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ant.

FIG. 1
100
\ 1 (1—1)
Y
g8 (8—2A) ‘
2 (2—-1)
1 (1-2) 50
\ 4 (4—24) !
______ ; 2 (2—2) 12
Pt “{3) 4 (4—2B) 4 (4—1B)
N : 8 (8—2B)
30 F - T I I LTI
2 (2~3)
4 (4—3)
__________________ 4 (4—4) 8 (8—3)
/ N
2 (2—4) 1 (1—4)

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 318 823 A1 2

Description
Technical Field

[0001] The present invention relates to a refrigeration
cycle system including a plurality of indoor units and a
plurality of refrigerant leakage detection devices.

Background Art

[0002] Anair-conditioning apparatus including a refrig-
erantleakage sensor has been known (see, for example,
Patent Literature 1). In the existing air-conditioning ap-
paratus disclosed in Patent Literature 1, when leakage
of refrigerant has been detected, a compressor and a fan
motor are stopped, and a refrigerant circuit is shut off by
a solenoid shutoff valve, thereby inhibiting the leakage
of the refrigerant.

Citation List
Patent Literature

[0003] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 10-281569

Summary of Invention
Technical Problem

[0004] However, in the existing refrigeration cycle ap-
paratus disclosed in Patent Literature 1, for example, the
concentration of the refrigerant that has leaked may lo-
cally increase in the vicinity of the leakage location of the
refrigerant.

[0005] The present invention has been made in view
of the above-described problem, and it is an object of the
present invention to provide a refrigeration cycle system
that inhibits the concentration of refrigerant that has
leaked, from locally increasing, when the refrigerant has
leaked.

Solution to Problem

[0006] Arefrigeration cycle system accordingtoanem-
bodiment of the present invention includes a plurality of
indoor units installed in an indoor space and each forming
a part of a refrigeration cycle apparatus configured to
circulate refrigerant, a plurality of refrigerant leakage de-
tection devices installed in the indoor space and each
configured to detect leakage of the refrigerant, and a con-
troller configured to acquire detection results of the plu-
rality of refrigerant leakage detection devices and control
the refrigeration cycle apparatus. When the refrigerant
leakage detection device detects leakage of the refriger-
ant, the controller increases a flow rate of air sent from
the indoor unit closest to the refrigerant leakage detection
device that detects the leakage of the refrigerant.
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Advantageous Effects of Invention

[0007] According to an embodiment of the present in-
vention, it is possible to obtain a refrigeration cycle sys-
tem that inhibits the concentration of the refrigerant that
has leaked, from locally increasing, when the refrigerant
has leaked.

Brief Description of Drawings
[0008]

[Fig. 1] Fig. 1 is a diagram illustrating an example of
the configuration of a refrigeration cycle system ac-
cording to Embodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a diagram illustrating an example of
the configuration of a refrigeration cycle apparatus
shown in Fig. 1.

[Fig. 3] Fig. 3 is a diagram illustrating an example of
the configuration of a controller shown in Fig. 1.
[Fig. 4] Fig. 4 is a diagram illustrating an example of
operation of the refrigeration cycle system shown in
Fig. 1.

[Fig. 5] Fig. 5 is a diagram illustrating the configura-
tion of Modification 1 of the refrigeration cycle system
according to Embodiment 1 of the present invention.
[Fig. 6] Fig. 6 is a diagram illustrating the configura-
tion of Modification 2 of the refrigeration cycle system
according to Embodiment 1 of the present invention.
[Fig. 7] Fig. 7 is a diagram illustrating an example of
the directions of air sent from a plurality of indoor
units when refrigerant has leaked in an indoor space
in the refrigeration cycle system shown in Fig. 1.
[Fig. 8] Fig. 8 is a diagram illustrating another exam-
ple of the directions of the air sent from the plurality
of indoor units when the refrigerant has leaked in the
indoor space in the refrigeration cycle system shown
in Fig. 1.

[Fig. 9] Fig. 9 is a diagram illustrating still another
example of the directions of the air sent from the
plurality of indoor units when the refrigerant has
leaked in the indoor space in the refrigeration cycle
system shown in Fig. 1.

[Fig. 10] Fig. 10 is a diagram illustrating still another
example of the directions of the air sent from the
plurality of indoor units when the refrigerant has
leaked in the indoor space in the refrigeration cycle
system shown in Fig. 1.

[Fig. 11] Fig. 11 is a diagram illustrating an example
of operation of arefrigeration cycle system according
to Embodiment 2 of the present invention.

[Fig. 12] Fig. 12 is a diagram illustrating an example
of a refrigeration cycle apparatus identifying opera-
tion shown in Fig. 11.

Description of Embodiments

[0009] Hereinafter, Embodiments of the presentinven-
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tion will be described with reference to the drawings. In
each drawing, the same or corresponding components
are denoted by the same reference signs, and the de-
scription of the components is omitted or simplified as
appropriate. The shapes, sizes, arrangement, and other
aspects of the components illustrated in each drawing
may be changed as appropriate within the scope of the
present invention.

Embodiment 1
[Refrigeration Cycle System]

[0010] Fig. 1is adiagramillustrating an example of the
configuration of a refrigeration cycle system according
to Embodiment 1 of the present invention. The refriger-
ation cycle system 100 shown in Fig. 1 is applied to, for
example, a unit cooler that cools an indoor space in a
warehouse 50, and includes a plurality of refrigeration
cycle apparatuses 1 and a controller 30 that controls the
plurality of refrigeration cycle apparatuses 1. The refrig-
eration cycle system 100 is also applicable to an air-con-
ditioning system that performs air-conditioning of the in-
door space of a room. In Fig. 1, solid lines that connect
heat source devices 2 and indoor units 4 schematically
illustrate refrigerant pipes, and broken lines that connect
the heat source devices 2 and indoor units 4 and broken
lines that connect the heat source devices 2 and the con-
troller 30 schematically illustrate communication lines.

[Refrigeration Cycle Apparatuses]

[0011] The refrigeration cycle apparatuses 1 circulate
refrigerant, and the heat source devices 2 and the indoor
units 4 are connected to each other via the refrigerant
pipes. In addition, the heat source devices 2 and the in-
door units 4 are connected to each other via the commu-
nication lines, and controllers (not shown) of the heat
source devices 2 and controllers (not shown) of the indoor
units 4 control the refrigeration cycle apparatuses 1 while
communicating with each other. The refrigerant used for
the refrigeration cycle apparatuses 1 includes R32 or
R1234yf, but may be another type of refrigerant. In ad-
dition, the refrigeration cycle system 100 shown in Fig.
1 includes four refrigeration cycle apparatuses 1, that s,
a first refrigeration cycle apparatus 1-1, a second refrig-
eration cycle apparatus 1-2, a third refrigeration cycle
apparatus 1-3, and a fourth refrigeration cycle apparatus
1-4. The refrigeration cycle system 100 only needs to
include one or more refrigeration cycle apparatuses 1.

[0012] The first refrigeration cycle apparatus 1-1 in-
cludes a first heat source device 2-1, and a first indoor
unit 4-1A and a second indoor unit 4-1B connected in
parallel with the first heat source device 2-1. The second
refrigeration cycle apparatus 1-2 includes a second heat
source device 2-2, and a third indoor unit 4-2A and a
fourth indoor unit 4-2B connected in parallel with the sec-
ond heat source device 2-2. The third refrigeration cycle
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apparatus 1-3 includes a third heat source device 2-3,
and a fifth indoor unit 4-3 connected to the third heat
source device 2-3. The fourth refrigeration cycle appa-
ratus 1-4 includes a fourth heat source device 2-4 and a
sixth indoor unit 4-4 connected to the fourth heat source
device 2-4. Each of the plurality of refrigeration cycle ap-
paratuses 1 only needs to include one or more indoor
units 4, and may include three or more indoor units 4, for
example.

[0013] Each indoor unit 4 according to Embodiment 1
accommodates a refrigerant leakage detection device 8
that detects leakage of the refrigerant. That is, the first
indoor unit 4-1A includes a first refrigerant leakage de-
tection device 8-1A, the second indoor unit4-1B includes
a second refrigerant leakage detection device 8-1B, the
third indoor unit 4-2A includes a third refrigerant leakage
detection device 8-2A, the fourth indoor unit 4-2B in-
cludes afourthrefrigerant leakage detection device 8-2B,
the fifth indoor unit 4-3 includes a fifth refrigerant leakage
detection device 8-3, and the sixth indoor unit 4-4 in-
cludes a sixth refrigerant leakage detection device 8-4.
The refrigerant leakage detection devices 8 may be each
provided in the vicinity of a corresponding one of the in-
door units 4. The refrigerant leakage detection devices
8 that are housed in the indoor units 4 or provided in the
vicinity of the indoor units 4 are able to detect leakage of
the refrigerant early when the refrigerant has leaked in
the indoor space in the warehouse 50. In the case where
the refrigerant leakage detection devices 8 are provided
close to the indoor units 4, for example, the refrigerant
leakage detection devices 8 are configured as devices
separate from the indoor units 4 and are connected to
the indoor units 4 or the controller 30 via the communi-
cation lines. For example, the refrigerant leakage detec-
tion devices 8 are preferably provided close to flare con-
nection portions of the refrigerant pipes at which the re-
frigerant may leak.

[0014] Fig. 2is adiagramillustrating an example of the
configuration of the refrigeration cycle apparatus shown
in Fig. 1. In the following, for easy understanding of Em-
bodiment 1, only the first refrigeration cycle apparatus
1-1 will be described with referenced to Fig. 2, and the
description of the second refrigeration cycle apparatus
1-2, the third refrigeration cycle apparatus 1-3, and the
fourth refrigeration cycle apparatus 1-4 is omitted since
the second refrigeration cycle apparatus 1-2, the third
refrigeration cycle apparatus 1-3, and the fourth refriger-
ation cycle apparatus 1-4 have the same configuration
as the first refrigeration cycle apparatus 1-1. Hereinafter,
the first refrigeration cycle apparatus 1-1 is sometimes
described as the refrigeration cycle apparatus 1, the first
heat source device 2-1 is sometimes described as the
heat source device 2, a first compressor 20-1 is some-
times described as a compressor 20, a first heat source
side heat exchanger 22-1 is sometimes described as a
heat source side heat exchanger 22, the first indoor unit
4-1A and the second indoor unit 4-1B are sometimes
described as the indoor unit 4, a first fan 5-1A and a
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second fan 5-1B are sometimes described as a fan 5, a
first wind direction controller 6-1A and a second wind
direction controller 6-1B are sometimes described as a
wind direction controller 6, the first refrigerant leakage
detection device 8-1A and the secondrefrigerantleakage
detection device 8-1B are sometimes described as the
refrigerant leakage detection device 8, a first use side
heat exchanger 40-1A and a second use side heat ex-
changer 40-1B are sometimes described as a use side
heat exchanger 40, a first expanding device 42-1A and
a second expanding device 42-1B are sometimes de-
scribed as an expanding device 42, and a first opening-
closing device 44-1A and a second opening-closing de-
vice 44-1B are sometimes described as an opening-clos-
ing device 44.

[0015] The heat source device 2 shown in Fig. 2 is
installed, for example, outdoor, that is, outside the ware-
house 50, and includes the compressor 20 and the heat
source side heat exchanger 22. The compressor 20
sucks the refrigerant, compresses the refrigerant, and
discharges the refrigerant in a high-temperature and
high-pressure state. The compressor 20 is, for example,
a capacity-controllable inverter compressor, but may be
of a constant speed type. The heat source side heat ex-
changer 22 exchanges heat between the refrigerant and
air, for example. For example, an air-sending fan (not
shown) that sends air to the heat source side heat ex-
changer 22 is installed in the vicinity of the heat source
side heat exchanger 22.

[0016] Theindoor unit4 isinstalledinthe indoor space
in the warehouse 50, and includes the use side heat ex-
changer 40, the expanding device 42, and the opening-
closing device 44. The expanding device 42 expands the
refrigerant, and is, for example, a LEV (linear electronic
expansion valve) of which an opening degree is adjust-
able, but may be a capillary tube or other component of
which an opening degree is not adjustable. The opening-
closing device 44 controls flow of the refrigerant into the
use side heat exchanger 40 and is composed of an open-
ing-closing valve, for example. The use side heat ex-
changer 40 exchanges heat between the refrigerant and
air. The fan 5 that sends air to the use side heat exchang-
er 40 is installed in the vicinity of the use side heat ex-
changer 40. The fan 5 is able to adjust the flow rate of
sent air by controlling a rotation speed of the fan 5. The
air around the indoor unit 4 in the warehouse 50 is sucked
into the indoor unit 4 by the fan 5 operating. The air
sucked into the indoor unit 4 is subjected to heat ex-
change by the use side heat exchanger 40 and is blown
out from the indoor unit 4 to the interior of the warehouse
50. In addition, the indoor unit 4 includes the wind direc-
tion controller 6 that controls the direction of air blown
out from the indoor unit 4. The wind direction controller
6 is configured to include a louver formed of a plurality
of plate-like members.

10

15

20

25

30

35

40

45

50

55

[Operation of Refrigeration Cycle Apparatus]

[0017] Next, an example of operation of the refrigera-
tion cycle apparatus 1 will be described. The refrigerant
compressed by the compressor 20 of the heat source
device 2 flows through the heat source side heat ex-
changer 22 and is condensed in the heat source side
heat exchanger 22. The refrigerant condensed by the
heat source side heat exchanger 22 flows out from the
heat source device 2 and flows into the indoor unit 4. In
the example shownin Fig. 2, the refrigerant having flowed
out from the heat source device 2 is split into refrigerant
flowing to the firstindoor unit 4-1A and refrigerant flowing
to the second indoor unit 4-1B. The refrigerant having
flowed into the first indoor unit 4-1A passes through the
first opening-closing device 44-1A and is expanded by
thefirst expanding device 42-1A. The refrigerant expand-
ed by the first expanding device 42-1A flows through the
first use side heat exchanger 40-1A and is evaporated
inthefirstuse side heatexchanger40-1A. Therefrigerant
evaporated by the first use side heat exchanger 40-1A
flows out from the first indoor unit 4-1A and joins the
refrigerant having flowed out from the second indoor unit
4-1B. Meanwhile, the refrigerant having flowed into the
second indoor unit 4-1B passes through the second
opening-closing device 44-1B and is expanded by the
second expanding device 42-1B. The refrigerant expand-
ed by the second expanding device 42-1B flows through
the second use side heat exchanger 40-1B and is evap-
orated in the second use side heat exchanger 40-1B.
The refrigerant evaporated by the second use side heat
exchanger 40-1B flows out from the second indoor unit
4-1B and joins the refrigerant having flowed out from the
first indoor unit 4-1A. The refrigerant into which the re-
frigerant having flowed out from the first indoor unit 4-1A
and the refrigerant having flowed out from the second
indoor unit 4-1B have joined flows into the heat source
device 2 and is sucked into the compressor 20 and com-
pressed in the compressor 20 again.

[Controller]

[0018] Fig. 3is adiagramillustrating an example of the
configuration of the controller shown in Fig. 1. The con-
troller 30 controls the entirety of the refrigeration cycle
system 100 and is configured to include an analog circuit,
a digital circuit, and a CPU, or a combination of two or
more of these. For example, the controller 30 is able to
acquire detection results from the refrigerant leakage de-
tection device 8, a pressure sensor (not shown), a tem-
perature sensor (not shown), and other component and
control each refrigeration cycle apparatus 1.

[0019] As shown in Fig. 3, the controller 30 includes a
communicator 31, a processor 32, a display unit 33, an
input unit 34, a memory 35, and a notifier 36. The com-
municator 31 serves to communicate with each of the
plurality of refrigeration cycle apparatuses 1. The con-
troller 30 and each of the plurality of refrigeration cycle
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apparatuses 1 are able to perform wired or wireless type
communication via the communicator 31. The processor
32 serves to perform preset processing by using infor-
mation input from the input unit 34, information acquired
from the memory 35, or information acquired from each
of the plurality of refrigeration cycle apparatuses 1, and
otherinformation, forexample. The display unit 33 serves
to display the status of the refrigeration cycle system 100
and otherinformation, and is configured to include a liquid
crystal screen, for example. The input unit 34 allows an
instruction to be input by, for example, a user or other
personnel to the refrigeration cycle system 100, and is
configured to include a switch, forexample. Forexample,
the user or other personnel is allowed to give instructions
regarding a target temperature for the indoor space to
the plurality of refrigeration cycle apparatuses 1 by using
the input unit 34. The display unit 33 and the input unit
34 may be integrated with each other to form a touch
panel or other component. The memory 35 is configured
to include a non-volatile memory, for example, and stores
a control program for controlling the refrigeration cycle
system 100. For example, the memory 35 stores position
coordinates regarding the position of each of the plurality
of indoor units 4, position coordinates regarding the po-
sition of each of the plurality of refrigerant leakage de-
tection devices 8, and other information. For example,
an operator that is the user inputs the position coordi-
nates regarding the position of each of the plurality of
indoor units 4 and the position coordinates regarding the
position of each of the plurality of refrigerant leakage de-
tection devices 8 by using the input unit 34 when the
operator has installed the indoor units 4 and the refrig-
erant leakage detection devices 8. The notifier 36 serves
to send a notification, and is configured to include an
indicator that sends a notification by light, or a buzzer
that sends a notification by sound, or other component,
for example. In the case where the controller 30 sends
a notification by using the display unit 33, it is possible
to omit the notifier 36.

[Operation of Refrigeration Cycle System]

[0020] Fig. 4 is a diagram illustrating an example of
operation of the refrigeration cycle system shown in Fig.
1. In step S02 in Fig. 4, the refrigeration cycle system
100 is performing normal operation. When leakage of the
refrigerant is not detected in step S04, the refrigeration
cycle system 100 returns to step S02, and the normal
operation is continued.

[0021] When leakage of the refrigerant is detected in
step S04, the refrigeration cycle system 100 proceeds to
step S06, and a notification that the refrigerant is leaking
is sent. For example, when leakage of the refrigerant is
detected, the notifier 36 shown in Fig. 3 sends a notifi-
cation by sound or light, and the display unit 33 displays
the leakage location of the refrigerant. For example, the
controller 30 infers the leakage location of the refrigerant
by using the position coordinates of the refrigerant leak-
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age detection device 8 that has detected the leakage of
the refrigerant, and causes the display unit 33 to display
the inferred leakage location of the refrigerant. In Em-
bodiment 1, since each refrigerant leakage detection de-
vice 8is incorporatedinto the indoor unit4, the installation
position of the indoor unit 4 that includes the refrigerant
leakage detection device 8 that has detected the leakage
oftherefrigerantis displayed on the display unit33. When
the leakage location of the refrigerant is displayed on the
display unit 33, the user that has received the notification
is allowed to easily identify the location where the refrig-
erantis leaking, and perform maintenance or other work.
The notification of the refrigerant leakage started in step
S06 is continued until the notification is cancelled in step
S10 described later.

[Refrigerant Agitation Operation]

[0022] After the notification of the refrigerant leakage
is sent in step S06, refrigerant agitation operation of the
refrigeration cycle system 100 is executed in step S08.
For example, in the example shown in Fig. 1, when the
refrigerant leaks from the second indoor unit 4-1B, the
second refrigerant leakage detection device 8-1B, which
is disposed closest to the second indoor unit 4-1B, de-
tects the leakage of the refrigerant. The controller 30 ac-
quires a detection result that the refrigerant is leaking,
from the second refrigerant leakage detection device
8-1B, and increases the flow rate of air sent from the
second indoor unit 4-1B, which is closest to the second
refrigerant leakage detection device 8-1B that has de-
tected the leakage of the refrigerant. For example, the
second indoor unit 4-1B is able to increase the flow rate
of the sent air by increasing the rotation speed of the
second fan 5-1B shown in Fig. 2. Since the air around
the second indoor unit 4-1B from which the refrigerant is
leaking is agitated by increasing the flow rate of the air
sent from the second indoor unit 4-1B, the concentration
of the refrigerant that has leaked is inhibited from locally
increasing.

[0023] During refrigerant agitation operation in step
S08, the controller 30 only needs to close the second
opening-closing device 44-1B of the second indoor unit
4-1B, which is closest to the second refrigerant leakage
detection device 8-1B that has detected the leakage of
the refrigerant. Flow of the refrigerant into the second
indoor unit 4-1B is stopped by closing the second open-
ing-closing device 44-1B, and thus the leakage of the
refrigerant from the second indoor unit 4-1B is inhibited.
As a result, the concentration of the refrigerant that has
leaked is inhibited from locally increasing.

[0024] During refrigerant agitation operation in step
S08, the controller 30 is also able to close the opening-
closing devices 44 of all the indoor units 4 of the first
refrigeration cycle apparatus 1-1 in which the second in-
door unit 4-1B, which is closest to the second refrigerant
leakage detection device 8-1B that has detected the leak-
age of the refrigerant, is connected. By closing the first



9 EP 3 318 823 A1 10

opening-closing device 44-1A and the second opening-
closing device 44-1 B shown in Fig. 2, the pressure at
the lower pressure side of the first compressor 20-1 of
the firstrefrigeration cycle apparatus 1-1 decreases, low-
pressure cut of the first compressor 20-1 acts, and the
first compressor 20-1 stops. Since the first compressor
20-1 stops and the pressure at the low-pressure side of
the first refrigeration cycle apparatus 1-1 decreases, the
leakage of the refrigerant from the second indoor unit
4-1B is further assuredly inhibited. As a result, the con-
centration of the refrigerant that has leaked is inhibited
fromlocally increasing. A low-pressure cut value at which
the low-pressure cut of the compressor 20 is performed
is preferably set to a value that is not lower than the at-
mospheric pressure and is made close to the atmospher-
ic pressure. By setting the low-pressure cut value to be
not lower than the atmospheric pressure and to be close
to the atmospheric pressure, the leakage of the refriger-
antis inhibited, and a possibility that air enters the refrig-
erant pipe of the refrigeration cycle apparatus 1 and other
component is inhibited.

[0025] During refrigerant agitation operation in step
S08, the controller 30 only needs to direct a flow of the
air sent from at least one indoor unit 4 among the indoor
units 4 other than the second indoor unit 4-1B, which is
closest to the second refrigerant leakage detection de-
vice 8-1B that has detected the leakage of the refrigerant,
toward the second indoor unit 4-1B. By the indoor units
4, other than the second refrigerant leakage detection
device 8-1B from which the refrigerant is leaking, sending
air toward the second indoor unit 4-1B, the refrigerant
that has leaked is further agitated, and thus the concen-
tration of the refrigerantthat has leaked is further inhibited
from locally increasing. As the indoor units 4, other than
the second indoor unit 4-1B, which send air toward the
secondindoor unit4-1B from which the refrigerant is leak-
ing, the indoor units 4 connected to the refrigeration cycle
apparatuses 1 other than the first refrigeration cycle ap-
paratus 1-1 in which the second indoor unit 4-1B is con-
nected only need to be selected. By the indoor units 4,
through which the refrigerant is circulating, sending air
to a region on which the indoor unit 4 through which the
refrigerantis not circulating performs air-conditioning, the
temperature of the interior of the warehouse 50 is inhib-
ited from locally changing.

[0026] During refrigerant agitation operation in step
S08, the controller 30 only needs to increase the loads
on the refrigeration cycle apparatuses 1 other than the
first refrigeration cycle apparatus 1-1in which the second
indoor unit 4-1B closest to the second refrigerant leakage
detection device 8-1B that has detected the leakage of
the refrigerant is connected. By increasing the loads on
the refrigeration cycle apparatuses 1 other than the first
refrigeration cycle apparatus 1-1 in which the refrigerant
is leaking, the temperature of the interior of the ware-
house 50 is inhibited from fluctuating. The loads on the
refrigeration cycle apparatuses 1 are increased, for ex-
ample, by increasing the rotation speed of the compres-
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sors 20.

[0027] When the notification of the refrigerant leakage
is cancelled in step S10 shown in Fig. 4, the refrigeration
cycle system 100 returns to step S02, and normal oper-
ation of the refrigeration cycle system 100 is restarted.
The cancellation of the notification of the refrigerant leak-
age is executed, for example, by the user who has re-
ceived the notification from the notifier 36 or the display
unit 33, performing an input to the input unit 34 of the
controller 30, a reset switch (not shown), or other com-
ponent. Since refrigerant agitation operation is continu-
ously executed unless the notification of the refrigerant
leakage is cancelled as described above, the concentra-
tion of the refrigerant that has leaked is inhibited from
locally increasing. Furthermore, since the notification that
the refrigerant has leaked is continuously sent unless the
notification of the refrigerant leakage is cancelled, it is
possible to assuredly make the user recognize that an
abnormality has occurred in the refrigeration cycle sys-
tem 100.

[0028] As describedabove, the refrigeration cycle sys-
tem 100 according to Embodiment 1 includes the plurality
of indoor units 4 that are installed in the indoor space and
each form a part of the refrigeration cycle apparatus 1
that circulates the refrigerant, the plurality of refrigerant
leakage detection devices 8 that are installed in the in-
door space and detect leakage of the refrigerant, and the
controller 30 that acquires the detection results of the
plurality of refrigerant leakage detection devices 8 and
controls the refrigeration cycle apparatus 1. When the
refrigerant leakage detection device 8 has detected leak-
age of the refrigerant, the controller 30 increases the flow
rate of the air sent from the indoor unit 4 that is closest
to the refrigerant leakage detection device 8 that has de-
tected the leakage of the refrigerant. Consequently, in
the refrigeration cycle system 100 of Embodiment 1, even
when the refrigerantleaks in the indoor space in the ware-
house 50, the refrigerant that has leaked is diffused, and
thus it is possible to inhibit the concentration of the re-
frigerant that has leaked, from locally increasing in the
indoor space in the warehouse 50.

[0029] InEmbodiment 1, since the controller 30 directs
the flow of the air sent from at least one indoor unit 4
among the indoor units 4 other than the indoor unit 4
closest to the refrigerant leakage detection device 8 that
has detected leakage of the refrigerant, toward the indoor
unit 4 closest to the refrigerant leakage detection device
8 that has detected leakage of the refrigerant, it is pos-
sible to further agitate the refrigerant that has leaked.
Consequently, according to Embodiment 1, itis possible
to further inhibit the concentration of the refrigerant that
has leaked, from locally increasing in the indoor space
in the warehouse 50. The indoor units 4 that send air
toward the indoor unit 4 closest to the refrigerant leakage
detection device 8 that has detected the leakage of the
refrigerant may send air at an increased flow rate.
[0030] In Embodiment 1, each of the plurality of indoor
units 4 includes the opening-closing device 44 that con-
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trols flow of the refrigerant into the indoor unit 4. Since
the controller 30 closes the opening-closing device 44 of
the indoor unit 4 closest to the refrigerant leakage detec-
tion device 8 that has detected the leakage of the refrig-
erant, a possibility that the refrigerant leaks to the indoor
space from the refrigeration cycle apparatus 1 in which
the refrigerant is leaking is reduced. In addition, the con-
troller 30 may close the opening-closing devices 44 of all
the indoor units 4 of the refrigeration cycle apparatus 1
in which the indoor unit 4 closest to the refrigerant leak-
age detection device 8 that has detected leakage of the
refrigerant is connected. By closing the opening-closing
devices 44 of all the indoor units 4 of the refrigeration
cycle apparatus 1 in which the refrigerant is leaking, the
low-pressure pressure of the refrigeration cycle appara-
tus 1 in which the refrigerant is leaking decreases and
the compressor 20 is stopped through low-pressure cut,
so that a possibility of leak of the refrigerant is further
reduced.

[0031] The refrigeration cycle system 100 of Embodi-
ment 1 also includes the plurality of refrigeration cycle
apparatuses 1. The refrigeration cycle apparatus 1 in
which the refrigerant is leaking is caused to stop circula-
tion of the refrigerant, and the refrigeration cycle appa-
ratus 1 in which the refrigerant is not leaking is caused
to circulate the refrigerant and operate, whereby, it is
possible to inhibit the temperature of the indoor space in
the warehouse 50 from fluctuating.

[0032] For example, the controller 30 preferably in-
creases the load on at least one refrigeration cycle ap-
paratus 1 among the refrigeration cycle apparatuses 1
other than the refrigeration cycle apparatus 1 in which
the indoor unit 4 closest to the refrigerant leakage detec-
tion device 8 that has detected leakage of the refrigerant
is connected. By increasing the load on the refrigeration
cycle apparatus 1 in which the refrigerant is not leaking
when circulation of the refrigerant in the refrigeration cy-
cle apparatus 1 in which the refrigerant is leaking is
stopped, it is possible to further inhibit the temperature
of the indoor space in the warehouse 50 from fluctuating.
In addition, by directing the flow of the air sent from the
indoor unit 4 of the refrigeration cycle apparatus 1 on
which the load is increased, toward the region on which
the indoor unit 4 from which the refrigerant is leaking
performs air-conditioning, it is possible to inhibit the tem-
perature of the indoor space in the warehouse 50 from
locally fluctuating.

[0033] When the refrigerant applied to the refrigeration
cycle apparatuses 1 of the refrigeration cycle system 100
of Embodiment 1 includes refrigerant having slight com-
bustibility such as R32 and R1234yf, the above effects
become particularly significant. That is, the refrigerant
having slight combustibility such as R32 and R1234yf
may be combusted when the concentration of the refrig-
erant in the air is between a lower flammable limit LFL
and an upper flammable limit UFL. Thus, even if the re-
frigerant leaks to the indoor space, the refrigerant is not
combusted when it is possible to keep the concentration

10

15

20

25

30

35

40

45

50

55

of the refrigerantin the indoor space lower than the lower
flammable limit LFL. In Embodiment 1, when leakage of
the refrigerant has been detected, the refrigerant that has
leaked is diffused, and thus the concentration of the re-
frigerant is inhibited from becoming equal to or higher
than the lower flammable limit LFL. Consequently, ac-
cording to Embodiment 1, even if refrigerant having slight
combustibility has leaked to the indoor space, a possi-
bility that the refrigerant that has leaked is combusted is
reduced.

[0034] Embodiment 1 is not limited to the above de-
scription.
[0035] For example, Fig. 5 is a diagram illustrating the

configuration of Modification 1 of the refrigeration cycle
system according to Embodiment 1 of the present inven-
tion. A refrigeration cycle system 100A of Modification 1
shown in Fig. 5 includes one first refrigeration cycle ap-
paratus 1-1 that includes one first heat source device
2-1, and a first indoor unit 4-1A and a second indoor unit
4-1B that are two indoor units 4 connected in parallel with
the first heat source device 2-1. Also in the refrigeration
cycle system 100A of Modification 1, when the refrigerant
has leaked, itis possible to diffuse the refrigerant thereby
to inhibit the concentration of the refrigerant that has
leaked, from locally increasing in the indoor space in the
warehouse 50.

[0036] For example, Fig. 6 is a diagram illustrating the
configuration of Modification 2 of the refrigeration cycle
system according to Embodiment 1 of the present inven-
tion. A refrigeration cycle system 100B of Modification 2
shown in Fig. 6 includes a first refrigeration cycle appa-
ratus 1-1 and a second refrigeration cycle apparatus 1-2
that are two refrigeration cycle apparatuses 1. The first
refrigeration cycle apparatus 1-1 includes a first heat
source device 2-1 and a first indoor unit 4-1A connected
to the first heat source device 2-1, and the second refrig-
eration cycle apparatus 1-2 includes a second heat
source device 2-2 and a third indoor unit 4-2A connected
to the second heat source device 2-2. Also in the refrig-
eration cycle system 100B of Modification 2, when the
refrigerant has leaked, it is possible to diffuse the refrig-
erantthereby toinhibitthe concentration of the refrigerant
that has leaked, from locally increasing in the indoor
space in the warehouse 50. In addition, in the refrigera-
tion cycle system 100B of Modification 2, the refrigeration
cycle apparatus 1 in which the refrigerant is leaking is
caused to stop circulation of the refrigerant, and the re-
frigeration cycle apparatus 1 in which the refrigerant is
not leaking is caused to circulate the refrigerant and op-
erate, whereby it is possible to inhibit the temperature of
the indoor space in the warehouse 50 from fluctuating.
[0037] For example, the example in which each refrig-
erant leakage detection device 8 is housed in the indoor
unit 4 or installed in the vicinity of the indoor unit 4 has
been described above, but the refrigeration cycle system
100 may include additional refrigerant leakage detection
devices 8. For example, the additional refrigerant leak-
age detection devices 8 are preferably disposed below
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the indoor units 4 in the indoor space in the warehouse
50 and on a wall, a pillar, or other structure of the ware-
house 50. This is because the refrigerant has a higher
density than the air, and thus the refrigerant that has
leaked into the air is likely to accumulate at the lower
side. For example, when the concentration of the refrig-
erant has increased at the lower side of the indoor space,
the refrigerant that has leaked is agitated by the indoor
units 4 sending air toward the lower side, whereby the
concentration of the refrigerant that has leaked is inhib-
ited from locally increasing. The controller 30 is able to
inhibit the concentration of the refrigerant from locally
increasing in the indoor space, for example, by causing
the indoor units 4 to send air toward the refrigerant leak-
age detection device 8 that has detected the refrigerant
having a high concentration. In addition, the additional
refrigerant leakage detection devices 8 are preferably
disposed at regular intervals in the indoor space as pos-
sible, and a possibility that the concentration of the re-
frigerant locally increases in the indoor space is reduced
when the refrigerant leakage detection devices 8 are in-
stalled at regular intervals in the indoor space.

[0038] Forexample, the example in which at least one
indoor unit 4 among the indoor units 4 other than the
indoor unit 4 from which the refrigerant is leaking sends
air toward the indoor unit 4 from which the refrigerant is
leaking has been described above, but Embodiment 1 is
not limited to the above description.

[0039] For example, Fig. 7 is a diagram illustrating an
example of the directions of the air sent from the plurality
of indoor units when the refrigerant leaks in the indoor
space in the refrigeration cycle system shown in Fig. 1.
In the example shown in Fig. 7, the refrigerant is leaking
from the second indoor unit 4-1B, and the indoor units 4
other than the second indoor unit 4-1B are sending air
toward the second indoor unit 4-1B. The direction of the
air sent from the second indoor unit 4-1B is a direction
that does not oppose any of the directions of the air sent
from the indoor units 4 other than the second indoor unit
4-1B. When all the indoor units 4 other than the indoor
unit4 from which the refrigerant is leaking send air toward
the indoor unit 4 from which the refrigerant is leaking as
shown in Fig. 7, it is possible to rapidly agitate the refrig-
erant that has leaked.

[0040] For example, Fig. 8 is a diagram illustrating an-
other example of the directions of the air sent from the
plurality of indoor units when the refrigerant leaks in the
indoor space in the refrigeration cycle system shown in
Fig. 1, and Fig. 9 is a diagram illustrating still another
example of the directions of the air sent from the plurality
of indoor units when the refrigerant leaks in the indoor
space in the refrigeration cycle system shown in Fig. 1.
As shown in Fig. 8, when the refrigerant has leaked in
the indoor space, all the indoor units 4 send air to annu-
larly circulate the refrigerant in the indoor space, whereby
it is possible to inhibit the concentration of the refrigerant
fromlocally increasing. In addition, when it is not possible
to freely adjust the directions of the air sent from the in-
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door units 4 as shown in Fig. 8, it is only necessary to
adjust the direction of the air sentfrom each of the plurality
ofindoor units 4 such that, as shownin Fig. 9, the direction
of the sent air does not oppose any other direction of the
sent air.

[0041] For example, Fig. 10 is a diagram illustrating
still another example of the directions of the air sent from
the plurality of indoor units when the refrigerant leaks in
the indoor space in the refrigeration cycle system shown
in Fig. 1. As shown in Fig. 10, in the case where the
warehouse 50 includes a ventilator 52 for ventilating the
warehouse 50 to the outside, when the refrigerant has
leaked in the indoor space, the refrigerant that has leaked
to the interior of the warehouse 50 is discharged to the
outside of the warehouse 50 by the indoor units 4 sending
air toward the ventilator 52.

[0042] Intherefrigeration cycle system 100, inthe case
where a fan that is not shown is installed in the indoor
space in the warehouse 50, it is also possible to accel-
erate agitation of the refrigerant by adjusting the direc-
tions and the flow rates of air sent from the plurality of
indoor units 4 and the fan that is not shown. The fan that
is not shown is, for example, a circulator of which the
direction and the flow rate of sent air are controlled by
the controller 30.

Embodiment 2

[0043] Fig. 11 is a diagram illustrating an example of
operation of a refrigeration cycle system according to
Embodiment 2 of the present invention, and Fig. 12 is a
diagram illustrating an example of a refrigeration cycle
apparatus identifying operation shown in Fig. 11. In the
operation of Fig. 11, the same operations as those of Fig.
4 are designated by the same reference signs and the
description of the operations is omitted or simplified.
[0044] As shown in Fig. 11, in Embodiment 2, after a
notification of refrigerant leakage is sent in step S06, the
refrigeration cycle apparatus identifying operation is ex-
ecuted in step S20. In the refrigeration cycle apparatus
identifying operation in step S20, the refrigeration cycle
apparatus 1inwhich the refrigerantis leaking is identified.
This is because the refrigerant may be leaking from the
refrigerant pipe connecting the heat source device 2 and
the indoor unit 4, or the refrigerant may be leaking from
a position different from a position inferred on the basis
of the position of the refrigerant leakage detection device
8 that has detected the leakage of the refrigerant, de-
pending on the directions of the air sent from the indoor
units 4, and other factor. Consequently, in Embodiment
2, as described below, the refrigeration cycle apparatus
1 in which the refrigerant is leaking is identified in step
S20, and circulation of the refrigerant in the refrigeration
cycle apparatus 1 in which the refrigerant is leaking is
stopped, whereby the leakage of the refrigerant is inhib-
ited.

[0045] After the notification of refrigerant leakage is
sent in step S06 in Fig. 11, the opening-closing devices
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44 of all the indoor units 4 are closed in step S22 in Fig.
12. When the opening-closing devices 44 of all the indoor
units 4 are closed, all the refrigeration cycle apparatuses
1 perform pump-down stop by low-pressure cut. In step
S24, fluctuation of the low-pressure pressure of each re-
frigeration cycle apparatus 1 after the refrigeration cycle
apparatus 1 performs the pump-down stop is monitored.
For example, during a preset setting time (for example,
about 3 minutes), the controller 30 acquires a detection
result of a low-pressure pressure detection sensor (not
shown) of each refrigeration cycle apparatus 1 and mon-
itors fluctuation of the low-pressure pressure of each re-
frigeration cycle apparatus 1. Then, in step S26, the con-
troller 30 identifies refrigeration cycle apparatus 1 in
which the refrigerant is leaking. The controller 30 deter-
mines the refrigeration cycle apparatus having greater
low-pressure pressure fluctuation than the other refrig-
eration cycle apparatuses 1, as the refrigeration cycle
apparatus 1 in which the refrigerant is leaking. When the
low-pressure pressure detection sensorthatis notshown
is disposed in the warehouse 50 in which the temperature
less fluctuates, the determination as to the refrigeration
cycle apparatus 1 in which the refrigerant is leaking is
further ensured.

[0046] In step S28, operation of the refrigeration cycle
apparatuses 1 in which the refrigerant is determined as
not being leaking is restarted. That is, the controller 30
opens the opening-closing devices 44 of the indoor units
4 of the refrigeration cycle apparatuses 1 in which the
refrigerant is determined as not being leaking, and re-
starts operation of the compressors 20. Then, in step
S30, the controller 30 causes the display unit 33 to display
information regarding the refrigeration cycle apparatus 1
in which the refrigerant is leaking. For example, the con-
troller 30 causes the display unit 33 to display the position
of the indoor unit 4 closest to the refrigerant leakage de-
tection device 8 that has detected the leakage of the re-
frigerant and that is included in the refrigeration cycle
apparatus 1 in which the refrigerant is leaking. Then, the
controller 30 proceeds to step S08 in Fig. 11, and refrig-
erant agitation operation of the refrigeration cycle system
100 is executed.

[0047] In Embodiment 2, identification of the refriger-
ation cycle apparatus 1 in which the refrigerant is leaking
is ensured as described above, and thus it is possible to
inhibit the leakage of the refrigerant. In addition, in Em-
bodiment 2, it is possible to assuredly operate the refrig-
eration cycle apparatuses 1 in which the refrigerant is
not leaking, and thus a possibility of fluctuation of the
temperature of the indoor space is reduced.

[0048] The low-pressure cut values of the compres-
sors 20 of all the refrigeration cycle apparatuses 1 may
be values that are not less than the atmospheric pressure
and are close to the atmospheric pressure. By setting
the low-pressure cut values to values that are not less
than the atmospheric pressure and are close to the at-
mospheric pressure, leakage of the refrigerant is inhibit-
ed, and a possibility of entry of air into a refrigerant pipe
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of each refrigeration cycle apparatus 1 or other compo-
nent is reduced.

[0049] The low-pressure cut values of the compres-
sors 20 of all the refrigeration cycle apparatuses 1 are
preferably equal to each other. By making the low-pres-
sure cut values of the compressors 20 of all the refriger-
ation cycle apparatuses 1 equal to each other, it is pos-
sible to simplify the determination as to the refrigeration
cycle apparatus 1 in which the refrigerant is leaking.
[0050] The present invention is not limited to Embod-
iments 1 and 2 described above, and various modifica-
tions may be made within the scope of the present in-
vention. That is, the components of Embodiments 1 and
2 described above may be modified as appropriate, and
at least a part of the components may be replaced with
another component. Furthermore, a component whose
location is not specified does not necessarily need to be
disposed at the location disclosed in Embodiment 1 or
2, and may be disposed at any location that allows the
component to perform its function.

[0051] For example, each refrigeration cycle appara-
tus 1 may include an oil separator, a gas-liquid separator,
a liquid receiver, and other component that are not
shown.

[0052] For example, the example in which the refrig-
eration cycle apparatuses 1 cool the air in the indoor
space by the use side heat exchangers 40 serving as an
evaporator has been described above, but the refriger-
ation cycle apparatuses 1 may be configured to heat the
air in the indoor space by the use side heat exchangers
40 serving as a condenser. In addition, in the case where
each refrigeration cycle apparatus 1 includes a flow path
switching device such as a four-way valve, it is possible
to selectively switch heating or cooling by the use side
heat exchangers 40.

[0053] For example, the refrigeration cycle apparatus-
es 1including the heat source devices 2 installed outdoor
and the indoor units 4 installed in the indoor space have
been described above, but each refrigeration cycle ap-
paratus may be an integrated unit (for example, a com-
pressor-built-in showcase, an air-conditioning machine,
or a dehumidification machine) into which a compressor,
a heat source side heat exchanger, an expanding device,
a use side heat exchanger, and an opening-closing de-
vice are packaged, and even a refrigeration cycle system
including such refrigeration cycle apparatuses is able to
achieve the above-described advantageous effects.

Reference Signs List

[0054] 1 refrigeration cycle apparatus 1-1 first refriger-
ation cycle apparatus 1-2 second refrigeration cycle ap-
paratus 1-3 third refrigeration cycle apparatus 1-4 fourth
refrigeration cycle apparatus 2 heat source device 2-1
first heat source device 2-2 second heat source device
2-3third heat source device 2-4 fourth heat source device
4 indoor unit 4-1A first indoor unit 4-1B second indoor
unit 4-2A third indoor unit 4-2B fourth indoor unit 4-3 fifth
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indoor unit 4-4 sixth indoor unit 5 fan 5-1A first fan 5-1B
second fan 6 wind direction controller 6-1A first wind di-
rection controller 6-1B second wind direction controller
8 refrigerant leakage detection device 8-1A first refriger-
ant leakage detection device 8-1B second refrigerant
leakage detection device 8-2A third refrigerant leakage
detection device 8-2B fourth refrigerant leakage detec-
tion device 8-3 fifth refrigerant leakage detection device
8-4 sixth refrigerant leakage detection device 20 com-
pressor 20-1 first compressor 22 heat source side heat
exchanger 22-1 first heat source side heat exchanger 30
controller 31 communicator 32 processor 33 display unit
34 input unit 35 memory 36 notifier 40 use side heat ex-
changer 40-1A first use side heat exchanger 40-1B sec-
ond use side heat exchanger 42 expanding device 42-1A
first expanding device 42-1B second expanding device
44 opening-closing device 44-1A first opening-closing
device 44-1B second opening-closing device 50 ware-
house 52 ventilator 100 refrigeration cycle system 100A
refrigeration cycle system 100B refrigeration cycle sys-
tem

Claims
1. A-refrigeration cycle system comprising:

a plurality of indoor units installed in an indoor
space and each forming a part of a refrigeration
cycle apparatus configured to circulate refriger-
ant;

a plurality of refrigerant leakage detection de-
vices installed in the indoor space and each con-
figured to detect leakage of the refrigerant; and
a controller configured to acquire detection re-
sults of the plurality of refrigerant leakage de-
tection devices and control the refrigeration cy-
cle apparatus,

when one of the plurality of refrigerant leakage
detection devices detects leakage of the refrig-
erant, the controller being configured toincrease
a flow rate of air sent from one of the plurality of
indoor units closest to the one of the plurality of
refrigerant leakage detection devices that de-
tects the leakage of the refrigerant.

2. The refrigeration cycle system of claim 1, wherein
the controller is configured to direct a flow of air sent
from at least one of the plurality of indoor units other
than the one of the plurality of indoor units closest
to the one of the plurality of refrigerant leakage de-
tection devices that detects the leakage of the refrig-
erant, toward the one of the plurality of indoor units
closest to the one of the plurality of refrigerant leak-
age detection devices that detects the leakage of the
refrigerant.

3. Therefrigeration cycle system of claim 1 or 2, where-
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10

in

each of the plurality of indoor units includes an open-
ing-closing device configured to control flow of the
refrigerant into a corresponding one of the plurality
of indoor units, and

the controller is configured to close the opening-clos-
ing device of the one of the plurality of indoor units
closest to the one of the plurality of refrigerant leak-
age detection devices that detects the leakage of the
refrigerant.

The refrigeration cycle system of claim 3, further
comprising a plurality of the refrigeration cycle ap-
paratuses.

The refrigeration cycle system of claim 4, wherein
the controller is configured to close the opening-clos-
ing devices of all the plurality of indoor units of one
of the plurality of the refrigeration cycle apparatuses
in which the one of the plurality of indoor units closest
to the one of the plurality of refrigerant leakage de-
tection devices that detects the leakage of the refrig-
erant is connected.

The refrigeration cycle system of claim 4 or 5, where-
in the controller is configured to increase a load on
at least one of the plurality of the refrigeration cycle
apparatuses other than one of the plurality of the
refrigeration cycle apparatuses in which the one of
the plurality of indoor units closest to the one of the
plurality of refrigerant leakage detection devices that
detects the leakage of the refrigerant is connected.

The refrigeration cycle system of any one of claims
1 to 6, wherein at least a part of the plurality of re-
frigerantleakage detection devicesis housedineach
of the plurality of indoor units or is disposed close to
each of the plurality of indoor units.
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