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Description
Technical Field

[0001] The present invention relates to a refrigeration
apparatus configured to, when refrigerant leaks, retain
the refrigerant in a refrigerant tank.

Background Art

[0002] A conventional air-conditioning apparatus is
configured to stop the compressor from operating when
refrigerant leaks (see Patent Literature 1).

Citation List
Patent Literature

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

Summary of Invention
Technical Problem

[0004] However, according to the conventional tech-
nique described in Patent Literature 1, because the op-
eration of the compressor is simply stopped when the
refrigerant leaks, the refrigerant keeps leaking from the
location of leakage.

[0005] In view of the circumstances described above,
it is an object of the present invention to provide a refrig-
eration apparatus capable of reducing the amount of
leakage of the refrigerant by having the refrigerant re-
tained in a refrigerant tank, when the refrigerant leaks.

[0006] JP-A-2002228281 discloses a refrigeration ap-
paratus having the features of the preamble of claim 1.

Solution to Problem
[0007] A refrigeration apparatus according to claim 1.
Advantageous Effects of Invention

[0008] By using the refrigeration apparatus according
to the one embodiment of the present invention, itis pos-
sible to reduce the amount of leakage of the refrigerant
by having the refrigerant retained in the refrigerant tank,
when the refrigerant leaks. Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a diagram schematically illustrating
an example of a configuration of a refrigeration ap-
paratus according to Embodiment 1 of the present
invention.

[Fig. 2] Fig. 2 is a chart for explaining an example of
an operation of a heat source side unit illustrated in
Fig. 1.
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[Fig. 3] Fig. 3 is a chart for explaining Modification
Example 1 of the presentinvention obtained by mod-
ifying the example in Fig. 2.

[Fig. 4] Fig. 4 is a chart for explaining Modification
Example 2 of the presentinvention obtained by mod-
ifying the example in Fig. 3.

[Fig. 5] Fig. 5 is a diagram schematically illustrating
an example of a configuration of a refrigeration ap-
paratus according to Embodiment 2 of the present
invention.

[Fig. 6] Fig. 6 is a diagram for explaining Modification
Example 3 of the presentinvention obtained by mod-
ifying the example in Fig. 5.

Description of Embodiments

[0010] Embodiments of the present invention will be
described hereinafter with reference to the drawings. In
the drawings, some of the elements that are the same
as or correspond to each other will be referred to by using
the same reference characters, and the explanations
thereof will be either omitted or simplified as appropriate.
Further, with respect to the constituent elements illustrat-
ed in the drawings, it is possible to change the shapes,
the sizes, the positional arrangements, and other prop-
erties thereof as appropriate, within the scope of the
present invention.

<A refrigeration apparatus>
Embodiment 1.

[0011] Fig. 1is a diagram schematically illustrating an
example of a configuration of a refrigeration apparatus
according to Embodiment 1 of the present invention. A
refrigeration apparatus 50 according to the present em-
bodiment s, for example, configured to cool the contents
such as food and/or other items stored indoors on the
inside of a chamber 1. The refrigeration apparatus 50
includes a refrigerant leakage detecting unit 11 provided
on the inside of the chamber 1. The refrigerant leakage
detecting unit 11 may be, for example, a refrigerant leak-
age detecting device configured to detect refrigerant
leaking from a refrigerant circuit 60. The refrigeration ap-
paratus 50 according to the present embodiment is con-
figured to reduce the amount of leakage of the refrigerant
by having the refrigerant retained in a refrigerant tank
103, when the refrigerant leaks.

[0012] The refrigeration apparatus 50 includes the re-
frigerant circuit 60 in which the refrigerant circulates. In
Fig. 1, the part of the refrigerant circuit 60 indicated with
the dotted line corresponds to refrigerant pipes between
the suction side of the compressor 101 and the valve
device 104. The part of the refrigerant circuit 60 indicated
with the solid line corresponds to refrigerant pipes be-
tween the discharge side of the compressor 101 and the
valve device 104. The refrigerant used in the present
embodiment may be, for example, refrigerant having a
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small Global Warming Potential (GWP) value such as
R410A, R32, or CO,. Alternatively, the refrigerant may
be refrigerant mixture containing at least one selected
from among those or may be another type of refrigerant
different from any of those. The refrigerant circuit 60 is
structured by connecting together, with refrigerant pipes,
at least the compressor 101, a condenser 102, a refrig-
eranttank 103, the valve device 104, a pressure reducing
device 201, and an evaporator 202. The refrigerant circuit
60 may further include, for example, an oil separator or
a gas-liquid separator for the purpose of protecting the
compressor 101, a heat exchanger for the purpose of
adjusting the degree of subcooling, and other elements.
The refrigeration apparatus 50 according to the present
embodiment includes a heat source side unit 100 and a
load side unit 200 connected to each other with refriger-
ant pipes.

<The heat source side unit>

[0013] The heat source side unit 100 is provided out-
doors on the outside of the chamber 1. The heat source
side unit 100 includes the compressor 101, the condens-
er 102, the refrigerant tank 103, the valve device 104, a
controller 110, a storage unit 120, an alarm device 130,
a suction side pressure sensor 111, and a discharge side
pressure sensor 112. The compressor 101 may be, for
example, an inverter compressor controlled by using an
inverter. By arbitrarily changing the operation frequency
of the compressor 101, it is possible to change the ca-
pacity thereof (the volume of refrigerant output by the
compressor 101 per unit time period). The compressor
101 may be a constant speed compressor configured to
operate ata constant operation frequency. Also, although
Fig. 1 illustrates the one compressor 101, two or more
compressors 101 may be provided.

[0014] The condenser 102 is configured, for example,
to condense the refrigerant, by exchanging heat between
the refrigerant flowing through the condenser 102 and
air. For example, a fan (not illustrated) configured to in-
troduce the air to the condenser 102 is installed in the
vicinity of the condenser 102. The refrigerant tank 103 is
a container configured to store the refrigerant condensed
by the condenser 102. The refrigerant tank 103 also has
a function of storing refrigerant and causing liquid refrig-
erant to flow out. The valve device 104 is configured to
control passing of the refrigerant flowing out of the refrig-
erant tank 103 by opening and closing. For example, the
valve device 104 may be structured by using a solenoid
valve or other elements.

[0015] The controller 110 is configured to control the
entirety of the heat source side unit 100. The controller
110 is structured to include an analog circuit, a digital
circuit, a CPU, or a set made up of at least two selected
from among these. For example, by using a detection
result obtained by the refrigerant leakage detecting unit
11 provided on the inside of the chamber 1, the controller
110 controls the heat source side unit 100. Alternatively,
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the controller 110 may be configured to control the en-
tirety of the refrigeration apparatus 50. The storage unit
120 is structured to include a non-volatile memory, for
example. The storage unit 120 stores data, a program,
and other information used for controlling the heat source
side unit 100. The alarm device 130 is configured to issue
an alarm in response to an instruction received from the
controller 110. The alarm device 130 is structured to in-
clude, for example, a lamp configured to issue an alarm
with light, a buzzer configured to issue an alarm with
sound, or other devices.

[0016] The suction side pressure sensor 111 is provid-
ed between the suction side of the compressor 101 and
the evaporator 202 and is configured to detect the pres-
sure of the refrigerant sucked by the compressor 101.
The discharge side pressure sensor 112 is provided be-
tween the discharge side of the compressor 101 and the
condenser 102 and is configured to detect the pressure
of the refrigerant discharged from the compressor 101.

<The load side unit>

[0017] The load side unit 200 is provided indoors on
the inside of the chamber 1 and includes the pressure
reducing device 201 and the evaporator 202. The pres-
sure reducing device 201 is configured to reduce the
pressure of the refrigerant flowing to the pressure reduc-
ing device 201. For example, the pressure reducing de-
vice 201 may be an electronic expansion valve of which
the opening degree is adjustable or may be a capillary
tube or other devices. The evaporator 202 is configured,
for example, to evaporate the refrigerant by exchanging
heat between the refrigerant flowing to the evaporator
202 and air. For example, a fan (not illustrated) config-
ured to introduce the air to the evaporator 202 is installed
in the vicinity of the evaporator 202.

<A normal operation of the refrigeration apparatus>

[0018] Next, a normal operation of the refrigeration ap-
paratus 50 will be explained. For example, the refriger-
ation apparatus 50 is configured to cool the inside of the
chamber 1 by performing a normal operation when the
refrigeration apparatus 50 is not in an abnormal state,
while the inside of the chamber 1 is not sufficiently cooled.
The determination of whether the refrigeration apparatus
50 is in an abnormal state or not is made, for example,
by using a detection result obtained by the refrigerant
leakage detecting unit 11, as well as either temperatures
or pressure levels in various locations within the refrig-
erant circuit 60, and/or other factors. During the normal
operation of the refrigeration apparatus 50, the valve de-
vice 104 is in an open state.

[0019] The refrigerant compressed by the compressor
101 included in the heat source side unit 100 flows into
the condenser 102. The refrigerant is condensed by the
condenser 102, as a result of the heat exchange process
with the air. The refrigerant condensed by the condenser
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102 flows into the refrigerant tank 103. The refrigerant
flowing out of the refrigerant tank 103 passes through
the valve device 104, and the pressure thereof is reduced
by the pressure reducing device 201 included in the load
side unit 200. The refrigerant of which the pressure has
been reduced by the pressure reducing device 201 is
evaporated by the evaporator 202 as a result of the heat
exchange process with the air. The refrigerant evaporat-
ed by the evaporator 202 is sucked into the compressor
101 included in the heat source side unit 100 and is com-
pressed again. During the normal operation of the refrig-
eration apparatus 50, the controller 110 adjusts the tem-
perature on the inside of the chamber 1, by controlling
the compressor 101 and other elements, with the use of
detection results obtained from, for example, the suction
side pressure sensor 111, the discharge side pressure
sensor 112, a temperature sensor (not illustrated), a
pressure sensor (not illustrated), and/or other elements.

<An operation of the heat source side unit>

[0020] Next, an example of an operation of the heat
source side unit 100 according to the present embodi-
ment will be explained. Fig. 2 is a chart for explaining the
example of the operation of the heat source side unit
illustrated in Fig. 1. At step S02 in Fig. 2, the refrigeration
apparatus 50 is performing the normal operation. At step
S04, the controller 110 illustrated in Fig. 1 obtains a de-
tection result from the refrigerant leakage detecting unit
11 and determines whether or not the refrigerant is leak-
ing.

[0021] Atstep S04 in Fig. 2, when itis determined that
the refrigerant is not leaking, the process proceeds to
step S06. At step S06, the controller 110 illustrated in
Fig. 1 brings the valve device 104 into an open state and
sets a low pressure threshold pressure value of the com-
pressor 101 to a first low pressure threshold pressure
value A (MPa), and the process returns to step S04. The
low pressure threshold pressure value is a value related
to a suction pressure value P1 on the suction side of the
compressor 101. When the suction pressure value P1
on the suction side of the compressor 101 becomes equal
to or smaller than the low pressure threshold pressure
value, the controller 110 stops the compressor 101. The
first low pressure threshold pressure value A (MPa) is a
low pressure threshold pressure value for when the re-
frigerant is not leaking and is stored in the storage unit
120 in advance. When the operation is performed in the
order of step S02, step S04, and step S06, the open state
of the valve device 104 is maintained at stepS06, while
the low pressure threshold pressure value of the com-
pressor 101 is kept at the first low pressure threshold
pressure value A (MPa).

[0022] Atstep S04 in Fig. 2, when itis determined that
the refrigerant is leaking, the process proceeds to step
S08. At step S08, the controller 110 illustrated in Fig. 1
switches the valve device 104 into a closed state and
changes the low pressure threshold pressure value of
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the compressor 101 to a second low pressure threshold
pressure value B (MPa). As illustrated in Fig. 1, when the
valve device 104 has been switched into the closed state,
the refrigerant circuit 60 is divided into a section posi-
tioned on the suction side of the compressor 101 and
another section positioned on the discharge side of the
compressor 101. Accordingly, the refrigerant positioned
in the section from the valve device 104 to the suction
side of the compressor 101 moves to the section from
the discharge side of the compressor 101 to the valve
device 104. In other words, the refrigerant in the section
from the valve device 104 to the suction side of the com-
pressor 101 is sucked into the compressor 101 and com-
pressed. The refrigerant compressed by the compressor
101 is condensed by the condenser 102 and is retained
in the refrigerant tank 103. Further, when it is determined
that the refrigerant is leaking, the low pressure threshold
pressure value of the compressor 101 is setto the second
low pressure threshold pressure value B (MPa) that is
smaller than the first low pressure threshold pressure
value A to which the low pressure threshold pressure
value is set when it is determined that the refrigerant is
not leaking. Consequently, even when the amount of the
refrigerant positioned on the suction side of the compres-
sor 101 becomes smaller and the pressure on the suction
side of the compressor 101 becomes lower, the com-
pressor 101 keeps operating. It is therefore possible to
decrease the amount of refrigerant remaining on the suc-
tion side of the compressor 101 and to increase the
amount of refrigerant retained on the discharge side of
the compressor 101. In this situation, the second low
pressure threshold pressure value B (MPa) is a value set
in advance and is stored in the storage unit 120 in ad-
vance. The second low pressure threshold pressure val-
ue B (MPa) may be, for example, equal to or larger than
0 (MPa) in gauge pressure. In this example in the present
embodiment, the second low pressure threshold pres-
sure value B (MPa) is set to 0.01 (MPa) in gauge pres-
sure. Because the second low pressure threshold pres-
sure value B (MPa) is equal to or larger than 0 (MPa) in
gauge pressure, the possibility of having air entering the
inside of the refrigerant circuit 60 through the refrigerant
leakage location of the refrigerant circuit 60 is reduced.
When the procedure at step S08 in Fig. 2 has been per-
formed, the process returns to step S04. When the proc-
ess returns from step S08 to step S04, and it is deter-
mined at step S04 that the refrigerant is not leaking, the
process proceeds to step S06. The controller 110 switch-
es the valve device 104 into an open state and changes
the low pressure threshold pressure value of the com-
pressor 101 to the first low pressure threshold pressure
value A (MPa). The process then returns to step S04.
When the process returns from step S08 to step S04 and
itis determined that the refrigerantis leaking at step S04,
the process proceeds to step S08.

[0023] The controller 110 illustrated in Fig. 1 obtains a
detection result from the suction side pressure sensor
111. Preferably, the controller 110 is configured to stop
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the operation of the compressor 101, when the suction
pressure value P1 on the suction side of the compressor
101 becomes equal to or smaller than the second low
pressure threshold pressure value B (MPa). The reasons
is that, when the suction pressure value P1 on the suction
side of the compressor 101 becomes equal to or smaller
than the second low pressure threshold pressure value
B (MPa), it is assumed that the refrigerant positioned on
the suction side of the compressor 101 in the refrigerant
circuit 60 has been retained in the discharge side of the
compressor 101. Also, if the compressor 101 was kept
operating after the suction pressure value P1 on the suc-
tion side of the compressor 101 becomes equal to or
smaller than the second low pressure threshold pressure
value B (MPa), air might enter the inside of the refrigerant
circuit 60 through the refrigerant leakage location of the
refrigerant circuit 60. For this reason, when the suction
pressure value P1 on the suction side of the compressor
101 becomes equal to or smaller than the second low
pressure threshold pressure value B (MPa) and the op-
eration of the compressor 101 is stopped, the controller
110 does not allow the heat source side unit 100 to per-
form the normal operation until an instruction indicating
that the abnormality of the refrigeration apparatus 50 is
resolved is received from the user.

[0024] Asexplained above, the refrigeration apparatus
50 according to the present embodiment includes: the
refrigerant circuit 60 including the compressor 101 con-
figured to compress the refrigerant, the condenser 102
configured to condense the refrigerant compressed by
the compressor 101, the refrigerant tank 103 configured
to store the refrigerant condensed by the condenser 102,
and the valve device 104 configured to control the pass-
ing of the refrigerant flowing out of the refrigerant tank
103; the refrigerant leakage detecting unit 11 configured
to detect the refrigerantleaking from the refrigerant circuit
60, and the controller 110 configured to obtain the de-
tection result from the refrigerant leakage detecting unit
11 and, when it is determined that the refrigerant is leak-
ing, to bring the valve device 104 into the closed state to
retain, in the refrigerant tank 103, the refrigerant, the re-
frigerant being compressed by the compressor 101 and
condensed by the condenser 102. By using the refriger-
ation apparatus 50 according to the presentembodiment,
it is possible to lower the possibility of having the refrig-
erantkeep leaking through the leakage location, because
the refrigerantis retained in the refrigeranttank 103 when
the refrigerant leaks.

[0025] Further, in the present embodiment, when the
suction pressure value P1 on the suction side of the com-
pressor 101 becomes equal to or smaller than the low
pressure threshold pressure value that is determined in
advance, the control to stop the operation of the com-
pressor 101 is performed. The controller 110 controls the
compressor 101 by, when determining thatthe refrigerant
is leaking, setting the low pressure threshold pressure
value to the second low pressure threshold pressure val-
ue B that is smaller than the first low pressure threshold
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pressure value A set when determining that the refriger-
ant is not leaking. Accordingly, in the present embodi-
ment, the compressor 101 keeps operating, even when
the amount of the refrigerant positioned on the suction
side of the compressor 101 becomes smaller and the
pressure on the suction side of the compressor 101 be-
comes lower. It is therefore possible to decrease the
amount of refrigerant remaining on the suction side of
the compressor 101 in the refrigerant circuit 60 and to
increase the amount of refrigerant retained on the dis-
charge side of the compressor 101 in the refrigerant cir-
cuit 60.

[0026] Further, in the presentembodiment, the second
low pressure threshold pressure value B serving as the
low pressure threshold pressure value for when it is de-
termined that the refrigerant is leaking is arranged to be
equal to or larger than 0 (MPa) in gauge pressure. Con-
sequently, the possibility of having air entering the inside
of the refrigerant circuit 60 is reduced.

[0027] Further, in the present embodiment, the refrig-
erant circuit 60 includes the evaporator 202 provided on
the inside of the chamber 1 and configured to evaporate
the refrigerant, while the refrigerant leakage detecting
unit 11 is installed inside the chamber 1. Consequently,
according to the present embodiment, the possibility of
having the interior of the chamber 1 filled with the refrig-
erant is reduced.

[0028] Further, the refrigeration apparatus 50 accord-
ing to the present embodiment includes the heat source
side unit 100 structured to include the compressor 101
and the controller 110. In the present embodiment, be-
cause the heat source side unit 100 takes measures
against the leakage of the refrigerant, the measures
against refrigerant leakage are taken, regardless of the
specification of the load side unit 200 and other factors.
[0029] In general, a heat source side unit and a load
side unit constituting a refrigeration apparatus often have
mutually-different manufacturers and mutually-different
specifications. Further, it is often the case that a heat
source side unit and a load side unit having mutually-
different manufacturers and having mutually-different
specifications are controlled independently of each other.
In those situations, measures taken against refrigerant
leakage are insufficient.

[0030] In contrast to such a generally-used refrigera-
tion apparatus as described above, the refrigeration ap-
paratus 50 according to the present embodiment is con-
figured so that the heat source side unit 100 takes the
measures against refrigerant leakage occurring on the
inside of the chamber 1 where the load side unit 200 is
provided. Accordingly, the measures taken against re-
frigerant leakage are improved. In a preferred embodi-
ment, the heat source side unit 100 is installed outside
the chamber 1, so that the heat source side unit 100
installed on the outside of the chamber 1 takes measures
against refrigerant leakage occurring on the inside of the
chamber 1. As a result, the measures taken by the re-
frigeration apparatus 50 against refrigerant leakage are
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improved.

[0031] Further, in the present embodiment, because
the refrigerant tank 103 and the valve device 104 are
installed outdoors, when the refrigerant leaks, the refrig-
erant is retained in the section of the refrigerant circuit
60 positioned outdoors. As a result, according to the
presentembodiment, the possibility of having the interior
of the chamber 1 filled with the refrigerant is reduced. In
a preferred embodiment, as illustrated in Fig. 1, the com-
pressor 101, the condenser 102, the refrigerant tank 103,
the valve device 104, and the refrigerant pipes connect-
ing these elements together are provided outdoors. As
illustrated in Fig. 1, because the part indicated with the
solid line where the refrigerant is retained is provided
outdoors, the possibility of having the interior of the cham-
ber 1 filled with the refrigerant is reduced.

[0032] Because the refrigeration apparatus 50 accord-
ing to the present embodiment is configured to cool the
contents such as food and/or other items stored indoors
on the inside of the chamber 1, abnormalities occurring
ontheinside of the chamber 1, in particular, are not easily
noticed. According to the present embodiment, when the
refrigerant leaks on the inside of the chamber 1, because
the heat source side unit 100 takes the measures against
the leakage of the refrigerant, the measures taken
against refrigerant leakage are improved.

<Modification Example 1>

[0033] Fig. 3 is a chart for explaining Modification Ex-
ample 1 of the present invention obtained by modifying
the example in Fig. 2. In comparison to the example ac-
cording to Embodiment 1 illustrated in Fig. 2, Modification
Example 1 illustrated in Fig. 3 has steps S21 and S22
added thereto. Steps S02 through S08 in Modification
Example 1 illustrated in Fig. 3 are the same as steps S02
through S08 in the example according to Embodiment 1
illustrated in Fig. 2. Accordingly, the explanations thereof
will be either simplified or omitted.

[0034] Atstep S04 in Fig. 3, when itis determined that
the refrigerant is leaking, the procedure at step S08 is
performed, and the process proceeds to step S21. At
step S21, the controller 110 illustrated in Fig. 1 causes
the alarm device 130 to issue an abnormality alarm. At
step S22, the controller 110 determines whether or not
the abnormality alarm has been reset. When the abnor-
mality alarm has been reset, the process returns to step
S04. The abnormality alarm is reset by a user who re-
ceived the abnormality alarm or other parties. For exam-
ple, the refrigeration apparatus 50 includes an alarm can-
celling device such as a switch or other devices (not il-
lustrated). When having confirmed that the refrigeration
apparatus 50 has no abnormality, the user resets the
abnormality alarm by operating the alarm cancelling de-
vice.

[0035] As explained above, according to Modification
Example 1, the alarm device 130 configured to issue the
alarm is provided. When the refrigerant leaks, the con-
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troller 110 causes the alarm device 130 to issue the
alarm. Consequently, according to Modification Example
1, forexample, the user who receives the alarm indicating
that the refrigerant is leaking is able to check on the state
of the refrigeration apparatus 50.

[0036] Further, in Modification Example 1, the refrig-
erant keeps being retained on the discharge side of the
compressor 101 until the user resets the abnormality
alarm. Also, even after the user resets the abnormality
alarm, the refrigerant keeps being retained on the dis-
charge side of the compressor 101 until the controller
110 determines that the refrigerant is no longer leaking.
According to Modification Example 1, the refrigeration
apparatus 50 is brought into normal operation when the
abnormality alarm is reset, and also, the controller 110
determines that the refrigerant is no longer leaking. Con-
sequently, the measures taken by the refrigeration ap-
paratus 50 against refrigerant leakage are improved.

<Modification Example 2>

[0037] Fig. 4 is a chart for explaining Modification Ex-
ample 2 of the present invention obtained by modifying
the example in Fig. 3. In comparison to Modification Ex-
ample 1 illustrated in Fig. 3, Modification Example 2 il-
lustrated in Fig. 4 has step S31 added thereto. Steps S02
through S08, steps S21 and S22 in Modification Example
2 illustrated in Fig. 4 are the same as steps S02 through
S08, steps S21 and S22 in Modification Example 1. Ac-
cordingly, the explanations thereof will be either simpli-
fied or omitted.

[0038] Atstep S31inFig. 4, the controller 110 illustrat-
ed in Fig. 1 determines whether or not the refrigerant
leakage detecting unit 11 is connected. When the refrig-
erantleakage detecting unit 11 is connected, the process
proceeds to step S02. In other words, Modification Ex-
ample 2 is provided with an interlocking function where
the refrigeration apparatus 50 is not allowed to operate
when the refrigerant leakage detecting unit 11 is not con-
nected. For example, an interlocking unit configured to
realize the interlocking function is structured to include
the controller 110 and the refrigerant leakage detecting
unit 11. When the controller 110 receives a signal from
the refrigerant leakage detecting unit 11, the controller
110 determines thatthe refrigerantleakage detecting unit
11 is connected.

[0039] As explained above, in Modification Example 2,
the refrigeration apparatus 50 is configured so as not to
operate when the refrigerant leakage detecting unit 11
is not connected to the controller 110. Accordingly, the
measures taken by the refrigeration apparatus 50 against
the leakage of the refrigerant explained in the example
in Embodiment 1 or Modification Example 1 are imple-
mented reliably.

Embodiment 2.

[0040] Fig. 5is a diagram schematically illustrating an
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example of a configuration of a refrigeration apparatus
according to Embodiment 2 of the present invention. As
illustrated in Fig. 5, a heat source side unit 100A of a
refrigeration apparatus 50A according to the present em-
bodimentincludes a heat source unit 300 and an outdoor
heat exchange unit 400 that are connected to each other
with refrigerant pipes. The heat source unit 300 is pro-
vided indoors on the inside of a machine chamber 2,
whereas the outdoor heat exchange unit 400 is provided
outdoors on the outside of the chamber 1 and the ma-
chine chamber 2. The machine chamber 2 may be pro-
vided with a ventilation device (not illustrated). The re-
frigeration apparatus 50A includes a machine chamber
refrigerant leakage detecting unit 12 provided on the in-
side of the machine chamber 2, in addition to the refrig-
erant leakage detecting unit 11 provided on the inside of
the chamber 1. For example, the machine chamber re-
frigerant leakage detecting unit 12 may be a refrigerant
leakage detecting device configured to detect refrigerant
leaking from a refrigerant circuit 60A. The refrigeration
apparatus 50A is configured to reduce the leakage
amount of the refrigerant by having the refrigerant re-
tained in a refrigerant tank 103A when the refrigerant is
leaking on the inside of either the chamber 1 or the ma-
chine chamber 2. In the following sections, to make it
easier to understand the present embodiment, explana-
tions that are a duplicate of the explanations in Embod-
iment 1 will be omitted.

<The heat source unit>

[0041] The heatsource unit300 includes the compres-
sor 101, a check valve 105, a liquid receptor 303, a con-
troller 110A, a storage unit 120A, the alarm device 130,
the suction side pressure sensor 111, and the discharge
side pressure sensor 112. The check valve 105 is pro-
vided between the discharge side of the compressor 101
and the condenser 102 in the refrigerant circuit 60A. The
check valve 105 is configured to prevent the refrigerant
from flowing backward from the condenser 102 to the
compressor 101. The liquid receptor 303 is configured
to store the refrigerant and to cause liquid refrigerant to
flow out. The controller 110A is configured to control the
entirety of the heat source side unit 100A. The controller
110A is structured to include an analog circuit, a digital
circuit, a CPU, or a set made up of at least two selected
from among these. For example, the controller 110A is
configured to control the heat source side unit 100A, by
using a detection result obtained by the refrigerant leak-
age detecting unit 11 and a detection result obtained by
the machine chamber refrigerant leakage detecting unit
12. Alternatively, the controller 110A may be configured
to control the entirety of the refrigeration apparatus 50A.
The storage unit 120A is structured to include a non-
volatile memory, for example. The storage unit 120A
stores data, a program, and other information used for
controlling the heat source side unit 100A. The alarm
device 130 is configured to issue an alarm by receiving
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an instruction from the controller 110A. The alarm device
130 may be, for example, a lamp configured to issue an
alarm with light, a buzzer configured to issue an alarm
with sound, or other devices.

<The outdoor heat exchange unit>

[0042] The outdoor heat exchange unit 400 includes
the condenser 102, the refrigeranttank 103A, and a valve
device 104A. The refrigerant tank 103A is a container
configured to store the refrigerant condensed by the con-
denser 102. When the refrigerant tank 103A also has a
function of storing the refrigerant and causing liquid re-
frigerant to flow out, the liquid receptor 303 in the heat
source unit 300 may be omitted. The valve device 104A
is configured to control the passing of the refrigerant flow-
ing out of the refrigerant tank 103A by opening and clos-
ing. For example, the valve device 104A may be struc-
tured by using a solenoid valve or other elements.

[0043] The refrigerant circuit 60A is structured by con-
necting together, with refrigerant pipes, the heat source
side unit 100A and the load side unit 200. The refrigerant
circuit 60A is structured by connecting together, with re-
frigerant pipes, at least the compressor 101, the check
valve 105, the condenser 102, the refrigerant tank 103A,
the valve device 104A, the liquid receptor 303, the pres-
sure reducing device 201, and the evaporator 202.

<An operation of the heat source side unit>

[0044] Next, an example of an operation of the heat
source side unit 100A according to the present embodi-
ment will be explained. In the present embodiment, the
controller 110A obtains the detection result from the re-
frigerant leakage detecting unit 11 and the detection re-
sult from the machine chamber refrigerant leakage de-
tecting unit 12 and further determines whether or not the
refrigerant is leaking by using the detection result from
the refrigerant leakage detecting unit 11 and the detec-
tion result from the machine chamber refrigerant leakage
detecting unit 12. When it is determined that the refrig-
erant is leaking, similarly to Embodiment 1, the valve de-
vice 104A is brought into the closed state, while the low
pressure threshold pressure value of the compressor 101
is set to the second low pressure threshold pressure val-
ue B (MPa), and the refrigerant is retained in the refrig-
erant tank 103A.

[0045] As explained above, according to the present
embodiment, the compressor 101 is provided on the in-
side of the machine chamber 2. The machine chamber
refrigerant leakage detecting unit 12 is provided on the
inside of the machine chamber 2 and is configured to
detect refrigerant leaking from the refrigerant circuit 60A.
The controller 110A is configured to obtain the detection
result from the refrigerant leakage detecting unit 11 and
the detection result from the machine chamber refriger-
ant leakage detecting unit 12 to judge whether or not the
refrigerant is leaking. Further, when it is determined that
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the refrigerant is leaking, the refrigerant is retained in the
refrigerant tank 103A. Consequently, the possibility of
having either the chamber 1 or the machine chamber 2
filled with the refrigerant is reduced.

[0046] Further, the refrigerant circuit 60A of the refrig-
eration apparatus 50A according to the present embod-
iment includes the check valve 105 configured to prevent
the refrigerant from flowing backward from the condenser
102 to the compressor 101. Accordingly, it is possible to
lower the possibility of having the retained refrigerant
flowing backward and flowing into the machine chamber
2 or the chamber 1.

<Modification Example 3>

[0047] Fig. 6 is a diagram for explaining Modification
Example 3 of the presentinvention obtained by modifying
the example in Fig. 5. In comparison to the example in
Embodiment 2 illustrated in Fig. 5, an outdoor heat ex-
change unit 400A of a refrigeration apparatus 50B ac-
cording to Modification Example 3 illustrated in Fig. 6 is
configured so that a valve device 104B is connected in
parallel to a refrigerant tank 103B. In Modification Exam-
ple 3, while the valve device 104B is in an open state,
the refrigerant condensed by the condenser 102 is
branched into refrigerant stored in the refrigerant tank
103B and refrigerant flowing to the valve device 104B.
[0048] In the example in Embodiment 2 illustrated in
Fig. 5, while the valve device 104A is in the open state,
the refrigerant condensed by the condenser 102 goes
through the refrigerant tank 103A and flows into the valve
device 104A. In contrast to the example in Embodiment
2, Modification Example 3 is configured so that, as illus-
trated in Fig. 6, while the valve device 104B is in the open
state, the refrigerant condensed by the condenser 102
directly flows into the valve device 104B. Consequently,
pressure loss in a refrigerant circuit 60B is improved.
[0049] The present invention is not limited to the em-
bodiments described above. It is possible to modify the
presentinvention in various manners within the scope of
the invention, which is defined in the appended claims.
[0050] In other words, the configurations described in
the embodiments above may be modified as appropriate.
Further, at least a part of the configurations may be re-
placed with another configuration. In addition, some of
the constituent elements of which the positional arrange-
ments are not particularly specified do not necessarily
have to be placed in the positions disclosed in the em-
bodiments and may be provided in any position that can
realize the functions thereof.

[0051] For example, in Embodiment 1 and Embodi-
ment 2 described above, the example is explained in
which the refrigerant leakage detecting unit 11 is struc-
tured separately from the load side unit 200. However,
the refrigerant leakage detecting unit 11 may be incor-
porated into the load side unit 200 to be integrally formed
with the load side unit 200. Further, in Embodiment 2,
the example is explained in which the machine chamber
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refrigerant leakage detecting unit 12 is structured sepa-
rately from the heat source unit 300. However, the ma-
chine chamber refrigerant leakage detecting unit 12 may
be incorporated into the heat source unit 300 to be inte-
grally formed with the heat source unit 300.

[0052] Further, for example, the refrigerant leakage
detecting unit 11 and the machine chamber refrigerant
leakage detecting unit 12 each do not necessarily have
to be a refrigerant leakage detecting device configured
to detect leakage of the refrigerant. For example, the re-
frigerant leakage detecting unit 11 and the machine
chamber refrigerant leakage detecting unit 12 may each
be structured to include a temperature sensor configured
to detect temperatures in various locations in the refrig-
erant circuit, a pressure sensor configured to detect pres-
sure levels in various locations in the refrigerant circuit,
and a controller configured to judge whether or not the
refrigerant is leaking by using detection results from the
temperature sensor and detection results from the pres-
sure sensor.

[0053] Further, for example, itis also acceptable to ap-
ply the check valve 105in Embodiment 2 to the refrigerant
circuit 60 in Embodiment 1. In other words, the check
valve 105 may be provided on the refrigerant discharge
side of the compressor 101 in the refrigerant circuit 60
illustrated in Fig. 1.

[0054] Further, for example, in Embodiment 1 and Em-
bodiment 2 described above, the example is explained
in which the refrigeration apparatus is configured so that
the one load side unitis connected to the one heat source
side unit. However, the refrigeration apparatus may be
configured to include a plurality of load side units con-
nected in parallel to a single heat source side unit. The
plurality of load side units may be provided on the inside
of a single chamber. Alternatively, one or more load side
units may be provided on the inside of each of a plurality
of chambers. When there are two or more chambers in
each of which at least one load side unit is installed, it is
a good idea to provide the refrigerant leakage detecting
unitin each of the plurality of chambers, so thatitis judged
whether or not the refrigerant is leaking with respect to
each of the plurality of chambers.

Reference Signs List
[0055]

1 chamber 2 machine chamber 11 refrigerant leak-
age detecting unit 12 machine chamber refrigerant
leakage detecting unit 50 refrigeration apparatus
50A refrigeration apparatus 50B refrigeration appa-
ratus 60 refrigerant circuit 60A refrigerant circuit 60B
refrigerant circuit 100 heat source side unit

100A heat source side unit 101 compressor 102 con-
denser 103 refrigerant tank 103A refrigerant tank
103B refrigerant tank 104 valve device 104A valve
device 104B valve device 105 check valve

110 controller 110A controller 111 suction side pres-
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sure sensor
112 discharge side pressure sensor 120 storage unit
120A storage unit

130 alarm device 200 load side unit 201 pressure
reducing device

202 evaporator 300 heat source unit 303 liquid re-
ceptor 400 outdoor heat exchange unit400A outdoor
heat exchange unit A first low pressure threshold
pressure value B second low pressure threshold
pressure value P1 suction pressure value.

Claims

A refrigeration apparatus comprising:

a refrigerant circuit (60) including a compressor
(101) configured to compress refrigerant, a con-
denser (102) configured to condense the refrig-
erant compressed by the compressor (101), a
refrigerant tank (103) configured to store the re-
frigerant condensed by the condenser (102),
and a valve device (104) configured to control
passing of the refrigerant flowing out of the re-
frigerant tank (103);

a refrigerant leakage detecting unit (11) config-
ured to detect the refrigerant leaking from the
refrigerant circuit (60); and

a controller (110) configured to obtain a detec-
tion result from the refrigerant leakage detecting
unit (11) and, when determining that the refrig-
erant is leaking, to bring the valve device (104)
into a closed state to retain, in the refrigerant
tank (103), the refrigerant being compressed by
the compressor (101) and condensed by the
condenser (102),

wherein

the controller (110) is configured to

control the compressor (101) to stop oper-
ating when a suction pressure on a suction
side of the compressor (101) becomes
equal to or smaller than a low pressure
threshold pressure value, and

when determining that the refrigerant is not
leaking, set the low pressure threshold
pressure value to afirstlow pressure thresh-
old pressure value, and characterized by,
when determining that the refrigerant is
leaking, set the low pressure threshold
pressure value to a second low pressure
threshold pressure value that is smaller
than a first low pressure threshold pressure
value.

2. The refrigeration apparatus of claim 1, wherein

the second low pressure threshold pressure value
is equal to or larger than 0 MPa in gauge pressure.
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3. The refrigeration apparatus of claim 1 or 2, wherein

the refrigerant circuit (60) further includes an
evaporator provided inside a chamber and con-
figured to evaporate the refrigerant, and

the refrigerant leakage detecting unit (11) is in-
stalled inside the chamber.

The refrigeration apparatus of any one of claims 1
to 3, comprising:

a heat source unit including the compressor (101)
and the controller (110).

The refrigeration apparatus of any one of claims 1
to 4, wherein

the refrigerant tank (103) and the valve device (104)
are installed outdoors.

The refrigeration apparatus of any one of claims 1
to 5, wherein

the compressor (101) and the condenser (102) are
installed outdoors.

The refrigeration apparatus of any one of claims 1
to 5, wherein

the compressor (101) is installed inside a ma-
chine chamber,

the refrigeration apparatus further comprises a
machine chamber refrigerant leakage detecting
unit (12) that is installed inside the machine
chamber and is configured to detect the refrig-
erant leaking from the refrigerant circuit (60),
and

the controller (110) is configured to determine
whether or not the refrigerant is leaking by ob-
taining the detection result from the refrigerant
leakage detecting unit (11)and a detection result
from the machine chamber refrigerant leakage
detecting unit (12).

The refrigeration apparatus of any one of claims 1
to 7, wherein

the refrigerant circuit (60) further includes a check
valve (105) configured to prevent the refrigerant from
flowing backward from the condenser (102) to the
compressor (101).

The refrigeration apparatus of any one of claims 1
to 8, further comprising:

an alarm device (130) configured to issue an
alarm, wherein

the controller (110) is configured to cause the
alarm device (130) to issue the alarm when the
refrigerant leaks.
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Patentanspriiche

1.

Kuhlungsvorrichtung, umfassend:

einen Kaltemittelkreislauf (60), aufweisend ei-
nen Verdichter (101), der eingerichtet ist, Kélte-
mittel zu verdichten, einen Kondensator (102),
der eingerichtet ist, das durch den Verdichter
(101) verdichtete Kaltemittel zu kondensieren,
einen Kaltemittelbehalter (103), der eingerichtet
ist, das durch den Kondensator (102) konden-
sierte Kaltemittel zu speichern, und eine Venti-
leinrichtung (104), die eingerichtet ist, den
Durchfluss des aus dem Kaltemittelbehalter
(103) stromenden Kaltemittels zu steuern;
eine Kaltemittelleckage-Erfassungseinheit (11),
die eingerichtet ist, das aus dem Kaltemittel-
kreislauf (60) austretende Kaltemittel zu erfas-
sen; und

eine Steuereinheit (110), die eingerichtetist, ein
Erfassungsergebnis von der Kaltemittellecka-
ge-Erfassungseinheit (11) zu erhalten und,
wenn sie bestimmt, dass das Kaltemittel leckt,
die Ventileinrichtung (104) in einen geschlosse-
nen Zustand zu bringen, um das durch den Ver-
dichter (101) verdichtete und durch den Kon-
densator (102) kondensierte Kaltemittel in dem
Kaltemittelbehalter (103) zurlickzubehalten,
wobei

die Steuereinheit (110) eingerichtet ist zum

Steuern des Verdichters (101), den Betrieb
zu stoppen, wenn ein Saugdruck auf einer
Saugseite des Verdichters (101) gleich wie
oder kleiner als ein Niederdruck-Druck-
schwellenwert wird, und

Einstellen des Niederdruck-Druckschwel-
lenwerts auf einen ersten Niederdruck-
Druckschwellenwert, wenn bestimmt wird,
dass das Kaltemittel nicht leckt, und ge-
kennzeichnet durch,

wenn bestimmt wird, dass das Kaltemittel
leckt, Einstellen des Niederdruck-Druck-
schwellwerts auf einen zweiten Nieder-
druck-Druckschwellenwert, der kleiner ist
als ein erster Niederdruck-Druckschwellen-
wert.

Kuhlungsvorrichtung nach Anspruch 1, wobei
der zweite Niederdruck-Druckschwellenwert gleich
wie oder groRRer als 0 MPa Manometerdruck ist.

Kuhlungsvorrichtung nach Anspruch 1 oder 2, wobei

der Kaltemittelkreislauf (60) ferner einen Ver-
dampfer aufweist, der in einem Raum vorgese-
hen ist und eingerichtet ist, das Kaltemittel zu
verdampfen, und
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10

die Kaltemittelleckage-Erfassungseinheit (11)
in dem Raum installiert ist.

Kuhlungsvorrichtung nach einem der Anspriiche 1
bis 3, umfassend:

eine Warmequelleneinheit, die den Verdichter (101)
und die Steuereinheit (110) aufweist.

Kuhlungsvorrichtung nach einem der Anspriiche 1
bis 4, wobei

der Kaltemittelbehalter (103) und die Ventileinrich-
tung (104) im Freien installiert sind.

Kuhlungsvorrichtung nach einem der Anspriiche 1
bis 5, wobei

der Verdichter (101) und der Kondensator (102) im
Freien installiert sind.

Kuhlungsvorrichtung nach einem der Anspriiche 1
bis 5, wobei

der Verdichter (101) in einem Maschinenraum
installiert ist,

die Kihlungsvorrichtung ferner eine Maschi-
nenraum-Kaltemittelleckage-Erfassungsein-
heit (12) umfasst, die in dem Maschinenraum
installiert ist und eingerichtet ist, das aus dem
Kaltemittelkreislauf (60) austretende Kaltemittel
zu erfassen, und

die Steuereinheit (110) eingerichtet ist, zu be-
stimmen, ob das Kéaltemittel leckt oder nicht, in-
dem sie das Erfassungsergebnis von der Kalte-
mittelleck-Erfassungseinheit (11) und ein Erfas-
sungsergebnis von der Maschinenraum-Kalte-
mittelleckage-Erfassungseinheit (12) erhalt.

8. Kuhlungsvorrichtung nach einem der Anspriiche 1

bis 7, wobei

der Kaltemittelkreislauf (60) ferner ein Riickschlag-
ventil (105) aufweist, das eingerichtet ist zu verhin-
dern, dass das Kaltemittel von dem Kondensator
(102) zu dem Verdichter (101) zurlickstromt.

Kuhlungsvorrichtung nach einem der Anspriiche 1
bis 8, ferner umfassend:

eine Alarmeinrichtung (130), die eingerichtet ist,
einen Alarm auszulosen, wobei

die Steuereinheit (110) eingerichtet ist, die Alar-
meinrichtung (130) zu veranlassen, den Alarm
auszulosen, wenn das Kaltemittel leckt.

Revendications

Appareil de réfrigération comprenant :

un circuit de fluide frigorigéne (60) qui comprend



19 EP 3 287 720 B1 20

un compresseur (101) configuré pour compri-
mer le fluide frigorigéne, un condenseur (102)
configuré pour condenser le fluide frigorigéne
comprimé par le compresseur (101), un réser-
voir de fluide frigorigéne (103) configuré pour
stocker le fluide frigorigéne condensé par le con-
denseur (102), et un dispositif de soupape (104)
configuré pour commander le passage du fluide
frigorigéne qui s’écoule hors du réservoir de flui-
de frigorigéne (103) ;

une unité de détection d'une fuite de fluide fri-
gorigene (11), configurée pour détecter une fuite
de fluide frigorigene hors du circuit de fluide fri-
gorigene (60) ; et

un contréleur (110) configuré pour obtenir le ré-
sultat d’'une détection en provenance de l'unité
de détection d’une fuite de fluide frigorigene (11)
et, quand il est déterminé une fuite de fluide fri-
gorigeéne, pour amener le dispositif de soupape
(104) dans un état fermé afin de retenir, dans le
réservoir de fluide frigorigene (103), le fluide fri-
gorigéne comprimé par le compresseur (101) et
condensé par le condenseur (102),

dans lequel

le contréleur (110) est configuré pour

commander l'arrét du fonctionnement du
compresseur (101) lorsque la pression
d’aspiration du c6té aspiration du compres-
seur (101) devient égale ou inférieure a une
valeur de pression de seuil de basse pres-
sion, et

quand il est déterminé que le fluide frigori-
géne nefuitpas, réglerla valeur de pression
de seuil de basse pression a une premiére
valeur de pression de seuil de basse pres-
sion, et caractérisé par,

quand il est déterminé que le fluide frigori-
géne fuit, régler la valeur de pression de
seuil de basse pression a une seconde va-
leur de pression de seuil de basse pression,
qui est inférieure a la premiére valeur de
pression de seuil de basse pression.

Appareil de réfrigération selon la revendication 1,
dans lequel

la seconde valeur de pression de seuil de basse
pression est égale ou supérieure a 0 MPa en pres-
sion effective.

Appareil de réfrigération selon la revendication 1 ou
2, dans lequel

le circuit de fluide frigorigéne (60) comprend en
outre un évaporateur disposé a I'intérieur d’'une
chambre, et configuré pour faire évaporer le flui-
de frigorigéne, et

l'unité de détection d’une fuite de fluide frigori-
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1"

gene (11) est installée a l'intérieur de la cham-
bre.

Appareil de réfrigération selon I'une quelconque des
revendications 1 a 3, comprenant :

une unité source de chaleur qui comprend le com-
presseur (101) et le contréleur (110).

Appareil de réfrigération selon I'une quelconque des
revendications 1 a 4, dans lequel

le réservoir de fluide frigorigéne (103) et le dispositif
de soupape (104) sont installés a I'extérieur.

Appareil de réfrigération selon I'une quelconque des
revendications 1 a 5, dans lequel

le compresseur (101) et le condenseur (102) sont
installés a I'extérieur.

Appareil de réfrigération selon I'une quelconque des
revendications 1 a 5, dans lequel

le compresseur (101) est installé a I'intérieur
d’une salle des machines,

I'appareil de réfrigération comprend en outre
une unité de détection d’une fuite de fluide fri-
gorigéne dans la salle des machines (12), qui
est installée a l'intérieur de la salle des machi-
nes, et qui est configurée pour détecter une fuite
de fluide frigorigéne en provenance du circuit de
fluide frigorigéne (60), et

le controleur (110) est configuré pour déterminer
la présence ou I'absence d’une fuite de fluide
frigorigéne, en obtenant le résultat d’'une détec-
tion en provenance de 'unité de détection d’'une
fuite de fluide frigorigéne (11), etle résultatd’'une
détection en provenance de I'unité de détection
d’une fuite de fluide frigorigéne dans la salle des
machines (12).

Appareil de réfrigération selon I'une quelconque des
revendications 1 a 7, dans lequel

le circuit de fluide frigorigéne (60) comprend en outre
une soupape anti-retour (105) configurée pour em-
pécher le fluide frigorigéne de s’écouler en sens in-
verse a partir du condenseur (102) vers le compres-
seur (101).

Appareil de réfrigération selon I'une quelconque des
revendications 1 a 8, comprenant en outre :

un dispositif d’alarme (130) configuré pour
émettre une alarme, dans lequel

le contréleur (110) est configuré pour faire émet-
tre une alarme par le dispositif d’alarme (130),
lorsque le fluide frigorigene fuit.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 6
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