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Description
Technical Field

[0001] The present invention relates to an air condi-
tioning operation control device, an air conditioning sys-
tem, an air conditioning operation control method, and a
program.

[0002] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-62595, filed March 25, 2016; the entire contents of
which are incorporated herein by reference.

Background Art

[0003] Inamulti-type air conditioning system including
a single outdoor unit and a plurality of indoor units, in a
case where a heating operation is performed in a state
in which some of the indoor units are stopped, an amount
of a refrigerant flowing into a compressor may increase,
and thus a lubricant of the compressor may be diluted
with the refrigerant. If the lubricant is diluted, this may
possibly influence on the stability of an operation of the
compressor.

[0004] Incontrast,amulti-room type air conditioner dis-
closed in PTL 1 causes a refrigerant to flow into an indoor
unit which is stopped, and thus reduces an amount of
the refrigerant flowing into a compressor. In the multi-
room type air conditioner, an electromagnetic valve is
provided in a refrigerant pipe of an entry way of each of
two indoor heat exchangers. A throttle mechanism and
a check valve are provided in parallel between a cooling
inlet side electromagnetic valve which serves as an inlet
side for the indoor heat exchanger during cooling, and
the indoor heat exchanger. A capillary which returns a
refrigerant to a compressor intake side pipe is provided
betweenthe cooling inlet side electromagnetic valve, and
the throttle mechanism and the check valve.

[0005] In the multi-room type air conditioner disclosed
in PTL 1, both of inlet and outlet electromagnetic valves
are opened in an indoor heat exchanger which is being
operated during a heating operation. On the other hand,
only the cooling inlet side electromagnetic valve is
opened in an indoor heat exchanger during stoppage.
Accordingto PTL 1, the inside ofthe indoor heatexchang-
er during stoppage is attracted to a compressor low pres-
sure side by the capillary so as to be in low pressure, and
thus a sufficient amount of a residual refrigerant can be
stored.

Citation List
Patent Literature

[0006] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 01-139964
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Summary of Invention
Technical Problem

[0007] The multi-room type air conditioner disclosed in
PTL 1 requires a configuration in which the electromag-
netic valves are provided in the refrigerant pipe on both
sides of the entry way of the indoor heat exchanger, the
throttle mechanism, the check valve, and the capillary
are provided between the cooling inlet side electromag-
netic valve and the indoor heat exchanger. If a simpler
configuration is possible, device manufacturing cost can
be reduced.

[0008] The presentinvention provides an air condition-
ing operation control device, an air conditioning system,
an air conditioning operation control method, and a pro-
gram, capable of providing the air conditioning system
with a simpler configuration and reducing an amount of
a refrigerant inflowing into a compressor.

Solution to Problem

[0009] According to a first aspect of the present inven-
tion, there is provided an air conditioning operation con-
trol device including an operation mode determination
portion that determines whether or not an air conditioning
system main body is performing a heating operation, the
air conditioning system main body including a single out-
door unit, a plurality of indoor units, and a refrigerant cir-
cuitincluding a plurality of expansion valves respectively
provided on refrigerant outlet sides of the plurality of in-
door units during heating; a stop determination portion
that determines whether or not there is a stopped indoor
unit among the plurality of indoor units in a case where
the operation mode determination portion determines
that the air conditioning system main body is performing
the heating operation; and an expansion valve control
portion that opens an expansion valve connected to the
stopped indoor unit and then closes the expansion valve
in a case where the stop determination portion deter-
mines that there is the stopped indoor unit.

[0010] The expansion valve control portion may open
the expansion valve connected to the stopped indoor unit
to a predetermined opening degree, and may totally close
the expansion valve after a predetermined time elapses
from a state in which the expansion valve is opened to
the predetermined opening degree.

[0011] The expansion valve control portion may close
the expansion valve connected to the stopped indoor
unit, and may then control an opening degree of the ex-
pansion valve on the basis of the temperature of a refrig-
erant flowing through the refrigerant circuit.

[0012] Theexpansion valve control portion may control
an opening degree of the expansion valve on the basis
of adifference between the temperature of the refrigerant
flowing into the compressor and the temperature of the
refrigerant discharged from the compressor and having
flowed into an outdoor heat exchanger provided in the



3 EP 3 379 170 A1 4

outdoor unit.

[0013] Theexpansion valve control portion may control
an opening degree of the expansion valve on the basis
of the temperature of the refrigerant discharged from a
compressor provided in the refrigerant circuit.

[0014] According to a second aspect of the present
invention, there is provided an air conditioning system
including an air conditioning system main body that in-
cludes a single outdoor unit, a plurality of indoor units,
and arefrigerant circuit including a plurality of expansion
valves respectively provided on refrigerant outlet sides
of the plurality of indoor units during heating; and any
one of the air conditioning operation control devices.
[0015] Accordingto a third aspect of the presentinven-
tion, there is provided an air conditioning operation con-
trol method including a step of determining whether or
not an air conditioning system main body is performing
a heating operation, the air conditioning system main
body including a single outdoor unit, a plurality of indoor
units, and a refrigerant circuit including a plurality of ex-
pansion valves respectively provided on refrigerant outlet
sides of the plurality of indoor units during heating; a step
of determining whether or not there is a stopped indoor
unit among the plurality of indoor units in a case where
the operation mode determination portion determines
that the air conditioning system main body is performing
the heating operation; a step of opening an expansion
valve connected to the stopped indoor unit in a case
where the stop determination portion determines that
there is the stopped indoor unit; and a step of closing the
expansion valve in an opened state.

[0016] According to a fourth aspect of the present in-
vention, there is provided a program causing a computer
to execute a step of determining whether or not an air
conditioning system main body is performing a heating
operation, the air conditioning system main body includ-
ing a single outdoor unit, a plurality of indoor units, and
a refrigerant circuit including a plurality of expansion
valves respectively provided on refrigerant outlet sides
of the plurality of indoor units during heating; a step of
determining whether or not there is a stopped indoor unit
among the plurality of indoor units in a case where the
operation mode determination portion determines that
the air conditioning system main body is performing the
heating operation; a step of opening an expansion valve
connected to the stopped indoor unit in a case where the
stop determination portion determines that there is the
stopped indoor unit; and a step of closing the expansion
valve in an opened state.

Advantageous Effects of Invention

[0017] According to the air conditioning operation con-
trol device, the air conditioning system, the air condition-
ing operation control method, and the program, it is pos-
sible to enable a configuration of the air conditioning sys-
tem to be simpler, and also to reduce an amount of a
refrigerant inflowing into a compressor.
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Brief Description of Drawings
[0018]

Fig. 1 is a schematic configuration diagram illustrat-
ing a device configuration of an air conditioning sys-
tem according to an embodiment of the present in-
vention.

Fig. 2is a schematic block diagramillustrating a func-
tional configuration of an air conditioning operation
control device according to the embodiment of the
present invention.

Fig. 3 is a flowchart illustrating examples of process
procedures in which the air conditioning operation
control device according to the embodiment of the
presentinvention controls an air conditioning system
main body. Description of Embodiments

[0019] Hereinafter, an embodiment of the present in-
vention is described, but the following embodiment is not
intended to limit the present invention to the claims. It
cannotbe said thatall combinations of features described
in the embodiment are essential to solving means of the
invention.

[0020] Fig. 1is a schematic configuration illustrating a
device configuration of an air conditioning system ac-
cording to an embodiment of the present invention.
[0021] As illustrated in Fig. 1, an air conditioning sys-
tem 1 includes an air conditioning operation control de-
vice 100, a first indoor unit 210a, a second indoor unit
210b, and an outdoor unit 220. The first indoor unit 210a
includes a first indoor heat exchanger 211a and a first
indoor heat exchanger temperature sensor 315a. The
second indoor unit 210b includes a second indoor heat
exchanger 211b and a second indoor heat exchanger
temperature sensor 315b. The outdoor unit 220 includes
an expansion valve side first service valve 221a, an ex-
pansion valve side second service valve 221b, a first ex-
pansion valve 222a, a second expansion valve 222b, an
outdoor heat exchanger 223, a four-way valve 224, an
accumulator 225, a compressor 226, a four-way valve
side first service valve 227a, a four-way valve side sec-
ond service valve 227b, a compressor intake side tem-
perature sensor 311, an outdoor heat exchanger tem-
perature sensor 312, a compressor outlet temperature
sensor 313, and a compressor outlet pressure sensor
314.

[0022] The firstindoor unit 210a and the second indoor
unit 210b are collectively referred to as indoor units 210.
The first indoor heat exchanger 211a and the second
indoor heat exchanger 211b are collectively referred to
as indoor heat exchangers 211. The first indoor heat ex-
changer temperature sensor 315a and the second indoor
heatexchangertemperature sensor 315b are collectively
referred to as indoor heat exchanger temperature sen-
sors 315. The expansion valve side first service valve
221a and the expansion valve side second service valve
221b are collectively referred to as expansion valve side
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service valves 221. The first expansion valve 222a and
the second expansion valve 222b are collectively re-
ferred to as expansion valves 222. The four-way valve
side first service valve 227a and the four-way valve side
second service valve 227b are collectively referred to as
four-way valve side service valves 227.

[0023] In the air conditioning system 1, constituent el-
ements other than the air conditioning operation control
device 100 are collectively referred to as an air condi-
tioning system main body 200.

[0024] The first indoor unit 210a and the expansion
valve side first service valve 221a are connected to each
other via a first indoor unit side first pipe W11a. The sec-
ond indoor unit 210b and the expansion valve side sec-
ond service valve 221b are connected to each other via
a second indoor unit side first pipe W11b. The expansion
valve side first service valve 221a and the first expansion
valve 222a are connected to each other via a first indoor
unit side second pipe W12a. The expansion valve side
second service valve 221b and the second expansion
valve 222b are connected to each other via a second
indoor unit side second pipe W12b. Each of the first ex-
pansion valve 222a and the second expansion valve
222b is connected to the outdoor heat exchanger 223
via a third pipe W13. The outdoor heat exchanger 223
and the four-way valve 224 are connected to each other
via a fourth pipe W14. The four-way valve 224 and the
accumulator 225 are connected to each other via a fifth
pipe W15. The accumulator 225 and the compressor 226
are connected to each other via a sixth pipe W16 and a
seventh pipe W17. A gas refrigerant passes through the
sixth pipe W16. The refrigerant which becomes a liquid
in the compressor 226 passes through the seventh pipe
W17 so as to be accumulated in the accumulator 225.
The compressor 226 and the four-way valve 224 are con-
nected to each other via an eighth pipe W18. The four-
way valve 224 is connected to the four-way valve side
first service valve 227a and the four-way valve side sec-
ond service valve 227b via a ninth pipe W19. The four-
way valve side first service valve 227a and the firstindoor
unit 210a are connected to each other via a first indoor
unit side tenth pipe W20a. The four-way valve side sec-
ond service valve 227b and the second indoor unit 210b
are connected to each other via a second indoor unit side
tenth pipe W20b.

[0025] The firstindoor unit side first pipe W11a and the
second indoor unit side first pipe W11b are collectively
referred to as first pipes W11. The first indoor unit side
second pipe W12a and the second indoor unit side sec-
ond pipe W12b are collectively referred to as second
pipes W12. The first indoor unit side tenth pipe W20a
and the second indoor unit side tenth pipe W20b are col-
lectively referred to as tenth pipes W20.

[0026] The number of indoor units 210 provided in the
air conditioning system 1 is notlimited to two asiillustrated
in Fig. 1, and may be three or more. Also in this case,
each of the indoor units 210 includes a single indoor heat
exchanger 211. The outdoor unit 220 includes the ex-
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pansion valve side service valves 221, the expansion
valves 222, and the four-way valve side service valves
227 of the same number as the number of indoor units
210. The indoor heat exchangers 211 and the expansion
valve side service valves 221 are connected to each other
on a one-to-one basis via the first pipes W11. The ex-
pansion valve side service valves 221 and the expansion
valves 222 are connected to each other on a one-to-one
basis via the second pipes W12. Each of the expansion
valves 222 and the outdoor heat exchanger 223 are con-
nected to each other via the third pipe W13. The four-
way valve 224 and each of the four-way valve side service
valves 227 are connected to each other via the ninth pipe
W19. The four-way valve side service valves 227 and
the indoor units 210 are connected to each other on a
one-to-one basis via the tenth pipes W20.

[0027] The air conditioning system 1 is a system ad-
justing the temperature of indoor air. Particularly, the air
conditioning system 1 includes a plurality of indoor units
210, for example, the indoor units 210 provided in re-
spective rooms, so as to adjust the temperature of air in
a relatively wide range.

[0028] The air conditioning system 1 can switch be-
tween a heating operation and a cooling operation.
[0029] Inthe heating operation, a gas refrigerant com-
pressed in the compressor 226 flows into the indoor heat
exchangers 211 via the eighth pipe W18, the four-way
valve 224, the ninth pipe W19, the four-way valve side
service valves 227, and the tenth pipes W20 in this order.
The gas refrigerant having flowed into the indoor heat
exchangers 211 dissipates heat through heat exchange
with indoor air and condenses. The refrigerant which be-
comes a liquid through condensation passes through the
first pipes W11, the expansion valve side service valves
221, and the second pipes W12, so that the pressure
thereof is reduced in the expansion valves 222, and then
flows into the outdoor heat exchanger 223 via the third
pipe W13.

[0030] As mentioned above, each of the expansion
valves 222 is provided on the refrigerant outlet side during
heating of each of the plurality of indoor heat exchangers
211. In other words, each of the expansion valves 222
is provided on the refrigerant outlet side during heating
of each of the plurality of indoor units 210.

[0031] The refrigerant having flowed into the outdoor
heatexchanger 223 absorbs heat through heat exchange
with outside air (outdoor air) and evaporates. The refrig-
erant which becomes a gas through evaporation flows
into the compressor 226 via the fourth pipe W14, the four-
way valve 224, the fifth pipe W15, the accumulator 225,
and the sixth pipe W16 in this order, so as to be com-
pressed. As mentioned above, the devices included in
the air conditioning system main body 200 are connected
to each other via the pipes so as to form a refrigerant
circuit in which the refrigerant is circulated. Hereinafter,
the heating operation of the air conditioning system 1 and
the cooling operation of the air conditioning system 1 will
also be respectively referred to as a heating operation of
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the air conditioning system main body 200 and a cooling
operation of the air conditioning system main body 200.
[0032] The seventh pipe W17 is a pipe through which
a liquid refrigerant flowing into the compressor 226 or
generated therein to flow into the accumulator 225.
[0033] The air conditioning system main body 200 is
operated under the control of the air conditioning opera-
tion control device 100, and adjusts the temperature of
indoor air.

[0034] Each of the indoor units 210 is provided in each
room which is a temperature adjustment target.

[0035] The indoor heat exchangers 211 perform heat
exchange between a refrigerant and indoor air. In the
heating operation, a high-pressure gas refrigerant flows
into each of the indoor heat exchangers 211, and dissi-
pates heat through heat exchange with indoor air so as
to condense. Therefore, the indoor heat exchanger 211
liquefies a gas refrigerant compressed by the compres-
sor 226 so as to dissipate the condensation heat to the
indoor air.

[0036] The outdoor unit 220 is provided outdoors, for
example, a location where heat exchange with outside
air is possible.

[0037] The expansion valve side service valves 221
and the four-way valve side service valves 227 are all
used to black a refrigerant when the indoor units 210 are
detached or the like.

[0038] The expansion valves 222 reduce the pressure
of liquid refrigerants flowing through the expansion
valves 222. The refrigerants easily evaporate through
the pressure reduction. Each of the expansion valves
222 is formed of an adjustment valve. A flow rate of a
refrigerant flowing through the expansion valve 222 can
be adjusted by adjusting an opening degree of the ex-
pansion valve 222.

[0039] As the expansion valves 222, electronic expan-
sion strings which open and close valves in response to
pulse signals may be used. However, the type of expan-
sion valve 222 is not limited to the electronic expansion
valve, and may be an adjustment valve which can restrict
a flow rate of a refrigerant so as to reduce the pressure
thereof.

[0040] The outdoor heat exchanger 223 performs heat
exchange between a refrigerant and outside air. In the
heating operation, a low-pressure liquid refrigerant hav-
ing undergone pressure reduction in the expansion valve
222 flows into the outdoor heat exchanger 223, and ab-
sorbs heat through heat exchange with outside air so as
to evaporate. Therefore, the outdoor heat exchanger 223
absorbs vaporization heat from the outside air so as to
vaporize the liquid refrigerant.

[0041] The four-way valve 224 switches between re-
frigerant flow paths so as to switch between the heating
operation and the cooling operation. In the heating op-
eration, the four-way valve 224 connects the eighth pipe
W18 to the ninth pipe W19, and thus a refrigerant from
the compressor 226 flows into the indoor heat exchang-
ers 211. In the heating operation, the four-way valve 224
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connects the fourth pipe W14 to the fifth pipe W15, and
thus a refrigerant from the outdoor heat exchanger 223
flows into the compressor 226.

[0042] The accumulator 225 divides refrigerants in-
flowing into the accumulator 225 into a liquid refrigerant
and a gas refrigerant, and causes only the gas refrigerant
to flow into the compressor 226. This is so that the liquid
refrigerant flows into the compressor 226, and thus the
compressor 226 fails.

[0043] The compressor 226 compresses the gas re-
frigerant.

[0044] The compressor intake side temperature sen-
sor 311 measures the temperature of a refrigerant on an
intake side (low-pressure side) of the compressor 226.
For example, the compressor intake side temperature
sensor 311 is provided at the fifth pipe W15, and meas-
ures the temperature of a refrigerant which flows into the
compressor 226 from the four-way valve 224 via the ac-
cumulator 225.

[0045] The outdoor heat exchanger temperature sen-
sor 312 measures the temperature of a refrigerant in the
outdoor heat exchanger 223. For example, the outdoor
heat exchanger temperature sensor 312 is provided at
the third pipe W13, and measures the temperature of a
refrigerant which flows into the outdoor heat exchanger
223 during the heating operation.

[0046] The compressoroutlettemperature sensor 313
measures the temperature of a refrigerant on an outlet
side (high-pressure side) of the compressor 226. For ex-
ample, the compressor outlet temperature sensor 313 is
provided at the eighth pipe W18, and measures the tem-
perature of arefrigerant discharged from the compressor
226.

[0047] The compressor outlet pressure sensor 314
measures the pressure of a refrigerant compressed in
the compressor 226. For example, the compressor outlet
pressure sensor 314 is provided at the eighth pipe W18,
and measures the pressure of a refrigerant discharged
from the compressor 226.

[0048] Each ofthe indoor heat exchanger temperature
sensors 315 measures the temperature of a refrigerant
in the indoor heat exchanger 211. For example, the in-
door heat exchanger temperature sensors 315 are pro-
vided at pipes of refrigerants inside the indoor heat ex-
changers 211, and measure the temperatures of refrig-
erants before condensing in the indoor heat exchangers
211.

[0049] The air conditioning operation control device
100 controls the air conditioning system main body 200.
The air conditioning operation control device 100 is
formed by using, for example, a computer.

[0050] Fig. 2 is a schematic block diagram illustrating
afunctional configuration of the air conditioning operation
control device 100. As illustrated in Fig. 2, the air condi-
tioning operation control device 100 includes ameasured
value acquisition section 110, a storage section 180, and
acontroller 190. The controller 190 includes an operation
mode determination portion 191, a stop determination
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portion 192, and an expansion valve control portion 193.
[0051] The measured value acquisition section 110 ac-
quires measured values from the various sensors pro-
vided in the air conditioning system main body 200. The
measured value acquisition section 110 is formed by us-
ing, for example, a communication circuit provided in the
air conditioning operation control device 100.

[0052] The storage section 180 stores various pieces
of data. The storage section 180 is formed by using, for
example, a storage device provided in the air conditioning
operation control device 100.

[0053] The controller 190 controls each section of the
air conditioning operation control device 100 so as to
control the air conditioning system main body 200. The
controller 190 is realized, for example, by a central
processing unit (CPU) of the air conditioning operation
control device 100 reading a program from the storage
section 180 and executing the program.

[0054] The operation mode determination portion 191
determines an operation mode (that is, an operation
mode of the air conditioning system 1) of a cooling circuit
of the air conditioning system main body 200. The oper-
ation mode mentioned here includes the heating opera-
tion and the cooling operation. Particularly, the operation
mode determination portion 191 determines whether or
not the air conditioning system main body 200 is perform-
ing the heating operation.

[0055] In a case where the operation mode determi-
nation portion 191 determines that the air conditioning
system main body 200 is performing the heating opera-
tion, the stop determination portion 192 determines
whether or not there is the indoor unit 210 which is
stopped among the plurality of indoor units 210.

[0056] The stopped indoor unit 210 mentioned here is
theindoor unit 210 on which a stop operationis performed
by a user. In the stopped indoor unit 210, a blowing fan
is stopped, and thus discharge of hot air or cold air is
stopped. The stopped indoor unit 210 is also referred to
as the indoor unit 210 in a stop state.

[0057] The expansion valve control portion 193 con-
trols an opening degree of the expansion valve 222. Par-
ticularly, in a case where the stop determination portion
192 determines that there is the stopped indoor unit 210,
the expansion valve control portion 193 opens the ex-
pansion valve 222 connected to the stopped indoor unit
210, and then closes the expansion valve 222.

[0058] For example, the expansion valve control por-
tion 193 opens the expansion valve 222 connected to
the stopped indoor unit 210 to a predetermined opening
degree. Alternatively, the expansion valve control portion
193 may totally open the expansion valve 222.

[0059] The expansion valve control portion 193 totally
closes the expansion valve 222 after a predetermined
time elapses from a state in which the expansion valve
222 is opened to the predetermined opening degree. Al-
ternatively, the expansion valve control portion 193 may
close the expansion valve 222 to a predetermined open-
ing degree.
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[0060] A timing at which the expansion valve control
portion 193 closes the expansion valve 222 is not limited
to a timing after a predetermined time elapses from a
state in which the expansion valve 222 is opened to a
predetermined opening degree. For example, the expan-
sion valve control portion 193 may close the expansion
valve 222 after a predetermined time elapses from start-
ing of an operation of the air conditioning system 1. Al-
ternatively, the expansion valve control portion 193 may
close the expansion valve 222 at a timing at which the
pressure of a refrigerant in the indoor heat exchanger
211 is equal to or higher than predetermined pressure.
[0061] The expansion valve control portion 193 opens
the expansion valve 222 connected to the stopped indoor
unit 210, and thus a high-density refrigerant compressed
by the compressor 226 can be caused to flow into the
indoor heat exchanger 211 of the indoor unit 210. There-
after, the expansion valve control portion 193 closes the
expansion valve 222 connected to the indoor unit 210,
and thus the high-density refrigerant can be stored in the
indoor heat exchanger 211 of the indoor unit 210. Con-
sequently, an amount of a refrigerant flowing through the
refrigerant circuit of the air conditioning system main
body 200 can be reduced, and thus an amount of the
refrigerant flowing into the compressor 226 can be re-
duced.

[0062] The expansion valve control portion 193 closes
the expansion valve 222 connected to the stopped indoor
unit 210, and then controls an opening degree of the ex-
pansion valve 222 on the basis of the temperature of a
refrigerant after being compressed by the compressor
226.

[0063] Here, in a case where the temperature of a re-
frigerant after being compressed by the compressor 226
is high, an amount of the refrigerant flowing through the
refrigerant circuit may be insufficient, and thus the effi-
ciency of heat exchange may be reduced. Therefore, the
expansion valve control portion 193 increases an open-
ing degree of the expansion valve 222 so as to increase
an amount of a refrigerant flowing through the refrigerant
circuit. Consequently, it is expected that the efficiency of
heat exchange is improved.

[0064] Onthe other hand, in a case where the temper-
ature of a refrigerant after being compressed by the com-
pressor 226 is low, an amount of the refrigerant flowing
through the refrigerant circuit may be large, and thus an
amount of the refrigerant flowing into the compressor 226
may be large. If an amount of the refrigerant flowing into
the compressor 226 is large, a lubricant of the compres-
sor 226 may be diluted with the refrigerant, and this may
influence the stability of an operation of the compressor
226. Therefore, the expansion valve control portion 193
reduces an opening degree of the expansion valve 222
so as toreduce an amount of arefrigerant flowing through
the refrigerant circuit. Consequently, it is possible to re-
duce an amount of a refrigerant flowing into the compres-
sor 226, and thus to prevent a situation in which a lubri-
cant of the compressor 226 is diluted with the refrigerant,
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and this influences the stability of an operation of the
compressor 226.

[0065] Next, a description will be made of an operation
of the air conditioning system 1 with reference to Fig. 3.
[0066] Fig. 3 is a flowchart illustrating an example of a
process procedure in which the air conditioning operation
control device 100 controls the air conditioning system
main body 200. If a power source of the air conditioning
system 1 is turned on, and thus an operation is started,
the air conditioning operation control device 100 starts
the process illustrated in Fig. 3. If the power source of
the air conditioning system 1 is turned off, the air condi-
tioning operation control device 100 finishes the process
in Fig. 3.

[0067] Inthe process in Fig. 3, the operation mode de-
termination portion 191 determines whether or not the
air conditioning system main body 200 is performing a
heating operation (step S101).

[0068] Inacase whereitis determined that the heating
operation is being performed (step S101: YES), the stop
determination portion 192 determines whether or not
there is the indoor unit 210 in a stop state (step S102).

[0069] In a case where it is determined that there is
the indoor unit 210 in a stop state (step S102: YES), the
expansion valve control portion 193 adjusts an opening
degree of the expansion valve 222 connected to the in-
door unit 210 in a stop state to a predetermined opening
degree (step Sill).

[0070] In a case where the air conditioning system 1
includes three or more indoor units 210, a plurality of
indoor units 210 in a stop state may be present. In this
case, the expansion valve control portion 193 adjusts
opening degrees of the expansion valves 222 connected
to all of the indoor units 210 in a stop state, to predeter-
mined opening degrees. Alternatively, in a case where a
capacity of each of the indoor units 210 accumulating a
refrigerant is sufficiently large, the expansion valve con-
trol portion 193 may adjust opening degrees of the ex-
pansion valves 222 connected to some of the indoor units
210 in a stop state, to predetermined opening degrees.
[0071] After step S111, the expansion valve control
portion 193 determines whether or not a predetermined
time has elapsed from opening of the expansion valve
222 in step S111 (step S112). For example, the expan-
sion valve control portion 193 is provided with a timer,
and measures an elapsed time from adjustment of an
opening degree of the expansion valve 222 is completed
in step S111. The expansion valve control portion 193
determines whether or not a measured time in the timer
reaches a predetermined time.

[0072] In acase where itis determined that the prede-
termined time has not elapsed from opening of the ex-
pansion valve 222 (step S112: NO), the process returns
to step S112. In other words, the expansion valve control
portion waits for the predetermined time to have elapsed.
[0073] On the other hand, in a case where it is deter-
mined that the predetermined time has elapsed from
opening of the expansion valve 222 (step S112: YES),

10

15

20

25

30

35

40

45

50

55

the expansion valve control portion 193 totally closes the
expansion valve 222 opened in step Sill (step S113).
[0074] After step S113, the expansion valve control
portion 193 determines whether or not a difference ob-
tained by subtracting a temperature measurement value
in the outdoor heat exchanger temperature sensor 312
from a temperature measurement value in the compres-
sor intake side temperature sensor 311 is equal to or less
than a predetermined threshold value T| oy (step S114).
[0075] Hereinafter, the difference obtained by sub-
tracting a temperature measurement value in the outdoor
heat exchanger temperature sensor 312 from a temper-
ature measurement value in the compressor intake side
temperature sensor 311 is indicated by ATSH. The
threshold value T| oy is a preset threshold value as a
lower limit value of an allowable range of ATSH.

[0076] In a case where it is determined that ATSH is
equaltoorlessthanthe threshold value T| oy (step S114:
YES), the expansion valve control portion 193 reduces
an opening degree of the expansion valve 222 connected
to the indoor unit 210 (the indoor unit 210 of which an
opening degree is adjusted in step S111) in a stop state
(step S121). For example, in a case where the expansion
valve 222 is an electronic expansion valve, the valve is
closed by a predetermined number of pulses.

[0077] In other words, in a case where itis determined
that ATSH is less than the lower limit value of the allow-
able range, the expansion valve control portion 193 re-
duces an opening degree of the expansion valve 222
connected to the indoor unit 210 in a stop state, so as to
increase an amount of a refrigerant accumulated in the
indoor unit 210. Consequently, an amount of the refrig-
erant flowing through the refrigerant circuit of the air con-
ditioning system main body 200 is reduced. Particularly,
an amount of the refrigerant flowing into the compressor
226 is reduced.

[0078] After step S121, the process returns to step
S114.

[0079] On the other hand, in a case where it is deter-
mined that ATSH is more than the threshold value T gy
in step S114 (step S114: NO), the expansion valve con-
trol portion 193 determines whether or not ATSH is equal
to or less than a predetermined threshold value Tygn
(step S131). The threshold value T g is a preset thresh-
old value as an upper limit value of the allowable range
of ATSH, and arelationship of "T ;g™ T ow" is satisfied.
[0080] In a case where it is determined that ATSH is
equal to or less than the threshold value Ty g (step S31:
YES), the expansion valve control portion 193 maintains
an opening degree of the expansion valve 222 connected
to the indoor unit 210 (the indoor unit 210 of which an
opening degree is adjusted in step S111) in a stop state
(step S141) .

[0081] In other words, in a case where itis determined
that ATSH is within the allowable range, the expansion
valve control portion 193 maintains an opening degree
of the expansion valve 222 connected to the indoor unit
210 in a stop state, so as to maintain an amount of a
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refrigerant accumulated in the indoor unit 210. Conse-
quently, an amount of the refrigerant flowing through the
refrigerant circuit of the air conditioning system main
body 200 is also maintained.

[0082] After step S141, the process returns to step
S114.

[0083] In a case where it is determined that ATSH is
more than the threshold value T g in step S131 (step
S131: NO), the expansion valve control portion 193 in-
creases an opening degree of the expansion valve 222
connected to the indoor unit 210 (the indoor unit 210 of
which an opening degree is adjusted in step S111) in a
stop state (step S151). For example, in a case where the
expansion valve 222 is an electronic expansion valve,
the valve is opened by a predetermined number of puls-
es.

[0084] In other words, in a case where it is determined
that ATSH is more than the upper limit value of the al-
lowable range, the expansion valve control portion 193
increases an opening degree of the expansion valve 222
connected to the indoor unit 210 in a stop state, so as to
reduce an amount of a refrigerant accumulated in the
indoor unit 210. Consequently, an amount of the refrig-
erant flowing through the refrigerant circuit of the air con-
ditioning system main body 200 is increased.

[0085] After step S151, the process returns to step
S114.

[0086] On the other hand, in a case where it is deter-
mined that the heating operation is not being performed
instep S101 (step S101: NO), the air conditioning system
main body 200 performs a normal operation under the
control of the air conditioning operation control device
100 (step S161). In the normal operation, the air condi-
tioning system 1 does not perform a process for storing
a refrigerant in the indoor unit 210 in a stop state.
[0087] Inacase whereitis determined that there is no
indoor unit 210 in a stop state in step S102 (step S102:
NO), the process also proceeds to step S161.

[0088] The process returns to step S101 in a state in
which the air conditioning system main body 200 per-
forms the normal operation in step S161. For example,
in a case where the air conditioning system main body
200 performs the normal operation, the controller 190
periodically proceeds to step S101. Alternatively, when-
ever a user’s operation for changing an operation mode
of the air conditioning system 1 is performed, and the
user’s operation for stopping any of the indoor units 210
is performed, the controller 190 may proceed to step
S101.

[0089] In any of steps S111 to S151, in a case where
the user’s operation for changing an operation mode of
the air conditioning system 1 is performed, or the user’'s
operation for stopping any of the indoor units 210 is per-
formed, the process proceeds to step S101 through an
interrupt process.

[0090] Asinthe above steps S114 and S131, inacase
where the expansion valve control portion 193 controls
an opening degree of the expansion valve 222 on the
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basis of a measured value in the compressor intake side
temperature sensor 311 and a measured value in the
outdoor heat exchanger temperature sensor 312, regard-
ing a process of storing a refrigerant in the indoor unit
210 in a stop state, the compressor outlet temperature
sensor 313, the compressor outlet pressure sensor 314,
and the indoor heat exchanger temperature sensors 315
are not essential.

[0091] On the other hand, a measured value referred
to when the expansion valve control portion 193 controls
an opening degree of the expansion valve 222 connected
to the indoor unit 210 in a stop state is not limited to
measured values in the compressor intake side temper-
ature sensor 311 and the outdoor heat exchanger tem-
perature sensor 312.

[0092] For example, the expansion valve control por-
tion 193 may control an opening degree of the expansion
valve 222 connected to the indoor unit 210 in a stop state
on the basis of a measured value in the compressor outlet
temperature sensor 313. Specifically, in step S114, the
expansion valve control portion 193 may determine
whether or nota measured value in the compressor outlet
temperature sensor 313 is equal to or smaller than a com-
pressor outlet temperature lower limit threshold value.
Here, the compressor outlet temperature lower limit
threshold value is a preset threshold value as an outlet
temperature lower limit value of the compressor 226. In
step S131, the expansion valve control portion 193 de-
termines whether or not a measured value in the com-
pressor outlet temperature sensor 313 is equal to or
smaller than a compressor outlet temperature upper limit
threshold value. Here, the compressor outlet tempera-
ture upper limitthreshold value is a preset threshold value
as an outlet temperature upper limit value of the com-
pressor 226.

[0093] In this case, regarding a process of storing a
refrigerant in the indoor unit 210 in a stop state, the com-
pressor intake side temperature sensor 311, the outdoor
heat exchangertemperature sensor 312, the compressor
outlet pressure sensor 314, and the indoor heat exchang-
er temperature sensors 315 are not essential.

[0094] Alternatively, the expansion valve control por-
tion 193 may control an opening degree of the expansion
valve 222 connected to the indoor unit 210 in a stop state
on the basis of a measured value in the compressor outlet
temperature sensor 313 and a measured value in the
compressor outlet pressure sensor 314. For example, in
step S114, the expansion valve control portion 193 may
determine whether or not a measured value in the com-
pressor outlet temperature sensor 313 is equal to or
smaller than a compressor outlet temperature lower limit
threshold value, and is equal to or smaller than a com-
pressor outlet pressure lower limit threshold value. Here,
the compressor outlet pressure lower limit threshold val-
ue is a preset threshold value as an outlet pressure lower
limit value of the compressor 226. For example, in step
S131, the expansion valve control portion 193 deter-
mines whether or not a measured value in the compres-
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sor outlet temperature sensor 313 is equal to or smaller
than a compressor outlet temperature upper limit thresh-
old value, and is equal to or smaller than a compressor
outlet pressure upper limit threshold value. Here, the
compressor outlet pressure upper limit threshold value
is a preset threshold value as an outlet pressure upper
limit value of the compressor 226.

[0095] In this case, regarding a process of storing a
refrigerant in the indoor unit 210 in a stop state, the com-
pressor intake side temperature sensor 311, the outdoor
heat exchanger temperature sensor 312, and the indoor
heat exchanger temperature sensors 315 are not essen-
tial.

[0096] Alternatively, the expansion valve control por-
tion 193 may control an opening degree of the expansion
valve 222 connected to the indoor unit 210 in a stop state
on the basis of a measured value in the outdoor heat
exchanger temperature sensor 312 and a measured val-
ue in the compressor outlet temperature sensor 313. For
example, in step S114, the expansion valve control por-
tion 193 may determine whether or not a difference ob-
tained by subtracting a measured value in the outdoor
heat exchanger temperature sensor 312 from a meas-
ured value in the compressor outlet temperature sensor
313 is equal to or less than a predetermined lower limit
threshold value. In step S131, the expansion valve con-
trol portion 193 determines whether or not the difference
obtained by subtracting a measured value in the outdoor
heat exchanger temperature sensor 312 from a meas-
ured value in the compressor outlet temperature sensor
313 is equal to or less than a predetermined upper limit
threshold value.

[0097] In this case, regarding a process of storing a
refrigerant in the indoor unit 210 in a stop state, the com-
pressor intake side temperature sensor 311, the com-
pressor outlet pressure sensor 314, and the indoor heat
exchanger temperature sensors 315 are not essential.
[0098] Alternatively, the expansion valve control por-
tion 193 may control an opening degree of the expansion
valve 222 connected to the indoor unit 210 in a stop state
on the basis of a measured value in the outdoor heat
exchanger temperature sensor 312 and measured value
in the indoor heat exchanger temperature sensor 315.
For example, in step S114, the expansion valve control
portion 193 may determine whether or not a difference
obtained by subtracting a measured value in the outdoor
heat exchanger temperature sensor 312 from a meas-
ured value intheindoor heat exchanger temperature sen-
sor 315 is equal to or less than a predetermined lower
limit threshold value. Specifically, the expansion valve
control portion 193 calculates an average value of meas-
ured values in the indoor heat exchanger temperature
sensors 315 provided in the indoor units 210 during an
operation, and subtracts a measured value in the outdoor
heat exchanger temperature sensor 312 from the aver-
age value. The expansion valve control portion 193 de-
termines whether or not a difference obtained through
subtraction is equal to or less than the predetermined
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lower limit threshold value. In step S131, the expansion
valve control portion 193 determines whether or not the
difference obtained through subtractionis equal to or less
than the predetermined upper limit threshold value.
[0099] In this case, regarding a process of storing a
refrigerant in the indoor unit 210 in a stop state, the com-
pressor intake side temperature sensor 311, the com-
pressor outlet temperature sensor 313, and the compres-
sor outlet pressure sensor 314 are not essential.

[0100] As mentioned above, the operation mode de-
termination portion 191 determines whether or not the
air conditioning system main body 200 is performing the
heating operation. In a case where the operation mode
determination portion 191 determines that the air condi-
tioning system main body 200 is performing the heating
operation, the stop determination portion 192 determines
whether or not there is the stopped indoor unit 210. If the
stop determination portion 192 determines that there is
the stopped indoor unit 210, the expansion valve control
portion 193 opens the expansion valve 222 connected
to the stopped indoor unit 210, and then closes the ex-
pansion valve 222.

[0101] Consequently, the stopped indoor unit 210 can
store a refrigerant, and thus an amount of the refrigerant
flowing into the compressor 226 can be reduced. The
expansion valve control portion 193 controls the expan-
sion valve 222, and thus the stopped indoor unit 210 can
store a refrigerant. The expansion valves 222 may be
provided on the outlet sides during the heating operation
of the indoor heatexchangers 211, and expansion valves
are not required to be provided on the inlet sides, and
thus it is possible to relatively simplify a configuration of
the air conditioning system 1. Since a capillary returning
a refrigerant to the compressor intake side pipe is not
required to be provided on the outlet sides during the
heating operation of theindoor heatexchangers 211, and
the refrigerant is stored in the indoor unit 210 in a stop
state, a receiver tank for storing a refrigerant is not re-
quired to be separately provided. Also from the viewpoint
thereof, it is possible to relatively simplify a configuration
of the air conditioning system 1.

[0102] The expansion valve control portion 193 can
change an amount of a refrigerant flowing through the
refrigerant circuit by changing an opening degree of the
expansion valve 222. If the expansion valve control por-
tion 193 changes an opening degree of the expansion
valve 222, an amount of a refrigerant flowing through the
refrigerant circuit may be immediately changed, and thus
the responsiveness is high.

[0103] The expansion valve control portion 193 opens
the expansion valve 222 connected to the stopped indoor
unit 210 to a predetermined opening degree, and totally
closes the expansion valve 222 after a predetermined
time elapses from a state in which the expansion valve
222 is opened to the predetermined opening degree.
[0104] Consequently, the expansion valve control por-
tion 193 can accumulate a refrigerant in the indoor unit
210 in a stop state through a simple process of opening
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the expansion valve 222 to a predetermined opening de-
gree and then totally closing the expansion valve.
[0105] The expansion valve control portion 193 closes
the expansion valve 222 connected to the stopped indoor
unit 210, and then controls an opening degree of the ex-
pansion valve 222 on the basis of the temperature of a
refrigerant flowing through the refrigerant circuit of the
air conditioning system main body 200.

[0106] Consequently, the expansion valve control por-
tion 193 can detect that an amount of a refrigerant flowing
through the refrigerant circuitis reduced, and the efficien-
cy of heat exchange is reduced, and can thus increase
an amount of the refrigerant flowing through the refriger-
ant circuit.

[0107] Consequently, the expansion valve control por-
tion 193 can detect that an amount of a refrigerant flowing
through the refrigerant circuit is increased, and an
amount of the refrigerant flowing into the compressor
226, and can thus reduce an amount of the refrigerant
flowing through the refrigerant circuit.

[0108] For example, the expansion valve control por-
tion 193 controls an opening degree of the expansion
valve 222 on the basis of a difference between the tem-
perature of a refrigerant flowing into the compressor 226
and the temperature of a refrigerant which is discharged
from the compressor 226 and flows into the outdoor heat
exchanger 223.

[0109] Consequently, the expansion valve control por-
tion 193 can control an opening degree of the expansion
valve 222 on the basis of a result of simple calculation
of calculating a difference between temperature meas-
urement values in the sensors. For example, the expan-
sion valve control portion 193 may compare a difference
obtained by subtracting a temperature measurementval-
ue in the outdoor heat exchanger temperature sensor
312 from a temperature measurement value in the com-
pressor intake side temperature sensor 311 with a
threshold value, and may control an opening degree of
the expansion valve 222 on the basis of a comparison
result.

[0110] Alternatively, the expansion valve control por-
tion 193 may control an opening degree of the expansion
valve 222 on the basis of the temperature of a refrigerant
discharged from the compressor 226.

[0111] Consequently, the expansion valve control por-
tion 193 can control an opening degree of the expansion
valve 222 on the basis of a result of simple calculation
using a temperature measurement value in the sensor.
For example, the expansion valve control portion 193
may control an opening degree of the expansion valve
222 on the basis of a result of simple calculation of com-
paring a temperature measurement value in the com-
pressor outlet temperature sensor 313 with a threshold
value.

[0112] A program for realizing all or some of the func-
tions of the controller 190 may be recorded on a computer
readable recording medium, and a process in each unit
may be performed by reading the program recorded on
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the recording medium to a computer system and execut-
ing the program. The "computer system" mentioned here
includes an OS or hardware such as peripheral devices.
[0113] The "computer readable recording medium" in-
dicates a portable medium such as a flexible disk, a mag-
netooptical disc, a ROM, or a CD-ROM, and a storage
device such as a hard disk builtinto the computer system.
The program may realize some of the functions, and the
functions may be realized through a combination with a
program recorded in the computer system in advance.
[0114] As mentioned above, the embodiment of the
present invention has been described in detail with ref-
erence to the drawings, but a specific configuration is not
limited to the embodiment and includes design changes
or the like within the scope without departing from the
spirit of the invention.

Industrial Applicability
[0115] According to the air conditioning operation con-
trol device, the air conditioning system, the air condition-
ing operation control method, and the program, it is pos-
sible to enable a configuration of the air conditioning sys-
tem to be simpler, and also to reduce an amount of a
refrigerant inflowing into a compressor.
Reference Signs List
[0116]

1 AIR CONDITIONING SYSTEM

100 AIR CONDITIONING OPERATION CONTROL
DEVICE

110 MEASURED VALUE ACQUISITION SECTION
180 STORAGE SECTION
190 CONTROLLER

191 OPERATION MODE DETERMINATION POR-
TION

192 STOP DETERMINATION PORTION

193 EXPANSION VALVE CONTROL PORTION

Claims

1. Anairconditioning operation control device compris-
ing:

an operation mode determination portion that
determines whether or not an air conditioning
system main body is performing a heating op-
eration, the air conditioning system main body
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including a single outdoor unit, a plurality of in-
door units, and a refrigerant circuit including a
plurality of expansion valves respectively pro-
vided on refrigerant outlet sides of the plurality
of indoor units during heating;

a stop determination portion that determines
whether or not there is a stopped indoor unit
among the plurality of indoor units in a case
where the operation mode determination portion
determines thatthe air conditioning system main
body is performing the heating operation; and
an expansion valve control portion that opens
an expansion valve connected to the stopped
indoor unit and then closes the expansion valve
in a case where the stop determination portion
determines that there is the stopped indoor unit.

The air conditioning operation control device accord-
ing to claim 1,

wherein the expansion valve control portion opens
the expansion valve connected to the stoppedindoor
unit to a predetermined opening degree, and totally
closes the expansion valve after a predetermined
time elapses from a state in which the expansion
valve is opened to the predetermined opening de-
gree.

The air conditioning operation control device accord-
ing to claim 1 or 2,

wherein the expansion valve control portion closes
the expansion valve connected to the stoppedindoor
unit, and then controls an opening degree of the ex-
pansion valve on the basis of the temperature of a
refrigerant flowing through the refrigerant circuit.

The air conditioning operation control device accord-
ing to claim 3,

wherein the expansion valve control portion controls
the opening degree of the expansion valve on the
basis of a difference between the temperature of the
refrigerant flowing into a compressor provided in the
refrigerant circuit and the temperature of the refrig-
erant discharged from the compressor and having
flowed into an outdoor heat exchanger provided in
the outdoor unit.

The air conditioning operation control device accord-
ing to claim 3,

wherein the expansion valve control portion controls
the opening degree of the expansion valve on the
basis of the temperature of the refrigerant dis-
charged from a compressor provided in the refriger-
ant circuit.

An air conditioning system comprising:

an air conditioning system main body that in-
cludes a single outdoor unit, a plurality of indoor
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units, and a refrigerant circuit including a plural-
ity of expansion valves respectively provided on
refrigerant outlet sides of the plurality of indoor
units during heating; and

the air conditioning operation control device ac-
cording to any one of claims 1 to 5.

7. An air conditioning operation control method com-

prising:

a step of determining whether or not an air con-
ditioning system main body is performing a heat-
ing operation, the air conditioning system main
body including a single outdoor unit, a plurality
of indoor units, and a refrigerant circuit including
a plurality of expansion valves respectively pro-
vided on refrigerant outlet sides of the plurality
of indoor units during heating;

a step of determining whether or not there is a
stopped indoor unitamong the plurality of indoor
units in a case where the operation mode deter-
mination portion determines that the air condi-
tioning system main body is performing the heat-
ing operation;

a step of opening an expansion valve connected
to the stopped indoor unit in a case where the
stop determination portion determines that there
is the stopped indoor unit; and

a step of closing the expansion valve in an
opened state.

8. A program causing a computer to execute:

a step of determining whether or not an air con-
ditioning system main body is performing a heat-
ing operation, the air conditioning system main
body including a single outdoor unit, a plurality
of indoor units, and a refrigerant circuitincluding
a plurality of expansion valves respectively pro-
vided on refrigerant outlet sides of the plurality
of indoor units during heating;

a step of determining whether or not there is a
stopped indoor unitamong the plurality of indoor
units in a case where the operation mode deter-
mination portion determines that the air condi-
tioning system main body is performing the heat-
ing operation;

a step of opening an expansion valve connected
to the stopped indoor unit in a case where the
stop determination portion determines that there
is the stopped indoor unit; and

a step of closing the expansion valve in an
opened state.
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