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(54) AIR CONDITIONING SYSTEM

(57)  An air conditioning system includes: a heat
source unit (20) having a heat source circuit (11a) to
which a compressor (21) and a heat source heat exchan-
ger (22) are connected; and a utilization unit (30) having a
utilization circuit (11b) to which a utilization heat exchan-
ger (31) is connected. The heat source circuit (11a) and
the utilization circuit (11b) are connected to each other via
a shutoff valve (46, 47) to form a refrigerant circuit (11)
that performs a refrigeration cycle. Whether the shutoff
valve (46, 47)is open or closed is determined based on a
refrigerant pressure in the utilization circuit (11b) after an
end of a pump-down operation in which a refrigerant in
the utilization circuit (11b) is moved to the heat source
circuit (11a).
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Description
TECHNICAL FIELD

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

BACKGROUND ART

[0002] PatentDocument 1 describes an air conditioner
configured to isolate an electromagnetic valve and stop a
compressor after a predetermined time when the inlet
pressure of acompressor becomes equal to orlower than
a predetermined value in a pump-down operation.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2003-161535

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] No consideration has been given to the leakage
of arefrigerantfrom a heat source heat exchanger toward
a utilization heat exchanger through a shutoff valve after
the end of the pump-down operation.

[0005] It is an object of the present disclosure to de-
termine whether or not a refrigerant is leaking through a
shutoff valve after the end of a pump-down operation.

SOLUTION TO THE PROBLEM

[0006] A first aspect of the present disclosure is direc-
ted to an air conditioning system including:

a heat source unit (20) having a heat source circuit
(11a) to which a compressor (21) and a heat source
heat exchanger (22) are connected; and

a utilization unit (30) having a utilization circuit (11b)
to which a utilization heat exchanger (31) is con-
nected,

the heat source circuit (11a) and the utilization circuit
(11b) being connected to each other via a shutoff
valve (46, 47) to form a refrigerant circuit (11) that
performs a refrigeration cycle,

whether the shutoff valve (46, 47) is open or closed
being determined based on changes in a refrigerant
pressure in the utilization circuit (11b) after an end of
a pump-down operation in which a refrigerant in the
utilization circuit (11b) is moved to the heat source
circuit (11a).

[0007] According to the first aspect, it is possible to
check leakage of the refrigerant from the heat source
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circuit (11a) to the utilization circuit (11b) after the end of
the pump-down operation by determining whether the
shutoff valve (46, 47) is open or closed.

[0008] A second aspect of the present disclosure is an
embodiment of the first aspect. In the second aspect,

it is determined that the shutoff valve (46, 47) is openifa
second pressure is higher than afirst pressure, where the
first pressure is the refrigerant pressure at a first point in
time after the end of the pump-down operation, and the
second pressure is the refrigerant pressure at a second
point in time later than the first point in time.

[0009] According to the second aspect, when the sec-
ond pressure is higher than the first pressure, it is known
that the refrigerant has returned to the utilization circuit
(11b). This determination enables a grasp of the fact that
the shutoff valve (46, 47) is open.

[0010] A third aspect of the present disclosure is an
embodiment of the first aspect. In the third aspect,

it is determined that the shutoff valve (46, 47) is openifa
second ratio is higher than afirstratio, where the first ratio
is a ratio of the refrigerant pressure to a refrigerant
temperature in the utilization circuit (11b) at a first point
in time after the end of the pump-down operation, and the
second ratio is a ratio of the refrigerant pressure to a
refrigerant temperature in the utilization circuit (11b) at a
second point in time later than the first point in time.
[0011] According to the third aspect, the refrigerant
temperature is also included in the parameters, which
makes it possible to make a more precise determination.
[0012] A fourth aspect of the present disclosure is an
embodiment of the first to third aspects. In the fourth
aspect,

itis determined that the shutoff valve (46, 47)is closed ifa
second pressure is equal to or lower than afirst pressure,
where the first pressure is the refrigerant pressure at a
first point in time after the end of the pump-down opera-
tion, and the second pressure is the refrigerant pressure
at a second point in time later than the first point.
[0013] According to the fourth aspect, when the sec-
ond pressure is equal to or lower than the first pressure, it
is known that the refrigerant has not returned to the
utilization circuit (11b). This determination enables a
grasp of the fact that the shutoff valve (46, 47) is closed.
[0014] A fifth aspect of the present disclosure is an
embodiment of the first to third aspects. In the fifth aspect,
itis determined that the shutoff valve (46, 47)is closed ifa
second ratio is equal to or lower than a first ratio, where
the first ratio is a ratio of the refrigerant pressure to a
refrigerant temperature in the utilization circuit (11b) ata
first point in time after the end of the pump-down opera-
tion, and the second ratio is a ratio of the refrigerant
pressure to a refrigerant temperature in the utilization
circuit (11b) at a second point in time later than the first
point in time.

[0015] According to the fifth aspect, the refrigerant
temperature is also included in the parameters, which
makes it possible to make a more precise determination.
[0016] A sixth aspect of the present disclosure is an
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embodiment of any one of the first to fifth aspects. In the
sixth aspect,

a useris notified that the shutoff valve (46, 47)is closed or
that the shutoff valve (46, 47) is open, based on the
determination as to whether the shutoff valve (46, 47)
is open or closed.

[0017] According to the sixth aspect, the user can
recognize whether the shutoff valve (46, 47) is open or
closed.

[0018] A seventhaspectofthe presentdisclosure is an
embodiment of any one of the first to sixth aspects. In the
seventh aspect,

the shutoff valve (46, 47) includes a liquid-side shut-
off valve (47) provided on a liquid side of the utiliza-
tion circuit (11b) and a gas-side shutoff valve (46)
provided on a gas side of the utilization circuit (11b),
and

the refrigerant pressure indicates a pressure be-
tween the gas-side shutoff valve (46) and the utiliza-
tion heat exchanger (31).

[0019] According to the seventh aspect, the detection
of changes in the pressure after the end of the pump-
down operation and the detection of the high pressure in
a heating operation can be performed.

[0020] An eighth aspect of the present disclosure is an
embodiment of any one of the first to seventh aspects. In
the eighth aspect,

the refrigerant is a flammable refrigerant.

[0021] According to the eighth aspect, a flammable
refrigerant can reduce the risk of ignition due to leakage
into the room.

[0022] A ninth aspect of the present disclosure is di-
rected to a method for checking whether shutoff valves
(46,47) are in an open state or a closed state afteran end
of a pump-down operation of an air conditioning system.
The air conditioning system includes:

a heat source unit (20) having a heat source circuit
(11a) including a compressor (21) and a heat source
heat exchanger (22); and

a utilization unit (30) having a utilization circuit (11b)
including a utilization heat exchanger (31),

the heat source circuit (11a) and the utilization circuit
(11b) being connected to each other via the shutoff
valves (46, 47) to form a refrigerant circuit (11) that
performs a refrigeration cycle,

the shutoff valves (46, 47) including a liquid-side
shutoff valve (47) provided on a liquid side of the
heat source circuit (11a) and a gas-side shutoff valve
(46) provided on a gas side of the heat source circuit
(11a), the method including:

starting the pump-down operation;
closing the liquid-side shutoff valve (47);
closing the gas-side shutoff valve (46);
ending the pump-down operation; and
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determining whether the shutoff valves (46, 47)
are open or closed based on changes in a re-
frigerant pressure in the utilization circuit (11b)
or a ratio of the refrigerant pressure to a refrig-
erant temperature in the utilization circuit (11b).

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1 is a piping system diagram schematically
illustrating an air conditioning system of an embodi-
ment.

FIG. 2 is a block diagram of the air conditioning
system.

FIG. 3 is a flowchart showing the procedure of a
method for checking whether shutoff valves are open
or closed.

FIG. 4 is a flowchart for a determination of whether
the shutoff valves are open or closed.

FIG. 5is a block diagram illustrating an air condition-
ing system according to a variation and correspond-
ing to FIG. 2.

FIG. 6 is a flowchart for a determination of whether
the shutoff valves are open or closed according to a
variation.

DESCRIPTION OF EMBODIMENTS

[0024] Embodiments of the present invention will be
described in detail below with reference to the drawings.
The following embodiments are merely exemplary ones
in nature, and are notintended to limit the scope, applica-
tion, or use of the invention. Features of the embodi-
ments, variations, and other examples described below
can be combined or partially substituted within the range
where the present invention can be embodied.

(1) General Configuration of Air Conditioning System

[0025] As illustrated in FIGS. 1 and 2, an air condition-
ing system (1) of this embodiment includes an outdoor
unit (20), an indoor unit (30), connection pipes (12, 13),
and a control unit (100). The outdoor unit (20) is an
example of a heat source unit (20) of the present dis-
closure. The indoor unit (30) is an example of a utilization
unit (30) of the present disclosure. The air conditioning
system (1) controls the temperature of air in an indoor
space. The air conditioning system (1) switches among a
cooling operation, a heating operation, and a pump-down
operation.

[0026] The outdoor unit (20) and the indoor unit (30)
are connected to each other via the connection pipes (12,
13). This connection forms a refrigerant circuit (11) which
is a closed circuit.
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(2-1) Refrigerant Circuit

[0027] The refrigerant circuit (11) performs a refrigera-
tion cycle. The refrigerant circuit (11) is formed by an
outdoor circuit (11a) and an indoor circuit (11b) which are
connected together via shutoff valves (46, 47) to be
described later. The outdoor circuit (11a) is provided in
the outdoor unit (20). The indoor circuit (11b) is provided
in the indoor unit (30). The outdoor circuit (11a) is an
example of a heat source circuit (11a) of the present
disclosure. The indoor circuit (11b) is an example of a
utilization circuit (11b) of the present disclosure.

[0028] The refrigerant circuit (11) is filled with a flam-
mable natural refrigerant. The refrigerant in this embodi-
ment is propane (R290), which is a highly flammable
natural refrigerant. The natural refrigerant is a refrigerant
having an ozone depletion potential of zero, a low global
warming potential, and a low environmental load.
[0029] The flammable refrigerant with which the refrig-
erant circuit (11) is filled may be other than propane. The
flammable refrigerant with which the refrigerant circuit
(11)isfilled may be, for example, ammonia (R717), which
is a natural refrigerant. Alternatively, the flammable re-
frigerant with which the refrigerant circuit (11) is filled may
be methane (R50), ethane (R170), butane (R600), or
isobutane (R600a), which is a highly flammable natural
refrigerant.

(2-2) First Connection Pipe and Second Connection
Pipe

[0030] A first connection pipe (12) and a second con-
nection pipe (13) are examples of the connection pipes
(12, 13) of the present disclosure. The first connection
pipe (12) and the second connection pipe (13) connect
the indoor unit (30) and the outdoor unit (20) to each
other. The first connection pipe (12) is a gas pipe, and the
second connection pipe (13) is a liquid pipe.

[0031] The first connection pipe (12) has one end
connected to a gas end of the indoor circuit (11b), and
the other end connected to a gas end of the outdoor circuit
(11a). The second connection pipe (13) has one end
connected to a liquid end of the indoor circuit (11b),
and the other end connected to a liquid end of the outdoor
circuit (11a).

(2-3) Outdoor Unit

[0032] The outdoor unit (20) is placed outdoors. The
outdoor unit (20) includes a gas-side shutoff valve (46), a
liquid-side shutoff valve (47), a gas line (26), a liquid line
(27), acompressor (21), an outdoor heat exchanger (22),
a four-way switching valve (24), an expansion valve (23),
and an outdoor fan (25). Specifically, the outdoor circuit
(11a) includes the gas-side shutoff valve (46), the liquid-
side shutoff valve (47), the compressor (21), the outdoor
heat exchanger (22), the four-way switching valve (24),
and the expansion valve (23).
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(2-3-1) Gas-Side Shutoff Valve and Liquid-Side Shutoff
Valve

[0033] The gas-side shutoff valve (46) and the liquid-
side shutoff valve (47) are examples of the shutoff valves
(46, 47) of the present disclosure. The gas-side shutoff
valve (46) and the liquid-side shutoff valve (47) are
manually opened and closed by an operator. The gas-
side shutoff valve (46) is provided on the gas side of the
outdoor circuit (11a). Specifically, the gas-side shutoff
valve (46) is connected to a gas side end of the outdoor
circuit (11a). One end of the first connection pipe (12) is
connected to the gas-side shutoff valve (46). The liquid-
side shutoff valve (47) is provided on the liquid side of the
outdoor circuit (11a). The liquid-side shutoff valve (47) is
connected to a liquid side end of the outdoor circuit (11a).
One end of the second connection pipe (13) is connected
to the liquid-side shutoff valve (47). The gas-side shutoff
valve (46) and the liquid-side shutoff valve (47) are al-
ways open except when a pump-down operation to be
described later is performed or when the indoor unit (30)
is detached. In the following description, the gas-side
shutoff valve (46) and the liquid-side shutoff valve (47)
may be collectively referred to as the "shutoff valves (46,
47)."

(2-3-2) Gas Line and Liquid Line

[0034] Thegasline (26)and the liquidline (27)formthe
outdoor circuit (11a). The gas line (26) is configured as a
gas pipe through which the gas refrigerant before con-
densation or heat dissipation in the outdoor heat exchan-
ger(22)flows. One end of the gas line (26) is connected to
a gas side end of the outdoor heat exchanger (22). The
gas-side shutoff valve (46) is connected to the other end
ofthe gasline (26). The four-way switching valve (24)and
the compressor (21) are connected to the gas line (26).
[0035] Theliquidline (27)is configured as a liquid pipe
through which the liquid refrigerant after condensation or
heat dissipation in the outdoor heat exchanger (22) flows.
One end of the liquid line (27) is connected to a liquid end
of the outdoor heat exchanger (22). The liquid-side shut-
off valve (47) is connected to the other end of the liquid
line (27). The expansion valve (23) is connected to the
liquid line (27).

(2-3-3) Compressor

[0036] The compressor (21) compresses sucked re-
frigerant. The compressor (21) discharges the com-
pressed refrigerant. The compressor (21)is, for example,
a rotary compressor of a scroll type, an oscillating piston
type, a rolling piston type, or a screw type. The compres-
sor (21) is configured to have a variable operation fre-
quency (number of rotations) by an inverter device.
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(2-3-4) Outdoor Heat Exchanger and Outdoor Fan

[0037] The outdoor heat exchanger (22) is an example
of a heat source heat exchanger (22) of the present
disclosure. The outdoor heat exchanger (22) is a fin-
and-tube air heat exchanger. The outdoor heat exchan-
ger (22) allows heat exchange between refrigerant flow-
ing therein and outdoor air.

[0038] The outdoor fan (25) is disposed outdoors near
the outdoor heat exchanger (22). The outdoor fan (25) of
this example is a propeller fan. The outdoor fan (25)
creates an air flow passing through the outdoor heat
exchanger (22).

(2-3-5) Four-Way Switching Valve

[0039] The four-way switching valve (24) changes the
flow path in the refrigerant circuit (11) so as to switch
between a first refrigeration cycle that is a cooling cycle
and a second refrigeration cycle that is a heating cycle.
The four-way switching valve (24) reverses the flow of the
refrigerant in the refrigerant circuit (11). The four-way
switching valve (24) switches between a first state in-
dicated by solid lines in FIG. 1 and a second state
indicated by broken lines in FIG. 1. The four-way switch-
ing valve (24) in the first state makes a discharge side of
the compressor (21) and a gas side of the outdoor heat
exchanger (22) communicate with each other, and simul-
taneously makes a suction side of the compressor (21)
and a gas side of an indoor heat exchanger (31) com-
municate with each other. The four-way switching valve
(24) in the second state makes the discharge side of the
compressor (21) and the gas side of the indoor heat
exchanger (31) communicate with each other, and simul-
taneously makes the suction side of the compressor (21)
and the gas side of the outdoor heat exchanger (22)
communicate with each other.

(2-3-6) Expansion Valve

[0040] The expansion valve (23) decompresses the
refrigerant. The expansion valve (23) is arranged be-
tween the liquid-side shutoff valve (47) and the outdoor
heat exchanger (22) in the outdoor circuit (11a). The
expansion valve (23) is an electronic expansion valve
whose opening degree is adjustable.

(2-4) Indoor Unit

[0041] The indoor unit (30) is installed in the indoor
space. As illustrated in FIG. 1, the indoor unit (30) in-
cludes the indoor heat exchanger (31), anindoor fan (32),
and a pressure sensor (50).

(2-4-1) Indoor Heat Exchanger and Indoor Fan

[0042] The indoor heat exchanger (31) is an example
of a utilization heat exchanger (31) of the present dis-
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closure. The indoor heat exchanger (31) is connected to
the indoor circuit (11b).

[0043] The indoor heat exchanger (31) exchanges
heat between the refrigerant and indoor air. The indoor
heat exchanger (31) is a fin-and-tube heat exchanger.
The indoor fan (32) is a crossflow fan configured to
transfer indoor air. The air transferred by the indoor fan
(32) passes through the indoor heat exchanger (31).

(2-4-2) Pressure Sensor

[0044] The pressure sensor (50) detects the pressure
of the refrigerant in the indoor circuit (11b). Specifically,
the pressure sensor (50) is provided on a refrigerant pipe
between the gas-side shutoff valve (46) and the indoor
heat exchanger (31) in the indoor circuit (11b). The
pressure sensor (50) detects the pressure of the refrig-
erant on the gas side of the indoor heat exchanger (31).
[0045] The pressure sensor (50)is of a capacitive type,
for example. The pressure sensor (50) includes a sensor
section and a signal processor section, which are not
shown. The sensor section is a variable capacitor, and
changes the capacitance in accordance with the refrig-
erant pressure. The signal processor section converts
the capacitance into a voltage value, and transmits (out-
puts) the voltage value to the control unit (100) to be
described later.

(2-4-3) Notification Device

[0046] The air conditioning system (1) includes a no-
tification device (60). The notification device (60) of this
example is a speaker. The notification device (60) is
provided in the casing of the indoor unit (30). The noti-
fication device (60) gives various alarms.

(3) Control Unit

[0047] The air conditioning system (1) includes the
control unit (100). The control unit (100) includes a micro-
controller unit (MCU), an electric circuit, and an electronic
circuit. The MCU includes a central processing unit
(CPU), a memory, and a communication interface. The
memory stores various programs to be executed by the
CPU.

The control unit (100) is provided on a control board (not
shown) of the indoor unit (30). The control unit (100) is
connected to various devices of the air conditioning
system (1) via a wired or wireless communication line.
The control unit (100) controls operations of various
devices of the air conditioning system (1) based on a
received command. For example, the control unit (100)
controls the various devices of the air conditioning sys-
tem (1) so that a heating operation is performed.

(4) Remote Controller

[0048] The air conditioning system (1) includes a re-
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mote controller (102). The remote controller (102) is
connected to the control unit (100) via a wired or wireless
communication line. The remote controller (102) outputs
a predetermined command to the control unit (100)
based on a user’s operation.

(5) Operation of Air Conditioning System

[0049] The air conditioning system (1) of this embodi-
ment switches between a cooling operation and a heating
operation.

(5-1) Cooling Operation

[0050] In the cooling operation, the control unit (100)
sets the four-way switching valve (24) in the first state. In
the cooling operation, the control unit (100) operates the
compressor (21), the outdoor fan (25), and the indoor fan
(32), and adjusts the opening degree of the expansion
valve (23).

[0051] The refrigerant circuit (11) during the cooling
operation performs a refrigeration cycle (cooling cycle) in
which the outdoor heat exchanger (22) functions as a
radiator and the indoor heat exchanger (31) functions as
an evaporator.

(5-2) Heating Operation

[0052] In the heating operation, the control unit (100)
sets the four-way switching valve (24) in the second state.
In the heating operation, the control unit (100) operates
the compressor (21), the outdoor fan (25), and the indoor
fan (32), and adjusts the opening degree of the expansion
valve (23).

[0053] The refrigerant circuit (11) during the heating
operation performs a refrigeration cycle (heating cycle)in
which the indoor heat exchanger (31) functions as a
radiator and the outdoor heat exchanger (22) functions
as an evaporator.

(6) Problems After End of Pump-Down Operation

[0054] The air conditioning system (1) performs a
pump-down operation. The pump-down operation is an
operation for moving the refrigerant in the indoor circuit
(11b) to the outdoor circuit (11a). Closing the gas-side
shutoff valve (46) and the liquid-side shutoff valve (47)
after the end of the pump-down operation (after the
amount of the refrigerant in the indoor circuit (11b) be-
comes substantially equal to zero) restricts the flow of the
refrigerant from the outdoor circuit (11a) into the indoor
circuit (11b), thereby making it possible to detach the
indoor unit (30) safely.

[0055] However, ifthe gas-side shutoff valve (46) or the
liquid-side shutoff valve (47) is not fully closed after the
end of pump-down operation, the refrigerant may flow
from the outdoor circuit (11a) into the indoor circuit (11b).
If the indoor unit (30) is detached in this state, the refrig-
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erant that has leaked from the gas-side shutoff valve (46)
or the liquid-side shutoff valve (47) may flow into the
indoor space. In particular, a flammable refrigerant such
as a highly flammable refrigerant, such as propane, may
cause ignition in the indoor space.

[0056] Thus, the gas-side shutoff valve (46) and the
liquid-side shutoff valve (47) need to be fully closed after
the end of pump-down operation. However, determining
whether the shutoff valves (46,47) are open or closed has
not been discussed.

[0057] To address the above problem, in the air con-
ditioning system (1) of this embodiment, whether the gas-
side shutoff valve (46) and the liquid-side shutoff valve
(47) after the end of the pump-down operation are open
or closed is checked. A checking method will be de-
scribed below with reference to FIG. 3.

[0058] InStepS1,the pump-down operationis started.
Specifically, when a command for performing the pump-
down operation is transmitted from the remote controller
(102) to the control unit (100) by an operator’s operation,
the control unit (100) that has received the command
switches the four-way switching valve (24) to the first
state, and starts operation of the compressor (21). In
addition, the control unit (100) opens the expansion valve
(23) fully. In this manner, the cooling operation is per-
formed during the pump-down operation.

[0059] In Step S2, in a situation where the gas-side
shutoff valve (46) and the liquid-side shutoff valve (47)
are open, only the liquid-side shutoff valve (47) is closed
based on the operator’s work. This allows the refrigerant
in the indoor circuit (11b) to be sucked by the compressor
(21) and move to the outdoor circuit (11a).

[0060] In Step S3, the operator closes the gas-side
shutoff valve (46) in the state in which the liquid-side
shutoff valve (47) is closed. Step S3 is started after a
certain time has elapsed since Step S2. The certain time
may be at least a period or longer during which the
entirety of the refrigerant in the indoor circuit (11b) is
assumed to have been collected into the outdoor circuit
(11a). The process from Steps S1 to S3 is referred to as
the "pump-down operation."

[0061] In Step S4, the pump-down operation stops.
Specifically, when a command for stopping the pump-
down operation is transmitted from the remote controller
(102) to the control unit (100) by the operator’s operation,
the control unit (100) that has received the command
stops the operation of the compressor (21).

[0062] In Step S5, the control unit (100) determines
whether the gas-side shutoff valve (46) and the liquid-
side shutoff valve (47) are open or closed, based on
changes in the refrigerant pressure in the indoor circuit
(11b). Step S5 will be described in detail later. If it is
determined that at least one of the gas-side shutoff valve
(46) or the liquid-side shutoff valve (47) is in the open
state ("YES" in Step S5), Step S6 is executed. If it is
determined that the gas-side shutoff valve (46) and the
liquid-side shutoff valve (47) are in the closed state ("NO"
in Step S5), Step S9 is executed.
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[0063] Here, the control unit (100) does not make a
determination as to the opening or closing of the valve for
each of the gas-side shutoff valve (46) and the liquid-side
shutoff valve (47). When the shutoff valves are deter-
mined to be in the open state, at least one of the gas-side
shutoff valve (46) or the liquid-side shutoff valve (47)is in
the open state. The open state is a state in which even
though the operator closes the gas-side shutoff valve (46)
and the liquid-side shutoff valve (47) in S2 and S3, the
valves are not completely closed and slightly open.
[0064] In Step S6, the control unit (100) actuates the
notification device (60). The notification device (60) gives
afirstalarm sound. The first alarm sound may be a simple
digital sound or a voice reporting that the shutoff valves
(46, 47) are not fully closed. The first alarm sound allows
the operator to recognize that at least one of the gas-side
shutoff valve (46) or the liquid-side shutoff valve (47) is
not fully closed and that the refrigerant is leaking to the
indoor circuit (11b).

[0065] In Step S7, the gas-side shutoff valve (46) is
opened by the operator’s work, and the liquid-side shutoff
valve (47) is further tightened (additionally tightened).
[0066] In Step S8, the control unit (100) starts the
pump-down operation. Specifically, a command for per-
forming the pump-down operation is transmitted from the
remote controller (102) to the control unit (100) by the
operator’s operation. After the end of Step S8, Step S3is
executed again.

[0067] In Step S9, the control unit (100) actuates the
notification device (60). The notification device (60) gives
a second alarm sound. The second alarm sound may be
a simple digital sound or a voice reporting that the shutoff
valves (46, 47) have been closed. The second alarm
sound allows the operator to recognize that the gas-side
shutoff valve (46) and the liquid-side shutoff valve (47)
are fully closed and that the refrigerant is not leaking to
the indoor circuit (11b).

(7) Details of Determination on Whether Shutoff Valves
Are Open or Closed

[0068] Next, Step S5 will be described in detail.
[0069] After the end of the pump-down operation (the
end of Step S4), the control unit (100) determines
whether the shutoff valves (46, 47) are open or closed,
based on a first pressure P1 that is the refrigerant pres-
sure at a first point in time and a second pressure P2 that
is the refrigerant pressure at a second point in time later
than the first pointin time. The period from the first pointin
time to the second pointin time is, for example, two to five
minutes.

[0070] Inthisembodiment, the first pointintimeis when
a predetermined standby period has elapsed since the
end of the pump-down operation. The standby period is,
for example, about 10 seconds. The control unit (100)
acquires the first pressure P1 at a time (first point in time)
when 10 seconds have elapsed since the end of the
pump-down operation (the end of Step S4), and acquires
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the second pressure P2 at a time (second point in time)
when three minutes have elapsed since the acquisition of
the first pressure P1.

[0071] Ifthe first pressure P1 and the second pressure
P2 are compared to find out that the second pressure P2
is higher than the first pressure P1, the control unit (100)
determines that the shutoff valves (46, 47) are in the open
state. On the other hand, if the second pressure P2 is
equal to or lower than the first pressure P1, the control
unit (100) determines that the shutoff valves (46, 47) are
in the closed state. The series of flows described above
will be described with reference to FIG. 4.

[0072] In Step S11, the control unit (100) determines
whether the standby period has elapsed. In other words,
the control unit (100) determines whether the time that
has elapsed since the end of the pump-down operation
has reached the first point in time. If it is determined that
the time has reached the first point in time ("YES" in Step
S11), Step S12 is executed. If it is determined that the
time has not reached the first point in time ("NO" in Step
S11), Step S11 is executed again.

[0073] In Step S12, the control unit (100) acquires a
pressure value from the pressure sensor (50). This pres-
sure value is the first pressure P1. The first pressure P1 is
stored in a memory.

[0074] In Step S13, the control unit (100) determines
whether the time has reached the second pointintime. Ifit
is determined that the time has reached the second point
in time ("YES" in Step S13), Step S14 is executed. Ifitis
determined that the time has not reached the second
point in time ("NO" in Step S13), Step S13 is executed
again.

[0075] In Step S14, the control unit (100) acquires a
pressure value from the pressure sensor (50). This pres-
sure value is the second pressure P2. The second pres-
sure P2 is stored in the memory.

[0076] In Step S15, the control unit (100) determines
whether the second pressure P2 acquired in Step S14 is
higher than the first pressure P1 acquired in Step S12. Ifit
is determined that the second pressure P2 is higher than
the first pressure P1 ("YES" in Step S15), the control unit
[0077] (100)determines thatthe shutoff valves (46, 47)
are open (Step S16). If it is determined that the second
pressure P2 is equal to or lower than the first pressure P1
("NO"in Step S15), the control unit (100) determines that
the shutoff valves (46, 47) are closed (Step S17).

(8) Features
(8-1) First Feature

[0078] Inthe air conditioning system (1) of this embodi-
ment, whether the shutoff valves (46, 47) are open or
closed is determined based on changes in the refrigerant
pressure in the indoor circuit (11b) after the end of the
pump-down operation that allows the refrigerant in the
indoor circuit (11b) to move to the outdoor circuit (11a).
[0079] According to this embodiment, it is possible to
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check leakage of the refrigerant from the outdoor circuit
(11a) to the indoor circuit (11b) after the end of the pump-
down operation by determining whether the shutoff
valves (46, 47) are open or closed. It is thus possible
to detach the indoor unit (30) safely after the end of the
pump-down operation when the shutoff valves (46, 47)
are fully closed, and possible to reduce the risk of the
refrigerant leakage into the indoor space.

[0080] Since the refrigerant in the refrigerant circuit
(11) can be kept from decreasing, it is possible to save
time and effort checking a charge amount of the refrig-
erantinthe refrigerantcircuit (11) and adding a refrigerant
in a case of shortage of the charge amount of the refrig-
erant.

(8-2) Second Feature

[0081] Inthe air conditioning system (1) of this embodi-
ment, if the second pressure is higher than the first
pressure after the end of the pump-down operation, it
is determined that the shutoff valves (46, 47) are open.
[0082] According to this embodiment, when the sec-
ond pressure is higher than the first pressure, it is known
thatthe refrigerant has returned to the indoor circuit (11b).
This determination enables an easy grasp of the fact that
the shutoff valves (46, 47) are open.

(8-3) Third Feature

[0083] Inthe air conditioning system (1) of this embodi-
ment, if the second pressure is equal to or lower than the
first pressure after the end of the pump-down operation, it
is determined that the shutoff valves (46, 47) are closed.
[0084] According to this embodiment, when the sec-
ond pressure is equal to or lower than the first pressure, it
is known thatthe refrigerant has notreturned to the indoor
circuit (11b). This determination enables an easy grasp of
the fact that the shutoff valves (46, 47) are closed.

(8-4) Fourth Feature

[0085] Inthe air conditioning system (1) of this embodi-
ment, the user is notified that the shutoff valves (46, 47)
are closed and that the shutoff valves (46, 47) are open,
based on the determination as to whether the shutoff
valves (46, 47) are open or closed.

[0086] According to this embodiment, the notification
device (60) gives the second alarm sound indicating that
the shutoff valves (46, 47) are closed and the first alarm
sound indicating that the shutoff valves (46, 47) are open.
Thus, the user can easily grasp whether the shutoff
valves (46, 47) are open or closed, based on which of
the first alarm sound or the second alarm sound is given
after the end of the pump-down operation.

(8-5) Fifth Feature

[0087] Inthe air conditioning system (1) of this embodi-
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ment, the pressure sensor (50) detects the refrigerant
pressure between the gas-side shutoff valve (46) and the
indoor heat exchanger (31).

[0088] According to this embodiment, not only
changes in pressure after the end of the pump-down
operation but also the high pressure of the refrigerant
during the heating operation can be detected by a single
pressure sensor (50). As can be seen, the pressure
sensor (50) can be used to determine whether the shutoff
valves are open or closed after the end of the pump-down
operation as well as to determine the high pressure
during the usual heating operation. It is thus possible
to use the pressure sensor (50) effectively.

(8-6) Sixth Feature

[0089] Inthe air conditioning system (1) of this embodi-
ment, the refrigerant is a flammable refrigerant. If a
flammable refrigerant leaks to the indoor circuit (11b)
after the end of the pump-down operation, the leaked
refrigerant cause ignition in the indoor space in detaching
the indoor unit (30). However, in the air conditioning
system (1) of this embodiment, it is possible to keep
the refrigerant from leaking and therefore possible to
reduce the risk of such ignition.

(9) Variations

[0090] Regarding air conditioning systems according
to variations, configurations different from the configura-
tion of the air conditioning system (1) of the above em-
bodiment will be described below.

(9-1) First Variation

[0091] As illustrated in FIG. 5, an air conditioning sys-
tem (1) of a first variation includes a temperature sensor
(70) configured to detect the refrigerant temperature inan
indoor circuit (11b). Specifically, the temperature sensor
(70) is provided between a gas-side shutoff valve (46)
and an indoor heat exchanger (31) in the indoor circuit
(11b). The temperature sensor (70) detects the tempera-
ture of the refrigerant on the gas side of the indoor heat
exchanger (31).

[0092] The ratio of the refrigerant pressure to the re-
frigerant temperature in the indoor circuit (11b) (specifi-
cally, on the gas side of the indoor heat exchanger (31)) is
referred to as the "ratio P/T." A control unit (100) of this
example acquires the pressure value (first pressure P1)
detected by a pressure sensor (50) and the temperature
value (first temperature T1) detected by the temperature
sensor (70) at the time when a standby period has
elapsed since the end of a pump-down operation (at
thefirstpointintime). The ratio of the refrigerant pressure
to the refrigerant temperature at this time is referred to as
the "first ratio (P1/T1)."

[0093] The control unit (100) of this example acquires
the pressure value (second pressure P2) detected by the
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pressure sensor (50) and the temperature value (second
temperature T2) detected by the temperature sensor (70)
at the second point in time. The ratio of the refrigerant
pressure to the refrigerant temperature at this time is
referred to as the "second ratio (P2/T2)."

[0094] The control unit (100) determines which of the
first ratio (P1/T1) or the second ratio (P2/T2) is higher in
Step S5 of the flowchart of the above embodiment (see
FIG. 3). Adetermination as to whether shutoff valves (46,
47) of this example are open or closed will be described
below with reference to FIG. 6. Steps other than Step S5
are the same as those of the above embodiment.
[0095] In Step S21, the control unit (100) determines
whether the time from the end of the pump-down opera-
tion has reached the first point in time. If it is determined
that the time has reached the first point in time ("YES" in
Step S21), Step S22 is executed. If it is determined that
the time has not reached the first point in time ("NO" in
Step S21), Step S21 is executed again.

[0096] In Step S22, the control unit (100) acquires a
pressure value from the pressure sensor (50). This pres-
sure value is the first pressure P1. The first pressure P1is
stored in a memory.

[0097] In Step S23, the control unit (100) acquires a
temperature value from the temperature sensor (70).
This temperature value is the first temperature T1. The
first temperature T1 is stored in the memory.

[0098] In Step S24, the control unit (100) determines
whetherthe time has reached the second pointintime. Ifit
is determined that the time has reached the second point
in time ("YES" in Step S24), Step S25 is executed. [fitis
determined that the time has not reached the second
point in time ("NO" in Step S24), Step S24 is executed
again.

[0099] In Step S25, the control unit (100) acquires a
pressure value from the pressure sensor (50). This pres-
sure value is the second pressure P2. The second pres-
sure P2 is stored in the memory.

[0100] In Step S26, the control unit (100) acquires a
temperature value from the temperature sensor (70).
This temperature value is the second temperature T2.
The second temperature T2 is stored in the memory.
[0101] In Step S27, the control unit (100) determines
whether the second ratio (P2/T2) acquired in Steps S25
and S26 is higher than the first ratio (P1/T1) acquired in
Steps S22 and S23. If it is determined that the second
ratio is higher than the first ratio ("YES" in Step S27), the
control unit (100) determines that the shutoff valves (46,
47) are open (Step S28). If it is determined that the
second ratio is equal to or lower than the first ratio
("NO"in Step S27), the control unit (100) determines that
the shutoff valves (46, 47) are closed (Step S29).
[0102] As can be seen, in this example, whether the
shutoff valves (46, 47) are open or closed is determined,
based on the refrigerant pressure and the refrigerant
temperature. It is possible to obtain the volume of the
refrigerant by substituting, as parameters, the refrigerant
pressure and the refrigerant temperature into a state
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equation (PV = nRT, where P represents the pressure,
V represents the volume, n represents the number of
moles, R represents the constant, and T represents the
temperature), which makes it possible to make more
accurate determination as to whether the shutoff valves
(46, 47) are open or closed more accurately than in the
case in which only the refrigerant pressure is used as in
the above embodiment. It is thus possible to reduce false
detection of the opening or closing of the shutoff valves
(46, 47).

(9-2) Second Variation

[0103] In an air conditioning system (1) of a second
variation, a control unit (100) determines whether the
shutoff valves (46, 47) are open or closed based on
the refrigerant pressure in the indoor circuit (11b) after
the end of a pump-down operation. Specifically, if the
refrigerant pressure P at a predetermined point in time
after the end of the pump-down operation is higherthan a
first predetermined value, the control unit (100) of this
example determines that the shutoff valves (46, 47) are
open. If the refrigerant pressure P at this point in time is
equal to or lower than the first predetermined value, the
control unit (100) determines that the shutoff valves (46,
47) are closed.

[0104] In the air conditioning system (1) having the
temperature sensor (70), the control unit (100) may de-
termine that the shutoff valves (46, 47) are open if the
ratio (P/T) of the refrigerant pressure to the refrigerant
temperature ata predetermined pointin time after the end
of the pump-down operation is higher than a second
predetermined value, and may determine that the shutoff
valves (46, 47) are closed if the ratio (P/T) is equal to or
lower than the second predetermined value. The first
predetermined value and the second predetermined va-
lue are arbitrary values.

(10) Other Embodiments

[0105] In the foregoing embodiment and the first var-
iation, the control unit (100) acquires a refrigerant pres-
sure, or a ratio of the refrigerant pressure to the refriger-
ant temperature, at each of the first point in time and the
second pointintime, butis notlimited thereto. The control
unit (100) may acquire a refrigerant pressure, or the ratio
of the refrigerant pressure to the refrigerant temperature,
at a third point in time later than the second point in time.
Accordingly, it is possible to make more accurate deter-
mination as to whether the shutoff valves (46, 47) are
open or closed and possible to reduce false detection of
the opening or closing of the shutoff valves (46, 47), by
comparing the refrigerant pressures, or the ratios of the
refrigerant pressures to the refrigerant temperatures, at
the three points in time, that is, the first point in time, the
second point in time, and the third point in time. The
control unit (100) may acquire the refrigerant pressure
or the ratio of the refrigerant pressure to the refrigerant
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temperature at four or more points in time.

[0106] In the foregoing embodiment and the first var-
iation, it may be determined that the shutoff valves (46,
47) are open if the second pressure P2 is higher than the
first pressure P1, and the difference between P2 and P1
is greater than a predetermined value. Likewise, in the
foregoing variation, it may be determined that the shutoff
valves (46, 47) are open if the second ratio (P2/T2) is
higher than the first ratio (P1/T1), and the difference
between the second ratio and the first ratio is greater
than a predetermined value. Setting these predeter-
mined values can reduce false detection of the opening
or closing the shutoff valves (46, 47).

[0107] In the foregoing embodiment and the first var-
iation, the first point in time may be the time when the
pump-down operation is ended. That is, the control unit
(100) may acquire the first pressure P1 or the first ratio
(P1/T1) without setting the standby period.

[0108] Intheforegoing embodimentand the variations,
the refrigerant pressure, or the refrigerant pressure and
the refrigerant temperature, at the first pointin time or the
second point in time may be acquired based on an
operator’s operation.

[0109] Intheforegoingembodimentand the variations,
the air conditioning system (1) does not have to include
the pressure sensor (50). In this case, the air conditioning
system (1) may include a temperature sensor (70) con-
figured to detect the refrigerant temperature in the indoor
circuit (11b), and the refrigerant pressures (including the
first pressure and the second pressure) may be deter-
mined based on the refrigerant temperatures.

[0110] Intheforegoingembodimentand the variations,
the refrigerant may be a fluorocarbon refrigerant, such as
R32 and R1234yf, or a non-inflammable hydrofluorocar-
bon (HFC) refrigerant.

[0111] Inthe foregoing embodiment and the variations,
the control unit (100) may be provided on a control board
(not shown) of the outdoor unit (20). Alternatively, the
control unit (100) may be provided on each of the control
board of the indoor unit (30) and the control board of the
outdoor unit (20) so that these control units (100) operate
in cooperation with each other. For example, the control
board of the indoor unit (30) that has received a value
detected by the pressure sensor (50) may transmit the
value to the control board of the outdoor unit (20), and the
control board of the outdoor unit (20) may determine
whether the shutoff valves (46, 47) are open or closed.
The control unit (100) may be provided on a control board
of the remote controller (102).

[0112] The notification device (60) may be a display
provided for the remote controller (102). The display may
indicate thatthe shutoff valves (46, 47) are not fully closed
or that the shutoff valves (46, 47) are closed.

[0113] While the embodiment and variations have
been described above, it will be understood that various
changes in form and details can be made without depart-
ing from the spirit and scope of the claims. The above
embodiment and variations may be appropriately com-
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bined or replaced as long as the functions of the target of
the present disclosure are not impaired. The ordinal
numbers such as "first," "second," and "third," described
above are used to distinguish the terms to which these
expressions are given, and do not limit the number and
order of the terms.

INDUSTRIAL APPLICABILITY

[0114] As can be seen from the foregoing description,
the present disclosure is useful for an air conditioning
system.

DESCRIPTION OF REFERENCE CHARACTERS
[0115]

1 Air Conditioning System
11 Refrigerant Circuit

11a  Outdoor Circuit (Heat Source Circuit)

11b  Indoor Circuit (Utilization Circuit)

20 Outdoor Unit (Heat Source Unit)

21 Compressor

22 Outdoor Heat Exchanger (Heat Source Heat Ex-
changer)

30 Indoor Unit (Utilization Unit)

31 Indoor Heat Exchanger (Utilization Heat Exchan-
ger)

46 Gas-Side Shutoff Valve (Shutoff Valve)

47 Liquid-Side Shutoff Valve (Shutoff Valve)

Claims

1. An air conditioning system comprising:

a heat source unit (20) having a heat source
circuit (11a) to which a compressor (21) and a
heat source heat exchanger (22) are connected;
and

a utilization unit (30) having a utilization circuit
(11b) to which a utilization heat exchanger (31) is
connected,

the heat source circuit (11a) and the utilization
circuit (11b) being connected to each other via a
shutoff valve (46, 47) to form a refrigerant circuit
(11) that performs a refrigeration cycle,
whether the shutoff valve (46, 47) is open or
closed being determined based on a refrigerant
pressure in the utilization circuit (11b) after an
end of a pump-down operation in which a refrig-
erant in the utilization circuit (11b) is moved to
the heat source circuit (11a).

2. The air conditioning system of claim 1, wherein
itis determined that the shutoff valve (46, 47) is open
if a second pressure is higher than a first pressure,
where the first pressure is the refrigerant pressure at
a first point in time after the end of the pump-down
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operation, and the second pressure is the refrigerant
pressure at a second point in time later than the first
point in time.

The air conditioning system of claim 1, wherein

it is determined that the shutoff valve (46, 47) is open
if a second ratio is higher than a first ratio, where the
first ratio is a ratio of the refrigerant pressure to a
refrigerant temperature in the utilization circuit (11b)
at a first point in time after the end of the pump-down
operation, and the second ratio is a ratio of the
refrigerant pressure to a refrigerant temperature in
the utilization circuit (11b) at a second point in time
later than the first point in time.

The air conditioning system of any one of claims 1 to
3, wherein

it is determined that the shutoff valve (46, 47) is
closed if a second pressure is equal to or lower than
a first pressure, where the first pressure is the re-
frigerant pressure at a first point in time after the end
of the pump-down operation, and the second pres-
sure is the refrigerant pressure at a second point in
time later than the first point.

The air conditioning system of any one of claims 1 to
3, wherein

it is determined that the shutoff valve (46, 47) is
closed if a second ratio is equal to or lower than a
first ratio, where the first ratio is a ratio of the refrig-
erant pressure to a refrigerant temperature in the
utilization circuit (11b) at a first point in time after the
end of the pump-down operation, and the second
ratio is a ratio of the refrigerant pressure to a refrig-
erant temperature in the utilization circuit (11b) at a
second point in time later than the first point in time.

The air conditioning system of any one of claims 1 to
3, wherein

a user is notified that the shutoff valve (46, 47) is
closed or that the shutoff valve (46, 47) is open,
based on the determination as to whether the shutoff
valve (46, 47) is open or closed.

The air conditioning system of any one of claims 1 to
3, wherein

the shutoff valve (46, 47) includes a liquid-side
shutoff valve (47) provided on a liquid side of the
utilization circuit (11b) and a gas-side shutoff
valve (46) provided on a gas side of the utiliza-
tion circuit (11b), and

the refrigerant pressure indicates a pressure
between the gas-side shutoff valve (46) and
the utilization heat exchanger (31).

8. The air conditioning system of any one of claims 1 to

3, wherein
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the refrigerant is a flammable refrigerant.

A method for checking whether shutoff valves (46,
47)arein an open state or a closed state after an end
of a pump-down operation of an air conditioning
system, the air conditioning system comprising:

a heat source unit (20) having a heat source
circuit (11a) including a compressor (21) and a
heat source heat exchanger (22); and

a utilization unit (30) having a utilization circuit
(11b) including a utilization heat exchanger (31),
the heat source circuit (11a) and the utilization
circuit (11b) being connected to each other via
the shutoff valves (46, 47) to form a refrigerant
circuit (11) that performs a refrigeration cycle,
the shutoff valves (46, 47) including a liquid-side
shutoff valve (47) provided on a liquid side of the
heat source circuit (11a) and a gas-side shutoff
valve (46) provided on a gas side of the heat
source circuit (11a), the method comprising:

starting the pump-down operation;

closing the liquid-side shutoff valve (47);
closing the gas-side shutoff valve (46);
ending the pump-down operation; and
determining whether the shutoff valves (46,
47) are open or closed based on changes in
a refrigerant pressure in the utilization cir-
cuit (11b) or a ratio of the refrigerant pres-
sure to a refrigerant temperature in the uti-
lization circuit (11b).
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