LP. The refrigerant passed through the liquid-side connection pipe LP flows into the
corresponding cooling indoor unit 30.  The refrigerant flowed into the cooling indoor unit 30 is
decompressed when passing through the indoor expansion valve 31.  The refrigerant passed
through the indoor expansion valve 31 flows into the indoor heat exchanger 32, exchanges heat
with the air supplied by the indoor fan 33 and evaporates when passing through the indoor heat
exchanger 32, and becomes superheated gas refrigerant.  The refrigerant passed through the
indoor heat exchanger 32 flows into the gas-side connection pipe GP.  The refrigerant flowing
through the gas-side connection pipe GP flows out of the cooling indoor unit 30 and flows into
the corresponding switching unit 4.
<A5>

The refrigerant flowed into the switching unit 4 flows through the first gas-side branch
flow path GLa or the second gas-side branch flow path GLb and flows out of the switching unit
4. The refrigerant flowed out of the first gas-side branch flow path GLa of the switching unit 4
passes through the first connection pipe 51 and flows into the outdoor unit 10 via the first gas-
side shutoff valve 11. The refrigerant flowed out of the second gas-side branch flow path GLb
of the switching unit 4 passes through the second connection pipe 52 and flows into the outdoor
unit 10 via the second gas-side shutoff valve 12.
<A6>

The refrigerant flowed into the outdoor unit 10 via the first gas-side shutoff valve 11 or
the second gas-side shutoff valve 12 flows into the accumulator 14 and is separated into gas and
liquid in the accumulator 14. The gas refrigerant flowed out of the accumulator 14 flows
through the suction pipe Pa and is sucked into the compressor 15 again.
(3-2) Heating only state
<B1>

When the air conditioning system 100 is in the heating only state, refrigerant is sucked
into the compressor 15 via the suction pipe Pa and is compressed. The compressed high-

pressure gas refrigerant passes through the discharge pipe Pb, the third flow-path switching
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valve 18, and the second gas-side shutoff valve 12, and flows into the second connection pipe 52
(the second gas-side refrigerant flow path GL2).
<B2>

The refrigerant passed through the second connection pipe 52 flows into any one of the
switching units 4 corresponding to the heating indoor unit 30.  The refrigerant flowed into the
switching unit 4 passes through the second gas-side branch flow path GLb and the gas-side
connection pipe GP and flows into the heating indoor unit 30.
<B3>

The refrigerant flowed into the heating indoor unit 30 flows into the indoor heat
exchanger 32, exchanges heat with the air supplied by the indoor fan 33 and condenses when
passing through the indoor heat exchanger 32, and becomes liquid refrigerant or gas-liquid two-
phase refrigerant. The refrigerant passed through the indoor heat exchanger 32 passes through
the indoor expansion valve 31 and then flows into the liquid-side connection pipe LP. The
refrigerant passed through the liquid-side connection pipe LP flows into the corresponding
switching unit 4.
<B4>

The refrigerant flowed into the switching unit 4 passes through the first pipe P1 and
then flows into the third control valve 43.  The refrigerant flowed into the third control valve
43 is decompressed in accordance with the opening degree (two-phase-transport opening
degree) of the third control valve 43 and enters a gas-liquid two-phase state. The refrigerant
passed through the third control valve 43 flows into the third connection pipe 53. The
refrigerant passed through the third connection pipe 53 flows into the outdoor unit 10 via the
liquid-side shutoff valve 13.
<B5>

The refrigerant flowed into the outdoor unit 10 via the liquid-side shutoff valve 13
passes through the third outdoor control valve 25 and is decompressed in accordance with the
opening degree. The refrigerant passed through the third outdoor control valve 25 flows into
the first flow path 271 of the subcooling heat exchanger 27. The refrigerant flowed into the
first flow path 271 exchanges heat with the refrigerant passing through the second flow path 272
when passing through the first flow path 271 and becomes subcooled liquid refrigerant. The
refrigerant passed through the first flow path 271 branches off into two streams while passing
through the liquid-side pipe Pc.

One of the two streams of refrigerant branched in the liquid-side pipe Pc flows in the
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manner described in the above <A2> and is sucked into the compressor 15 again.

The other of the two streams of refrigerant branched in the liquid-side pipe Pc flows
into the first outdoor control valve 23 or the second outdoor control valve 24, and is
decompressed in accordance with the opening degree of the first outdoor control valve 23 or the
second outdoor control valve 24.  The refrigerant passed through the first outdoor control valve
23 or the second outdoor control valve 24 flows into the outdoor heat exchanger 20 (the first
outdoor heat exchanger 21 or the second outdoor heat exchanger 22). The refrigerant flowed
into the outdoor heat exchanger 20 exchanges heat with the air supplied by the outdoor fan 28
and evaporates when passing through the outdoor heat exchanger 20.  The refrigerant passed
through the outdoor heat exchanger 20 passes through the first flow-path switching valve 16 or
the second flow-path switching valve 17, flows into the accumulator 14, and is separated into
gas and liquid in the accumulator 14. The gas refrigerant flowed out of the accumulator 14
flows through the suction pipe Pa and is sucked into the compressor 15 again.

(3-3) Case where there are both cooling indoor unit 30 and heating indoor unit 30

A case where there are both the cooling indoor unit 30 and the heating indoor unit 30
will be described for each of the cooling main state, the heating main state, and the
cooling/heating balanced state. Regarding the case of the cooling/heating balanced state, a
description will be given of a case where the state has been changed from the cooling main state
to the cooling/heating balanced state and a case where the state has been changed from the
heating main state to the cooling/heating balanced state.

(3-3-1) Case of being in cooling main state
<Cl>

In a case where the air conditioning system 100 is in the cooling main state, refrigerant
is sucked into the compressor 15 via the suction pipe Pa and is compressed. The compressed
high-pressure gas refrigerant branches off into two streams when flowing through the discharge
pipe Pb.
<C2>

One of the two streams of refrigerant branched during flowing through the discharge
pipe Pb passes through the third flow-path switching valve 18 and the second gas-side shutoff
valve 12 and flows into the second connection pipe 52 (the second gas-side refrigerant flow path
GL2). The refrigerant flowed into the second connection pipe 52 flows in the manner
described in the above <B2> and flows into the heating indoor unit 30. The refrigerant flowed

into the heating indoor unit 30 flows in the manner described in the above <B3> and flows into
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the first pipe P1 of the corresponding switching unit 4. The refrigerant passes through the first
pipe P1 and then flows into the third control valve 43. The refrigerant flowed into the third
control valve 43 is decompressed in accordance with the opening degree (two-phase-transport
opening degree) of the third control valve 43 and enters a gas-liquid two-phase state. The
refrigerant passed through the third control valve 43 flows into the third connection pipe 53.
The refrigerant flowed into the third connection pipe 53 flows into the third control valve 43 of
any one of the switching units 4 corresponding to the cooling indoor unit 30.
<C3>

The refrigerant flowed into the third control valve 43 of any one of the switching units
4 corresponding to the cooling indoor unit 30 flows in the manner described in the above <A4>
and flows into the first control valve (the first gas-side branch flow path GLa) of the
corresponding switching unit 4.  After that, the refrigerant passed through the first control
valve of the switching unit 4 passes through the first connection pipe 51 and flows into the
outdoor unit 10 via the first gas-side shutoff valve 11. The refrigerant flowed into the outdoor
unit 10 via the first gas-side shutoff valve 11 flows in the manner described in the above <A6>
and is sucked into the compressor 15 again.
<C4>

On the other hand, the other of the two streams branched during flowing through the
discharge pipe Pb in the above <C2> passes through the first flow-path switching valve 16 or
the second flow-path switching valve 17 and flows into the outdoor heat exchanger 20 (the first
outdoor heat exchanger 21 or the second outdoor heat exchanger 22). The refrigerant flowed
into the outdoor heat exchanger 20 exchanges heat with the air supplied by the outdoor fan 28
and condenses, when passing through the outdoor heat exchanger 20.  The refrigerant passed
through the outdoor heat exchanger 20 passes through the first outdoor control valve 23 or the
second outdoor control valve 24 and branches off into two streams while flowing through the
liquid-side pipe Pc.
<C5>

One of the two streams of refrigerant branched in the liquid-side pipe Pc flows in the
manner described in the above <A2> and is sucked into the compressor 15 again. The other of
the two streams of refrigerant branched in the liquid-side pipe Pc flows in the manner described
in the above <A3> and flows into the third control valve 43 of any one of the switching units 4
corresponding to the cooling indoor unit 30. The refrigerant flows in the manner described in

the above <A4>, evaporates to become gas refrigerant in the indoor unit 30, passes through the
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gas-side connection pipe GP, and flows into the first gas-side branch flow path GLa of the
switching unit 4.
<C6>

The refrigerant flowed into the first gas-side branch flow path GLa of the switching
unit 4 flows in the manner described in the above <A5> and flows into the outdoor unit 10 via
the second gas-side shutoff valve 12.  The refrigerant flowed into the outdoor unit 10 via the
second gas-side shutoff valve 12 flows in the manner described in the above <A6> and is sucked
into the compressor 15 again.
(3-3-2) Case of being in heating main state
<D1>

In a case where the air conditioning system 100 is in the heating main state, refrigerant
is sucked into the compressor 15 via the suction pipe Pa, flows in the manner described in the
above <B2>, and flows into the second connection pipe 52. The refrigerant flowed into the
second connection pipe 52 flows in the manner described in the above <B2> and flows into the
heating indoor unit 30. The refrigerant flowed into the heating indoor unit 30 flows in the
manner described in the above <B3> and flows into the first pipe P1 of the corresponding
switching unit 4. The refrigerant passes through the first pipe P1 and then flows into the third
control valve 43. The refrigerant flowed into the third control valve 43 is decompressed in
accordance with the opening degree (two-phase-transport opening degree) of the third control
valve 43 and enters a gas-liquid two-phase state. The refrigerant passed through the third
control valve 43 flows into the third connection pipe 53.
<D2>

A part of the refrigerant flowed into the third connection pipe 53 flows into the third
control valve 43 in any one of the switching units 4 corresponding to the cooling indoor unit 30.
The refrigerant flows in the manner described in the above <A4> and flows into the first control
valve (the first gas-side branch flow path GLa) of the corresponding switching unit 4.  After
that, the refrigerant passed through the first control valve of the switching unit 4 flows through
the first connection pipe 51 and then flows into the outdoor unit 10 via the first gas-side shutoff
valve 11.  The refrigerant flowed into the outdoor unit 10 via the first gas-side shutoff valve 11
flows in the manner described in the above <A6> and is sucked into the compressor 15 again.
<D3>

On the other hand, the other part of the refrigerant flowed into the third connection pipe

53 flows into the outdoor unit 10 via the liquid-side shutoff valve 13.  The refrigerant flowed
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into the outdoor unit 10 via the liquid-side shutoff valve 13 flows in the manner described in the
above <B5> and is sucked into the compressor 15 again.
(3-3-3) Case of cooling/heating balanced state
(3-3-3-1) Case where state has been changed from cooling main state to cooling/heating
balanced state

In a case where the air conditioning system 100 enters the cooling/heating balanced
state from the cooling main state, refrigerant flows in the refrigerant circuit RC in the manner
described in <CI1> to <C6> in "(3-3-1) Case of being in cooling main state".
(3-3-3-2) Case where state has been changed from heating main state to cooling/heating
balanced state
<El1>

In a case where the air conditioning system 100 enters the cooling/heating balanced
state from the heating main state, refrigerant is sucked into the compressor 15 via the suction
pipe Pa and is compressed. The compressed high-pressure gas refrigerant branches off into
two streams when flowing through the discharge pipe Pb.
<E2>

One of the two streams of refrigerant branched during flowing through the discharge
pipe Pb flows in the manner described in the above <C2> to <C3> and is sucked into the
compressor 15 again.
<E3>

On the other hand, the other of the two streams of refrigerant branched during flowing
through the discharge pipe Pb in the above <E2> passes through the discharge pipe Pb and the
first flow-path switching valve 16 and flows into the outdoor heat exchanger 20 (the second
outdoor heat exchanger 22). The refrigerant flowed into the outdoor heat exchanger 20
exchanges heat with the air supplied by the outdoor fan 28 and condenses, when passing through
the outdoor heat exchanger 20. The refrigerant passed through the outdoor heat exchanger 20
passes through the second outdoor control valve 24 and then branches off into two streams while
flowing through the liquid-side pipe Pc.
<E4>

One of the two streams of refrigerant branched in the liquid-side pipe Pc flows in the
manner described in the above <A2> and is sucked into the compressor 15 again.
<E5>

The other of the two streams of refrigerant branched in the liquid-side pipe Pc flows in
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the manner described in the above <A3> and flows into the third control valve 43 in any one of
the switching units 4 corresponding to the cooling indoor unit 30. The refrigerant flows in the
manner described in the above <A4> and flows into the first control valve (the first gas-side
branch flow path GLa) of the corresponding switching unit 4.  After that, the refrigerant passed
through the first control valve of the switching unit 4 passes through the first connection pipe 51
and flows into the outdoor unit 10 via the first gas-side shutoff valve 11.  The refrigerant
flowed into the outdoor unit 10 via the first gas-side shutoff valve 11 flows in the manner
described in the above <A6> and is sucked into the compressor 15 again.

(4) Details of controller 80

In the air conditioning system 100, the outdoor unit control section 9, the individual
indoor unit control sections 39, and the intermediate unit control section 49 are connected by
communication lines, thereby constituting the controller 80. Fig. 4 is a block diagram
schematically illustrating the controller 80 and the individual devices connected to the controller
80.

The controller 80 has a plurality of control modes and controls the operations of
individual devices in accordance with a control mode that is currently set. In this embodiment,
the controller 80 has, as control modes, a normal operation mode that is set during an operation
(in a case where no refrigerant leak has occurred) and a refrigerant leak mode that is set in a case
where a refrigerant leak has occurred (more specifically, in a case where leaked refrigerant has
been detected).

The controller 80 is electrically connected to the devices included in the air
conditioning system 100 (specifically, the compressor 15, the first flow-path switching valve 16,
the second flow-path switching valve 17, the third flow-path switching valve 18, the first
outdoor control valve 23, the second outdoor control valve 24, the third outdoor control valve 25,
the fourth outdoor control valve 26, the outdoor fan 28, and the outdoor-side sensor 8 that are
included in the outdoor unit 10; the indoor expansion valve 31, the indoor fan 33, and the
indoor-side sensor 38 that are included in each indoor unit 30; each first control valve 41, each
second control valve 42, and each third control valve 43 of the intermediate unit 40; each
refrigerant leak sensor 70; and so forth).

The controller 80 mainly includes a storage section 81, an input control section 82, a
mode control section 83, a refrigerant leak determining section 84, a device control section 85,
and a drive signal output section 86. These functional sections in the controller 80 are

implemented when the CPU, memory, and various electric/electronic components included in
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the outdoor unit control section 9, the indoor unit control sections 39, and/or the intermediate
unit control section 49 integrally function.
(4-1) Storage section 81

The storage section 81 is formed of, for example, a ROM, a RAM, a flash memory, and
the like, and includes a volatile storage region and a nonvolatile storage region. The storage
section 81 includes a program storage region M1 storing a control program that defines
processes in the individual sections of the controller 80.

In addition, the storage section 81 includes a detected value storage region M2 for
storing detected values of various sensors. The detected value storage region M2 stores, for
example, detected values of the outdoor-side sensor 8 and the indoor-side sensors 38 (a suction
pressure, a discharge pressure, a suction temperature, and a discharge temperature of the
compressor 15, a refrigerant temperature in the outdoor heat exchanger 20, a refrigerant
temperature in the indoor heat exchanger 32, or the like).

In addition, the storage section 81 includes a sensor signal storage region M3 for
storing a refrigerant leak sensor detection signal transmitted by the refrigerant leak sensor 70 (a
detected value of the refrigerant leak sensor 70). The sensor signal storage region M3 has
storage regions whose number corresponds to the number of refrigerant leak sensors 70, and a
received refrigerant leak sensor detection signal is stored in the region corresponding to the
refrigerant leak sensor 70 as a transmission source. The refrigerant leak signal stored in the
sensor signal storage region M3 is updated every time a refrigerant leak signal output from the
refrigerant leak sensor 70 is received.

In addition, the storage section 81 includes a command storage region M4 for storing a
command input via a remote controller or the like that is not illustrated.

In addition, the storage section 81 is provided with a plurality of flags each having a
predetermined number of bits. For example, the storage section 81 is provided with a control
mode determination flag M5 with which the currently set control mode of the controller 80 can
be determined. The control mode determination flag M5 has a number of bits corresponding to
the number of control modes, and the bit corresponding to the currently set control mode is set.

In addition, the storage section 81 is provided with a refrigerant leak detection flag M6
for determining that a refrigerant leak in a target space has been detected. More specifically,
the refrigerant leak detection flag M6 has a number of bits corresponding to the number of
indoor units 30 that are installed, and the bit corresponding to the indoor unit 30 in which a

refrigerant leak is assumed to have occurred (refrigerant leak unit) is set.  That is, the
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refrigerant leak detection flag M6 is configured to enable the indoor unit 30 in which a
refrigerant leak has occurred to be determined. The refrigerant leak detection flag M6 can be
switched by the refrigerant leak determining section 84.

(4-2) Input control section 82

The input control section 82 is a functional section functioning as an interface for
receiving signals output from the individual devices connected to the controller 80. For
example, the input control section 82 receives signals output from the individual sensors (8, 38,
60) or the remote controller, and stores the signals in the corresponding storage regions of the
storage section 81, or sets a predetermined flag.

(4-3) Mode control section 83

The mode control section 83 is a functional section that switches the control mode. In
a normal state (when the refrigerant leak detection flag M6 is not set), the mode control section
83 switches the control mode to the normal operation mode. When the refrigerant leak
detection flag M6 is set, the mode control section 83 switches the control mode to the refrigerant
leak mode. The mode control section 83 sets the control mode determination flag M5 in
accordance with the control mode that is currently set.

(4-4) Refrigerant leak determining section 84

The refrigerant leak determining section 84 is a functional section that determines
whether or not a refrigerant leak has occurred in the refrigerant circuit RC.  Specifically, when
a predetermined refrigerant leak detection condition is satisfied, the refrigerant leak determining
section 84 determines that a refrigerant leak has occurred in the refrigerant circuit RC and sets
the refrigerant leak detection flag Mé6.

In this embodiment, whether or not the refrigerant leak detection condition is satisfied
is determined on the basis of a refrigerant leak sensor detection signal in the sensor signal
storage region M3.  Specifically, the refrigerant leak detection condition is satisfied in a case
where the voltage value related to any refrigerant leak sensor detection signal (the detected
value of the refrigerant leak sensor 70) is larger than or equal to a predetermined first reference
value for a predetermined period of time t1 or more. The first reference value is a value
(concentration of refrigerant) at which a refrigerant leak is assumed to have occurred in the
refrigerant circuit RC.  The predetermined period of time t1 is set to a period of time in which
it can be determined that the refrigerant leak sensor detection signal is not instantaneous. On
the basis of the refrigerant leak sensor 70 that has transmitted a refrigerant leak sensor detection

signal satisfying the refrigerant leak detection condition, the refrigerant leak determining section
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84 specifies a refrigerant leak unit (the indoor unit 30 in which a refrigerant leak is assumed to
have occurred), and sets a bit corresponding to the refrigerant leak unit in the refrigerant leak
detection flag M6. That is, the refrigerant leak determining section 84 corresponds to a
"refrigerant leak detecting section" that individually detects a refrigerant leak in each indoor unit
30, together with each refrigerant leak sensor 70.

The predetermined period of time t1 is appropriately set in accordance with the type of
refrigerant sealed in the refrigerant circuit RC, the specifications of individual devices, an
installation environment, or the like, and is defined in the control program. The refrigerant
leak determining section 84 is configured to be capable of measuring the predetermined period
of time tl1. The first reference value is appropriately set in accordance with the type of
refrigerant sealed in the refrigerant circuit RC, design specifications, an installation environment,
and the like, and is defined in the control program.

(4-5) Device control section 85

The device control section 85 controls the operations of the individual devices included
in the air conditioning system 100 (for example, 15, 16, 17, 18, 23, 24, 25, 26, 28, 31, 33, 41, 42,
43, 60, and so forth) along the control program in accordance with a situation. The device
control section 85 refers to the control mode determination flag M5 to determine the control
mode that is currently set, and controls the operations of the individual devices on the basis of
the determined control mode.

For example, in the normal operation mode, the device control section 85 controls in
real time the operation capacity of the compressor 15, the rotation speeds of the outdoor fan 28
and each indoor fan 33, the opening degree and opening/closing of each valve, and so forth, so
that an operation is performed in accordance with a set temperature and a detected value or the
like of each sensor.

In addition, the device control section 85 performs various types of control described
below in accordance with a situation. The device control section 85 is configured to be capable
of measuring time.
<First refrigerant leak control>

The device control section 85 performs first refrigerant leak control when it is assumed
that a refrigerant leak has occurred in a target space (specifically, when the refrigerant leak
detection flag M6 is set). In the first refrigerant leak control, the device control section 85
controls the indoor expansion valve 31 of each indoor unit 30 to a closed state. Accordingly, a

flow of refrigerant into the refrigerant leak unit (the indoor unit 30 in which a refrigerant leak
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has occurred) via the liquid-side refrigerant flow path LL is reduced, and another refrigerant
leak is reduced. That is, the first refrigerant leak control is control for reducing the amount of
leaked refrigerant in the indoor unit 30 when a refrigerant leak occurs.
<Second refrigerant leak control>

The device control section 85 performs second refrigerant leak control when it is
assumed that a refrigerant leak has occurred in a target space (specifically, when the refrigerant
leak detection flag M6 is set). In the second refrigerant leak control, the device control section
85 controls the first control valve 41, the second control valve 42, and the third control valve 43
of each switching unit 4 included in the intermediate unit 40 to a closed state. Accordingly, a
flow of refrigerant into a refrigerant leak unit (the indoor unit 30 in which a refrigerant leak has
occurred) via a refrigerant flow path through which the outdoor unit 10 communicates with each
indoor unit 30 is reduced, and another refrigerant leak is reduced. That is, the second
refrigerant leak control is control for reducing the amount of leaked refrigerant in the indoor unit
30 when a refrigerant leak occurs.
<Third refrigerant leak control>

The device control section 85 performs third refrigerant leak control when it is assumed
that a refrigerant leak has occurred in a target space. In the third refrigerant leak control, the
device control section 85 controls the gas-side blocking valve 65 of the intermediate unit 40 to a
closed state. As described above, the second control valve 42 disposed in the second gas-side
refrigerant flow path GL2 allows a small amount of refrigerant to pass therethrough even
when being controlled to a closed state, and thus it is not possible to reliably block the flow of
refrigerant from the outdoor unit 10 to the indoor unit 30. Regarding this, to reliably block the
flow of refrigerant from the outdoor unit 10 to the indoor unit 30, the gas-side blocking valve 65,
which is disposed between the outdoor unit 10 and each second control valve 42, is controlled to
a closed state in the third refrigerant leak control. That is, the third refrigerant leak control is
control for reliably reducing another refrigerant leak in the indoor unit 30 when a refrigerant
leak occurs.
(4-6) Drive signal output section 86

The drive signal output section 86 outputs a corresponding drive signal (drive voltage)
to the individual devices (for example, 15, 16, 17, 18, 23, 24, 25, 26, 28, 31, 33, 41, 42, 43, 60,
and so forth) in accordance with the details of control by the device control section 85. The
drive signal output section 86 includes a plurality of inverters (not illustrated), and outputs a

drive signal from a corresponding inverter to a specific device (for example, the compressor 15,
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the outdoor fan 28, each indoor fan 33, or the like).
(5) Procedure of process by controller 80

Hereinafter, an example of a procedure of a process performed by the controller 80 will
be described with reference to Fig. 5. Fig. 5 is a flowchart illustrating an example of a
procedure of a process performed by the controller 80. The controller 80 performs the process
from step S101 to step S109 in Fig. 5 upon power-on. The procedure of the process illustrated
in Fig. 5 is an example and can be changed as appropriate. For example, the order of steps
may be changed, a step may be performed in parallel with another step, or another step may be
newly added, without causing inconsistency.

In step S101, in a case where it is assumed that a refrigerant leak has occurred in an
indoor unit 30 (i.e., in the case of YES), the controller 80 proceeds to step S105. 1In a case
where it is assumed that a refrigerant leak has not occurred in any indoor unit 30 (i.e., in the case
of NO), the controller 80 proceeds to step S102.

In step S102, in a case where an operation start command has not been input (i.¢., in the
case of NO), the controller 80 returns to step S101.  On the other hand, in a case where an
operation start command has been input (i.e., in the case of YES), the controller 80 proceeds to
step S103.

In step S103, the controller 80 shifts to the normal operation mode (or maintains the
normal operation mode), and then proceeds to step S104.

In step S104, the controller 80 controls in real time the state of each device in
accordance with an input command, a set temperature, a detected value of each sensor (8, 38),
and so forth, and then returns to step S101.

In step S105, the controller 80 shifts to the refrigerant leak mode. After that, the
controller 80 proceeds to step S106.

In step S106, the controller 80 performs the first refrigerant leak control. Specifically,
the controller 80 controls the indoor expansion valve 31 included in each indoor unit 30 to a
closed state. Accordingly, a flow of refrigerant into a refrigerant leak unit (the indoor unit 30
in which a refrigerant leak has occurred) via the liquid-side refrigerant flow path LL is reduced,
and another refrigerant leak is reduced. After that, the controller 80 proceeds to step S107.

In step S107, the controller 80 performs the second refrigerant leak control.
Specifically, the controller 80 controls the first control valve 41, the second control valve 42,
and the third control valve 43 of each switching unit 4 included in the intermediate unit 40 to a

closed state. Accordingly, a flow of refrigerant into the refrigerant leak unit via a refrigerant
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flow path through which the outdoor unit 10 communicates with each indoor unit 30 is reduced,
and another refrigerant leak is reduced. After that, the controller 80 proceeds to step S108.

In step S108, the controller 80 performs the third refrigerant leak control. Specifically,
the controller 80 controls the gas-side blocking valve 65 to a closed state. Accordingly, a flow
of refrigerant from the outdoor unit 10 to the indoor unit 30 is reliably blocked. After that, the
controller 80 proceeds to step S109.

In step S109, the controller 80 stops the compressor 15.  After that, the controller 80
waits until resetting is performed by a manager.

(6) Features
(6-1)

Hitherto, there has been known a refrigeration apparatus that performs a refrigeration
cycle in a refrigerant circuit including a heat source unit and a plurality of utilization units
connected in parallel. In the refrigeration apparatus, refrigerant pipes extending between the
heat source unit and the utilization units each have a control valve that switches a flow of
refrigerant. By individually controlling the states of the control valves, directions of
refrigerant flows to the individual utilization units are individually switched. In such a
refrigeration apparatus, when a refrigerant leak occurs in any one of the utilization units, the
corresponding control valve may be controlled to a closed state, thereby reducing the supply of
refrigerant to the utilization unit in which the refrigerant leak has occurred and reducing another
refrigerant leak.

Meanwhile, in such a refrigeration apparatus, for the purpose of collecting refrigeration
oil to a compressor, a valve that forms a minute refrigerant flow path (minute flow path) even in
a closed state may be adopted as a control valve disposed in a gas-side refrigerant flow path.

In such a case, even if the control valve is controlled to a closed state when a refrigerant leak
occurs, refrigerant flows via the minute flow path to the utilization unit in which the refrigerant
leak has occurred.

In contrast, the air conditioning system 100 according to the above-described
embodiment has increased safety.

The air conditioning system 100 according to the above-described embodiment is a
refrigeration apparatus that performs a refrigeration cycle in the refrigerant circuit RC, and
includes: the outdoor unit 10 (corresponding to "heat source unit"); the plurality of indoor units
30 (corresponding to "utilization units"); the intermediate unit 40 (corresponding to "refrigerant-

flow-path switching unit"); the second connection pipe 52 (corresponding to "first gas-side
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connection pipe"); the plurality of second branch pipes 521 (corresponding to "first gas-side
branch pipes"); and the gas-side blocking valve 65 (corresponding to "blocking valve"). The
outdoor unit 10 includes the compressor 15 for refrigerant and the outdoor heat exchanger 20
(corresponding to "heat-source-side heat exchanger"). The plurality of indoor units 30 are
connected in parallel to the outdoor unit 10. Each indoor unit 30 includes the indoor heat
exchanger 32 (corresponding to "utilization-side heat exchanger"). The intermediate unit 40
includes the plurality of second control valves 42 (corresponding to "first gas-side control
valves"). Each second control valve 42 switches a flow of refrigerant in a corresponding one
of the indoor units 30. The intermediate unit 40 individually switches a flow of refrigerant in
each of the indoor units 30. The second connection pipe 52 is disposed between the outdoor
unit 10 and each of the second control valves 42. The second connection pipe 52 is a pipe
through which high-pressure gas refrigerant flows. The second branch pipes 521 are branch
pipes included in the second connection pipe 52. Each second branch pipe 521 communicates
with a corresponding one of the indoor units 30. The gas-side blocking valve 65 is disposed in
the second connection pipe 52. The gas-side blocking valve 65 blocks a flow of refrigerant
when in a closed state. Each second control valve 42 is disposed in the second branch pipe 521
that communicates with a corresponding one of the indoor units 30. The second connection
pipe 52 includes the plurality of second gas-side branch portions BP2 (corresponding to "branch
portions"). The second gas-side branch portions BP2 are connected to the second branch pipes
521. The gas-side blocking valve 65 is disposed between the outdoor unit 10 and each of the
second gas-side branch portions BP2.

Accordingly, even in a case where a refrigerant leak occurs in an indoor unit 30, the
gas-side blocking valve 65 disposed in the second connection pipe 52 is capable of reducing the
supply of refrigerant to the indoor unit 30. As a result, another refrigerant leak can be reduced.
In particular, in a case where the second control valve 42 is a valve that allows a  small amount
of refrigerant to pass therethrough when in a closed state, another refrigerant leak can be
reduced. Accordingly, the safety increases.

(6-2)

In the above-described embodiment, each of the second control valves 42
(corresponding to "first gas-side control valves") is configured to allow a  small amount of
refrigerant to pass therethrough when in a closed state. Accordingly, collection of refrigeration
oil to the compressor 15 is promoted. In particular, when any one of the indoor units 30 is in a

stopped state, retention of refrigerant and refrigeration oil in the refrigerant flow path
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communicating with the indoor unit 30 is reduced, and a decrease in reliability is reduced.
(6-3)

In the above-described embodiment, the gas-side blocking valve 65 (corresponding to
"blocking valve") is disposed in the intermediate unit 40 (corresponding to "refrigerant-flow-
path switching unit"). Accordingly, the blocking valve can be easily installed on site, and the
workability for installing the blocking valve is increased.

(6-4)

The air-conditioning system 100 according to the above-described embodiment
includes the controller 80 (corresponding to "control section") and the refrigerant leak sensor 70
(corresponding to "refrigerant leak detecting section"). The controller 80 controls an operation
of the gas-side blocking valve 65. The refrigerant leak sensor 70 detects a refrigerant leak in
the indoor units 30 (corresponding to "utilization units"). When the refrigerant leak sensor 70
detects a refrigerant leak, the controller 80 controls the gas-side blocking valve 65
(corresponding to "blocking valve") to a closed state.

Accordingly, even in a case where a refrigerant leak occurs in an indoor unit 30, the
gas-side blocking valve 65 reliably reduces the supply of refrigerant to the indoor unit 30.

(6-5)

The air-conditioning system 100 according to the above-described embodiment
includes the third connection pipe 53 (corresponding to "liquid-side connection pipe") and the
plurality of liquid-side branch pipes 531. The third connection pipe 53 is disposed between the
outdoor unit 10 (corresponding to "heat source unit") and the indoor units 30 (corresponding to
"utilization units"). Refrigerant in a liquid state flows through the third connection pipe 53.
The plurality of liquid-side branch pipes 531 are branch pipes included in the third connection
pipe 53. Each liquid-side branch pipe 531 communicates with a corresponding one of the
indoor units 30. The intermediate unit 40 (corresponding to "refrigerant-flow-path switching
unit") includes the plurality of third control valves 43 (corresponding to "liquid-side control
valves"). Each third control valve 43 is disposed in one of the liquid-side branch pipes 531.
The third control valve 43 switches a flow of refrigerant in a corresponding one of the indoor
units 30. The controller 80 (corresponding to "control section") further controls states of the
third control valves 43.  When the refrigerant leak sensor 70 (corresponding to "refrigerant leak
detecting section") detects a refrigerant leak, the controller 80 controls a corresponding one of
the third control valves 43 to a closed state.

Accordingly, even in a case where a refrigerant leak occurs in an indoor unit 30, the
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gas-side blocking valve 65 (corresponding to "blocking valve") and the third control valve 43
reliably reduce the supply of refrigerant to the indoor unit 30.
(6-6)

In the above-described embodiment, the controller 80 (corresponding to "control
section") further controls states of the second control valves 42 (corresponding to "first gas-side
control valves"). When the refrigerant leak sensor 70 (corresponding to "refrigerant leak
detecting section") detects a refrigerant leak, the controller 80 controls a corresponding one of
the second control valves 42 to a closed state.

Accordingly, even in a case where a refrigerant leak occurs in an indoor unit 30
(corresponding to "utilization unit"), the gas-side blocking valve 65 (corresponding to "blocking
valve") and the second control valve 42 reliably reduce the supply of refrigerant to the indoor
unit 30.

(6-7)

The air conditioning system 100 according to the above-described embodiment
includes the first connection pipe 51 (corresponding to "second gas-side connection pipe") and
the plurality of first branch pipes 511 (corresponding to "second gas-side branch pipes"). The
first connection pipe 51 is disposed between the outdoor unit 10 and the intermediate unit 40
(corresponding to "refrigerant-flow-path switching unit"). The first connection pipe 51 is a
pipe through which low-pressure gas refrigerant flows. The first branch pipes 511 are branch
pipes included in the first connection pipe 51. Each first branch pipe 511 communicates with a
corresponding one of the indoor units 30 (corresponding to "utilization units"). The
intermediate unit 40 includes the plurality of first control valves 41 (corresponding to "second
gas-side control valves"). Each first control valve 41 is disposed in one of the first branch
pipes 511.  The first control valve 41 switches a flow of refrigerant in a corresponding one of
the indoor units 30 (corresponding to "utilization units"). The controller 80 (corresponding to
"control section") further controls states of the first control valves 41.  When the refrigerant
leak sensor 70 (corresponding to "refrigerant leak detecting section") detects a refrigerant leak,
the controller 80 controls a corresponding one of the first control valves 41 to a closed state.

Accordingly, even in a case where a refrigerant leak occurs in an indoor unit 30, the
gas-side blocking valve 65 (corresponding to "blocking valve") and the first control valve 41
reliably reduce the supply of refrigerant to the indoor unit 30.

(6-8)

In the above-described embodiment, the air conditioning system 100 includes the
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pressure adjusting valve 45 (corresponding to "bypass mechanism"). The pressure adjusting
valve 45 allows refrigerant in the second connection pipe 52 (corresponding to "first gas-side
connection pipe") to flow to the second bypass portion B2 provided in the first connection pipe
51 (corresponding to "second gas-side connection pipe") that communicates with the outdoor
unit 10.

Accordingly, even in a case where the gas-side blocking valve 65 (corresponding to
"blocking valve") is controlled to a closed state, such an increase in pressure of refrigerant in the
second connection pipe 52 as to damage a device or pipe is reduced.

(6-9)

In the above-described embodiment, the pressure adjusting valve 45 is disposed in the
bypass pipe (P7, P8). The bypass pipe (P7, P8) is a pipe extending from the second connection
pipe 52 (corresponding to "first gas-side connection pipe") to the bypass portion. The pressure
adjusting valve 45 functions as the "bypass mechanism". The pressure adjusting valve 45
opens the bypass pipe (P7, P8) when the refrigerant in the second connection pipe 52 has a
pressure higher than or equal to a predetermined reference value.

Accordingly, even when the refrigerant in the second connection pipe 52 has a pressure
higher than or equal to the predetermined reference value, the refrigerant in the second
connection pipe 52 is allowed to flow to the bypass portion, and an increase in pressure of the
refrigerant in the second connection pipe 52 to a risky value is reduced.

(7) Modification examples

The above-described embodiment can be appropriately modified as illustrated in the
following modification examples. Each modification example may be applied in combination
with another modification example within a range not causing inconsistency.

(7-1) First modification example

In the air conditioning system 100, a bypass flow path BL' illustrated in Fig. 6 may be
disposed together with or instead of the bypass flow path BL according to the above-described
embodiment. In Fig. 6, the bypass flow path BL' is formed of bypass pipes (P7' and P8'), and
extends from the first bypass portion B1 in the second connection pipe 52 to a second bypass
portion B2' (corresponding to the "bypass portion") provided in the third connection pipe 53.

In the third connection pipe 53, the second bypass portion B2' is disposed between the outdoor
unit 10 and each liquid-side branch portion BP3. Also in a case where the bypass flow path
BL' is disposed together with or instead of the bypass flow path BL, a function and effect similar

to those in the above-described embodiment can be realized.
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(7-2) Second modification example

In the above-described embodiment, a description has been given of a case where the
air conditioning system 100 includes the refrigerant circuit RC, which is a so-called "three-pipe-
type" cooling/heating free circuit (a refrigerant circuit in which switching between a cooling
operation and a heating operation can be individually performed in each indoor unit 30) in
which the outdoor unit 10 and the intermediate unit 40 are connected by three connection pipes
(51,52, 53). However, the outdoor unit 10 and the intermediate unit 40 need not necessarily be
connected by the three connection pipes (51, 52, 53).  For example, the refrigerant circuit RC
may have a configuration of a refrigerant circuit RC1 illustrated in Fig. 7.

The refrigerant circuit RC1 is a "two-pipe-type" cooling/heating free circuit in which
an outdoor unit 10 and an intermediate unit 40" are connected by two connection pipes. In the
refrigerant circuit RC1, the outdoor unit 10' is disposed instead of the outdoor unit 10. In the
outdoor unit 10', devices such as the second gas-side shutoff valve 12, the accumulator 14, each
flow-path switching valve 19, and the subcooling heat exchanger 27 are omitted. In addition,
in the outdoor unit 10', a four-way switching valve 19a is disposed. In addition, in the outdoor
unit 10', four check valves 29 are disposed in a bridge pattern.

In addition, in the refrigerant circuit RC1, the intermediate unit 40' is disposed. In the
refrigerant circuit RC1, the outdoor unit 10 and the intermediate unit 40' are connected by two
connection pipes (the first connection pipe 51 and the third connection pipe 53).

In the intermediate unit 40', a receiver 48 is disposed that stores refrigerant and
separates the refrigerant into gas and liquid.  The receiver 48 is connected to the second
connection pipe 52. The first branch pipe 511 (the first connection pipe 51), the second branch
pipe 521 (the second connection pipe 52), and the liquid-side branch pipe 531 (the third
connection pipe 53) extend from the receiver 48.

Also with the configuration serving as a "two-pipe-type" cooling/heating free circuit
like the refrigerant circuit RC1, a liquid seal circuit is prevented from being configured as in the
above-described embodiment.

(7-3) Third modification example

In the above-described embodiment, the plurality of switching units 4 are integrated
together to form the intermediate unit 40.  Alternatively, as in an air conditioning system 100a
illustrated in Fig. 8 and Fig. 9, the switching units 4 may be separately disposed. In the air
conditioning system 100a illustrated in Fig. 8 and Fig. 9, unlike in the air conditioning system

100, the plurality of switching units 4 corresponding to the indoor units 30 on a one-to-one basis
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are separately disposed.  Also in this case, an effect similar to that in the above-described
embodiment can be realized.
(7-4) Fourth modification example

In the above-described embodiment, the gas-side blocking valve 65 is disposed in the
intermediate unit 40. However, the gas-side blocking valve 65 need not necessarily be
disposed in the intermediate unit 40, and may be disposed outside the intermediate unit 40.
(7-5) Fifth modification example

The indoor expansion valve 31 according to the above-described embodiment is not
necessarily needed, but may be omitted as appropriate. In this case, the third control valve 43
may have a function of the indoor expansion valve 31 ("electric expansion valve"). Also in
this case, the function and effect described in the above (6-1) can be realized.
(7-6) Sixth modification example

Although illustration is omitted, the third control valve 43 according to the above-
described embodiment is not necessarily needed and may be omitted. In this case, a valve that
is fully closed to block a flow of refrigerant in a closed state is adopted as the indoor expansion
valve 31, and the indoor expansion valve 31 may have the function of the third control valve 43
("second blocking valve").
(7-7) Seventh modification example

In the above-described embodiment, a description has been given of a case where the
indoor expansion valve 31 is an electric valve that is in a slightly opened state to form a minute
flow path when in a closed state (a minimum opening degree). However, the indoor expansion
valve 31 need not necessarily be such an expansion valve as long as there is no problem. That
is, the indoor expansion valve 31 may be in a fully closed state to block a flow of refrigerant
when having a minimum opening degree.
(7-8) Eighth modification example

In the above-described embodiment, a description has been given of a case where the
second control valve 42 is an electric valve that is in a slightly opened state to form a minute
flow path when in a closed state (a minimum opening degree). However, the second control
valve 42 need not necessarily be such an expansion valve as long as there is no problem. That
is, the second control valve 42 may be in a fully closed state to block a flow of refrigerant when
having a minimum opening degree.
(7-9) Ninth modification example

In the above-described embodiment, a description has been given of a case where the
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pressure adjusting valve 45 (corresponding to "bypass mechanism") is a mechanical automatic
expansion valve including a pressure sensing mechanism in which a valve disc moves in
accordance with a pressure higher than or equal to a pressure reference value applied to the one
end side thereof. However, the pressure adjusting valve 45 may be another valve as long as the
valve is capable of bypassing refrigerant in the second connection pipe 52. For example, the
pressure adjusting valve 45 may be an electric expansion valve that is in a slightly opened state
to form a minute flow path allowing refrigerant to pass therethrough when in a closed state.
Also in this case, the refrigerant in the second connection pipe 52 is allowed to flow to the
second bypass portion B2 via the minute flow path of the pressure adjusting valve 45.
(7-10) Tenth modification example

The pressure adjusting section 44 (the pressure adjusting valve 45 and the bypass flow
path BL) according to the above-described embodiment is not necessarily needed and may be
omitted as appropriate when there is no problem, from the viewpoint of reducing formation of a
liquid seal circuit when the gas-side blocking valve 65 is controlled to a closed state.
(7-11) Eleventh modification example

In the above-described embodiment, a description has been given of a case where the
first control valve 41, the second control valve 42, the third control valve 43, and the gas-side
blocking valve 65 are electric valves whose opening degrees are adjustable. However, any one
or all of the first control valve 41, the second control valve 42, the third control valve 43, and
the gas-side blocking valve 65 may be an electromagnetic valve alternatively switched between
an open state and a closed state when supplied with a drive voltage.
(7-12) Twelfth modification example

In the above-described embodiment, the plurality of flow-path switching valves 19 (the
first flow-path switching valve 16, the second flow-path switching valve 17, and the third flow-
path switching valve 18) are disposed, and each flow-path switching valve 19 is switched
between the first flow-path state and the second flow-path state in accordance with an operation
state, and accordingly the flow of refrigerant in the refrigerant circuit RC is switched.
However, the embodiment is not limited thereto, and the flow of refrigerant in the refrigerant
circuit RC may be switched by using another method.

For example, a three-way valve may be disposed instead of any one of the flow-path
switching valves 19 (four-way switching valves). Alternatively, for example, a first valve (for
example, an electromagnetic valve or an electric valve) and a second valve (for example, an

electromagnetic valve or an electric valve) may be disposed instead of any one of the flow-path
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switching valves 19, so as to open the refrigerant flow path formed when the flow-path
switching valve 19 is in the first flow-path state in the above-described embodiment by
controlling the first valve to an open state and controlling the second valve to a fully closed state,
and to open the refrigerant flow path formed when the flow-path switching valve 19 is in the
second flow-path state in the above-described embodiment by controlling the first valve to a
fully closed state and controlling the second valve to an open state.

(7-13) Thirteenth modification example

The circuit configuration of the refrigerant circuit RC and the devices disposed in the
circuit in the above-described embodiment can be changed as appropriate in accordance with an
installation environment or design specifications as long as no problem occurs to achieve the
spiritual object according to the present disclosure. One or some of the devices may be
omitted, another device may be newly added, or a new flow path may be included.

For example, the subcooling heat exchanger 27 disposed in the outdoor unit 10 is not
necessarily needed and may be omitted. In addition, in the refrigerant circuit RC, a receiver for
storing refrigerant may be disposed at an appropriate position (for example, in the liquid-side
pipe Pc) as necessary. In addition, the refrigerant circuit RC may include a flow path not
illustrated in Fig. 1 or Fig. 2 (for example, a flow path for injecting intermediate-pressure
refrigerant into the compressor 15).

In addition, for example, the indoor expansion valve 31 need not necessarily be
disposed in the indoor unit 30. In addition, the indoor expansion valve 31 is not necessarily
needed. The indoor expansion valve 31 may be omitted by causing the third control valve 43
of the corresponding switching unit 4 to function as the indoor expansion valve 31.

(7-14) Fourteenth modification example

In the above-described embodiment, only one outdoor unit 10 is provided.
Alternatively, a plurality of outdoor units 10 may be disposed in series or parallel to each indoor
unit 30 or each switching unit 4.

(7-15) Fifteenth modification example

In the above-described embodiment, the outdoor unit control section 9, the indoor unit
control section 39 of each indoor unit 30, and the intermediate unit control section 49 are
connected by communication lines, and thereby the controller 80 that controls the operation of
the air conditioning system 100 is formed. However, the configuration of the controller 80 is
not necessarily limited thereto, and can be changed as appropriate in accordance with design

specifications or an installation environment. That is, the configuration of the controller 80 is
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not limited. Some or all of the elements included in the controller 80 need not necessarily be
disposed in any one of the outdoor unit 10, the indoor unit 30, and the intermediate unit 40, and
may be disposed in another apparatus or may be disposed independently.

For example, in addition to/instead of any one or all of the outdoor unit control section
9, each indoor unit control section 39, and the intermediate unit control section 49, another
apparatus such as a remote controller or a central management apparatus not illustrated may
form the controller 80. In this case, the other apparatus may be disposed in a remote place
connected to the outdoor unit 10, the indoor unit 30, or the intermediate unit 40 through a
communication network.

In addition, for example, only any one of the outdoor unit control section 9, each indoor
unit control section 39, and the intermediate unit control section 49 may constitute the controller
80.

(7-16) Sixteenth modification example

In the above-described embodiment, the controller 80 performs the first refrigerant leak
control, the second refrigerant leak control, and the third refrigerant leak control when a
refrigerant leak occurs (steps S105 to S108 in Fig. 5). However, among the control operations
performed by the controller 80 when a refrigerant leak occurs, the first refrigerant leak control
need not necessarily be performed. That is, the indoor expansion valve 31 need not necessarily
be controlled to a closed state when a refrigerant leak occurs. That is, the first refrigerant leak
control may be omitted as appropriate in a case where the second refrigerant leak control and the
third refrigerant leak control block the flow of refrigerant to the refrigerant leak unit and reduce
another refrigerant leak.

(7-17) Seventeenth modification example

In the above-described embodiment, when a refrigerant leak occurs, the controller 80
controls the third control valve 43 to a closed state in the second refrigerant leak control.
However, as long as the controller 80 performs the first refrigerant leak control (i.e., as long as
the indoor expansion valve 31 is controlled to a closed state) at the time of a refrigerant leak, a
flow of refrigerant into the refrigerant leak unit is reduced, and thus the controller 80 need not
necessarily control the third control valve 43 to a closed state in the second refrigerant leak
control.

(7-18) Eighteenth modification example
In the above-described embodiment, a description has been given of a case where the

spirit according to the present disclosure is applied to the air conditioning system 100.
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However, the embodiment is not limited thereto, and the spirit according to the present
disclosure is applicable to another refrigeration apparatus (for example, a water heater, a chiller,
or the like) including a refrigerant circuit similar to the refrigerant circuit RC according to the
above-described embodiment.

(7-19) Nineteenth modification example

In the above-described embodiment, R32 is used as an example of refrigerant that
circulates in the refrigerant circuit RC. However, the refrigerant used in the refrigerant circuit
RC is not limited. For example, in the refrigerant circuit RC, HFO1234yf, HFO1234ze(E), or
mixed refrigerant of these types of refrigerant may be used instead of R32.  In addition, in the
refrigerant circuit RC, HFC refrigerant, such as R407C or R410A, may be used.

(8)

The embodiment of the present invention has been described. It is to be understood
that the embodiment or the details thereof can be variously changed without deviating from the
gist and scope of the present invention described in the claims.

INDUSTRIAL APPLICABILITY

The present disclosure can be used in a refrigeration apparatus.
REFERENCE SIGNS LIST

4: switching unit

8: outdoor-side sensor

9: outdoor unit control section

10, 10": outdoor unit (heat source unit)

11: first gas-side shutoff valve

12: second gas-side shutoff valve

13: liquid-side shutoff valve

14: accumulator

15: compressor

16: first flow-path switching valve

17: second flow-path switching valve

18: third flow-path switching valve

20: outdoor heat exchanger (heat-source-side heat exchanger)

21: first outdoor heat exchanger

22: second outdoor heat exchanger

23: first outdoor control valve
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28:
30:
31:
32:
33:
38:
39:
40,
41:
42:
43:
44:
45:
48:
49:
50:
51:
52:
53:
60:
65:
70:
80:
81:
82:
83:
84:
85:
86:

50

second outdoor control valve

third outdoor control valve

fourth outdoor control valve

subcooling heat exchanger

outdoor fan

indoor unit (utilization unit)

indoor expansion valve (utilization-side control valve)
indoor heat exchanger (utilization-side heat exchanger)
indoor fan

indoor-side sensor

indoor unit control section

40" intermediate unit (refrigerant-flow-path switching unit)

first control valve (second gas-side control valve)
second control valve (first gas-side control valve)

third control valve (liquid-side control valve)

pressure adjusting section

pressure adjusting valve (bypass mechanism)

receiver

intermediate unit control section

outdoor-side connection pipe

first connection pipe (second gas-side connection pipe)
second connection pipe (first gas-side connection pipe)
third connection pipe (liquid-side connection pipe)
indoor-side connection pipe

gas-side blocking valve (blocking valve)

refrigerant leak sensor (refrigerant leak detecting section)
controller (control section)

storage section

input control section

mode control section

refrigerant leak determining section
device control section

drive signal output section
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100, 100a: air conditioning system

271: first flow path

272: second flow path

511: first branch pipe (second gas-side branch pipe)
521: second branch pipe (first gas-side branch pipe)
531: liquid-side branch pipe

B1: first bypass portion

B2, B2': second bypass portion (bypass portion)
BL, BL': bypass flow path

BP1: first gas-side branch portion

BP2: second gas-side branch portion (branch portion)
BP3: liquid-side branch portion

GL: gas-side refrigerant flow path

GL1: first gas-side refrigerant flow path

GL2: second gas-side refrigerant flow path
GLa: first gas-side branch flow path

GLb: second gas-side branch flow path

GP: gas-side connection pipe

IL: indoor-side refrigerant flow path

LL: liquid-side refrigerant flow path

LL1: liquid-side branch flow path

LP: liquid-side connection pipe

P1: first pipe

P2: second pipe

P3: third pipe

P7, P7": seventh pipe (bypass pipe)

P8, P8'": eighth pipe (bypass pipe)

Pa: suction pipe

Pb: discharge pipe

Pc: liquid-side pipe

RC, RC1: refrigerant circuit
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CLAIMS

1. Arefrigeration apparatus that performs a refrigeration cycle in a refrigerant circuit,
comprising:

a heat source unit including a compressor for refrigerant and a heat-source-side heat
exchanger;

a plurality of utilization units each of which is connected in parallel to the heat source
unit and includes a utilization-side heat exchanger;

a refrigerant-flow-path switching unit that includes a plurality of first gas-side control
valves each of which switches a flow of refrigerant in a corresponding one of the utilization
units and that individually switches a flow of refrigerant in each of the utilization units;

a first gas-side connection pipe that is disposed between the heat source unit and each
of the first gas-side control valves and through which high-pressure gas refrigerant flows;

a plurality of first gas-side branch pipes each of which is included in the first gas-side
connection pipe and communicates with a corresponding one of the utilization units; and

a blocking valve that is disposed in the first gas-side connection pipe and blocks a flow
of refrigerant when in a closed state, wherein

each of the first gas-side control valves is disposed in the first gas-side branch pipe that
communicates with a corresponding one of the utilization units,

the first gas-side connection pipe includes a plurality of branch portions connected to
the first gas-side branch pipes,

the blocking valve is disposed between the heat source unit and each of the branch
portions; and

wherein each of the first gas-side control valves allows an amount of refrigerant to pass
therethrough when in a closed state.
2. The refrigeration apparatus according to Claim 1, wherein the blocking valve is disposed in
the refrigerant-flow-path switching unit.
3. The refrigeration apparatus according to any one of Claims 1 or 2, further comprising:

a control section that controls an operation of the blocking valve; and

a refrigerant leak detecting section that detects a refrigerant leak in the utilization units,
wherein

when the refrigerant leak detecting section detects a refrigerant leak, the control section
controls the blocking valve to a closed state.

4. The refrigeration apparatus according to Claim 3, further comprising:
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a liquid-side connection pipe that is disposed between the heat source unit and the
utilization units and through which refrigerant in a liquid state flows;

a plurality of liquid-side branch pipes each of which is included in the liquid-side
connection pipe and communicates with a corresponding one of the utilization units; and

utilization-side control valves each of which is disposed in one of the utilization units
and communicates with one of the liquid-side branch pipes, wherein

the control section further controls states of the utilization-side control valves, and,
when the refrigerant leak detecting section detects a refrigerant leak, the control section controls
a corresponding one of the utilization-side control valves to a closed state.

5. The refrigeration apparatus according to Claim 3, further comprising:

a liquid-side connection pipe that is disposed between the heat source unit and the
utilization units and through which refrigerant in a liquid state flows; and

a plurality of liquid-side branch pipes each of which is included in the liquid-side
connection pipe and communicates with a corresponding one of the utilization units, wherein

the refrigerant-flow-path switching unit includes a plurality of liquid-side control
valves each of which is disposed in one of the liquid-side branch pipes and switches a flow of
refrigerant in a corresponding one of the utilization units, and

the control section further controls states of the liquid-side control valves, and, when
the refrigerant leak detecting section detects a  refrigerant leak, the control section controls a
corresponding one of the liquid-side control valves to a closed state.

6. The refrigeration apparatus according to any one of Claims 3 to 5, wherein the control
section further controls states of the first gas-side control valves, and, when the refrigerant leak
detecting section detects a refrigerant leak, the control section controls a corresponding one of
the first gas-side control valves to a closed state.

7. The refrigeration apparatus according to any one of Claims 3 to 6, further comprising:

a second gas-side connection pipe that is disposed between the heat source unit and
the refrigerant-flow-path switching unit and through which low-pressure gas refrigerant flows;
and

a plurality of second gas-side branch pipes each of which is included in the second gas-
side connection pipe and communicates with a corresponding one of the utilization units,
wherein

the refrigerant-flow-path switching unit includes a plurality of second gas-side control

valves each of which is disposed in one of the second gas-side branch pipes and switches a flow
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of refrigerant in a corresponding one of the utilization units, and

the control section further controls states of the second gas-side control valves, and,
when the refrigerant leak detecting section detects a refrigerant leak, the control section controls
a corresponding one of the second gas-side control valves to a closed state.
8. The refrigeration apparatus according to any one of Claims 1 to 7, further comprising a
bypass mechanism that allows refrigerant in the first gas-side connection pipe to flow to a
bypass portion provided in another pipe that communicates with the heat source unit.
9. The refrigeration apparatus according to Claim 8, wherein the bypass mechanism is a
pressure adjusting valve that is disposed in a bypass pipe extending from the first gas-side
connection pipe to the bypass portion and that opens the bypass pipe when refrigerant in the
first gas-side connection pipe has a pressure higher than or equal to a predetermined reference

value.

Daikin Industries, Ltd.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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SECOND REFRIGERANT

LEAK CONTROL
CONTROL EACH FIRST
CONTROL VALVE,
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CONTROL VALVE,
AND EACH THIRD
CONTROL VALVE OF
INTERMEDIATE UNIT TO
CLOSED STATE
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THIRD REFRIGERANT
LEAK CONTROL
CONTROL GAS-SIDE
BLOCKING VALVE TO
CLOSED STATE
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STOP

COMPRESSOR
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OPERATION START
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YES

NO

S103
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OPERATION MODE
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