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(54) AIR CONDITIONING DEVICE

(57) The present invention provides an air-condition-
ing device capable of detecting any refrigerant leaking
at an early stage. The air-conditioning device includes
an indoor unit that includes a heat exchanger through
which refrigerant flows, a refrigerant sensor configured
to detect any refrigerant leaking from the heat exchanger

into air, a fan configured to send air to the heat exchanger,
and a controller configured to control operation of the
refrigerant sensor and the fan, wherein the controller
stops operation of the fan and makes the refrigerant sen-
sor detect any refrigerant.
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning device, and more particularly, to an air-condition-
ing device having a refrigerant leakage detection func-
tion.

Background Art

[0002] Shift to low-GWP refrigerants in air-conditioning
devices has been increasingly required for environmen-
tal protection and under refrigerant regulations of individ-
ual countries. GWP stands for Global Warming Potential.
Packaged air-conditioning apparatuses and building
multi-air-conditioning apparatuses need to reduce GWP
using a mildly flammable refrigerant such as R32 or a
natural refrigerant. Air-conditioning devices using con-
ventional R410A refrigerant or non-flammable refriger-
ants, which have a lower risk against refrigerant leakage
than R32 or other similar refrigerants, are not equipped
with a refrigerant leakage detection device or protection
control against leakage.
[0003] In using mildly flammable refrigerant to reduce
GWP, it is important to ensure safety against refrigerant
leakage and it is necessary to perform operation control
by detecting any refrigerant leakage from the air-condi-
tioning device. Therefore, for example, Patent Literature
1 discloses a technique for detecting refrigerant leakage
by a refrigerant leakage sensor provided in a room. Be-
sides, a technique is proposed for stopping a compressor
and stopping refrigerant supply to an indoor unit when
refrigerant leakage is detected by a refrigerant sensor.

Citation List

Patent Literature

[0004] Patent Literature 1: WO2011/099056

Summary of Invention

Technical Problem

[0005] When a refrigerant leakage sensor is placed in
an indoor unit of an air-conditioning device, any leaking
refrigerant is diffused by operation of a fan in the indoor
unit, and it is difficult to detect the refrigerant leakage
promptly. As a result, operation is continued while the
refrigerant is leaking, and the refrigerant leakage be-
comes detectable only after refrigerant concentration in
suctioned air increases to such a level as to be detected
by the refrigerant leakage sensor.
[0006] Also, in a ceiling embedded indoor unit, air
above a ceiling may be suctioned through an intake grille
in the ceiling. Also in this case, it becomes difficult to
detect refrigerant leakage promptly by being affected by

an air current of air supply to another indoor unit.
[0007] The present invention has been made to solve
the above problem, and an object thereof is to provide
an air-conditioning device capable of detecting refriger-
ant leakage during operation at an early stage.

Solution to Problem

[0008] An air-conditioning device according to an em-
bodiment of the present invention comprises an indoor
unit that includes a heat exchanger through which refrig-
erant flows, a refrigerant sensor configured to detect any
refrigerant leaking from the heat exchanger into air, a fan
configured to send air to the heat exchanger, and a con-
troller configured to control operation of the refrigerant
sensor and the fan, wherein the controller stops operation
of the fan and makes the refrigerant sensor detect any
refrigerant.

Advantageous Effects of Invention

[0009] By stopping the fan during operation of the air-
conditioning device and thereby making a leakage de-
tection check, an embodiment of the present invention
allows early detection of any refrigerant leaking during
operation.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 is a schematic configuration diagram
showing an example of an air-conditioning device
according to Embodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a diagram illustrating by way of ex-
ample operation patterns of a refrigerant sensor and
fan in refrigerant leakage checking control.
[Fig. 3] Fig. 3 is a flowchart of refrigerant leakage
detection control performed by the air-conditioning
device according to Embodiment 1 of the present
invention.
[Fig. 4] Figs. 4(a) to 4(c) are diagrams illustrating by
way of example operation patterns of a refrigerant
sensor and fan in refrigerant leakage checking con-
trol according to a variation.
[Fig. 5] Fig. 5 is a schematic configuration diagram
showing an example of an air-conditioning device
according to Embodiment 2 of the present invention.
[Fig. 6] Fig. 6 is a flowchart explaining refrigerant
leakage checking control performed by the air-con-
ditioning device according to Embodiment 2 of the
present invention.

Description of Embodiments

[0011] An air-conditioning device according to an em-
bodiment of the present invention performs refrigerant
leakage detection control using a fan and refrigerant leak-
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age sensor. Of air-conditioning devices, the embodiment
can be applied, for example, to a building multi-air-con-
ditioning apparatus equipped with plural indoor units.

Embodiment 1

<Configuration of air-conditioning device>

[0012] Fig. 1 is a schematic configuration diagram
showing an example of an air-conditioning device 100
according to Embodiment 1 of the present invention. As
shown in Fig. 1, the air-conditioning device 100 is made
up of an indoor unit 10a, an indoor unit 10b, and an out-
door unit 30. The indoor unit 10a is placed in a room 5a
and the indoor unit 10b is placed in a room 5b larger than
the room 5a. The outdoor unit 30 includes compression
equipment configured to compress refrigerant and an
outdoor heat exchanger configured to exchange heat be-
tween outdoor air and the refrigerant. The outdoor unit
30 is connected with each of the indoor units 10a and
10b by outdoor unit connecting pipes 2. Refrigerant com-
pressed by operation of a compressor circulates by flow-
ing in and out of the indoor unit 10a and indoor unit 10b
from the outdoor unit 30 through the outdoor unit con-
necting pipes 2. The indoor unit 10a and indoor unit 10b
are connected to a refrigerant circuit through which the
same refrigerant flows. As the refrigerant, a mildly flam-
mable refrigerant such as R32, a natural refrigerant, or
another low-GWP refrigerant is used.
[0013] The indoor unit 10a includes an indoor heat ex-
changer 1a, a fan 6a, a controller 7a, and a refrigerant
sensor 3a. The refrigerant flowing in from the outdoor
unit 30 through the outdoor unit connecting pipe 2 flows
through the indoor heat exchanger 1a and then returns
to the outdoor unit 30 through the outdoor unit connecting
pipe 2. The fan 6a suctioned indoor air into the indoor
unit 10a through an intake grille 9 and sends air to the
room 5a through the indoor heat exchanger 1a and an
outlet duct 4a. Consequently, the air suctioned into the
indoor unit 10a is heat-exchanged with the refrigerant
flowing through the indoor heat exchanger 1a to air-con-
dition the room 5a via the indoor unit 10a.
[0014] The refrigerant sensor 3a is placed inside the
indoor unit 10a, and detects any refrigerant in the air suc-
tioned into the indoor unit 10a from the room 5a. The
refrigerant sensor 3a can be configured to detect a re-
frigerant concentration equal to or higher than a refer-
ence value as refrigerant leakage. For example, a ce-
ramic semiconductor sensor can be used as the refrig-
erant sensor 3a.
[0015] A remote control 8a is placed in the room 5a
and allows a user to enter initial settings. Also, the remote
control 8a allows the user to set an operation mode of
the indoor unit 10a. Available operation modes include
cooling operation, heating operation, defrosting opera-
tion, and other operations. The initial settings and oper-
ation mode specified via the remote control 8a is informed
to the controller 7a and stored in the controller 7a.

[0016] The indoor unit 10b has a configuration similar
to that of the indoor unit 10a and is placed in the room
5b larger in volume than the room 5a in which the indoor
unit 10a is placed. Specifically, the indoor unit 10b in-
cludes an indoor heat exchanger 1b connected to the
outdoor unit connecting pipe 2, a fan 6b, a controller 7b,
and a refrigerant sensor 3b. The indoor heat exchanger
1b also transfers heat between the air suctioned by the
fan 6b from the room 5b and the refrigerant flowing
through the indoor heat exchanger 1b, sends air through
an outlet duct 4b, and thereby air-conditions the room
5b. Also, a remote control 8b placed in the room 5b allows
an operator to specify initial settings and an operation
mode.
[0017] Fig. 2 is a diagram illustrating by way of example
an operation pattern of the refrigerant sensor 3a and fan
6a in refrigerant leakage checking control. In Fig. 2, the
solid lines indicate fixed-time control operation during
cooling operation or heating operation while the broken
lines indicate refrigerant leakage checking control. Also,
the circles indicate time points at which the refrigerant
sensor 3a checks for any leakage. Operations of the re-
frigerant sensor 3a and fan 6a will be described below,
and the description similarly applies to the refrigerant
sensor 3b and fan 6b.
[0018] As shown in Fig. 2, the refrigerant sensor 3a
and fan 6a perform refrigerant leakage checking control
at predetermined time intervals. The predetermined time
interval is, for example, a fixed-time control interval T. In
the refrigerant leakage checking control, by forcibly stop-
ping the operation of the fan 6a performing normal oper-
ation, the refrigerant sensor 3a checks for any refrigerant.
If no refrigerant leakage is detected by the refrigerant
sensor 3a, the fan 6a resumes operation and returns to
normal operation. That is, if refrigerant concentration in
the air is equal to or lower than a reference value, the
operation of the fan 6a is resumed. The fan 6a continues
normal operation until the refrigerant sensor 3a performs
a refrigerant checking operation the next time, i.e., until
the fixed-time control interval T elapses.
[0019] If refrigerant leakage is detected by the refrig-
erant sensor 3a, operation of the compressor of the out-
door unit 30 is stopped and a flow of refrigerant circulating
through the air-conditioning device 100 stops. Conse-
quently, the refrigerant is no longer transported to the
indoor unit 10a placed in the room 5a, and increases in
the refrigerant concentration in the room 5a are prevent-
ed.
[0020] In this way, in the air-conditioning device 100,
the operation of the fan 6a is stopped forcibly and the
refrigerant sensor 3a checks for any refrigerant. There-
fore, even if there is refrigerant leakage, the refrigerant
does not diffuse, the refrigerant leakage can be detected
before the refrigerant concentration in the room increas-
es to a dangerous level, and the circulation of the refrig-
erant can be stopped at an early stage.
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<Determination of fixed-time control interval T>

[0021] The fixed-time control interval T, which is a time
interval during which the fan 6a is stopped, can be de-
termined from reference value data, prestored in the air-
conditioning device 100, based on initial settings. The
reference value data is a digitized form of a relationship
between the volume of a room and the time taken for the
refrigerant concentration in the room to reach a minimum
explosive concentration. Specifically, if refrigerant leaks
in a room with a certain volume, the time interval from a
point of time at which the refrigerant leakage occurred to
a point of time at which the refrigerant concentration in
the room reaches a minimum explosive concentration is
calculated and a time interval shorter than the calculated
time interval is determined as the fixed-time control in-
terval T. Respective fixed-time control intervals T deter-
mined for plural different volumes are digitized and stored
as reference value data in the air-conditioning device
100. Therefore, fixed-time control intervals T can be de-
termined according to the volumes of rooms. Note that
the minimum explosive concentration refers to a critical
concentration at or above which flammable gas ex-
plodes.
[0022] When the air-conditioning device 100 includes
the indoor unit 10a and indoor unit 10b connected to the
same refrigerant system, of the room 5a in which the
indoor unit 10a is placed and the room 5b in which the
indoor unit 10b is placed, the room 5a with the smaller
volume is set as default. That is, of the rooms in which
plural indoor units 10a and 10b are placed, respectively,
the fixed-time control interval T is set based on the vol-
ume of the room 5a with the smaller volume. In the room
5a with the smaller volume, it is assumed that the time
between a point of time at which refrigerant leakage oc-
curs and a point of time at which the refrigerant concen-
tration in the room reaches the minimum explosive con-
centration is short. If the fixed-time control interval T of
the room 5a with the smaller volume is established, even
if refrigerant leakage occurs immediately after a refriger-
ant leakage check, refrigerant leakage is checked for
again and detected before the refrigerant concentration
reaches the minimum explosive concentration.
[0023] Now, supposition is made that refrigerant leak-
age checking control is performed with the fan 6a in the
indoor unit 10a kept operating in the air-conditioning de-
vice 100. When refrigerant leakage occurs, if a refrigerant
leakage rate is high, the refrigerant sensor 3a is expected
to be able to detect the refrigerant leakage promptly even
if the fan 6a is operating. However, if the refrigerant leak-
age rate is low, the leaking refrigerant is diffused by the
operation of the fan 6a, making it impossible to detect
the refrigerant leakage promptly even if the refrigerant
sensor 3a checks for refrigerant. For example, Interna-
tional Electrotechnical Commission standards, i.e., IEC
standards, require that when the leakage rate is 2 kg/h,
the leakage be detected within 60 seconds after the oc-
currence. When a supplied air flow rate of the fan 6a is

high and air flow rate inside the fan 6a is high, it is difficult
for the refrigerant sensor 3a to detect the refrigerant leak-
age promptly even if the leakage rate is high. Conse-
quently, the refrigerant leakage will last for a long time
and the refrigerant concentration in the entire room could
reach the minimum explosive concentration.
[0024] In the air-conditioning device 100 according to
the present embodiment, since the refrigerant sensor 3a
checks for refrigerant with the fan 6a stopped, even if the
refrigerant leakage rate is low or the flow rate of the fan
6a is low, the refrigerant is not diffused by the air sent by
the fan 6a. This allows the refrigerant sensor 3a to detect
any refrigerant leakage promptly, making it possible to
stop the air-conditioning device 100 before the refrigerant
concentration increases until reaching the minimum ex-
plosive concentration.
[0025] In a configuration in which the plural indoor units
10a and 10b are connected to the same refrigerant circuit,
refrigerant leakage checking control is performed simul-
taneously in the indoor unit 10a and indoor unit 10b. Spe-
cifically, the fans 6a and 6b placed in the indoor units 10a
and 10b are stopped simultaneously. Then, if any of the
refrigerant sensors 3a and 3b placed in the respective
indoor units 10a and 10b detects refrigerant leakage, op-
eration of the air-conditioning device 100 is stopped. As
a result, the compressor of the outdoor unit 30 stops
transporting the refrigerant, thereby preventing the re-
frigerant from leaking further.
[0026] Therefore, in a configuration in which the indoor
units 10a and 10b are connected to the same refrigerant
system, even if refrigerant leaks from the indoor unit 10b
placed in the smaller room 5a, the refrigerant leakage is
detected before the refrigerant concentration reaches the
minimum explosive concentration. Also, the configura-
tion in which the fans 6a and 6b are stopped simultane-
ously prevents detection accuracy from being deteriorat-
ed by air currents from the adjacent indoor units 10a and
10b.

<Refrigerant leakage checking control>

[0027] Fig. 3 is a flowchart of refrigerant leakage de-
tection control performed by the air-conditioning device
100 according to Embodiment 1 of the present invention.
As shown in Fig. 3, in the air-conditioning device 100,
the controller 7a performs refrigerant leakage checking
control at fixed-time control intervals T, which are prede-
termined time intervals.
[0028] In an initial state, the fans 6a and 6b perform
normal operation according to the operation modes of
the indoor units 10a and 10b. The operation modes may
be those sets via the remote controls 8a and 8b.
[0029] In step S1, the controllers 7a and 7b determine
whether running times of the fans 6a and 6b have
reached the fixed-time control interval T, and continue
normal operation of the fans 6a and 6b when it is deter-
mined that the fixed-time control interval T has not been
reached. When it is determined that the fixed-time control
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interval T has been reached, the controllers 7a and 7b
start implementing step S2.
[0030] Next, in step S2, the controllers 7a and 7b for-
cibly stop the operating fans 6a and 6b and instruct the
refrigerant sensors 3a and 3b to detect any refrigerant.
[0031] Next, in step S3, the controllers 7a and 7b de-
termine whether the refrigerant sensors 3a and 3b have
detected refrigerant leakage. When it is determined in
step S3 that no refrigerant leakage has been detected,
the controllers 7a and 7b return to the initial state by re-
setting the running times of the fans 6a and 6b to zero
and resume operation of the fans 6a and 6b. Then, op-
eration of the fans 6a and 6b is continued until it is de-
termined in step S1 that the running times have reached
the fixed-time control interval T.
[0032] On the other hand, when it is determined in step
S3 that the refrigerant sensors 3a and 3b have detected
refrigerant leakage, the controllers 7a and 7b stop the
compressor of the outdoor unit 30 and stop the flow of
refrigerant circulating through the air-conditioning device
100. This makes it possible to prevent increases in the
refrigerant concentration due to refrigerant leakage even
when refrigerant leakage is detected.
[0033] In the above description, volume settings of the
rooms 5a and 5b in which the plural indoor units 10a and
10b are placed are entered separately. The volumes of
the plural rooms 5a and 5b can also be set by installing
a controller configured to control operation of the entire
air-conditioning device 100 and assigning individual ad-
dresses to the indoor units 10a and 10b. In this case, for
example, during installation of the air-conditioning device
100 or on another similar occasion, the individual ad-
dresses of the indoor units 10a and 10b and information
on the rooms 5a and 5b are set by being associated with
each other. This makes it possible to automatically de-
termine the fixed-time control interval based on the room
with the smaller volume.

<Variation>

[0034] Figs. 4(a) to 4(c) are diagrams illustrating by
example operation patterns of a refrigerant sensor and
fan in refrigerant leakage checking control according to
a variation. Fig. 4(a) shows fixed-time control operation
during cooling operation or heating operation as with Fig.
2. Fig. 4(b) shows a case in which fixed-time control op-
eration includes thermo-off operation and Fig. 4(b) shows
a case in which fixed-time control operation includes de-
frosting operation.
[0035] As shown in Figs. 4(a) to 4(c), in the air-condi-
tioning device 100 according to the variation, when ther-
mo-off operation or defrosting operation is performed,
refrigerant leakage checking control is performed ac-
cording to the operation mode. In Figs. 4(a) to 4(c), the
solid lines indicate normal operation and the broken lines
indicate refrigerant leakage checking control. Also, the
circles indicate time points at which refrigerant leakage
checking control is performed and cross marks indicate

cases in which refrigerant leakage checking control is
skipped. Description will be given below exemplifying a
case in which the indoor unit 10a performs thermo-off
operation or defrosting operation, and the description
similarly applies to the indoor unit 10b.
[0036] As shown in Figs. 4A to 4C, when the indoor
unit 10a performs thermo-off operation or defrosting op-
eration, the fan 6a stops operation during a time period
Tth in which the indoor unit 10a performs thermo-off op-
eration or during a time period Tdf in which the indoor
unit 10a performs defrosting operation. The refrigerant
sensor 3a detects refrigerant concentration while the op-
eration of the fan 6a is suspended due to thermo-off op-
eration or defrosting operation.
[0037] When the thermo-off operation or defrosting op-
eration is finished, the running time of the fan 6a is reset
to zero and normal operation is resumed. When the run-
ning time after the reset elapses the fixed-time control
interval T, the operation of the fan 6a is stopped forcibly
again and refrigerant leakage checking control is per-
formed. That is, refrigerant leakage checking control is
performed after a lapse of the time interval T rather than
immediately after the finish of thermo-off operation or de-
frosting operation.
[0038] In this way, refrigerant leakage checking control
is performed also when the operation of the fan 6a is
stopped according to the operation mode of the indoor
unit 10a. When the operation mode is switched to normal
operation, i.e., to heating operation or cooling operation,
the running time of the fan 6a is reset to zero. Conse-
quently, the frequency of forcible stopping of the fan 6a
can be reduced.
[0039] In the air-conditioning device 100 according to
the embodiment of the present invention described
above, by stopping the operation of the fans 6a and 6b
during operation of the indoor units 10a and 10b, refrig-
erant is checked for by the refrigerant sensors 3a and
3b. Consequently, any refrigerant in the rooms in which
the indoor units 10a and 10b are placed can be detected
accurately without the air being diffused by the fans 6a
and 6b. Therefore, any refrigerant leakage is detected
before the refrigerant concentration reaches the mini-
mum explosive concentration and the circulation of the
refrigerant in the air-conditioning device 100 can be
stopped.
[0040] Also, in a configuration in which the plural indoor
units 10a and 10b are connected to the same refrigerant
circuit, each of the indoor units 10a and 10b is checked
for refrigerant leakage. Consequently, even if the refrig-
erant leaks in either of the indoor units 10a and 10b, the
refrigerant leakage is detected at an early stage and the
circulation of the refrigerant in the air-conditioning device
100 is stopped.
[0041] Also, since the operation of the fans 6a and 6b
is resumed when it is confirmed by the refrigerant sensors
3a and 3b that there is no refrigerant leakage, normal
operation can be continued.
[0042] Also, the fans 6a and 6b are stopped at the
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fixed-time control intervals before the refrigerant concen-
tration can reach a lower explosive limit concentration
and checks are made by the refrigerant sensors 3a and
3b. Consequently, any leakage can be detected before
the refrigerant concentration can reach a level at which
an explosion can occur.
[0043] Also, when the fans 6a and 6b stop operation
according to the operation modes of the indoor units 10a
and 10b, the refrigerant sensors 3a and 3b check for any
refrigerant even if the fixed-time control interval T has
not elapsed. This makes it possible to reduce frequency
of stopping the fans 6a and 6b set for refrigerant leakage
checking.
[0044] In particular, if the fans 6a and 6b stop when
the indoor units 10a and 10b are in thermo-off operation
or defrosting operation, the running times of the fans 6a
and 6b are reset when normal operation is resumed, and
the fixed-time control interval T is set again. This makes
it possible to reduce a duration for which operation of the
indoor units 10a and 10b are suspended.

Embodiment 2

[0045] Fig. 5 is a schematic configuration diagram
showing an example of an air-conditioning device 200
according to Embodiment 2 of the present invention. Em-
bodiment 2 of the present invention differs from Embod-
iment 1 in that the air-conditioning device 200 includes
high-sensitivity refrigerant sensors 31a and 31b. A basic
configuration of the air-conditioning device 200 accord-
ing to Embodiment 2 is similar to air-conditioning device
100 according to Embodiment 1, and thus Embodiment
2 will be described below by focusing on differences from
Embodiment 1.
[0046] As shown in Fig. 5, the air-conditioning device
200 includes the refrigerant sensors 3a and 3b, and the
high-sensitivity refrigerant sensors 31a and 31b higher
in sensitivity than the refrigerant sensors 3a and 3b. As
with the refrigerant sensors 3a and 3b, the high-sensitiv-
ity refrigerant sensors 31a and 31b are placed inside the
indoor units 10a and 10b. The high-sensitivity refrigerant
sensors 31a and 31b can detect refrigerant leakage even
at such a low refrigerant concentration that the refrigerant
sensors 3a and 3b cannot detect. The high-sensitivity
refrigerant sensors 31a and 31b may use the same
scheme as or different scheme from the refrigerant sen-
sors 3a and 3b.

<Refrigerant leakage checking control>

[0047] Fig. 6 is a flowchart explaining refrigerant leak-
age checking control performed by the air-conditioning
device 200 according to Embodiment 2 of the present
invention. As shown in Fig. 5, in the air-conditioning de-
vice 200, if refrigerant leakage is detected by the high-
sensitivity refrigerant sensors 31a and 31b, the fans 6a
and 6b are stopped forcibly and refrigerant leakage is
checked for by the refrigerant sensors 3a and 3b.

[0048] In an initial state, the fans 6a and 6b perform
normal operation according to the operation modes of
the indoor units 10a and 10b. The operation modes may
be those sets via the remote controls 8a and 8b.
[0049] First, in step S11, with the fans 6a and 6b per-
forming normal operation, the controllers 7a and 7b make
the high-sensitivity refrigerant sensors 31a and 31b
check for refrigerant leakage. If no refrigerant is detected
by the high-sensitivity refrigerant sensor 31a, normal op-
eration is continued. If refrigerant is detected by the high-
sensitivity refrigerant sensors 31a and 31b, the control-
lers 7a and 7b start implementing step S12. Note that
the refrigerant leakage checks can be made periodically
by the high-sensitivity refrigerant sensors 31a and 31b
at predetermined time intervals.
[0050] Next, in step S12, the controllers 7a and 7b
make the refrigerant sensors 3a and 3b check for refrig-
erant leakage by forcibly stopping the operation of the
fans 6a and 6b, and then start implementing step S13.
[0051] Next, in step S13, the controllers 7a and 7b de-
termine whether any refrigerant leakage has been de-
tected by the refrigerant sensors 3a and 3b, and when it
is determined that no refrigerant leakage has been de-
tected, the controllers 7a and 7b return to the initial state
and resume operation of the fans 6a and 6b.
[0052] On the other hand, when refrigerant leakage
has been detected by the refrigerant sensors 3a and 3b
in step S13, the controllers 7a and 7b stop the compres-
sor of the outdoor unit 30 and stop the flow of refrigerant
circulating through the air-conditioning device 200.
[0053] Only when refrigerant leakage is detected by
the high-sensitivity refrigerant sensors 31a and 31b, re-
frigerant leakage is checked for by the refrigerant sensors
3a and 3b by forcibly stopping the fans 6a and 6b. Con-
sequently, normal operation is continued when there is
no refrigerant leakage, and the frequency at which oper-
ation is stopped is reduced.
[0054] Note that the high-sensitivity refrigerant sen-
sors 31a and 31b are capable of make detection even at
low refrigerant concentrations, but could make false de-
tections. The adoption of double detection using the high-
sensitivity refrigerant sensors 31a and 31b and the re-
frigerant sensors 3a and 3b with standard sensitivity
makes it possible to detect any refrigerant leakage
promptly even with a configuration in which the fans 6a
and 6b do not stop at every fixed-time control interval.
[0055] The air-conditioning device 200 according to
the embodiment of the present invention described
above, adopts double detection using the high-sensitivity
refrigerant sensors 31a and 31b and the refrigerant sen-
sors 3a and 3b with standard sensitivity. This makes it
possible to detect any refrigerant leakage promptly even
with a configuration in which the fans 6a and 6b are not
stopped periodically.
[0056] Note that description has been given above on
a configuration in which the refrigerant sensors 3a and
3b and high-sensitivity refrigerant sensors 31a and 31b
are placed inside the indoor units 10a and 10b. However,

9 10 



EP 3 633 282 A1

7

5

10

15

20

25

30

35

40

45

50

55

the refrigerant sensors 3a and 3b and high-sensitivity
refrigerant sensors 31a and 31b may be placed outside
the indoor units 10a and 10b, in which air currents of the
fans 6a and 6b have an impact.

Reference Signs List

[0057] 1a, 1b indoor heat exchanger 2 outdoor unit
connecting pipe3a, 3b refrigerant sensor 4a, 4b outlet
duct5a, 5b room 6a, 6b fan 7a, 7b controller 8a, 8b remote
control 9 intake grille 10a, 10b indoor unit 30 outdoor unit
31a, 31b high-sensitivity refrigerant sensor 100, 200 air-
conditioning device

Claims

1. An air-conditioning device comprising an indoor unit
that includes:

a heat exchanger through which refrigerant
flows,
a refrigerant sensor configured to detect any re-
frigerant leaking from the heat exchanger into
air,
a fan configured to send air to the heat exchang-
er, and
a controller configured to control operation of
the refrigerant sensor and the fan, wherein
the controller stops operation of the fan and
makes the refrigerant sensor detect any refrig-
erant.

2. The air-conditioning device of claim 1 comprising the
plurality of indoor units, wherein:

each of the plurality of indoor units includes the
heat exchanger, the fan, the refrigerant sensor,
and the controller;
the heat exchangers of the respective indoor
units are connected to a refrigerant system
through which same refrigerant flows; and
the controllers of the respective indoor units stop
operation of the respective fans and make the
respective refrigerant sensors detect any refrig-
erant.

3. The air-conditioning device of claim 1 or 2, wherein
when no refrigerant is detected by the refrigerant
sensor, the controller resumes operation of the fan.

4. The air-conditioning device of any one of claims 1 to
3, wherein:

the controller stops operation of the fan when
running time of the indoor unit reaches a prede-
termined fixed-time control interval; and
the fixed-time control interval is shorter than time

taken until refrigerant concentration in a room in
which the indoor unit is placed reaches an ex-
plosive level.

5.  The air-conditioning device of claim 4, wherein:

the indoor unit further includes a remote control
for use to set a volume of the room in which the
indoor unit is placed; and
the controller:

prestores reference value data, which rep-
resents relationships between volumes of
rooms and fixed-time control intervals, and
determines the volume of the room based
on the volume of the room set via the remote
control and the reference value data.

6. The air-conditioning device of claim 5, wherein a vol-
ume of a smallest one of rooms in which a plurality
of the indoor units are placed is set on each of re-
spective remote controls of the plurality of the indoor
units.

7. The air-conditioning device of claim 5 or 6, wherein,
when operation of the fan is stopped before running
time of the indoor unit reaches a fixed-time control
interval, the controller makes the refrigerant sensor
detect any refrigerant.

8. The air-conditioning device of any one of claims 4 to
7, wherein:

the indoor unit performs thermo-on operation in
which the fan is operating and thermo-off oper-
ation in which the fan is stopped; and
the controller:

makes the refrigerant sensor detect any re-
frigerant when the indoor unit starts the ther-
mo-off operation, and
resets running time of the indoor unit to zero
when the indoor unit is switched from the
thermo-off operation to the thermo-on op-
eration.

9. The air-conditioning device of any one of claims 4 to
7, wherein:

the indoor unit performs heating operation in
which the fan operates and defrosting operation
in which the fan stops; and
the controller:

makes the refrigerant sensor detect any re-
frigerant when the indoor unit starts the de-
frosting operation, and
resets running time of the indoor unit to zero

11 12 



EP 3 633 282 A1

8

5

10

15

20

25

30

35

40

45

50

55

when the indoor unit is switched from the
defrosting operation to the heating opera-
tion.

10. The air-conditioning device of claim 1 or 2, further
comprising a high-sensitivity refrigerant sensor high-
er in sensitivity than the refrigerant sensor, wherein
when the high-sensitivity refrigerant sensor detects
refrigerant leakage, the controller stops the fan and
makes the refrigerant sensor detect any refrigerant.
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